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Introduction

Since the solution of some problems of the enteric pathogenicity oi
bacteria a new “golden era” seems to arrive in the research of this particular
field of bacteriology. Sometimes by means of new approaches such as our
growing knowledge of plasmids, sometimes by rediscovery of old methods e.g.
the Dean test for cholera toxin, newly discovered factors of virulence, or a
new interpretation of known factors are the results of this research. Our points
of view have, however, also changed: some of the factors are not determining
or not essential components of the virulence, hut having an additive role one
or more of these factors gained a marked influence of the pathogenicity.
Generally speaking, it must he emphasized that many enteric pathogens are
or may be important agents in extraintestinal infections, too. W ith the devel-
opment of hygienic, nutritional and socio-economic aspects there is a déclin-
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2 KETYI

ing significance, especially quo ad vitam, of enteric disturbances and the extra-
intestinal infections gain more and more significance. According to data of the
Hungarian National Institute of Hygiene summarized by Lanyi [1], about
6000 strains of Escherichia coli are isolated annually in Hungary from diarrhoeal
diseases without fatal consequences, but 60 000 strains originate from extra-
intestinal infections which often have severe direct and frequently late sequelae
e.g. pyelonephritis.

1. The adhesins

1.1. Mannose sensitive, common fimbriae

In 1955 when Duguid et al. [2] published the discovery of filamentous
appendages called “fimbriae” in E. coli, adhesiveness a new aspect of the
pathogenic process has been recognized. Later the working group of Duguid
[3-6] described numerous important features of fimbriae such as their haemag-
glutinating capacity and epithelial adherence, their distribution among
Enterobacteriaceae, their different types, the inhibitory effect of D-mannose,
antisera, etc. (Table I).

The directhaemagglutinating activity as well as the epithelial adhesive-
ness suggested a pathomechanism in which the fimbriae may have an im-
portant function. It is paradoxical that in spite of much effort the results are
inconclusive and mainly negative. Today it is impossible to exclude the man-
nose sensitive haemagglutinating group (MSHA) of fimbriae in enteric or

Table |

Types of common fimbriae according to Duguid [7]

Fimbria Morphological data

classifi- Host genera Haemagglutination
cation carrying fimbriae width (nm)  length (/tm) No./cell properties
| Escherichia, Klebsiella,
Enterobacter, Shigella,
Salmonella, etc. 7-10 0.2-2.0 50-400 MS
2 A few Salmonella sero-
types identical with type 1 non-haemaggluti-
nating
3 Klebsiella, Serratia,
3 Proteus 5 0.2-2.0 400-700 MR on tannic acid
pretreated cells
4 Proteus 4 2-6 ? MR
5 Pseudomonas echinoides 5 2-6 10-20 polar MS
6 Klebsiella ozaenae 10 10 10-20 non-haemaggluti-
nating

MS = D-mannose sensitive, MR = mannose resistant haemagglutination capacity. The
haemagglutinating activity has mostly a wide spectrumTor the red blood cells of different animals
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NON-TOXIN VIRULENCE FACTORS 3

other adhesiveness, but if such activity exists, it seems to he rather weak and
of limited significance. On the other hand, the characteristic in vitro surface
pellicle formation of broth cultures of fimbriated strains with their high 0 2
consumption and the consequent rapid growth may suggest an environmental
advantage [8]. According to Duguid et al. [9] this effect can he demonstrated
in experimental oral salmonella infection of mice.

There is a similar problem of adhesivenes or its lack in the case of extra-
intestinal, especially of urinary tract infections. Under experimental conditions
common fimbriae of Klebsiella pneumoniae seem to be the mediators of co-
lonization foci on the bladder epithelium of rats [10]. Concerning human
uroepithelial adhesiveness Schaefter et al. [11] observed a high bacterium/epi-
thelial cell ratio (5000 : 1) optimal for E. coli, considering it a sign of low re-
ceptor density for common fimbriae. Microbiologists often take into account
only the epithelial surface, without its rich glycocalyx and mucous cover. In
this respect, Orskov et al. [12] demonstrated that the common (type 1) fim-
briae of E. coli have adhesiveness not to the epithelial surface, hut to mucus.
The substance carrying receptors in the uromucoid is the Tamm- Horsfall
glycoprotein rich in D-mannose. According to the Orskovs’ opinion the com-
mon fimbriae are not virulence factors, hut even the “mucus trapping” is an
important part of the host defence.

A negative opinion emerged from the statistical point of view, too, as
type 1 fimbriae are present in 50—70% of E. coli strains, being more common
than are the pathogenic strains [13].

Some misinterpretation may have arisen from the data ofhaemagglutina-
tion activity, or from in vitro experiments carried out with epithelial cells of
different origin. In respect of species specificity the haemagglutination activ-
ity does not reflect the supposed epithelial adhesiveness in a given animal [14],
or the adhesiveness e.g. to buccal epithelial cells does not necessarily mean
adhesiveness to e.g. uroepithelial cells [15].

There is general agreement to designate all mannose sensitive haemaglu-
tinins (MSHA) as common fimbriae, though some exceptions in the MS char-
acter (see Table 1) are known.

1.2. Mannose resistant adhesins

Determining the antigenic structure of a pig pathogenic E. coli, a new
K antigen: K88a,b was described in 1964 [16]. Furher reports then showed
the transmissibility and plasmid coded nature of the antigen determinant as
well as its pure protein nature and fimbrial morphology [17 19]. The impor-
tant pathogenic function in piglets of the K88 fimbriae serving as adhesins
in the upper part of the small bowel was shown by Smith and Linggood [20]
and Jones and Rutter [21]. In contrast to the type 1 fimbriae, the K88 factor

Ada Microbiologica Hungarica 31, 1984



4 KETYI

is associated with some O serogroups of E. coli (08, 045, 0138, 0141, 0147
0149 and 0157) mostly together with the production of enterotoxins [22]
(Table 11). K88+ cells are haemagglutinating guinea-pig and chicken red
blood cells in a mannose resistant manner [23]. In contrast to common fim-
briae the K88+ character is stable on solid agar media, but is not expressed
under 18 °C. In their original paper Orskov et al. [16] distinguished two an-
tigenic variants: K88a,b and K88a,c and later a third one, K88a,d was also
described [24]. It seems that for these antigenic determinants specific receptors
are present in the host. In 1975 Sellwood et al. [25] have already proved that
the K88 receptors are on the brush border of epithelial cells of the small bowel
and they found pigs without such receptors which were resistant against K88 +
enterotoxic E.coli (ETEC) strains. Today five pig phenotypes are known [26]
showing full resistance or sensitivity against the antigenic variants of K88.

In the similar disease of calves and lambs another adhesin, named K99,
was found [27, 28]. Later Moon et al. [29] discovered that K99 can be an
adhesive factor for pig pathogenic ETEC strains, too. In the same year, 1977,
a third pig specific adhesin 987P was demonstrated [30]. The latest finding
(1982) is a second calf specific adhesive factor F41 [31], but its epidemiologi-
cal significance has not yet been elucidated. The adhesins are not only specific
for the host organism, but like K88 they are closely associated with some
E. coli serogroups: the K99 with 08, 09, 020 and 0101 [28, 32]; the 987P
with 09, 020 and 0141 [33, 34]; the F41 with 09 and 0101 [31]. In the case
of K99 of piglet origin an association exists with the 0-groups 064 and 0101
[29, 35] (Table II).

Adhesin K99 agglutinates horse and sheep erythrocytes in a mannose
resistant way, while the F41 agglutinates in addition human and guinea pig
red blood cells [28, 31, 35]. The 987P is a non-haemagglutinating adhesin [36].

Table 11

Important characteristics of adhesins carried by enterotoxic E. coli

Association with Association with
Adhesin Origin serogroups Erythrocyte
of E. coli haemagglutinated ST LT ST+LT
Kis8 pig 08, 045, 0138, 0141,
0147, 0149, 0157 guinea-pig, chicken + + +
K99 calf, lamb 08, 09, 020, 0101 horse, sheep ¥
pig 064, 0101
987P pi 09, 020, 0141 none + -
F41 calf 09, 0101 human, horse, sheep,
guinea-pig + -
CFAI/Il human 015, 025, 063, 078 human, bovine,
chicken + + +
CFA/lI1 human 06, 08 bovine, chicken — — +
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NON-TOXIN VIRULENCE FACTORS 5

The association of K99, 987P and F41 with enterotoxin production differs
from K88 in that they are only heat-stable toxin (ST) producers [31, 32, 34,
37]. See Table II.

In enterotoxic enteropathies of domestic animals there is a marked age
specificity. Moon and Whipp [39], as well as Walker and Nagy [40] showed
the gradual decrease in ETEC susceptibility and in the number of colonized
bacteria in piglets from birth to the age of 5 weeks. Similarly, 3-day-old calves
or lambs are resistant to ETEC infection. There are data [33] that bacterial
growth in the pig intestine selectively enforces the development of fimbriae.
In model experiments working with K88+ and K99+ E. coli strains [41] we
demonstrated in suckling mice an enrichment of the fimbriated state at the
age of 3 to 10 days, while after the 14th day a rapid loss of fimbriation was
observed. On the 14th day of life mice start eating solid food and a change oc-
curs in the bowel flora, as bacteria belonging to the Bacteroides genus appear.
This may be a coincidence; the mechanism of environmental (intestinal) in-
fluence on fimbriation is unknown.

Specific adhesins carried by human pathogenic ETEC strains were also
found. In 1975 Evans ct al. [42] described such a “Colonization Factor”.
After the discovery of a second adhesin the former was designated as CFA/I
(Colonization Factor Antigen 1) and the new one as CFA/Il. These adhesins
are also host specific factors carried by a limited number of O-serogroups.
CFA/l occurs predominantly in 078 strains, less frequently in 015, 025 and
063 strains. The serogroups 06 and 08 are CFA/II carriers. CFA/l is haemaglu-
tinating human, bovine and chicken, the CFA/II bovine and chicken red blood
cells not inhibited by mannose. They are relatively stable on solid agar media,
not expressed under 18 °C, Vikc K88 and the other MKIIA’s (Table 11).

The genetics of the MRHA host specific adhesins uniformly show that
this phenotype is coded by plasmids except factor 987P. The determinant of
K88 is carried by an associate type plasmid [17] of about 90 Md which is
conjugative, or by a nonconjugative one of about 51 Md. In the nonconjuga-
tive plasmid there are also frequently raf (raffinose utilization) genes [44] and
these genes are flanked by direct repeats of 1S1, forming a transposon [45].
The K88a,b determinant itself, coding at least five polypeptides, was located
by the gene cloning technique in a 3.4 Md DNA frgament [46]. The K99 adhe-
sin is coded by a conjugative plasmid [47], its size being about 52 Md [48].
The fragment carrying the K99 determinant was 4.5 Md as determined by gene
cloning [49]. The reference strain of CFA/I (H10407) contains a nonconjuga-
tive plasmid of 60 Md coding ST (heat-stable enterotoxin) as well as CFA/I
[42]. Analogous data were obtained concerning the other CFA/I+ ST+ ETEC
strains. Similarly, an association exists between enterotoxin production and
CFA/Il expression. They are also coded by a singular nonconjugative plasmid
of about 60 Md, but in this case the strains arc ST LT producers [50].

Acta Microbiologica llungarica 31, 1984
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In some cases there is a remarkable lability in the phenotypic expression
of the adhesins. In case of K99 this is a well-studied phenomenon, which is
similar to an on-off switch mechanism [51]. The same may be observed with
987P [33] which is coded by chromosomal genes. Moreover, the type 1 common
fimbriae show a character like phase variation [52]. A phenotypic repression
of K99 caused by glucose [53] is of catabolic type [54], and also L-alanine
acts effectively, repressing K99 and F41 [55]. In some pathological processes
this variation between fimbriated and non-fimbriated state may provide an
environmental advantage (see later).

1.2.1. Mannose resistant adhesins for the human uroepithelium

The inconclusive, even negative experience concerning common fimbriae,
as well as the success with MR adhesins in enterotoxic enteropathies were
strong motivating factors in the search of MR adhesins responsible for uroepi-
thelial attachment. Such MRHA strains were frequently found among extra-
intestinal E. coli isolates [56], having the characteristic narrow spectrum of
haemagglutination capacity [57, 58]. These strains of E. coli were analysed for
fimbrial antigens by Orskov et al. [59]; they observed that beside a non func-
tioning fimbria type, called pseudotype 1, MR adhesin designated F7 was
present. The F7 shows two fimbrial structures (F7j and F72) and its binding
capacity to buccal and urinary epithelial cells has been shown. Another,
antigenically distinct fimbrial antigen, designated F8 and carried by urinary
E. colistrains, was found by Svanborg-Edén in Sweden (see Orskov et al. [13]).
One of these strains was isolated in our laboratory by Kuch et al. [60]. This
type of MR fimbria (F8), provisorically designated *“119” occurred in our
E. coli isolates from urinary tract infections in 40% in contrast to the faecal
frequency of this HA pattern of 2.1% found by Evans et al. [61]. The pheno-
tyjiic expression of 119 (F8) is inhibited under 18 °C. Its K88-like fimbrial
structure was revealed by electronmicroscopy. There is no proof of its plasmid
or chromosomal coding origin. The adhesive capacity of 119 (F8) to isolated
urinary epithelial cells, and also to the patient’s epithelial cells excreting
119 (F8)+ bacteria was also demonstrated [62]. In a suckling mouse model
119 (F8) proved to be an important virulence factor [63] demonstrated also
on the basis ofimmunological protectivity [64].

Certainly F7 and F8 are not the only uroepithelium specific adhesins of
E. coli. Clegg [65] has recently demonstrated an antigenic heterogeneity among
the MR adhesins ofthe studied uropathogenic E. coli strains.

The F7 and F8 similarly to other host specific adhesins are carried by
E. coli strains belonging to a limited number of serogroups. Orskov et al. [13]
could observe F7 only in O6 : K2 strains, and F8 only in 018a, ¢ and 075
strains. In agreement with Clegg further adhesins may exist: adhering strains
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NON-TOXIN VITULENCE FACTORS 7

were also found in the 01, 02, 04, 016 and 078 serogroups without F7 or
F8 fimbriae. Recently Czirék et al. [66] have studied CFA- MR adhesive
strains of E. coli of faecal origin. The strict correlation of F7 and F8 with speci-
fic serogroups has been confirmed, even F8 was carried by serotype 018a,c:
K5: H-, but never by 018a,c : K12 : H5 or OI8a,c : K5 :117. Of course,
such findings could be explained simply by the clonal spread of an F8 + strain.
The quoted authors stressed the diagnostically misleading role of simultaneous-
ly carried pseudotype 1fimbriae.

Little is known about the receptors ofthe uroepithelium for MR adhesins.
However, it appears that a a-D-Galp-(I —4)-/3-D-Galp structure constitutes
the active receptor element missing from the p phenotype of P blood group
antigens. The serological heterogeneity of fimbriae does not mean that they
differ in receptor specificity, too [67]. Some data show the inherited nature
and individual variation of ligand-receptor interactions. Women with recur-
rent virinary tract infections have a higher incidence and longer duration of
vaginal colonization by E. coli [68] and their vaginal epithelial cells bind
higher numbers of bacteria than those of healthy donors [69]. Similar obser-
vations were made concerning the periurethral cells of children [70]. Svanborg-
Edén and Jodal [71] also found a higher binding capacity of the excreted
uropathogenic E. coli in patients with recurrent infections, than did the cells
of donors with no such history.

Unfortunately there are few and in some respect incomplete data about
the urinary adhesion of Proteae. Among urinary P. mirabilis isolates MRHA
character was found in 12% by Green and Thomas [58]. Silverblatt [72],
and Silverblatt and Ofek [78] described a correlation between the fimbriated
state, in vitro measured MR epithelial adhesion, and experimental rat infec-
tivity.

1.2.2. Haemagglutination pattern (haemagglutination typing)

The data presented indicate or even suggest the existance of unknown
adhesins. To prove the occurrence of a new adhesin is not always easy. Metho-
dologically there is a possibility (i) to test the binding activity on isolated or
cultured epithelial cells, or on brush border preparations. This approach is not
convenient for large scale screenings, (ii) A further possibility is the serological
determination. In this respect the simple slide agglutination is frequently
misleading owing to the presence of other fimbriae, so preference should be
given to immunoelectron microscopy or crossed immunoelectrophoresis. (iii) A
simple possibility is offered by haemagglutination performed with and without
D-mannose. It is useful if the eventual occurrence of non-haemagglutinating
adhesins (e.g. 987P) and the misleading results caused by other fimbriae car-
ried simvdtaneously are taken into consideration. Evans et al. [74] elaborated
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Table 111

Haemagglutination typing scheme of E. coli according to Evans et al. [74]

Haemagglutination with erythrocytes of
HA type
human bovine chicken monkey1 guinea-pig

I-A it2
I-B R
11-A —
1-B —
1-C S
Ini-A —
IV-A s _
IV-B — — — — —
Y-A R : — — —
V-B — R — — —
V-C — — R — —
V-D
V-E
V-F
VI-A
VI-B
VI-C
VI-T)
VI-E
VI-F
VII-A
V1I-B
VII-C

S3 S

D U UV WD

w »w 1V W W VXD
»
»

[
[
[
| py)
x|

| | |
(/);U(/)l;U;U(/)
EE R R R B
|

D U XV UV W OV W U WD

o U D
|
w
(%]

1African green monkey
2mannose resistant haemagglutination
3mannose sensitive haemagglutination
— no haemagglutination

a HA typing scheme using human, bovine, chicken, monkey and guinea-pig
erythrocytes with and without D-mannose (Table I11).

2. Chemotaxis

In the pathomechanism of enterotoxic enteropathies caused by E. coli
at least two essential and cooperative factors are taking part: adhesion and
toxin production. The analogous disease caused by Vibrio cholerae shows the
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well proved significance of toxin, but the adhesiveness of the vibrio is still
discussed. The presence of fimbriae was demonstrated on the vibrio cells [75].
Fimbriae are heterogeneous like those of E. coli. The hacmagglutination caused
by some ofthem was inhibited by D-mannose, others by L-fucose [76]. Fimbrial
haemagglutination resistant against both mannose and fucose was observed
also by Finkelstein et al. [77] and Guentzel et al. [78].

In animal models, intestinal colonization of V. choierae was observed for
a short period both in the ligated rabbit ileal loop [79] and in orally infected
infant mice [80]. Nelson et al. [81] demonstrated by scanning electron micros-
copy an early (one hour after infection) but transient (7 9 h) colonization in
the ligated rabbit loop model and the infant rabbit bowel, but they questioned
the role of fimbriae.

Guentzel and Berry [82] and Yancey et al. [83] found that motility was
an important factor of virulence as about a 100-fold reduction of virulence
was observed in the case of non-motile mutants.

According to Fréter and O’Brien [84, 85] and Fréter et al. [86, 87]
staining or electronmicroscopic procedures generally fail to demonstrate the
mucous gel, because it is easily washed away. The gel represents a barrier, but
this barrier can be penetrated even if inefficiently by inert particles or non-
motile bacteria. If motile bacteria, as in the case of wild-type vibrios, are guided
by chemotactic gradients, they may easily penetrate into the deep layers of
the intervillous spaces. This association is to some extent reversible and the
bacteria as Fréter et al. [87] have said, must keep running fast just to stay in
place against the natural flow of mucus.

According to Fréter, E. coli passively penetrates across the mucous
barrier and a limited number arrives at the brush border. By the aid of its
strong adhesins it can colonize this surface. On the other hand, vibrios actively
penetrate across the mucous barrier and this penetration is continuous. So
high numbers reach the epithelial surface and maintain there a loose or no
contact with the epithelial surface.

3. Mucinase

The importance of mucus on epithelial surfaces was stressed by Orskov
et al. [12] in connection with the common fimbriae, as well as by Fréter [84—87]
in respect of the pathomechanism of V. cholerae. Therefore, attention was
turned upon the enzymatic factors acting against the mucus.

In 1948 Burnet and Stone [88] described the mucinase production of
V. cholerae. In the generally used guinea-pig animal model Fréter [89] demon-
strated that the bowel fluid of infected animals also contains mucinase so its
role as a virulence factor had become accepted [88 92]. Recently, however,
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Schneider and Parker [93] purified the mucinase of V. choleraeand character-
ized it as an alkaline protease degrading both proteins and glycoproteins.
Its role in the pathomeclianism remains unknown, only its helper role in active
penetration and in the nutrition of vibrios in the mucus has been supposed.
Mucinase or mucinolytic enzymes are produced by E. coli and by a few sero-
types (2a, var. X, and var. Y) of Shigella flexneri [94, 95], too. There are no
reliable data about their eventual function.

Beside mucinase V. cholerae strains produce neuraminidase [96, 97]
which removes the terminal sialic acid residues from glycoproteins, and in
addition an ill-defined group of proteases. The regulation of mucinase, neura-
minidase, proteases, and perhaps the release of toxin seems to be interrelated
[98], therefore the avirulance of protease deficient mutants and their eventuel
role in pathogenesis needs further investigations.

4. Virulence factors of invasivity

4.1. Penetration

The term penetration is used in a specific sense for the unknown process
in which bacteria are moving through the epithelial barrier of mucous surfaces.
In some cases they are invading the epithelial cells themselves and multiply
in them (shigellae) while others passing the epithelium are taken up by the
macrophages of the submucosal tissues (salmonellae).

The most investigated pathogens in this respect are the shigellae. The
term penetration was used originally by the Walter Reed Army Team [99]
studying this first step of pathomechanism on HeLa cells. Isolating different
classes of mutants or producing recombinants in virulence the penetration
ability proved to be a separate virulence factor [100]. The mechanism of pen-
etration is not clear. It seems that the O antigen has no role in it, because R
mutants with intact penetration capacity were successfully isolated [101].
The eventual role of some kind of cytotoxin could neither he proved nor ruled
out. According to Ogawa et al. [102] epithelial cell degeneration occurs si-
multaneously with the endocytosis of shigellae and so it was supposed that
some cytotoxic material was produced. This assumption was then supported
by in vitro studies performed with cultured macrophages and shigellae of
virulent and avirulent character. Phagocytosis took place in both cases, but
the ingested virulent bacteria killed the host cell [103]. Other conclusions were
drawn by Bondarenko [104] who using different E. coli X Shigella hybrids
stated that penetration, cytotoxicity and intracellular multiplication were
separate factors and there is no proofthat a cytotoxin was needed for penetra-
tion. In other words, it is not clear whether penetration was an active process
or a passive one. The microcinematographic studies of Ogawa et al. [105] of
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shigella penetration, showed that the first step is a strong membrane attach-
ment observable only with virulent bacteria. This attachment is followed by
a rapid movement of the membrane and a pinocytosis of virulent bacteria
was observed in HeLa and Henle 407 cells. Hale et al. [106] studied a virulent
strain of S.flexneri on Henle 407 cultured intestinal epithelial cells. From the
histological features of penetration and its inhibition by phagocytosis inhibitors
they concluded that penetration was an endocytotic process similar to phago-
cytosis, but induced only by virulent shigellae. Electron micrograph showed
bacteria in the membrane-limiting vacuoles resembling phagosomes.

Testing of penetration ability of isolated cells (HeLa, HEp2, Henle 407)
is difficult if the fimbriated bacteria adhere heavily to the cells [107]. In such
cases the use of 10-day-old chick embryos is advisable. The selective loss of
penetration capacity is evident from the fact that the bacteria are fully virulent
on intravenous inoculation and avirulent when inoculated into the allantoic
cavity [108]. Furthermore the Serény test [109] generally used for testing the
virulence of shigella strains shows a more complex virulence ability: penetra-
tion, intraepithelial multiplication and destruction.

The fact that avirulent mutants are easily isolated from wild-type shigella
is noteworthy. This opportunity is offered partly by an unknown correlation
between virulence and colonial morphology [110, 111] and by the relative
lability of virulence. It is well-known that the lability of some bacterial char-
acter frequently means that the coding gene(s) are carried by a plasmid.
Such a hypothesis was formed in 1971 by Stenzel [112] but the first attempt
to prove such suppositions was done by Kopecko et al. [113] in 1979. Change
of translucent (T) virulent colonies into opaque (O) avirulent ones was found
at a frequency of 10-4 10-5 without reversion but no plasmid loss could be
observed. Later it was reported [114] that a plasmid of 120-140 Md size is
responsible for the penetrating ability of S. flexneri.

It is of special interest that the so-called enteroinvasive E. coli (EIEC),
the causative agent of a both clinically and histologically dysentery-like
disease [115] is harbouring the same plasmid [116].

In the case of S. sonnei the only difference in respect of virulence is the
rapid loss of O-specific side chain (phase I) and strains in phase Il are aviru-
lent. Recent observations of Kopecko et al. [117] and Sansonetti et al. [118]
have show a non-conjugative plasmid of 120 Md size responsible for the | phase
antigenicity as well as for virulence.

In the case of salmonella penetration there is a slight difference compared
to shigellae. According to the electron microscopic studies of Takeuchi [119]
carried out with a virulent strain of Salmonella typhi-murium, a degeneration
of microvilli occurred if the bacteria were at a distance of about 35 nm. De-
generation was observed only in the close vicinity of bacteria. The bacteria
are invading not only through the brush border, but also through the junc-
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tions between epithelial cells. Around the bacteria invading the brush border
a cavity can he seen which is frequently open toward the intestinal lumen.
After this opening is closed, the integrity of the brush border is restituted
and the Salmonellae are phagocyted by the submucosal macrophages. In
contrast to shigellae no salmonella multiplication occurs in epithelial cells.

4.2. Tissue invasivity and serum resistance
4.2.1. The 0 antigens

It is a well known fact that R mutants [120] or even SR mutants of
Gram-negative bacteria are avirulent or show a reduced virulence [121, 122].
The reduction ofvirulence of R mutants, e.g. of S. typhi-murium in mice may
be million-fold. On the other hand, R strains are capable of colonization and
penetration [123]. The defect in the O-side chain generally means a defective
resistance against host factors. R mutants in the intestinal canal are increas-
ingly sensitive against fatty acids [124] and in the tissues they sometimes do
not multiply at all due to B cell and macrophage activity [125, 126]. These
and numerous other data clearly indicate the primary importance in patho-
genicity of the O-specific side chain, affording protection against the host de-
fence mechanisms.

It is also well-known that not only the existence of O-antigen, but its
quality, its chemical composition has also an influence on the virulence. The
best examples are given by the Salmonella genus, for which there is a suitable,
naturally sensitive mouse model (i), the numerous serotypes differ from each
other only in slight changes of the O-antigen (ii), and a possibility exists to
exchange O-antigens by transduction or conjugation (iii).

M ékeld et al. [127] determined the virulence of the parent S. typhi-mu-
rium (O antigen: 1, 4, 12) and its isogenic transductants by intraperitoneal
inoculation of mice. The exchange of 0 antigen 1, 4, 12 for 1, 9, 12 resulted in
a reduction of virulence and the transductants carrying 0 antigen 6,7 were
nearly avirulent. Between O antigen factors 04 and 09 there is a very slight
difference: the terminal sugar is ahequose in the former, while another dides-
oxyhexose, tyvelose, in the latter. In a reciprocal experiment [128] the
9, 12 O antigen changed to 1, 4, 12 in a S. enteritidis strain and a significant
increase in its virulence was observed. Comparing such isogenic clones carrying
the O antigens 1, 4, 12 or 6, 7 the reduced virulence of the latter was correlated
with the increased speed of blood clearance [129]. Because no bactericidal effect
was found, the reduced virulence was interpreted as the result of an enhanced
phagocytosis.

In S.flexneri the original, unmodified O-specific side chain is represented
only by the so called var. Y and all the serotypes are the results of lysogenic
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conversion modifying the side chain mostly by alphaglycosyl groups [130].
Studying a parent var. Y strain and some of its lysogenic convenants in the
chick embryo model [131], the lysogenic derivatives were shown to have an
increased virulence in their tissue growing capacity.

In respect of E. coli, according to Medearis et al. [132] the gradual loss
in the sugar units of lipopolysaccharide correlates with the gradual loss in
virulence.

The interpretation of the observed effect on virulence by subtile changes
in the O-specific side chain may only be speculative as little is known of its
eventual effect on the composition or structure of the outer membrane. Still,
the loss or two major proteins (34K and 36K) out of the four major outer
membrane proteins of S. typhi-murium did not affect the mouse virulence [133].
On the other hand, there are observations where the change in the side chain
was followed by an increased antibiotic sensitivity, which in itself may suggest
a change of the outer membrane [134].

4.2.2. The K antigens

Our data in this respect are naturally limited to E. coli. It is generally
accepted that the K antigens of Gram-negatives are less significant in viru-
lence as compared to Gram-positive microbes, because of the existing O anti-
gen. In contrast, in some cases at least the capsular variants of E. coli are
phagocyted less easily than their non-capsulated isogenic pairs [135, 136].

In extraintestinal infections certain K antigens seem to have some spe-
cial role. This group of K antigens is genetically determined by a locus in serA
linkage and not by the common /lis-linked locus. Furthermore, they belong
without exception to the common chemical type of the acidic polysaccharide
(PS) K-antigens. Its most frequent and most important types are K1, K2, K3,
K5, K12 and K13 [136]. Among urinary strains the most frequent K-types
are, according to Evans et al. [137], the KI (29%), furthermore K2, K12 and
K13. According to Minshew et al. [138] the KI, K2, K3, K5, K12 and K13 are
additive virulence factors in urinary tract infections. It is noteworthy that a
considerable part of urinary strains isolated mainly from infections consists
of Il mutants, but they are K I+ [138, 140].

The antigen K1 has a specific significance in neonatal meningitis: about
85% of strains isolated from such patients are K1 + [141]. The chemical struc-
ture of K1, which is an alpha-2,9-linked N-acetyl neuraminic acid polymer, is
structurally identical with the capsular B-type structure of Neisseria meningi-
tidis [142]. Another frequent E. coli agent of neonatal meningitis carries the
K92 antigen, being in antigenic relationship with the C-polysaccharide of
N. meningitidis [143]. A third K-type with similar pathogenicity carries anti-
gen K100 which is cross-reactive with the capsular PS of Haemophilus influen-
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zae type b [144]. These antigenic relationships are certainly not coincidences
in respect of the clinical symptoms caused, hut their background is not clear.
Also, in cases of E. coli sepsis occurring predominantly in newborns [139,
140] hut also in adults [145] carrying a high mortality, K1 + E. coli strains
showing an increased antiphagocytic resistance [145] are found quite fre-
quently.

Some kind of specific affinity of the above mentioned K-types was
demonstrated in an animal model, too. In orally infected infant rats KI +
strains showed a 70% colonization rate and a few days later about 60% of the
animals had bacteriaemia and 15% also meningitis [146]. Bortolussi et al.
1147] stressed the age specificity of K1 + strains in infant rats. By the gene
cloning technique the K1 operon was inserted in a 35 kb long fragment through
a vector miniplasmid into the K12 strain of E. coli [148]. This perfectly aviru-
lent host strain showed an increased serum resistance, in agreement with the
observation of Van Dijk et al. [149] that the K antigens of E. coli usually in-
hibit the alternative pathway of complement activation. The experiments of
Pitt [150] concerning the age specificity of K1 showed a defective bactericidal
effect of infant sera. This is not in contradiction with the data of Stevens et al.
[151] namely that not only the quality of K1, hut its quantity is also important
in the opsoninophagocytic resistance. These authors also showed that the KI
antigen is a complex one and a neuraminidase sensitive second minor antigen
has no role in resistance. The correlation of the quantity of antigen K1 with
the virulence in urinary tract infections expressed in opsonino—phagocytic
resistance was also stated by Bjorksten and Kaiser [152] and by Howard and
Glynn [153].

It seems from these data that some acidic PS K antigens are playing
a more or less specific role in the pathogenicity of E. coli, mainly in extra-
intestinal infections. Further work is needed to elucidate the mechanism(s) of
virulence mediated by these K antigens.

4.2.3. Outer membrane proteins

The normal serum is generally bactericidal also for the S variants of
Gram-negative bacteria. The mechanism of this bactericidal effect involves
actions of antibodies, the activation of classical or alternative pathway of
complement and other proteins, e. g. lysozyme. Some strains, however, are
resistant against this system and this so-called serum resistance is an important
factor of bacterial invasiveness. In the previous paragraphs the role of O and K
antigens has been summarized, but it is clear that these polysaccharide con-
stituents cannot always explain the tissue or serum resistance of their host
bacteria. Recently there has been a considerable progress in the understanding
of structure and composition of the outer membrane of bacteria. The ratio
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and importance of its protein components are in itself suggesting their role in
the environmental resistance.

In 1976 Reynard and Beck [1S4] reported that the plasmids R1 and
R100 caused an increased serum resistance in E. coli K12. Taylor and Hughes
[155] could not confirm this concerning K12. Their data show the essential
importance of an intact O-side chain, demonstrating a significant increase in
the serum resistance of an S strain after transmission of RI, NR1, and other
R and Col plasmids. The level of serum resistance was directly influenced also
by the copy number of plasmid NR1, suggesting a direct effect caused by the
plasmid. Moll et al. [156] obtained an enhanced serum resistance by R plasmid
R6-5 and they demonstrated by the gene cloning technique that one of the
two surface exclusion proteins, the TraT-protein is responsible for the observed
insensitivity. In R5-6+ bacteria the TraT-protein would he one of the major
structural proteins of the outer membrane, with about of 21 000 copies per cell.
The authors suggested that not the TraT-protein in itself, but its interaction
with other surface components leads to the observed effect. This makes it un-
derstandable that e.g. the plasmid R100 in some strains offers protection
against serum while in others it fails to do so [155]. There are other outer
membrane proteins also conferring serum resistance: Binns et al. [157] local-
izing the serum resistance determinant of ColV, 1-K94 plasmid found it
outside of the tra region (the iss gene).

The mechanisms by which the above structural changes of the outer
membrane cause an insensitivity to serum may be different, but according
to present knowledge the most probable one is an inhibition of the activation
or the binding of complement [158]. Binns et al. [159] have compared the
traT and iss genes in their phenotypic effects by the use of gene cloning. Both
genes were found to be similar in their effects both qualitatively and quanti-
tatively. On the base of complement consumption tests they concluded that
not the formation, but the action of the terminal complex (C6-C9) was inhib-
ited. In an earlier paper of Wright and Levine [160] it was already suggested
that the terminal complex of complement is formed at the junctions between
the inner and outer membrane. The effect may be very specific, because point
mutations in the traT gene causing an overproduction of a TraT-like protein
fail to protect bacteria from complement [156].

The serum resistance acquired by an occasional plasmid pick up may also
have an important epidemiological importance. E.g. S. wien isolated in France
prior to 1970 had been antibiotic sensitive and caused only mild sporadic
cases of salmonellosis. Since 1970 the same serotype (clone) acquired multiple
antibiotic resistance and caused severe infections [161].

On the other hand, not all the plasmids and not in all of the strains in-
creased the serum resistance [155]. Moreover, urinary E. coli strains were
shown [162] to carry multiple plasmid species, with an average number of 4.7.
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The number of plasmids carried by a strain showed an inverse correlation with
virulence. There are data [163] showing that the increase of the genetic ma-
terial may prolong generation time and slow down growth, causing thereby a
decreased virulence.

4.2.4. lIron chelators

The requirements for bacterial multiplication on mucous membranes,
in animal tissues or even in serum are low molecular weight nutrients, mineral
salts and an appropriate pH. Enteric bacteria have simple nutritional require-
ments and most mutational defects in biosynthetic capacity do not influence
multiplication only because the exogenous sources of such materials are avail-
able. Of course, sometimes the mutational events lead to avirulcnce due to
the lack of exogenous supply, or to some pleiotropic effects which lead to
other defects or damages. In the past decade studies concerning the solubiliza-
tion and transport of iron were followed by growing interest.

Iron is essential for most organisms including bacteria by serving electron
transport reactions. In animal hosts the iron is not available for bacteria be-
cause it is bound to haemosiderin, myoglobin, haemoglobin, etc., and in mi-
nute amounts to the iron-binding proteins transferrin and lactoferrin. These
binding proteins have a high association constant to ferric ion, therefore the
amount of free iron in equilibrium with these proteins is only about 10-18 m .
This level is far from the requirement of bacterial growth. Therefore the bacte-
rial multiplication in serum and tissues needs iron chelating agents with similar
association constants to those of transferrin and lactoferrin [164].

E. coli growing in iron-deficient media secretes 2,3-dihydroxybenzol-L-
-serine (DHBS) derivatives and among them the main product is enterochelin,
the cyclic trimer of DHBS. Enterochelin is capable of removing iron from its
transferrin complex [165]. Enterochelin produced by S. typhi-murium has been
shown to he a virulence factor [166]. In the presence of antibodies (entero-
chelin being antigenic) the synthesis or excretion of enterochelin is inhibited
and this is the case when E. coli strains producing enterochelin were found to
be unable to grow in sera [167].

A second chelator system, the siderophor is not produced by E. coli, but
the ferrichrome complex is taken up by them [168]. It forms with iron a ferritri-
hydroxamate compound with a high stability constant of 102 [169]. A third
high affinity iron transport system isthat of ferric citrate [170].

Eor the uptake of ferric iron complexes receptor proteins in the outer
membrane are required. These are specific for ferric enterochelin [171], for
ferrichrome [172], as well as for ferric citrate [171] and for further transport
all of them share a common requirement for a further protein, which is the
product of the tonli gene [171].
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In 1974 Smith [173] observed that invasive strains of E. coli isolated
from sepsis or meningitis are predominantly harbouring colY plasmid. This
was supported in further studies [174] which also showed a prolonged survival
of colV+ strains in the alimentary tract. This virulence factor hound to the
presence of colV plasmid was independent from colicin V production or im-
munity [175]. Furthermore, a separate gene of plasmid colY was observed to
he connected with virulence by coding a new iron chelator system [176, 177],
with an extracellular iron chelating compound and a non-diffusible product
taking part in the transport process across the membrane. This siderophore is a
hydroxamate compound [178] identical with the aerobactin produced by
Aerobacter aerogenes [179]. Aerobactin may he the sole siderophore product of
certain Salmonella strains [179] and S.flexneri types [180].

It is of special interest how aerobactin production ensure an advantage
for invasive E. coli strains which synthése other siderophores. According to
W arner et al. [179] the most important chelator, enterochelin, is chemically
and enzymologically less stable and less soluble than aerobactin and its iron
complexes are pH dependent and its synthesis and iron release require much
metabolic energy.

4.2.5. Haemolysins

In the previous paragraph it was stated that the iron supply for bacteria
depends on the siderophores in animal tissues. An exception to this is the lysis
of red blood cells which provides large amounts of iron for bacteria that can
assimilate heme compounds [181, 182]. This in itself may support the idea that
haemolysin production may he considered one of the virulence factors.

As early as 1921 Dudgeon et al. [183] suggested that haemolytic activity
might he important in the virulence of E. coli for the urinary tract. It is known
that E. coli strains isolated from extraintestinal infections are more haemolytic
than the faecal strains. Minshewetal. [56] found this ratio to be 49% in extra-
intestinal isolates. The faecal ratio was found to be between 8% and 18% [184,
185]. Haemolytic E. coli strains were isolated from urine in 42% and from blood
in 29% by Evans et al. [137].

Four different types of E. coli haemolysin have been distinguished [186].
Among them the most important ones are the alpha- and beta-haemolysins.
The beta-type is cell hound [185] and seems to play no role in virulence [186].
Alpha-haemolysin is a cell-free, diffusible and filterable protein produced dur-
ing the log-phase growth of E. coli perhaps by modification of a precursor mo-
lecule present in meat or blood of the medium [183, 188-190]. Alpha-haemoly-
sin is the only type considered to be a virulence factor.

There are numerous reports about the general toxicity, or lethal effect
of haemolysin in mice [185], or in chick embryos [56, 187], its necrotic effect
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on rabbit skin [191], and the production of a lethal, haemorrhagic oedema in
mice inoculated by nasal instillation [187, 192]. After intravenous inoculation
of haemolytic E. coli strains, lysosomal disruption and focal necrosis was ob-
served in the rat kidney [193]. In other animal models of urinary tract infec-
tion the haemolysin proved to be a virulence factor [63, 194, 195]. There are
reports also about the in vitro cytotoxic effect of haemolysin in cell cultures
of chick embryo fibroblast cells [196], or human amniotic AY-3 cells [63].

The above data originate from experiments performed with haemolytic
strains or crude haemolysin. With partially purified haemolysin Rennie and
Arbuthnott [190] failed to demonstrate mouse or rabbit toxicity. On the
other hand, Cavalieri and Snyder’s [197] 19-fold purified product showed in
nanogram amounts a cytotoxic effect running parallel with the high haemoly-
tic activity.

The difficulties in purification cause problems in the molecular character-
ization of haemolysin. According to the above data [190, 197] the measured
molecular weight is about 300 000 d, but while some found it in pure protein
composition [190], others demonstrated a considerable carbohydrate content
[197] which may have been an endotoxin contamination. There is some uncer-
tainity even in molecular weight determination: the above high molecular
weight may be the consequence ofaggregation, and according to Williams [198]
monomeric haemolysin has a molecular weight of 120 000 d.

Further problems concern the production and release of haemolysin.
According to Springer and Goebel [199] two transport processes are involved
in the secretion ofhaemolysin. In the first energy-dependent process the haemo-
lysin is released through the inner membrane and accumulates in a small pool
in the periplasmatic space. In the second, energy-independent, buttemperature-
dependent process the haemolysin is released through the outer membrane.

The genetic background of alpha-haemolysin production is also a matter
of discussion. In an early paper of Smith and Halls [200] the plasmid coded
nature of the alpha-haemolysin of E. coli was already reported and the plasmid
was designated as Hly. This finding was supported by the studies of Goebel and
Schrempf [201] and Goebel et al. [202]. In a later work of this team [203] the
investigated HIly plasmid was found to be an associate type with a molecular
size of 41 Md and the DNA segment directing the haemolysin synthesis and
secretion of 3.2 Md size. This segment was supposed to contain at least 3 cis-
trons, two of which are coding the synthesis and the third the secretion.

Some other data are seemingly contradictory to the above findings.
First of all, that Hly plasmids belong to different compatibility groups [204,
205], furthermore most of the haemolytic strains of E. coli of human origin
were found to produce chromosomally coded haemolysin [206]. These contra-
dictions could be explained by the finding that the plasmid-mediated haenio-
lysins have generally homologous gene sequences irrespective of the compati-
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bility group of the plasmids [205]. Moreover, both plasmid and chromosomal
coded haemolysin genes were shown to share homologous DNA sequences [207].
These data may perhaps suggest the transposon nature of the gene(s) of
alpha-haemolysin integrated in some cases into plasmids and in other cases
into the bacterial genome.

The serogroup distribution of the haemolytic ability of E. coli seems like
the other virulence factors to be rather limited. The most frequent haemolytic
serogroups among pig pathogens are 08, 0138, 0139 and 0141 [185], and in
humans 04, 06 and 018a, ¢ [192], less frequently 020, 075, 0115 and 0147
[208].

Among other genera of enteric bacteria the high incidence of haemolytic
Proteus morganii strains isolated from urine is noteworthy. Preliminary studies
[209] showed a higher mouse and chick embryo virulence of haemolytic strains
and a decrease in their virulence after the loss of haemolytic ability following
actinomycin-D treatment. The latter observation may suggest a plasmid coded
nature. Moreover, on the basis of cross-neutralization experiments, the alpha-
haemolysin of E. coli and P. morganii seem to be identical [210].

We have no data about the significance of the frequentincidence of haemo-
lysin production among Serratia marcescans strains [204] or of the V. cholerae
biotype el-tor [211]. The vibriolysin of the latter was found to be cytotoxic,
cardiotoxic and lethal in experimental animals. On the other hand, the lethal
vibriolysin of V. parahaemolyticus [212] proved to be closely related to the
human pathogenicity of the strains [213].

5. Relationships of virulence factors. Conclusions

Most of the virulence factors discussed in the previous paragraphs are
not the only elements of pathogenicity. Sometimes they are providing an essen-
tial, sometimes an accessory additive factor of the pathogenic process.

Considering the role of adhesins, in general they seem to be important
factors of virulence. Their loss may allow the microbes to be swept away by
fluid or other movements and the infective process will not develop at all. In
other cases the adhesiveness may be of secondary significance: e.g. in the case
of V. cholerae some data suggest that even without colonization the active
penetration of mucus by chemotactic movements of the vibrios provides
enough toxin for causing clinical symptoms. Similarly, with pathogens pen-
etrating across the epithelium like salmonellae and sliigellae, their adhesion
might be of secondary importance.

On the other hand, even in cases where the adhesion is an important
first step of the infectious process, the advantage of adhesins turns to a dis-
advantage for the pathogen reaching the submucosal tissues. Bacteria with
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appendages of hydrophobic nature such as fimbriae, are easily phagocyted
both by macrophages and granulocytes [214, 215]. This was clearly demon-
strated by Silverblatt and Ofek [73] in experimental Proteus mirabilis infection
of rats. They found that well-fimbriated bacteria showed a higher infectivity
rate and were predominantly isolated from the renal pelvis. On the other
hand, the majority of bacteria which reached the renal cortex were non-
fimbriated. The controversial functioning of fimbriae in the different steps of
infection is balanced in different ways. One of them may be the labile expression
of fimbriae permitting changes between fimbriated and non-fimbriated states.
Its genotypic (plasmid coded) and phenotypic features have already been dis-
cussed. Another possibility may be provided by altering or masking the fimbria!
surface hydrophobicity by another surface component, e.g. by K antigens.

The latter possibility was demonstrated with E. coli strains isolated
from urinary tract infections: a high frequency of adhesiveness was associated
with a similarly high frequency of some acidic polysaccharide K antigens
[56, 137].

The importance of some other virulance factors may depend on the partic-
ular pathogenic microorganism and on the particular site of the infection.
It is easy to understand that a factor like haemolysin should have no or little
role in the pathogenesis of cholera, because V. cholerae biotype el-tor is not
invasive but produces a potent toxin. This is also true for the enterotoxic
enteropathies caused by E. coli. In these conditions, Smith and Linggood [216]
observed no role of haemolysin production in contrast to its importance in
parenteral infections. In addition, haemolysin may be a significant virulence
factor of E. coli when it is invading submucosal tissues or causing bacteriaemia.
The focal necrotic lesions caused by it [193] or securing the iron supply of the
agent [181, 182] are sufficiently important in themselves. Futhermore, the
haemolysin may by its leukocidal action be a counterbalancing factor of the
phagocytosis promoting effect of fimbriae [187 |. It is therefore not surprising
that there is a high coincidence rate between adhesiveness and the haemolytic
character in the urinary isolates of E. coli [56, 58] suggesting perhaps a syner-
gistic effect. Similar relations were observed in extraintestinal isolates of E. coli
in respect of ColY (aerobactin), haemolysin and/or adhesiveness [56].

These data suggest that the aforementioned combinations of different
virulence factors have evolved under the effect of natural selection. According
to present knowledge the most easy way to build up such a pathogen is done
by picking up plasmids, and it has been mentioned in this review that the vir-
ulence factors listed are predominantly plasmid coded. Furthermore, some-
times more than one coding sequence of virulence factors is carried by an asso-
ciated, composite plasmid element. It is therefore only natural that most
reports describe some virulence factor (mostly enterotoxin) determinant car-
ried by an R plasmid [217—221], and there are data on heat-stable enterotoxin
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(ST) determinants which together with some adhesin coding sequences are
carried hy one plasmid: like ST + K88 [222], ST and K99 [223], ST + CFAI/I
[224], and ST -f- CFA/Il [50]. The frequent presence of ST in these combina-
tions is explained by its transposon nature [225] permitting easy integration
into different genomes.

It seems that the continuous evolution of enteric pathogens is due even

today to natural selection. The most suitable clones that pick up different
plasmids or are further amplified by transposons, are spreading and may
arise new problems in bacteriological diagnostic work, epidemiology and clini-
cal therapy.
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EFFECT OF A NEW FONGICIDE (PNDP) ON THE
MINOR NUCLEOTIDE CONTENT OF FUSARIUM
OXYSPORUM

Erzsébet Jakucs, |lona Racz and D. Lasztity

Department of Microbiology, and Department of Plant Physiology,
Edtvds Lordnd University, Budapest

(Received June 3, 1982)

The minor nucleotide constituents of rRNA from the plant pathogenic fungus Fusarium
oxysporum were investigated. When the fungus was grown for 8 days in aerated liquid culture
the following minor nucleotides were identified from 18S and 25S rRNA: m°A, m2A, m|A,
mi1G, m2G, m|G, m3C, Cm, in5C, in3U, Urn, cm5U, rT and tp. PNDP (% threo-l-phenyl-2-
-nitro-1,3 diacetoxy-propane), a new fungicide of unknown biochemical mode of action, caused
a great decrease in the minor nucleotide content of the fungus. Only seven minor nucleotides
were present in the rRNA of the fungus grown in PNDP-containing medium. A hypermodified
nucleotide, mcm5S2G, was found in treated but not in untreated fusarium. On comparing the
effect of PNDP with that of known protein synthesis inhibitors such as cycloheximide and
chloramphenicol, it was concluded that PNDP acted similarly to cycloheximide, a cytoplas-
mic protein synthesis inhibitor. It is suggested that the mode of action of PNDP may be the
inhibition of the synthesis of RNA modifying enzymes of F. oxysporum.

Although a number of rRNA primary sequences have been determined,
little information is available on the modified nucleotides which are formed
during the post-transcriptional maturation of rRNAs. No such information is
available on the rRNA of Fusarium oxysporum, either.

The present paper describes the minor nucleotide constituents of the
18S and 25S rRNA of F. oxysporum and shows the changes induced in these
constituents by PNDP, a new fungicide which, probably by its effect on the
synthesis of cytoplasmic modifying enzymes, causes a great decrease in minor
nucleotides.

Materials and methods

Isolation and purification of HNA. Total RNA was extracted from 8-day-old aerated
liquid cultures of F. oxysporum grown in modified Czapek medium [1] at 25 ~ 2 °C in diffuse
light. PNDP treatment was carried out by adding 8 /<L of 1000 mg/1 DMSO stock solution to
1 1 sterilized liquid medium, to a final concentration of 0.08 mg/1. This concentration is the
EC50 value of PNDP (the 50% inhibitory concentration) for F. oxysporum. The culture me-
dium was inoculated with 1 ml of 108 ml conidial suspension obtained from a 4-week-old culture
of the fungus grown on potato-dextrose agar. Mycelia of the fungus were filtered in vacuo and
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frozen with liquid nitrogen, then homogenized and extracted by the phenol method as described
by Kirby [2].

Crude RNA fractions were separated by Sepharose 4B column chromatography, giving
pure 18S and 25S fractions. This method has been used for the separation of proteins, poly-
saccharides and glycoproteides [3], for tRNA fractions [4] and for obtaining DNA-free RNA
preparations [5], and mMRNA preparations [6] but this was the first occasion when Sepharose
4B has been used for the fractionation of rRNA extracts.

The separation was done as follows. 5000 AZ)Y units of crude RNA extract dissolved
in 20 ml distilled water were loaded on a 3.5 X 40.0 cm Sepharose 4B column previously equi-
librated with 0.7 M (NH4)2S04 solution. Elution was carried out with a salt gradient of 0.7 m
(NH4)2S04 to distilled water. The (NH4)2504 was dissolved in buffer A, which consisted of
0.01 M sodium acetate, 0.01 m MgCI2 and 0.001 » Na2EDTA, pH 4.5.

The column purified rRNA from low molecular weight RNAs (tRNAs and hydrolysates)
and separated 18S and 25S RNA as well. The homogeneity of the purified fractions was checked
by gel-electrophoresis as described by Loening [7, 8].

Hydrolysis andfractionation of RN A by anion exchange chromatography. Acid hydrolysis
of the RNA was carried out by using 1 N HC1 at 100 °C for 1 h. The anion exchanger Dowex
1 x 8 was used in acetate form, prepared as described by Cohn [9]. Then 1000 A2® units of
the hydrolysate were loaded on tlie column, which was equilibrated with ammonium acetate
buffer pH 9. A stepwise elution was carried out by using 0.3 M ammonium acetate pH 9,
0.5 M ammonium acetate pH 5.4 and 0.5 M ammonium acetate pH 1, in that order. The pH
was adjusted with concentrated HC1. The column size was 0.8 X 50 cm, and the flow rate
was 24 ml/h.

The fractions were pooled, desalted on a Sephadex G-10 column and further analysed
by thin-layer chromatography.

Thin-layer chromatography. Ten A20units of nucleotides emerging as individual peaks
from the Dowex 1 x 8 columns were applied to MN-300 cellulose thin-layer plates. The chro-
matogram was developed in two dimensions according to Bjork and Stevensson [10], and the
constituents were identified on the basis of their UY spectrum [11].

Results

Minor nucleotides in the 185 RNA of F. oxyspdram. The material in
fraction 1 eluted from the Dowex 1 x 8 column (Fig. 1) contained m3C and
in3U, while fraction 2 consisted of m1G, rmG, m°A, m2A, rT, G and A together
with an unidentified minor component (Fig. 2). The 3rd peak contained m3U,
the 4th m”A, the 5th mxA, the 6th Urn and U. Fraction 7 consisted of Cm
and m5Cm in addition to Ap. The 8th peak contained Ap, Gp and three methylat-
ed derivatives, viz. m2Gp, m"Gp and m~Gp. Fraction 9 did not contain any

Fig. 1. Chromatography on Dowex 1 x 8 column of an acid hydrolysate of 18S rRN A extracted
from F. oxysporum
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Fig. 2. Spectra of the unidentified minor component (n. 1) of fraction 2 of Dowex 1x38
column from 18S rRNA of F. oxysporum .---------- at pH 1; at pH 13

Fig. 3. Chromatography on Dowex 1 x 8 column of an acid hydrolysate of 25S rRNA
extracted from F. oxysporum

Acta Microbiologica Hungarica 31%1984



30 JAKUCS et al.

Fig. 4. Chromatography on Dowex 1 x 8 column of an acid hydrolysate of 18S -f- 25S
rRNA extracted from F. oxysporum treated with PNDP

modified nucleotide. The 10th fraction contained Ap, Up and rTp and the
11th Up and 1= The last three fractions, eluted at pH 1, consisted of pAp
and pCp.

M inor nucletotides in the 25S RNA of F. oxysporum. Since the G and A
derivatives are slightly soluble at alkaline pH and partly precipitate at pH 9,
the first elution buffer used with the Dowex 1 x 8 column. This precipitate
was fraction 1 and it contained A, C and m1G. The 2nd fraction eluted from
the column (Fig. 3) consisted of m:U, in'A and miG. The constituents of the
3rd peak could not be identified. Peak 4 contained m6A and peak 5 Ump,
rTp and cnr’U. In fraction 6, m2Ap was identified besides Gp and Ap. The
acidic fractions 7, 8 and 9 contained pAp, pUp and rnlGp, respectively.

Minor nucleotides in the 18S -f- 25S RNA of F. oxysporum treated with
PNDP. The chromatographic profile of the treated fusarium RNA (Fig. 4)
contained fewer peaks than that of untreated RNA. The alkaline precipitate
contained m’G, m”"G, G and A, the first eluted peak C, Cm, A and U. iniA,
U and m3U were identified in peak 2, and A, Gp and m2G in peak 3. Besides
Gp and m’A, fraction 4 contained a hypermodified thio-derivative, mcm’S2U,
which was not identified from untreated fusarium. The 5th peak contained
Gp, Ap and m2G, and the 6th pAp and pUp.

Table I lists the minor nucleotides identified from the 18S and 25S rRNA
of untreated F. oxysporum and from the 18S -f- 25S rRNA of PNDP-treated
fungus. Table Il shows the differences observed in minor nucleotide content
when comparing untreated and PNDP-treated fungus rRNA.
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Table |

The minor nucleotides of 185 and 255 rRNA of untreated and 18 -f- 25S rRNA
from PNDP-treated F. oxysporum

Minor component. llégt;eRaIE‘eg Zleglrr??alEleg lngDZFif:_str?aRtrsl%
Adenine derivatives
m°A + _
m'A 4- " —
m2A + + +
0iRA — +
Guanine derivatives
m|G + + +
m'G + + +
m2G + — -f
Cytosine derivatives
m3C + _ _
Cm " _ .
m5C + — -
Uridine derivatives
m3U f* + +
Urn + "b +
cm5U ¥ H- -
\Y + — -
rT " ¥ _
mcm5S2U - — +
Table N

Minor nucleotide components of untreated and
PNDP-treated rRNA of F. oxysporum

Minor nucleotides Minor nucleotides Minor nucleotides
detected in both detected in detected in PNDP
untreated and PNDP untreated rRNA treated rRNA
treated rRNA only only
m2A meA mcm5S2U
mfA m'A
m2G m3C
m'G m5C
m2G cm'U
Cm \Vi
m3U rT
Um
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Discussion

In the present work the minor nucleotide composition of rRNA from
F. oxysporum, a plant pathogenic fungus, and the effect of PNDP, a new
fungicide, was studied.

Fifteen minor nucleotides could be identified in 185 rRNA. These were,
mfA, mlA, m2A, mj]A, nFG, m2G, irUG, iniC, Cm, m°C, m3U, Urn, cm5U, rT
and ip. Several of them (mj]A, m2G, m:IC, Cm, m5C and y>) could not he dem-
onstrated in the 25S rRNA of untreated F. oxysporum. As it is known,
25S rRNA contains less minor components than 18S. The presence of mjiA in
18S rRNA was characteristic. An interesting finding was the presence of rT
in fungus RNA. This minor component has been identified only in the 16S -|-
-f- 23S RNA of prokaryotic Escherichia coli [12-14] and in the 18S -f- 25S RNA
of wheat [15]. This was the first case when it has been found in a fungus
species.

Treatment with PNDP caused a great decrease in the minor nucleotide
content of F. oxysporum RNA. The 18S -f- 25S RNA isolated from fungus
grown on PNDP-containiiig medium contained only 7 minor nucleotides. An
interesting hypermodified component, mcm©°S2U, was identified from the treat-
ed fungus RNA but was not present in the untreated fungus.

The inhibitory effect of PNDP on the formation of minor nucleotides is
similar to that of cycloheximide, a cytoplasmic protein synthesis inhibitor [15].
Cycloheximide is known to inhibit the synthesis of RNA modifying enzymes
which are proteins found in small amounts; they are therefore suitable mark-
ers of the inhibition of cytoplasmic protein synthesis.

It is suggested that the decrease of modified nucleotides of PNDP-
treated F. oxysporum is caused by the inhibition of de novo synthesis of RNA
modifying enzymes and so the biochemical mode of action of PNDP is based
on the inhibition of cytoplasmic protein synthesis.
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DIAGNOSTIC EXPERIENCE IN TWO CASES OF
LEGIONELLOSIS
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Central Municipal Hospital of Infectious Diseases, Heim P&l Children's Hospital
Budapest and Research Institute of Oncopathology, Budapest

(Received July 21, 1982)

Sera of 30 patients with atypical pneumonia were tested for antibodies against the rep-
resentative strains of Legionella pneumophila 1—6 serogroups and 4 species of legionella-like
organisms. Investigations were carried out with indirect immunofluorescence assay. The sera of
2 patients gave a titre of 2048 and 1024 with serogroup 5 and 4, respectively. The high anti-
legionella IgM titres were indicative of recent infections. Legionellae were not detected in
transtracheal aspirate and in autopsy material.

The epidemiological data about the ubiquitous character of the recently
discovered Gram-negative rods, legionellae, and the incidence of epidemics
and sporadic cases caused by these organisms in the past five years (1-4) led
us to deal with the diagnostic procedure of the disease. Since 1981 sera of 30
patients with atypical pneumonia have been tested with indirect immunofluo-
rescence assay (IFA) [5] for antibodies against the representative strains of
Legionella pneumophila 1-6 serogroups and 4 species of legionella-like organ-
isms (LLOs): Legionella bozemanii, Legionella dumoffii, Legionella gormanii,
Legionella micdadei. The present study reports on two positive cases of legionel-
losis with special emphasis on the laboratory diagnosis of the disease.

Report of two cases

Case 1. B. L. a 58-year-old female Swiss citizen, with a history of bronchial asthma since
childhood, recurrent pneumonias, and transient cardiac failure was admitted two days after
her arrival to Hungary with fever, sickness, diarrhoea in a distressed state.

Case 2. L. F. a 44-year-old male patient was adm itted with diarrhoea since 6 days, fever,
severe dyspnoea and prostration with a history of schizophrenia, alcoholism, and a rapid loss
of weight of about 25 kg.

Clinical features, treatment, laboratory findings. In both cases auscultation findings of a
right side pneumonia were confirmed by X-rays. Immediate tetracycline and erythromycin
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therapy combined with diuretics and strophantoside in Case 1 was followed by subsequent
regression of the clinical, laboratory and X-ray status, so the patient was discharged on the
13th day.

In Case 2 after unsuccessful treatment with gentamicin and tetracycline and later
penicillin and methicillin, erythromycin introduced on the 6th day failed to reverse the progres-
sive deterioration. The most striking feature was unconsciousness without any laboratory
signs of cerebral hypoxia. The patient died on the 16th day of illness.

Characteristic laboratory findings in Case 2 on the 2nd day were, ESR: 95 mm/h; RBC:
2.9 X 1012 WBC: 16 X 109; band cells: 0.45; neutrophils: 0.45; lymphocytes: 0.10. On the
6th day practically the same results were obtained with Se hi: 17.1 /«nol/1; SGOT: 23 IU/1;
SGPT: 30 IU/1; BUN: 13.4 mmol/1; se creatinine: 122 /miol/l.

Epidemiology. Both patients acquired infection in the summer. Case 2 in the hottest
days of August, when the incidence of legionellosis is the highest. In Case 1 the air-conditioning
system on the plane between Zurich and Vienna and in the bus on the way to Budapest was
notable beside the fact that two more members of the tourist group had a respiratory infection
with fever during the trip.

Case 2 worked as a warden in a changing room of trade port workers. The room
was directly connected with a steamy bath-room with small tipping windows as the only
ventilation.

Diagnosis. In both cases, throat swabs, sputum, stool, urine and blood samples were
taken daily. In Case 2, transtracheal aspirate was obtained on the 6th day. Lung tissue obtained
post mortem was ground with sterile PBS prior to cultivation.

All the specimens were cultivated using routine bacteriological methods, the trans-
tracheal aspirate and lung tissue also by methods developed for isolation of L. pneumophila:
in FG bouillon, on FG and on CYE agar [6], as well as on the same media supplemented with
the selective agents like vancomycin (Lilly) 4 /zg/inl, polymyxin B (Pfizer) 50 IU/ml, trimetho-
prim (EGYT) 2.5 mg/ml. All media were incubated in candle jar at 35 °C at least for 10 days.

Serology. Serum samples in Case 1 and Case 2 taken on the 3rd and 13th day of the dis-
ease, respectively, were examined for légionéba antibodies by IFA [5], and for Mycoplasma
pneumoniae antibodies by metabolism inhibition test, for complement fixing antibodies to
adeno, RS, influenza A, B, Herpes simplex viruses. The serum sample of Case 2 was also tested
for Chlamydia psittaci antibody.

Conjugates for direct immunofluorescence assay (DFA), antigens of different sero-
groups, antihuman immunoglobulin conjugated with FITC (containing antihuman IgA, IgM,
1gG) for IFA were received from the Center for Disease Control (CDC), Atlanta, USA, anti-
human IgM and antihuman IgG conjugates were Hyland products. Antigen from L. pneumo-
phila 1 (Philadelphia) was prepared in our laboratory by boiling the bacterial suspension in
water bath for 15 min [5].

Investigations with IFA were carried out by a Zeiss (Jena) Fluoval microscope with MBO
200 high density mercury lamp, starting with a 32-fold basic dilution.

Necropsy in Case 2 was carried out 2 h after death. To demonstrate legionellae in
lung and liver, formalin-fixed, paraffin-embedded sections as well as smears of scrapings of the
formalin-fixed lung tissue were stained with toluidine blue, Gimenez, and by modified Dieterle
silver impregnation [5]. L. pneumophila reference strain 4 (received from CDC) cultivated
on CYE agar was mixed with homogenisate and with scrapings of formalin-fixed lung tissue to
yield a positive control staining. Scrapings and sections of lung tissue were also examined
by DFA.

For transmission electron microscopy (TEM) 1 mm3 cubes of the most inflammatory
areas of the formalin-fixed lung tissue were obtained. Sections were washed in 0.1 m PBS and
postfixed in 2% osmium tetroxide. Dehydration and embedding were carried out by routine
methods. Sections were cut on a Reichert OMU 2 ultramicrotome. Semithin sections were
stained with toluidine blue, ultrathin ones were cut with diamond knife, stained with uranyl
acetate and lead citrate, and examined with JEM 6 C transmission electron microscope.

Epidemiological survey. In Case 1 no environmental survey could be undertaken. In
Case 2, environmental samples were taken from showerheads, taps, plugholes in the bath-room
where the patient was a warden. All specimens were cultivated in FG bouillon, on FG agar and
CYE agar supplemented with selective agents (see above). To gain some information about the
local risk of infection, sera of 12 persons using the same bathroom were tested for 6 serogroups
of L. pneumophila.
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Results

Cultural examination. Throat, sputum and stool samples contained no
pathogenic bacteria. Urine, blood and lung tissue cultured on routine and
special media, were sterile. Transtracheal aspirate yielded only Haemophilus
influenzae. In lung and liver sections no bacteria could be detected by any of
the aforementioned stainings.

Results of the serological tests are given in Table I.

Gross pathological features. Confluent fibrinous bronchopneumonia with
concomitant pleuritis in each lobe of the right lung as well as marked purulent-
-fibrinous inflammation in the dilated bronchi were observed.

Histological features. A mass of cells with foamy cytoplasm and a great
number of erythrocytes occupied the alveoli. Macrophages with elongated
chromatin rich nuclei were observed. Nearly all bronchioli were filled with
abundant mass of neutrophils, the lung epithelium was remarkably damaged.

In lung and liver sections no bacteria were detected, nor was a specific
fluorescence observed by any of the DFA conjugates. In smears of scrapings
of the formalin-fixed lung tissue slightly curved coryncbacterium-like rods
were seen when stained with toluidine blue, the same forms in red colour were
detected when stained according to Gimenez. These bacteria failed, however,
to give specific fluorescence by DFA procedure following decolorization of the
smears.

By TEM round or oval structures 0.35-0.7 pm in diameter were detected
in the cytoplasm of the intraalveolar neutrophils and macrophages. The
number of organisms per cell varied between 2 12 (Figs 1, 2). The double
envelope enclosing these structures and the electron-dense layer between
the envelopes were consistently demonstrated.

Table |

IFA antibody titres in sera of patients

Antigens (L. pneumophila serogroups and LLOs)

Antibodies 1, 2 3, 6 123,56

LLOs* 4 5 LLOs** 4
iq < 32 < 32
IgM 256 1024 1024
196 64 2048 128

* M. pneumoniae metabolism inhibition test, titre : 512

** M. pneumoniae growth inhibition and C. psittaci complement fixing antibody:
negative

RS, influenza A, R, Herpes simplex, adenovirus complementfixing antibodies: negative
in both patients

LLOs: L. bozemanii, L. dumoffii, L. gormanii, L. micdadei
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Fig. 1. Electron micrograph of bacteria in a macrophage in formalin-fixed lung tissue stained
by uranyl acetate and lead citrate. X 16 700

Fig. 2. Vacuoles in bacteria characteristic of legionellae. X 66 800
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Epidemiological survey. From the environmental samples L. pneumophila
was not isolated on any of the special selective media. From the 12 symptom -
less persons examined, one person’s serum showed a titre of 128 against
L. pneumophila 2 and 6.

Discussion

Atypical pneumonia in both patients presenting with extrapulmonary
symptoms like diarrhoea was characteristic of legionellosis [6]. Similarly, con-
fusedness or a delirious state like in Case 2 is also a typical feature. Laboratory
findings in Case 2 were also in accordance with those reported in the majority
of legionellosis cases. Elevated transaminase values point to the toxic effect
of the causative agent.

The recommended way of laboratory diagnosis is as follows.

1. For demonstration of legionella in sputum, transtracheal aspirate,
bronchial washing, pleural fluid, etc., and in formalin-fixed, paraffin-embed-
ded tissue sections the DFA method, in scrapings of formalin-fixed tissue and
in imprints of fresh frozen tissue DFA and light microscopy with Giinenez or
toluidine blue staining and modified Dieterle silver impregnation are the most
rapid procedures. Silver impregnation is a valuable method for demonstrating
legionellae in paraffin-embedded tissue sections as well. Failure to demonstrate
legionella organisms in lung tissue sections by DFA might he due to the fact that
most of the bacteria are intracellular, lie at different levels and are shrunken
by histological processing. The majority may disintegrate under the effect of
cellular defense mechanisms. No explanation is given for the presence of
corynebacterium-like rods in the smears of scrapings of formalin-fixed lung
tissue in Case 2.

2. The most specific diagnostic method, the isolation of legionella is
rarely successful in clinical specimens. In addition to the extremely fastidious
character and slow growth of legionella, the organism in the specimen may be
inhibited by drugs or its growth antagonized by the associated microflora.
Culturing of DFA negative clinical specimens seldom results in recovery of
legionellae. Among a total of 891 specimens, there was only 1 DFA negative
with positive culture while 33 were DFA positive and negative in culture [4].
In our Case 2 the lung tissue cultures were sterile and the transtracheal aspi-
rate yielded only H. influenzae. The latter was considered a concomitant or-
ganism. The frequency of isolation can be increased by propagating the
bacteria in the guinea-pig, but owing to the lack of security equipment we have
dispensed with the procedure.

3. The common test for serodiagnosis of legionellosis is IFA, that pro-
vides the diagnosis comparatively late. Nevertheless, legionellosis has been
diagnosed on the basis of the antibody response perhaps more often than any
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other bacterial disease. The titre of IFA antibodies begins to increase 7 to 10
days after the onset of illness and reaches the peak in the 3rd to 4th week.
Fourfold titre rises to at least 128 in specimens taken at an appropriate time
from patients with compatible clinical illness are generally accepted as serolog-
ic evidence of legionellosis, but a single titre of 256 is also considered a pre-
sumptive evidence of infection at an unknown time. Though we had no op-
portunity to test more than one serum sample of each patient, the IgM titre
of 2048 against serogroup 5 in Case 1 and of 1024 against serogroup 4 in Case
2 provided evidence of a recent infection. In the serum of Case 1, in addition
to antibody to serogroup 5 a moderately elevated titre of 256 to serogroup
4 was found. This finding corresponded with data proving that Legionella
strains belonging to different serogroups may give cross-reaction in serologi-
cal tests.

In Case 1 the remarkable M. pneumoniae metabolism inhibition titre
would suggest some concern about the diagnosis. M. pneumoniae antibody is
frequently detected in sporadic cases of legionnaires’ disease, while in myco-
plasma pneumonia legionella antibodies are much less frequent [7]. A simulta-
neous occurrence of the two antibodies is supposed not to he due to cross-
reaction, although no reliable explanation is available for the phenomenon.
In Case 1 besides the typical clinical course, the elevated antilegionella IgM
titre supported the diagnosis of legionellosis as opposed to mycoplasma in-
fection.

The gross pathological appearance of legionella pneumonia varies, but
it is probably more common that it causes a nodular bronchopneumonia that
tends to become confluent. Abundance of macrophages, erythrocytes and
cells with foamy cytoplasm in the aveoli is not a common histological feature
of bacterial bronchopneumonia. The morphological characteristics of the round
and oval elements within the cytoplasm of intraalveolar macrophages and
neutrophils detected by TEM were consistent with those of a small Gram-
negative bacterium. Elongated forms were rarely found. The electron-lucent
vacuoles that are considered typical of the ultrastructure of L. pneumophila
were, however, consistently detected. Still, legionella cannot be differentiated
from other small Gram-negative bacilli by conventional electron microscopic
methods, only by the immunoferritin technique [8].
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ENTEROTOXIN PRODUCTION BY YERSINIA
ENTEROCOLITICA IN FOOD SAMPLES
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Milk and cold meat samples were contaminated with 7 various serogroups of Yersinia
enterocolitica strains. The infected food samples were incubated under different conditions of
growth, at different temperatures and for different periods of time, then the number of colony
forming units was determined and entcrotoxin production was assayed by the suckling mice
test. The Y. enterocolitica strains multiplied well under varying conditions of growth, but entero-
toxin production could be detected only in the meat samples when incubated under shaking at
25 °C for 48 h. It may be assumed that preformed yersinia enterotoxin is absent from food
stored under normal conditions.

Pai and Mors [1] were the first to report that several Yersinia entero-
colitica strains produced heat stable (ST) enterotoxin. Since experiments have
confirmed enterotoxin production only under 30 °C and in vitro, its pathogenetic
role is questionable [1-5]. At the same time Y. enterocolitica strains of different
serogroups have been isolated from food, especially from milk, dairy products
and meat products [3, 6-8]. In Hungary Y. enterocolitica strains were isolated
from butcher’s meat [9] and in other countries several Y. enterocolitica strains
capable of enterotoxin production have been isolated from various food prod-
ucts [3]. This suggested the possibility that the enterotoxin was produced in
food contaminated with Y. enterocolitica, stored at its optimum temperature,
i.e., below 30 °C, and the preformed enterotoxin was one of the factors re-
sponsible for the symptoms registered. The experiments to be reported were
undertaken to find an answer to this question and to study the epidemiology
of possible food infections caused by Y. enterocolitica.

Materials and methods

Y. enterocolitica strains. The following strains were used: three strains isolated in the
National Institute of Hygiene (Nos 47071, 71210, 81371); one strain (No. 22) of serogroup 03,
isolated earlier from human enteritis and maintained in stock agar; two strains, one of sero-
group 05 (No. 11337) isolated from smoked sausage, and one of serogroup 07,8 (No. 14117) iso-
lated from another sausage and maintained in the lyophilized state; and finally a strain of
serogroup 09 (No. 98010) maintained in stock agar.

Déra Velin
Institute of Microbiology, University Medical School
Szigeti Ut 12, H-7643 Pécs, Hungary
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Culture media. The foods selected for artificial contamination were pasteurized milk and
a kind of smoked sausage. The milk was obtained under sterile conditions and distributed in
25 ml volumes into 250 ml flasks. The sausage was homogenized in distilled water and then
sterilized in steam for 20 min. Syncase broth media served as controls [1]. Cultivation took place
at 25 °C in a shaker thermostate (Psycroterm, New Brunswick) for 1 to 4 days and in the re-
frigerator for 2 and 3 weeks.

Germ counting was performed by the dilution technique using nutrient agar and counting
the colony forming units.

Filtrates. The cultures were centrifuged at 17 000 g for 30 min. The supernatants were
filtered through a membrane filter (No. 1121 Gottingen, pore size 0.45 //in).

The heat-stable enterotoxin (ST) teas tested following the method of Dean et al. as modi-
fied by Jacks and Wu [10]. Three mice in every group received 0.1 ml filtrate orally by tube.
Four hours later the animals were sacrificed and the ratio gut weight perremaining body weight
was determined. The reaction was regarded as positive if the ratio was higher than 0.090.

Results

W ith the usual storage of food and the optimum conditions of entero-
toxin production, the growth rate and the capacity for enterotoxin production
were studied under various conditions i.e. at different incubation periods and
different cultivation temperatures both in stationary and shake cultures. The
food samples and the control broth media were infected with Y. enterocolitica
strains that had proved capable of enterotoxin production in the preliminary
experiments, in a concentration of 102 germs/ml. Growth of the strains was
checked by germ counting (Table I). The strains showed good growth both at
room temperature and in the refrigerator, and survived storage for several
days or weeks. The germ count in the milk sample contaminated with the
strain No. 14117 serogroup 07,8 was determined only if growth had taken
place under circumstances where enterotoxin production was most probable.
Strain No. 22 was used only for the infection of cold meat since the occurrence
of serogroup 03 was expected mainly here. High germ counts were obtained
in these cases, too. Filtrates were prepared from the samples in which the germ
count and enterotoxin content had been determined (Table Il). The values
printed in italics designate positive response. Independently of the conditions
of cultivation, no enterotoxin production could be detected in the milk samples
though they had been contaminated with 3 different serotypes capable of
enterotoxin production under specific circumstances in Syncase broth media.
The strains of serogroups 03; 07,8 and 05 produced enterotoxin in the cold
meat only after incubation at 25 °C under shaking for 2 days. Then some
strains belonging to serogroup 03 and another strain of serogroup 09 were
studied in cold meat (Table I11). Strain No. 22 produced enterotoxin only under
specific conditions. The other 3 strains, also growing well, did not produce
enterotoxin under optimum conditions either, which was not the case Avhen
growth took place in Syncase broth media. It is worth noting that, as shown
in Table 111, entrotoxin was produced in the control media only if conditions
were the same as with cold meat.

Acta Microbiologica Hungarica31, 1984



YERSINIA ENTEROTOXIN

Table 1

Growth of Y. enlerocolitica strains in food samples

Strains and their serogroups
Incubation time

and temperature No. 47071 No. 11337 No. 14117 No. 22
03 05 07,8 03
Milk
1 day 22 °C 1.2x10s* 4.2x10s
1 day 25 °C** 5 X10s 3 xio»
2 days 22 °C 3.4x10s 2 xIO5
2 days 25 °C** 6 xio9 2 x 10» 2.6 X107
3 days 22 °C 2 x107
4 days 22 °C 1 XIlOo7
2 weeks 4°C 8 X 10s 1 X107
3 weeks 4°C 1.6X 10"
Sausage
1 day 22 °C 4 X 10» 3.7X10» 1.4x 10° 1 x 107
1 day 25 °C** 3.6 X 10s 5.6x10»
2 days 22 °C 1 XIo8 1.2 X 10° 1.2 X 10» 2 X10°
2 days 963 * 2 X109 15xioll 2 xIo1 3 xio»
3 days 22 °C 1 XIO' 1 X10° 11 X 10» 1 X10°
4 days 22 °C 6 X10s 3 x 10° 16x io' 5 X10°
2 weeks 4°C 1 Xlon 1 Xio» 7 X10™ 1.3 X 10¢
3 weeks 4°C 2 xio9 1 Xio9 2 X10° 4 X 10°
Syncase
1 day 22 °C 1.5x10° 1.0 X 10» 4 X109 1.7x10°
1 day 25 °C ** 6.2x10» 5 X10° 4 x 10»
2 days 22 °C 1 x 10° 2 x 10° 9 X107 5 xio9
2 days 25 °C** 2.8X 1010 3 x 10» 2 X 10° 2 Xlor
3 days 22 °C 1 x 10» 1.1X10» 5.2X10»
4 days 22 °C 1.5x10» 2 x 10°
2 weeks 4°C 1.7 x 10° 2 X 10» 7 X10° 1 X 10»
3 weeks 4°C 3.4x10» 6 x 109 4 xI09
* Germs/ml
** Shaken

« Not examined

Discussion

We could use comparatively fresh cultures in the experiments and this
was of importance since the enterotoxic activity rapidly decreases during
maintenance in stock agar [11]. The extensive study of serogroup 03 strains
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was justified by their high frequency in Hungary. As stressed hy Szita et al.
[12, 13], pigs might well represent a reservoir of this serogroup so that many
meats are probably contaminated. The study of strain 09 was based on its
being the second most frequent one in Hungary.

Table M

ST enterotoxin production by Y. enterocolitica strains in food samples

Strains and their serogroups
Incubation time

and temperature No. 47071 No. 11337 No. 14117
03 05 07,8
Milk
1 day 22 °C 0.046* 0.055
1 day 22 °C** 0.051 0.071
2 days 22 °C 0.068 0.062
2 days 25 °C 0.060 0.065 0.057
3 days 22 °C 0.053
4 days 22 °C 0.054
2 weeks 4°C 0.053 0.056
Sausage
1 day 22 °C 0.057 0.074 0.059
1 day 25°C** 0.063
2 days 22 °C 0.080 0.063 0.059
2 days 25 °C** 0.112 0.095 0.119
3 days 22 °C 0.073 0.080 0.081
4 days 22 °C 0.057 0.060 0.058
2 weeks 4°C 0.062 0.057 0.062
3 weeks 4°C 0.067 . 0.076
Syncase
1 day 22 °C 0.042 0.057 0.045
1 day 25 °C** 0.078 0.071
2 days 22 °C 0.055 0.050 0.057
2 days 25 °C** 0.116. 0.122 0.112
3 days 22 °C 0.063 0.050
4 days 22 °C 0.072 0.062
2 weeks 4 °C 0.054 0.051 0.060
3 weeks 4 °C . 0.062

* Quotient of gut weight/body weight minus gut weight in suckling mice. ST positive:
values higher than 0.090 (italicized figures)
** Shaken
*« Not determined
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Table 111

ST enteroloxin production by Y. enterocolitica strains in sausage

Strains and their serogroups
Incubation time and

temperature No. 22 No. 71210 No. 81371 No. 98010
03 03 03 09
Sausage
1 day 22 °C 0.061*
1 day 25 °C** 0.059
2 days 22 °C 0.060
2 days 25 °C** 0.091 0.068 0.071 0.068
(germ count: (germ count: (germ count:
3 days 22 °C 0.050 1X 10s/ ml) 1 X 10®/ xrd) 2 X108/ ml)
4 days 22 °C 0.052
2 weeks 4°C 0.054
3 weeks 4°C 0.067
Syncase
1 day 22 °C 0.058
L day 25 °C ** 0.057
2 days 22 °C 0.068
2 days 25 °C** 0.166 0.150 0 100 0.118
3 days 22 °C 0.062
4 days 22 °C 0.051
2 weeks 4°C 0.055
3 weeks 4°C 0.060

For explidilation see Table 1l

The presence of Y. enterocolitica in food products is not very common,
but its significance must not be neglected. Serogroups responsible for human
disease have repeatedly been grown from food. Schiemann [3, 7] could isolate
serogroups 05, 07,8 and 06,30 from fresh milk and 03 and 05 from pork
products, but the pathogenic agent was detected also in pasteurized milk.
Black et al. [14] reported an epidemic caused by serogroup 08 isolated from
cocoa. In Hungary, Adamisetal. [15] described cases of enteritis attributable
to food contamination as in the absence of other possible factor they isolated
Y. enterocolitica of serogroup 03 from the faeces. Asakawa et al. [16] also
considered infected food to be the factor responsible for an epidemic. Although
bacteria are killed during pasteurization, the possibility exists of a subsequent
contamination and heat treatment might also prove insufficient with some
strains [14-18]. Our results also confirm that Y. enterocolitica grows well and
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preserves its viability in food for a long time. All these data stress the impor-
tance of food control with respect to Y. enterocolitica. Enterotoxin production
in milk samples contaminated by 3 different strains out of the 7 used in the
experiments could not he detected. In the contaminated meat the serogroups
07,8; 05 and two 03 strains produced enterotoxin only if they had been
incubated under shaking at 25 °C for two days. Thus, presence of preformed
enterotoxin will mean no danger if the examined food types are stored in the
customary way. That, however, does not yet settle the problem. Only few
samples and raw filtrates were used by us for enterotoxin detection. We coidd
find only one report on the subject. In this paper Francis et al. [18] observed
good growth of the strains in infected milk but only a few produced entero-
toxin. We were the first to study the possibility of enterotoxin production in
sausages but food poisoning due to Y. enterocolitica enterotoxin might still
not be excluded on account of its absence in spite of its special features like
production below 30 °C, resistance to boiling and gastric acid having been ob-
served. Therefore, further experiments must be conducted in this field. Of
course, the pathogenicity of Y. enterocolitica might be connected not only with
its enterotoxin production; the role of other factors should be examined as well.

Acknowledgement. The authors are indebted to Dr. Anna Svidré, Dr. J. Szita and
Dr. B. Reédey for kind permission to use their strains.
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The course of infection by human adenovirus type 12 has been studied in mice treated
with phytohaemagglutinin (PHA) 1 day after infection or those infected with the virus 3 days
after PHA treatment. Virus antigens were demonstrated by immunofluorescence in the cells
of the thymus, spleen and lymph nodes and in some cases the supernatant of the cell homo-
genate was found to contain infective viruses. Virus antigens occurred sporadically in the cells
of the lymphoid organs of control animals infected only with adenovirus. Neither virus antigens
nor infective virus could be detected in mice that were not infected by virus and not treated
with PIIA as controls. The results indicate that PHA treatment increased the sensitivity of
mice to human adenovirus infection.

The pathomechanism of adenovirus infections needs elucidation from
several points of vietv. A considerable number of children and adults carry in
their adenoids and other tissues the virus or its specific components. W hether
in virus carriers the latent virus may become active and under what effects
is one of the questions awaiting clarification [1-5]. In earlier studies some of
the T-lymphocytes of virus carriers were found to contain virus antigens
especially during relapses, and in febrile recurrences even infective virus was
cultivated from the lymphocytes [6, 7]. After infecting the lymphocytes of
healthy persons with adenovirus, virus-specific antigens were detected in the
cells without the formation of infective virus. On the other hand, if the lympho-
cytes were stimulated by PHA prior to virus infection, the virus antigens and
also the infective virus were found to replicate in them [8]. In the present
experiments it was attempted to determine inPHA treated animals the patho-
mechanism of infection and whether or not its course was affected by the
treatment. Type 12 human adenovirus has been chosen for examinations in
view of its affinity to the immune system and its malignant effect in animals [9].

Materials and methods

Experimental animals. 293 CFLP mice of 35-40 g body weight purchased from LATI
(G6dolls, Hungary) were used. In individual experiments only animals of identical sex were
included.

Dam Viet Cuong, Gizella Kulcsar, Pal Dan, J, Horvath, Istvan Nasz
Institute of Microbiology, Semmelweis University Medical School
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Phytohaemagglutinin. The animals were treated with Difco PHA —P. The optimum quan-
tity and time of effect were determined by titration. A 1% solution was prepared and 0.3 ml or
in some cases 0.4 ml was given intraperitoneally.

Virus infection. Mice were infected intraperitoneally with 2500-3000 CP units of type
12 human adenovirus. The virus was propagated and titrated on HEp-2 tissue culture.

Demonstration of virus antigens. Immunofluorescence. Cytological preparations of the
lymphoid organs prepared on slides were dried at room temperature and fixed in acetone. The
technique of Coons and Kaplan in our modification was applied both in direct and indirect
form [6, 10]. For direct examination the preparations were treated with an immune serum pro-
duced in the rabbit against type 12 adenovirus and conjugated with fluorescein isothiocyanate.
For indirect examinations the preparations were treated with adenovirus type 12 immune se-
rum and stained with fluorescein isothiocyanate-conjugated anti-rabbit globulin. Immuno-
fluorescence examinations were performed with a Zeiss-Fluoval microscope at X 600 magni-
fication.

Complementfixation. Virus antigens were demonstrated in the supernatant of the organs
by complement fixation’s microtechnique [11].

Study of virus particles. For electron microscopic studies parts of the organs were pre-
fixed, subsequently fixed in osmium tetroxide and embedded in Durcupan ACM. A JEOL
JEM 100 B type electron microscope was used.

Recovery of virus. For virus propagation parts of the spleen, liver, thymus and lymph
nodes were ground with quartz sand and the supernatant was grown on HEp-2 tissue culture.

Examination of lymphoid organs. Absolute lymphocyte count. After determination of the
leukocyte count in Buerker’s chamber, smears were stained with Giemsa and in knowledge of
the WBC the absolute lymphocyte count was determined.

Cytological examination. Cytologic preparations made from spleen, thymus and lymph
node cells were stained with Giemsa and the morphology of the cells was evaluated under the
light microscope.

Lymphoid organ weight. The relative weight of the spleen and thymus as well as the spleen-
thymus index of mice sacrificed at the end of the experiment were determined as follows:

Y o4 . s __ lymphoid organ weight (mg)
Kelative IXmthd organ Welght == body weight (g)

mean relative lymphoid organ

T , . ight i i tal
Lymph0|d organ index = -..\!\f.e.!.g_._..;ll :E_)_(.E_e_tlpj_?&9.[9_9_9.___
mean relative lymphoid organ

weight in control group

Student’stwo-sample t test was used for statistical evaluation; the accepted level of significance
was p = 0.05.

Results

As indicated by several preliminary experiments, a significant effect
could be expected only in groups where in the organism the effect of virus and
PHA was optimum. This optimum was found at 24 h with the adenovirus and
at 72 with PHA treatment. Accordingly two groups were studied, i.e. the
course of the infection of PHA treatment was applied 24 h later (group Y -j-
+ PHA) in 66 mice; the course of infection if the animals were infected with
adenovirus 72 h after PHA treatment (group PHA -(- ¥), in 59 mice.

The animals were sacrificed and examined on the 4th day after virus
infection or PHA treatment.

The following control groups were studied with both experimental groups:
47 uninfected and untreated controls (group C) and 60 PHA treated animals
(group PHA). These mice were sacrificed 3 days after treatment while the
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61 controls infected only with virus (group ¥) were sacrificed 24 h after the
infection.

In group ¥ -j- PITA thymus weight changed very slightly, the spleen
index increased 1.5 times, the peripheral lymphocyte count increased signifi-
cantly. With Giemsa staining the majority of the thymus and spleen cells
displayed lymphoblast characteristics with mitotic cell formation and in some
cases polynuclear cells. Virus particles were not detected in thymus, spleen
and liver cells. Immunofluorescence revealed the presence of antigens in 3-5%
of the thymus, spleen and lymph node cells, while virus antigens also in the
supernatant of cell homogenates with complement fixation. On HEp-2 tissue
culture the same supernatants yielded adenovirus, in some cases even in in-
fective form, though only in low titre.

In group PIIA -(- V the relative spleen and thymus weight increased
slightly, the peripheral lymphocyte count decreased, the majority of thymus
and spleen cells showed lymphoblast characteristics with numerous mitotic
cells and polynuclear lymphoid cells. Occasionally, virus particles were seen
in thymus, spleen and liver cells. Immunofluorescence revealed the presence
of adenovirus antigens in 5-7% of the thymus, spleen and lymph node cells.
Virus antigens were demonstrated with complement fixation in the super-
natant of cell homogenates. Adenovirus was recovered in some cases even in
infective form from the supernatant kept on HEp-2 tissue culture, mainly if
the animal had been treated with large PHA doses. Figure 1 shows the relative
spleen weight and absolute lymphocyte count. Results concerning spleen index,
virus antigen and infective virus are demonstrated in Table 1.

No signs referring to illness were found in the animals infected with type
12 adenovirus. As compared to the uninfected and untreated controls, in group
V, the peripheral lymphocyte count decreased after 24 h. The same virus ef-

Cc v PUA  V*PHA PHA*V C \" PHA VPHA PHA*V

Fig. 1. Relative spleen weight and absolute lymphocyte count
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Table 1

Effect of adenovirus infection and PH A treatment on groups of mice

Groups Spleen index Virus antigen, %  Infective virus
V + PHA 1.50 3-5 +
PHA + V 1.07 5-7 + +
\Y 0.92 0.5
PHA 1.10
Control 1.0

feet seemed to be responsible for the changes in group PHA -(- V where virus
antigens were occasionally revealed while in group ¥ where only 0.5% of the
cells showed some dubious fluorescence.

In the control group treated solely with PHA, body weight and relative
thymus weight increased slightly, but the relative spleen weight showed a more
marked increase after 72 h. The lymphocyte count increased and blast-like
mononuclear leukocytes appeared. Numerous blast cells were found in the
thymus and spleen. Neither infective virus nor virus antigens were demon-
strable in groups C and PHA, which had not been infected with virus.

Discussion

There is an increasing number of data to show that viruses are localized
first in the lymphoid organs of animals infected with human adenovirus [12,
13]. Latent types of adenovirus may not only persist in the tonsils and ade-
noids of man but may also infect the circulating lymphocytes. In some cases
infective virus has been isolated from the lymphocytes [7, 14, 15]. Mono-
nuclear leukocytes obtained from cord blood were successfully infected in
vitro with latent adenovirus types and the viruses persisted in the cells without
causing manifest changes ]16]. According to other data not only virus antigen
but also significant amounts of infective virus were produced in cord blood
lymphocytes if they were stimulated with PHA prior to infection with adeno-
virus [17]. This observation was confirmed also by our earlier experiments
carried out with mononuclear leukocytes of blood donors [8]. The non-specific
stimulating effect of PHA was found to increase the sensitivity of mice to
human adenovirus. This was indicated by the observation of a significant
amount of virus antigen in some cells of the immune organs and some of them
even contained infective virus. This effect could be observed when PHA treat-
ment had preceded by 3 days the virus infection or if it followed the virus in-
fection by 1 day.
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The fact that in animals infected with adenovirus, viral antigens were
only occasionally present in the lymphoid organs, proves that the antigens
were synthesized de novo. The possibility of an incidental presence of a murine
adenovirus was excluded hy the observation that neither virus antigens nor
infective virus were found in the mice which had not been infected.

Several agents are known to stimidate the cells of the lymphoid organs
both in man and animals. The stimulating effect of PHA has been studied
mainly in mice [18-20]. On the basis of these experiments one may assume
that an adenovirus infection would manifest itself with the production of in-
fective viruses if the organism has already been stimulated by another agent.
On the other hand, an adenovirus infection affecting an unstimulated organism
would result in the production of virus antigens and perhaps in the develop-
ment of a latent infection or virus carrier state [14, 21]. Though data referring
to such a phenomenon are still scarce [18, 22], it is assumed that latent virus
infections may be activated by different factors and then they may result in
relapses or even in the development of malignancy.
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ENCAPSULATION AND MOUSE-VIRULENCE OF
SERRATIA MARCESCENS STRAIN SM-1 AND ITS
VARIANTS IN RELATION TO COLONIAL
MORPHOLOGY

Y ukio Ohshima, Toshichika Oiitomo and Kosaku Y osiiida

Department of Microbiology, St. Marianna University School of Medicine,
Kawasaki 213, Japan

(Received Decemder 22, 1982)

W ith the addition to a soft-agar medium of rabbit anti-flagella serum inhibiting mobil-
ity, strain SM-1 of Serratia marcescens produced single colonies. Strain SM-1 and its variants
A and B exhibited three kinds of colonial form. The parent strain showing extra large round-
type growth in the medium had the highest cell volume index and mouse virulence, and a large
capsule was seen on electron microscopy. An intermediate cell volume index and a remarkably
lower mouse virulence were observed with variant A, which exhibited diffuse-type growth in the
medium, although no definite extracellular feature was shown. The variant B, showing com-
pact-type growth in the medium, represented the lowest cell volume index, mouse avirulence
and was not encapsulated. Mouse virulence of the parent strain was assumed to be related to
encapsulation which protects against phagocytosis.

Serum-soft agar and soft-agar technique have heen applied for the
investigation of cell surface properties of several species of non-motile bacteria
such as Staphylococcus aureus [1], Streptococcus pyogenes [2], Streptococcus
pneumoniae [3], Klebsiella pneumoniae [4], Klebsiella ozaenae [5] anil Escheri-
chia coli [6]. Although colonial size in the media varied depending on the spe-
cies, an almost similar colonial morphology was observed in encapsulated or-
ganisms of these strains except for strains of S. aureus [1]. However, no paper
has been concerned with the application of a motile bacterial strain in this
technique. To apply the soft-agar technique to motile bacterial strains, for
the examination of Serratia marcescens, the soft-agar medium was supplement-
ed with anti-flagella serum.

Materials and methods

Strains. Strain SM-1 of S. marcescens used throughout the experiments was freshly isolat-
ed from a human patient. The strain showed large round colonies on soft-agar medium contain-
ing rabbit anti-flagella serum. Two variants, A and B, obtained by repeated subculturing,
exhibited diffuse and compact colonial morphologies, respectively. Serogroup of the strain
SM-1 was 05 determined by agglutination test using conventional specific antisera (Toshiba
Chemical Co. Ltd., Tokyo, Japan).

Yukio Ohshima, Toshichika Ohtomo, Kosaku Yoshida
Department of Microbiology, St. Marianna University School of Medicine
2095 Sugao, Miyamaye-ku, Kawasaki 213, Japan
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Preparation of rabbit anti-flagella serum. Strain SM-1 was cultured in trypticase soy
broth (Difco) at 37 °C for 24 li and the flagella fraction was obtained by the method of Ko-
bayashi et al. [7]. Of the fraction a volume of0.3 ml containing 100 fig of purified flagella protein
per ml, was injected into the marginal ear vein of rabbits weighing 2.5 kg (Japanese white
rabbit, Nihon Clea Farm Co. Ltd., Tokyo, Japan) on three successive days weekly for 4 weeks.
Ten days after the final injection, the rabbits were exsanguinated, the sera were separated and
the anti-flagella antibody activity was determined by the soft-agar technique. The twofold
serial dilution of the rabbit antisera which produced definite single colonies of the organism
was considered one unit of the activity.

Anti-flagella serum-soft agar technique. The organisms cultured in brain heart infusion
broth (Bill, Difco) at 37 °C for 24 h were diluted 1 : 10~6 with sterile saline. One tenth ml of
this cell suspension and two units of rabbit anti-flagella serum were combined with 10 ml of
B ill containing 0.15% (w/v) agar (Bactoagar, Difco) at final concentration. These were kept at
4 °C for 30 min, cultured at 37 °C and colonial morphology of the organisms was determined
after 24 h.

Determination of mouse virulence. Strain SM-1 and the variants A and B were cultured in
Bill broth, harvested by centrifugation at 7000 g for 30 min, resuspended in sterile saline, then
the turbidity was adjusted nephelometrically to 1.0 OD at 430 nm. Viable cell number of the
cell suspension was 6.43 X HO8to 7.21 X 108 per ml as estimated by the plate count method. The
cell suspensions were diluted twofold with saline. Of these, 0.5 ml and 4.5 ml of 5% (w/v) mucin
(Wilson type) in saline were injected intraperitoneally into a group of 5 mice each weighing
approximately 15 g (DD strain, Nihon Clea Co. Ltd., Tokyo, Japan). The number of dead
animals was recorded for a period of two weeks.

Viability ofthe strain and its variants in mouse peritoneal cavity. To determine the viabil-
ity of strain SM-1 and the variants, A and B, injected into the peritoneal cavity of mice, the
cell suspensions were obtained as mentioned above, and their turbidity was similarly adjusted
to 0.5 OD.

The viable cell number was 1.85 X FO8to 2.20 X 108per ml. Of the suspensions, 0.5 ml was
injected intraperitoneally to each of 5 mice. One, 3, and 15 h after the injection peritoneal fluid
was withdrawn and the viable cell count was determined [8] and the average cell number of 3
experiments was noted.

Cell volume index and biological properties. To determine the cell volume index of strain
SM-1 and its variants, the organisms cultured in BHIwere harvested by centrifugation, washed
once with sterile saline and the indices were recorded [8] by using a Hopkins tube. To examine
the biological properties of them, a conventional enterobacterial identification kit (ID test, EB
20, Nissui Pharmaceutical Co. Ltd., Tokyo, .Japan) involving the following tests was used:
fermentation to inositol, mannose, sorbose, arabinose, rhamnose and raffinose. In addition,
lysine decarboxylase, arginine decarboxylase, the Voges—Proskauer reaction and utilization of
malonate and arginine were examined. Deoxyribonuclease was determined by DNase medium
(Difco).

Electron microscopy. The organisms cultured on Bill medium at 37 °C for 24 h were
harvested, prefixed with 7% (v/v) glutaraldehyde in 0.1 m phosphate buffer pH 7.4 at 4°C
overnight, then fixed again with 0.1% (w/v) osmic acid at room temperature for 5h. The fixed
materials were dehydrated in ethanol and acetone, then embedded in Quetol 812 (Nisshin EM
Co. Ltd., Tokyo, Japan). Ultrathin sections were prepared by an ultramicrotome (Type MT-1,
Ivan Sorval Inc., Norwalk, Conn.), mounted with rabbit anti-strain SM-1 serum [9] and stained
with uranyl acetate. Morphological observations were made by electronmicroscopy (Model
100B, Japan Electron Optics Co. Ltd., Tokyo, Japan).

Results

Colonial morphology of strain SM-1 and its variants in rabbit anti-flagella
serum-soft agar. When rabbit anti-flagella serum was added to soft-agar me-
dium, single colonies were observed. This technique was affected by the con-
centration of agar, salt and the pH of the medium. Optimum conditions were
as follows: 0.15% (w/v) agar, 0.75% (w/v) salt and pH 7.0. Under these con-
ditions, the colonies of strain SM-1 and its variants A and B exhibited large
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Fig. 1. Colonial morphology of strain SM-1 of S. marcescens (P) and variants (A) and (B) in
soft-agar containing rabbit anti-flagella serum and strain SM-1 cultured in soft-agar containing
normal rabbit serum (Cr)

round, diffuse and compact type growth, respectively, as shown in Fig. 1.
The growth of variants A and B throughout the tube in soft-agar medium con-
taining normal rabbit sera was excluded. In these cases, the large round colo-
nies of strain SM-1 were converted to compact-type through diffuse-type
growth after repeated subcultures. Also, variants A and B reverted to large
round-type growth in mouse passages.

Biological properties. Strain SM-1 and its variants A and B showed iden-
tical biological properties. They fermented inositol, mannose, sorbose and
sucrose without gas production, hut did not ferment arabinose, rhamnose and
raffinose. They were positive for lysine decarboxylase and negative for argi-
nine decarboxylase. They did not utilize malonate and arginine and gave a
positive Voges-Proskauer and deoxyribonuclease tests and displayed red
pigmentation on BH I agar plate.

Cell volume index. Cell volume indices of strain SM-1 and variants A and
B were 1.37, 1.17 and 1.00, respectively, suggesting an encapsulation in the
parent strain.

Mouse virulence. Injection of 9.80 x 104 cells of strain SM-1 in mucin
suspension killed 100% of the mice and of variant A 4.56 X 10 cells were
required to cause a similar mortality. Of variant B, however, not even 1.02 X
X 108cells were lethal.

Toxicity for mice. Of the parent strain and its variants A and B, 1.0 mg
of heat killed vaccine killed 20 to 40% ofthe animals, and 2.0 mg of.any strain
was lethal to 80 to 100% (Table I). Such uniform results indicate that all or-
ganisms contained almost equal amounts of endotoxin.
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Table 1

Mouse toxicity of heat-killed vaccine prepared from parent strain SM-1 of Serratia marcescens
and its variants A and B

Heat-killed

organisms (mg) SM-1
A B
2.0 5/5* 4/5 4/5
1.0 1/5 /5 2/5
0.5 0/5 0/5 0/5

* No. of dead/No. of used

Fate of strain SM-1 and its variants in mouse peritoneal cavity. To eluci-
date the mouse virulence of the parent strain the fate of the organisms in-
jected intraperitoneally was observed. When 2.0 X KO8 of the parent strain
and its variants in saline suspension were injected intraperitoneally to the
mice, the parent strain gradually multiplied to 1010 in 15 h (Fig. 2) when it
killed the animals. With variant A no multiplication was observed in 3 h,
then the count gradually decreased and no animal died. (These results have
not been included in Fig. 2.) With variant 11, the viable cell number decreased
rapidly to reach 104at 15 h after the injection and all animals survived (Fig. 2).

Electron microscopy. The outermost layer of the parent strain was sur-
rounded by high electron dense material indicating the existence of a capsular
substance. No such finding was observed with the variants A and B (Fig. 3).

Fig. 2. Recovery of strain SM-1 of S. marcescens and variant B after intraperitoneal injection
in mice: ¢ - e and 0----—--- 0 indicate strain SM-1 and variant B, respectively
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Fig. 3. Ultra-thin section of strain SM-1 (a) of S. marcescens and variant B (b) treated with
rabbit anti-SM-1 serum

Discussion

Serum-soft agar anil soft-agar techniques have heen applied by several
authors for the selection of non-motile encapsulated bacterial strains [1-6].
Although semi-solid agar plate containing anti-flagella serum was also used for
the identification of flagella antigen of Salmonella sp. [10], with these tech-
niques the colonial morphology of motile organisms has not heen investigated.
In our experiments distinct single colonies were produced in soft-agar contain-
ing anti-flagella serum with strain SM-1 of S. marcescens and its variants. The
parent strain exhibiting large round-type growth proved to he mouse virulent
and encapsulated, while its variants A and B, showing diffuse and compact-
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type growth were less mouse virulent and avirulent, respectively, and variant
B was not encapsulated while the cell surface of the intermediate type variant
A was not clearly defined. Still, the biological properties of the parent strain
and the variants A and B were identical.

Numerous investigators have emphasized that the surface component
of microorganisms such as their capsule orslime materials played an important
role in pathogenicity [11—4] and these components of the organisms are re-
garded as virulent factors.

In the present experiments, the encapsulated parent strain gradually
increased its viable cell number in the peritoneal cavity of mice and caused
their death. With the not encapsulated variant B the viable cells disappeared
in the peritoneal cavity and the animals survived.

These findings are believed to reflect the importance ofthe surface prop-
erties and seem to suggest that the surface material such as the capsule this
species of bacteria apparently protects against phagocytosis. These results
coincided with findings made in Gram-negative non-motile bacterial strains
in soft agar medium [4-6], emphasizing the antiphagocytic role of their capsule
and its relation to pathogenicity. Interconversion by flagella antiserum of a
strain of Salmonella sp. has been observed on semi-solid agar plate containing
anti-flagella serum [10, 15]. In the present experiments no antigenic conver-
sion was observed with the parent strain and its variants even after repeated
subcultures.

Extra-high specificity and conversion of flagella antigen remain the
technical problems of the method.
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SEMI-CRUDE HUMAN LEUKOCYTE INTERFERON
PRODUCTION IN A SIMPLE MEDIUM

M. Toth.l. Mécs, S. Téth,Valéria Endrész and |l lona Béladi

Institute of Microbiology, University Medical School, Szeged
(Received January 21, 1983)

Semi-crude human leukocyte interferon (specific activity at least 105international units
per mg protein) was produced by replacement of priming medium with protein poor medium
before the production period. A simpler medium than Eagle’s medium was suitable to obtain
substantial quantities of interferon.

Human leukocyte interferon (HulFNct) is now being produced in large
quantities for clinical purposes. In recent years several purification procedures
resulting in IFNoc preparations of high specific activity have been described,
hut these methods usually require an initial purification step. Acid ethanol
extraction of human leukocyte interferon according to Cantcll and Hirvonen
[1] has been useful for the initial purification of large amounts of interferon.
Still, as reported by Erickson and Paucker [2] in our hands the procedure gave
variable results. Therefore another way was tested to increase the specific
activity of IFNa preparations, namely by producing it in protein poor medium.

Materials and methods

Preparation of crude interferon. Crude human interferon was produced in human buffy
coat cells with Sendai virus according to the method of Cantell et al. [3-5]. Briefly, buffy coats
were utilized within 24 h of collection. Red blood cells were removed by treatment with 0.83%
N114Cl solution, and purified leukocytes were suspended to a final concentration of 107 cells/inl
in Eagle’s medium (Glasgow modification), supplemented with 25 //g/ml neomycin and 2.5
mg/ml human agamma serum. The agamma serum was produced by removing most of the
globulin by (NH2)2S04 precipitation according to Cantell and Pyhélii [6]. In some experiments
ethanol extracted human serum albumin was used (produced by Institute for Serobacterial
Research and Production Human, Budapest). Volumes of 20 ml leukocyte suspensions in 100 ml
flasks were shaken or 3000 ml cell suspensions in 6000 ml wide-neck round bottom flasks were
agitated by a magnetic stirrer (Cantell, personal communication) in 37 °C water bath. Priming
interferon was added to give a final concentration of 100 IU/ml. Interferon production was
induced by the addition of 1/20 vol of Sendai virus after the 2 h priming period as described
previously [7], and the incubation was continued overnight. Cells and debris were removed by
centrifugation, and the supernatants were stored at —20 °C.

Interferon assay. Interferon assays were performed in a microassay system as described
previously [81using CV-1 cells and vesicular stomatitis virus [VSV] as challenge virus. /111 inter-
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feron units are expressed in international units (G-023-901-527 reference was obtained from the
National Institutes of Health, Bethesda).

Partial purification of Sendai virus. Infected chorioallantoic fluids of developing embryos
were centrifuged at 3000 g for 30 min, followed by a second centrifugation at 40 000 g for
30 min. The pellet containing approximately 10% of the initial protein content was dissolved
in 1/30 vol of phosphate buffered saline (PBS) pH 7.6, supplemented with 2.5 mg/ml human
agamma serum. The partially purified virus was stored at —70 °C.

Haemagglutination (HA) and infectivity assay. HA was determined by chick erythro-
cytes as previously described [7]. Infectivity was expressed in terms of 50% egg infection dose
E ID 50).

( )Protein determination. Protein concentration was determined by the method of Lowry
et al. [9] using bovine serum albmin as the standard.

Results

Interferon production in different media. Earlier we have used Eagle’s
medium (Glasgow modification) for interferon production. The medium was
maintained at pH 7.4 by CO02bicarbonate buffer. When a less complex me-
dium, such as balanced salt solution (BSS) i. e. Eagle’s medium without amino
acids and vitamins was used, the yield of interferon was not reduced (Table I).
A medium without calcium (.locklik modified Eagle’s medium) was not suitable
for optimal interferon production. The yield was also reduced when the C 00-hi-
carbonate buffered Eagle’s medium was replaced by phosphate buffered Hanks’
solution PBS, even if Hanks’solution was supplemented with amino acids and
vitamins.

Effrel °f protein concentration on the yield of interferon. Experiments in
shaken flasks were done to determine the optimum serum concentration for
interferon production. Figure 1 shows that the maximum yield of IFN was
produced in RSS containing 2.5 mg/ml human agamma serum, and that al-
bumin extracted by alcohol was not adequate for IFN production.

Table |

Interferon production by human leukocytes in different media

Eagle’s Hank’s solution
medium . B with
Medium (Glasgow BSS* nE:giISnS] Sgﬁ_lnlikoz vitamins PBS
modifica- and amino
tion) acids**
Titre of IFN***, 1U/ml 49 300 47 570 21 840 22 530 24 800 4040
Per cent — 96.5 443 45.7 50.3 8.2

* Balanced salt solution (Eagle’s medium without amino acids and vitamins)
** Hank’s solution supplemented with vitamins and amino acids in quantities identical
as in the Glasgow modified Eagle’s medium
*** Data are from three different experiments. Leukocyte cultures of 20 m1/107 cell/ml
contained 2.5 mg/ml human agamma serum
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Fig. 1. Effect of protein concentration on interferon production by leukocytes. Leukocyte
cultures of 20 ml contained 10" cell/ml in BSS supplemented with different amounts of human
agamma serum ®—--+ or ethanol extracted human albumin 0 ----- s}

Volume of Sendai virus/tO7 leukocytes, ml

Fig. 2. Parameters of crude and partially purified Sendai virus. Haemagglutination activity

(A), infectivity (B) and interferon inducing capacity (C) of crude (shaded) and partially puri-

fied (open) Sendai virus. Concentrated, purified Sendai virus material was diluted to the ori-

ginal volume (30-fold) in BSS before use. Values are means of results of two independent ex-

periments. (C) Leukocyte cultures of 20 ml contained 107 cell/ml in BSS supplemented with
2.5 mg/ml agamma serum
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Interferon induction by partially purified Sendai virus. Sendai virus par-
tially purified by high-speed centrifugation was as active as crude virus for
interferon induction (Fig. 2). After centrifugation the pellet contained 67%
of the initial haemagglutination activity and all of the infectivity.

Production of semi-crude human interferon. As Fig. 1 shows, production
of IFN in substantial quantities requires a high serum concentration, but this
serum demand is essential only during the priming period [10]. Since the
adsorption of Sendai virus to the leukocytes is complete within 5 min as mea-
sured by HA (data not shown) and since interferon is not produced for 3 h after
infection, it was supposed that between these points of time the priming me-
dium of high protein content could be removed and replaced by the protein
poor production medium. Figure 3 shows that the optimum time of exchange
of priming medium with prewarined production medium containing 0.25 mg/m|
protein was 10 min after induction. Using a higher protein concentration
(1 mg/ml) the yield of interferon was not increased, but production medium
without protein led to only minimal interferon production. If the priming
medium was changed before induction by Sendai virus the interferon inducing
capacity of leukocytes was completely retained (Fig. 3, column B). Table 11l
shows the properties of IFN preparations produced by medium exchange
before and after induction, compared to interferon produced without medium

Fig. 3. Time of medium exchange and interferon yield. Priming medium was exchanged by

pelleting (800 g, 10 min, room temperature) and resuspension of cells immediately before Sendai

virus infection (column B) or 5-180 min after Sendai virus infection (columns A). Exchanging

media contained 1.0 (shaded) 0.25 (open) and 0.0 (horizontally striped) mg/ml human agamrna

serum. Cultures of 20 ml contained 107leukocytes/ml. All yields were expressed in per cent of

IFN titre of the unchanged control (average titre 73 970 IU/ml). The priming medium and the
production media were BSS

Acta Microbiologica Hungarica 31, 1984



LEUKOCYTE INTERFERON PRODUCTION 65

Table 11

Properties of crude and semi-crude interferon produced by medium exchange

Semi-crude IFN*

Crt_Jde IFN
(no medium exchange) medium exchange medium _exchange
before induction 10 min after
induction
Titre of IFN, 1U/ml 73 970 75 250 56 880
Protein content, mg/ml 2.75 0.36 0.29
Specific activity, IlU/mg protein 2.69x104 2.09x10s 1.96 x10s

* Medium with 2.5 mg/ml agamma serum was replaced by medium containing 0.25 mg/ml

agamma serum. Preparations were the same as used Fig. 3. Data obtained in four different
experiments

Table 111

Properties of crude and semi-crude interferon produced in large volume

Semi-crude IFN*

Crude IFN
(no medium exchange) . .
medium exchange medium exchange

before induction after induction
Titre of IFN, IU/ml 56 310 48 470 10 960
Specific activity, lU/mg protein 2.02 x 104 1.56 x 10s 3.7x104

*Medium with 2.5 mg/ml agamma serum was exchanged for medium containing 0.25
mg/ml agamma serum before induction by partially purified Sendi virus or 10 min, after
induction by crude Sendai virus. Data obtained in five independent experiments

exchange. The specific activity of the preparations was increased about
7-fold and exceeded the value of 1051U/mg protein, so they may be called
semi-crude interferon preparations.

Semi-crude interferon production in large volume. The versatility of me-
dium exchange to increase the specific activity of IFN preparations was tested
using large volumes. In five independent experiments leukocyte cultures of
3000 ml were incubated in 6000 ml round bottom flasks agitated by a magnet-
ic stirrer. Each experiment included IFN preparations produced by medium
exchange before, and 10 min after, virus infection, as well as crude IFN pre-
parations produced without medium exchange (Table Ill). Substitution for
the priming medium of medium containing 0.25 mg/ml agamma serum after
Sendai virus infection resulted in interferon samples with lower titres than those
obtained in the small volume experiments (Table Il). If the medium exchange
was carried out before Sendai virus infection, titres close to the control were
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obtained. The specific activity of these IFN preparations exceeded the value
of 1051U/mg protein. To reduce the egg protein content in the interferon sam-
ples, partially purified Sendai virus was used in these experiments.

Discussion

Purification methods for interferon resulting in high specific activity
generally require an initial purification step. Since the choice of these proce-
dures is limited and recovery is variable, we have chosen a different approach
to improve the specific activity of our IFNa preparations. The aim of this work
was to test the use of protein poor medium for interferon production.

The results presented clearly proved that the IFN inducing capacity of
leukocytes incubated in protein rich medium during the priming period is
retained in protein poor medium (Fig. 3). In small volumes the reduction of
protein concentration by medium exchange before or 10 min after Sendai virus
infection led to an improvement in specific activity of the interferon to more
than 1051U/mg protein (Table I1). In large volumes only a medium exchange
before virus inoculation resulted in such an increase in specific activity
(Table I11). If the medium exchange was carried out after virus infection, low
titres and specific activities tvere obtained. The cause of the different results
obtained with small and large volumes, when the medium exchange was car-
ried out after virus infection, is not clear. It should be noted that the time re-
quired for medium exchange in large volume experiments was longer than with
small volumes, and the induction process being in its early phase was probably
disturbed during the medium exchange period.

We have routinely used medium exchange before virus infection for the
production of semi-crude IFN in large quantities. Since the IFN produced by
crude Sendai virus contains impurities originating from allantoic fluid, we
have used partially purified virus for induction.

In the other part of this work we have compared different media in
respect to their versatility for IFNac production. The simple and autoclavable
balanced salt solution was equivalent to the expensive Eagle’s medium for
IFN production (Table I). Calcium was essential for optimal interferon yields;
on the other hand, an adequate buffer system was more important than the
presence of amino acids and vitamins (Table I). Over a one year period in our
laboratory only the balanced salt solution was used for production of crude
leukocyte interferon in large volumes and the average titre was 63 200 1U/ml.
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LINKING COMPONENTS BETWEEN CAPSOMERS
IN THE ADENOVIRUS CAPSID

Eva Adam and |. Nasz
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The interhexonal space within the adenovirus capsid is bridged by interhexonal connec-
tive elements. These linking components have been detected also between pentons and the five
peripentonal hexons surrounding them. According to the results obtained by Markham’srota-
tional integration technique the connective elements between the capsomers are interlacing the
whole virion. It could be confirmed in several cases that the linking elements consisted of
two approximately parallel elements. This means that each hexon is linked by six times two
parallel linking components with its six nearest neighbours in the virus capsid.

The adenovirus virion is a regular icosahedron measuring 70-90 nm in
diameter [1, 2]. The capsid is built up of 252 capsomers of which 12 are situated
on the vertices of the icosahedron forming with their projections the pentons.
The other 240 capsomers are hexons, which constitute the triangular faces and
edges of the virus capsid. Hexon capsomers show a hexagonal array in the
virus capsid and have six neighbours whereas the pentons are surrounded by
five neighbouring hexon capsomers.

In earlier examination of the crystallization of highly purified soluble
hexons, tightly packed two-dimensional crystalline arrays were detected be-
sides the three-dimensional tetrahedral hexon crystals [3]. In these two-
dimensional crystalline arrays the hexons show a hexagonal packing, similarly
to the structure of the virus capsid [4]. High-resolution electron micrographs
revealed that the space between the neighbouring hexons was bridged by fine
connective elements in the two-dimensional hexon crystalline arrays [5, 6].

The following report gives information on the interhexonal linking com-
ponents in the adenovirus capsid as well as on the existence of connective
elements between the peripentonal hexons and pentons.

Materials and methods

Preparation of virions. Adenovirus type 1 propagated on permanent HEp-2 cell culture
was used for the study of virions. Infected cells were subjected to repeated freezing and thaw-
ing as well as to ultrasonic disintegration and the cell debris was eliminated by centrifugation.
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From the supernatant the virions were purified by ultracentrifugation of double CsCl cushion
and by repeated ultracentrifugation on CsCl density gradient. Adenoviruses isolated on primary
rabbit kidney cell culture from the intestinal tract and different organs of 6- 8-week old rabbits
suffering from nonbacterial diarrhoea were also studied [7].

Electron microscopy. For electron microscopic examinations the virions were adsorbed to
carbon-formvar-coated grid and negatively stained with 1% uranyl acetate of 2% phosplio-
tungstic acid. The preparations were examined in a JEM 100B electron microscope at 60 kV
with a basic magnification of 25 000—50 000. The negatives were enlarged to a magnification
of approximately 300 000 for study. The disturbing background granulation was eliminated by
the technique of Yabe et al. [8]; printing was done at a slightly underfocussed position. For
serial examinations selected virions with capsids containing well visible connective elements
between certain capsomers were rephotographed and the negatives were used in the next ex-
amination. Forexamination of the radial symmetry of the connective elements and for enhanc-
ing images the rotational integration technique of Markham et al. [9] was used.

Results

Analysis of high-resolution micrographs revealed that the distances
separating the hexons in the adenovirus capsid were bridged by fine linking
elements (Fig. I/a). Owing to these connective structures forming bridges at
some sites between capsomers, the slits may appear as holes in the capsid.
On the micrograph of a selected hexon processed by Markham’s rotational
technique with arotational angle of 60°, the connective elements were regularly
visible in the virus capsid. The connections between the given hexon and its
six neighbours as well as between the hexons surrounding the central hexon
were clearly seen (Fig. 1/b). If a hexon situated at the edge of the capsid and
surrounded by a large symmetric area was subjected to 60° rotation, a regular
network of connective elements became visible according to the hexagonal
packing ofthe hexon capsomers. This network is distinct between the members

Fig. 1. (a) Electron micrograph of adenovirus type 1. The virion is viewed from the 2-fold
symmetry axis (edge). Pentons on the vertices of a triangular face are marked with X. Hexago-
nal array of the hexon capsomers and connective elements linking the neighbouring hexons are
visible at some sites in the capsid. Hexon serving as centre of Markham’s rotational integra-
tion is shown by arrow; (b) Image processed by rotational integration of the hexon marked on
the electron micrograph of the virion. Angle of rotation, 60°. The central hexon is connected
with its six neighbours by clearly visible connective elements. The original profile of the central
hexon and other parts of the virion are blurred owing to the disturbed symmetry
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of the first and second hexon rows surrounding ring-like the central hexon
(Fig. 2/a, b). The distance i.e. the length of the connective elements between
the capsomers, is about one third of the diameter of the hexon. Considering
the fact that the hexon studied (Fig. 2/a, b) is situated on one of the edges,
the micrograph proves the presence of the linking components between hexons
on the edges and near the edges. If a triangular face of the virion is subjected
to 120° rotation (three-fold symmetry axes) the micrograph shows clearly the
regular network of connective elements among the six hexons situated at the
face of the virus capsid (Fig. 3).

On the rotational integration picture of the penton which has five neigh-
bours according to the five-fold symmetry, processed by an angle of 72°
(Fig. 4/a, b), the connective elements between the penton and peripentonal

Fig. 2. (a) Hexon capsomer at edge serving as centre of Markham’s rotational integration is

shown by arrow on the electron micrograph of an adenovirus isolated from the rabbit; (b) Pic-

ture viewed by Markham’s rotational integration of the hexon marked on the electron micro-

graph of the virion. Angle of rotation, 60°. Regular network of linking structure is seen in the

hexagonal array of hexon capsomers. The network is well visible between the members of the

two hexon rows surrounding ring-like the central hexon. Further parts of the virion are blurred
owing to disturbed symmetry

Fig. 3. (a) On the electron micrograph of adenovirus type 1 the centre of a triangular face of

the virion, i.e. the centre of the space among three hexons in the middle of the face, servesas

centre of Markham’srotational integration; (b) Rotational integration picture of the given area

of the virion. Angle ofrotation, 120 °C. Regular network of connective elements between hexons
of a triangular face is well discernible]

Acta Microhiologica lliingarica 31, 1984



72 ADAM and NASZ

Fig. 4. (a) Penton serving as centre of Markham’s rotational integration is shown by arrow on

the electron micrograph of an adenovirus isolated from the rabbit; (b) Rotational integration

picture of the penton and peripentonal hexons. Angle of rotation, 72°. The five peripentonal

hexons surrounding the penton and the linking components connecting them to the penton
are well visible. Other parts of the virion are blurred

Fig. 5. (a) Hexon serving as centre of Markham’s rotational integration is shown by arrow on
the electron micrograph of a rabbit adenovirus; (b) Rotational integration picture of the hexon
marked on the electron micrograph of the virion. Angle of rotation, 60°. The central hexon is
linked to the six neighbouring hexons by six pairs of approximately parallel connective ele-
ments; (c) Rotational integration picture of the hexon marked on the virion. Angle of rotation,
120°. Twelve connective elements are discernible between the central hexon and its six neigh-
bouring hexons. The profile of the central hexon and of the neighbouring hexons and other
parts of the virion are blurred owing to disturbed symmetry

hexons are detectable and the five-fold symmetry of the vertex capsomer is
well discernible.

Direct analysis of the electron micrographs revealed virions which indi-
cated that hexons are linked to their neighbours by not one hut two connective
elements. This has been confirmed by the micrographs prepared at a 60° angle of
rotation of the hexon marked on the virion of Fig. 5/a. This showed that the
central hexon is connected to its six nearest neighbouring hexons by six pairs
of approximately parallel connections i.e. by 12 elements (Fig. 5/b). As there
are 12 periodically repeating elements, the study of the same hexon at a rota-
tional angle of 30° displayed even more clearly the existence of 12 linking com-
ponents between the given hexon and its six nearest neighbours (Fig. 5/c).
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Discussion

Adenovirus hexons have hexagonal basal and middle part whereas
their end facing the surface of the virion capsid is approximately triangular in
shape [5, 10-12]. The hexagonal lower parts ensure a construction according
to a closed hexagonal packing for the capsomers in the virus capsid. The part
of the hexon facing the virion surface is narrower than the others, the capso-
mers appear to he separated by a distance. Slits have been demonstrated be-
tween the capsomers of other viruses, too [13]. In the case of adenoviruses it
appears that owing to the close packing of the lower hexagonal parts these slits
are very narrow and only slightly penetrable towards the inner part of the
virion [14]. As the hexons become narrower towards the virion surface the
slits become wider. Owing to the connective elements bridging the slits, they
appear as holes in the virus capsid (Figs l/a, 2/a, 4/a).

These connective elements form a network between the hexons all over
the virion and are detectable also between the penton and its surrounding
hexons. With Markham’s rotational integration technique the linking struc-
tures were found to be double fibres similar to the interhexonal elements seen
in two-dimensional crystalline arrays [6]. If the connective elements show
the form of one thick fibre the phenomenon may be due either to the adhesion
of two thin fibres along the longitudinal axis or to the uneven distribution of
the negative stain. Thus, the hexon capsomers in the virus capsid are most
likely also linked by six pairs of approximately parallel connective elements
to their six nearest neighbours similarly as in the structure of the two-dimen-
sional crystalline array. In experiments with 12 exposures at a 30° rotational
angle the image improves owing to the periodically repeated elements and this
fact confirms not only the existence of the 12 connective elements but also
the approximately symmetric location of the 12 connective elements between
a given hexon and its six neighbours.
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Passive haemagglutination technique for C-reactive protein measurement using a com-
mercially available C-polysaccharide and single radial immunodiffusion showed a close correla-
tion. The haemagglutination method is very convenient to both routine clinical laboratories
and experimental research.

C-reactive protein (CRP) was the first acute phase reactant discovered
in human serum, increasing rapidly in amount during bacterial infection, in
inflammation and tissue injury. CRP determinations are of significance mainly
to estimate the activity of rheumatic disease, for the evaluation of therapy,
and the diagnosis of myocardial infarction [1-4].

Determination of CRP is based on its specific reaction with antiserum or
on the specific Ca++-dependent binding with C-polysaccharide. The widely
used methods are precipitation, radial immunodiffusion and latex agglutina-
tion. A passive haemagglutination technique using pneumococcal C-polysac-
charide-coated sheep red blood cells was also developed [5]. Since each of these
assays have advantages, we have compared these methods of measurement.

Materials and methods. Fifty four serum samples from 23 heterogeneous
surgical cases were tested before operation and on the first and fifth day after
surgery.

Single radial immunodiffusion (RID) was performed in 1% agar gel
containing 0.5% anti-human CRP rabbit serum (Behringwerke). The sample
volume was 8 [Jl, and 0.05 m sodium barbital/barbituric acid buffer pH 8.6
was used. After loading, the plates were left at room temperature for 48 h,
washed with saline, dried and stained with Coomassie Brilliant Blue. The
standard human serum was kindly provided by Dr. M. B. Pepys (Royal Post-
graduate Medical School, London). CRP content of the standard serum was
104 (ttg/ml. For evaluation linear standard curves were made from each plate
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plotting the squares of the diameters of the precipitate rings as a function of
the concentration. Each serum was filled in three wells and the average of the
precipitate rings being in the range of the standard curve was considered.
Passive haemagglutination (HA) was carried out with sensitized sheep
red blood cells (SRBC). Freeze-dried C-polysaccharide (Institute Human for
Serobacteriological Production and Research, Hungary) was dissolved in

Table 1

CRP Concentrations determined by radial immunodiffusion (RID) and passive
haemagglutination (HA)

CRP concentration

after surgery
before surgery

Patients first day fifth day
RID HA RID HA RID HA
fzg/ml titre fig/ml titre Ms M titre
I 2 96 120 768 108 512
2 2 24 ND ND 61 256
3 4 48 49 768 10 128
4 5 64 45 512 12 128
5 3 48 43 512 12 96
6 2 64 27 192 32 256
7 ND ND ND ND 25 128
8 21 128 68 51. 18 128
9 ND ND 106 1024 80 512
10 5 64 21 256 50 512
1 ND ND 10 64 6 64
12 ND ND 54 384 ND ND
13 12 128 57 512 64 384
14 ND ND 43 384 30 128
15 2 48 78 512 94 512
16 2 16 52 512 40 384
17 5 16 62 1024 42 512
18 6 64 66 512 25 384
19 3 64 82 1024 33 256
20 35 256 ND ND 98 768
21 ND ND 14 128 ND ND
22 ND ND 17 192 ND ND
23* - — 112 1024 — _

ND: not done
* Reference serum
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CRP by RIDyya/ml

Fig. 1. Results of haemagglutination (HA) and radial immunodiffusion (RID) tests, sj, = stan-
dard deviation of the slope; r = correlation coefficient

saline (10 mg in 2 ml) and 100 u\ washed packed sheep red blood cells (SRBC)
were added. The suspension was incubated at 37 °C for 2 h. After three washings
a 1% SBRC suspension in saline was prepared.

The sera to be tested were heat-inactivated at 56 °C for 30 min, and
diluted serially in U bottom microtitre plates in two rows, beginning with
1;2 and 1 :3 dilutions. All dilutions were made in saline in 50 [J1 volume.
Fifty /A C-polysaccharide-coated 1% SRBC was added to each well. The
plates were incubated at 37 °C for one hour. Sera agglutinating above 100-fold
dilution (titres of or above 1 :128) were considered pathological. Analysis of
regression was used for statistical evaluation.

Results and discussion. The 13 sera containing less then 10 fig/ml CRP,
the upper limit of the normal range [6] according to the RID, agglutinated in
less than 96-fold dilution, 100-fold being the highest dilution at which normal
sera were agglutinated [5]. Two sera with 10 ~g/ml CRP gave titres of 1 : 64
and 1:128, while one serum with 12 /tg/ml CRP did not reach the titre of
1 :128. All the remaining samples showed elevated CRP levels as determined
by both methods. There was a linear correlation between the values (regres-
sion coefficient, r = 0.8712, p <[ 0.01) (Fig. 1). The CRP titre in the standard
human serum was between 1 :512 and 1 :768 (104 /rg/ml). The reproducibility
of the measurement was within one dilution step.

The CRP level of 54 samples measured by both techniques is shown in
Table I. With both methods, the low blood CRP level before surgery, the high
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concentration on the first day and the decrease by the fifth day after surgery
are clearly shown.

Results obtained by HA correlated well with the RID values, therefore
HA can be used as an alternative method of serum CRP assay. For more
exact measurements, radioelectro-immunoassay [7], fluorescent immunoassay
[7, 8], nephelometric assay [9], enzyme immunoassay [10] and radio-immunoas-
say [11] have been introduced.

In clinical practice, however, the exact knowledge of low levels has no
significance. Besides, the HA test is a simple procedure which gives results in
4-5 h in contrast to the days required by RID. HA can he used for CRP
determination from animal sera as well, without any species specific anti-
CRP serum.
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DECREASED PERMEABILITY OF GLYCEROL
IN AN ERGOSTEROL-LESS MUTANT OF
CANDIDA ALBICANS

M. I’ksti and R. Novak

Department of Microbiology, and Department of Comparative Physiology, Jézsef Attila University,
Szeged

(Received September 10, 1982)

In a comparative study, an ergosterol-less nystatin-resistant mutant of Candida albicans
and its ergostcrol-producing nystatin-sensitive parental strain were investigated. The sterol
mutant showed a more significantly decreased growth yield, respiration and glycerol-uptake
activity than the parental strain as the consequence of its altered plasma membrane lipid
composition.

As the end-product of sterol biosynthesis in yeasts, ergosterol plays an
important role in the maintenance of the structure and function of the plasma
membrane [1]. Sterol mutants of Candida albicans, most of them ergosterol-
less [2], have been isolated and showed the following main characteristics in
comparison to their parental, ergosterol-producing strains, (i) They exhibited
altered phospholipid compositions [3]. (ii) The absence of ergosterol did not
result in alteration of the ultrastructure of the plasma membrane as revealed
by freeze-etch electron microscopy [4]. (iii) The specific activity of membrane-
hound chitin synthetase (KC 2.4.1.16) of two ergosterol-less mutants was
significantly increased (5]. (iv) They had increased plasma membrane order
parameters and higher phase transition temperatures as measured by interca-
lated fatty acid spin probe with 5-doxylstearic acid [6]. (v) One ofthem showed
a two-times higher spontaneous ion leakage in distilled water, as measure by
conductometrically |2],

Tin?se data demonstrating basic alterations in the plasma membrane
functions of the sterol mutants, have prompted us to study their solute uptake
processes. Glycerol, which penetrates into yeast cells by simple physical dif-
fusion [7], was the first carbon source examined.

Mikl16s Pesti
Research Institute, Seed Production and Trading Company
11-6001 Szentes, 1*.0.B. 41, Hungary
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Material anil methods

Strains and culture conditions. A detailed description and the characteristics of sterol
mutants of C. albicans following nitrosoguanidine treatment were published earlier [2]. In
these experiments an ergosterol-producing adenine-requiring strain, designated 33 erg+ (ATCC
44 829), and its ergosterol-less progeny, designated erg-2 (ATCC 44 830), were used. Growth
and harvesting conditions to obtain a mass of log-phase cells have been reported previously
[5]. Assimilation of gylcerol on minimal medium (MM) is described elsewhere [2]. The growth
of cultures shaken at 200 rpm in liquid MM media containing various glycerol concentrations
was followed photometrically at 660 nm.

Measurement of respiration. The oxygen-uptake of glycerol-grown yeasts following one-
hour starvation in Sorensen phosphate buffer pH 6.8 was measured in W arburg vessels contain-
ing glucose-free liquid MM supplemented with glycerol of different concentrations [7].

Uptake of glycerol. Glycerol-uptake activity was determined by adding 0.925 KBq of
(2—3H) glycerol (7.4 MBqg/pmol) (25 pi) to 1 ml of starved cultures as described by Gancedo et al.
[7]1, using Packard—Iricarb 2650 liquid scientillator. Glycerol was purchased from BDH Co.
Ltd., Poole, England, radioactive (2-3H) glycerol from Radiochemicals, Amersham, England.

Results anil discussion

Glycerol can be utilized as a source of carbon and energy in yeasts 17)
In preliminary experiments it was found that the ergosterol-producing 33 erg +
strain of C. albicans could grow on the surface of a medium containing 1.1 m™m
of glycerol, while its ergosterol-less erg-2 and other mutants did not multiply
at all on this medium [2]. Figure 1shows the growth curves of these two strains
in the presence of different concentrations of glycerol: these support the for-
mer observation that a concentration of glycerol about ten times higher is
required to obtain the same yield for the erg-2 mutant as for the 33 erg+ strain.
No significant difference was, however, found between the two strains in the
assimilation and growth yield of glucose at different concentrations (0.56 nim—
56 wm).

Fig. 1. Effect of different concentrations of glycerol on growth of C. albicans ergosterol-produc-
ing 33 erg+ strain (e *) and its ergosterol-less erg-2 mutant (0 0)

Acla Microbiologica Hungarica 31, 1984
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Fig. 2. Resplratlon of glycerol by C. albicans 33 erg+ strain (¢ ¢) and its erg-2 mutant
(° °). Oxygen uptake was measured in Warburg vessels at 30 °C. The initial concentra-
tions of glycerol are indicated in mM

Fig. 3. Glycerol uptake of C. albicans 33 erg+ strain (¢ *) and its erg-2 mutant (0 -—-- 0).
Samples were withdrawn at the time indicated

Acta Microbiologica llungarica 31, 1984
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In contrast to the result of Gancedo et al. [7] concerning the respiratory
activity of Candida utilis, the C. albicans 33 erg+ strain cannot use glycerol at
very low concentration (1 mM) at the same initial rate as at higher concentra-
tion (100 T™m, Fig. 2). At the same time, the erg-2 mutant required a higher
glycerol concentration to produce the same respiratory activity as that of the
33 erg+ strain. These results suggested that the entrance efficiency of glycerol
in the ergosterol-less erg-2 mutant at low concentration is so small that it does
not suffice for multiplication of the cells, and at higher concentration it is
enough only for a decreased growth yield.

The uptake of glycerol was measured in both strains, as shown in Fig 3.
The amount of glycerol taken up hy the 33 erg+ strain was about five times
that of the erg-2 mutant, expounding the former results. These observations
are in good agreement with the idea of Gancedo et al. [7] who explained the
difference between the glycerol uptakes of C. utilis and Saccharomyces cerevisiae
hy essential differences in the plasma membrane between these two yeast
species. Similar findings were previously reported for the permeation of glycerol
and other non-electrolytes into liposomes prepared from a variety of synthetic
and natural phospholipids [8] which showed a decreased glycerol permeation
when the membrane lipids were converted to the gel state.

Our results may be interpreted as follows. In the erg-2 mutant, the ab-
sence of ergosterol and thus the accumulation of zymosterol and fecosterol [3]
and significant alterations in the phospoholipid content [5] resulted in a de-
creased uptake of glycerol at each examined concentration at 30 °C. An about
ten times higher concentration of glycerol in the solute was required to obtain
the same growth rate, assimilation and respiration activity as for the parental
33 erg+ strain. The phenomenon seems to be a consequence of the differences
in plasma membrane composition and rigidity of the two strains.

Acknowledgement. We thank Miss Gizella Altordai for technical assistance.
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ISOLATION OF CHLAMYDIA TRACHOMATIS
FROM URETHRAL SCRAPINGS OF MEN

E. Sadecky, Jana Miklasova, M. Zambor, J. Urvélgyi, Elena Kovasova
and R. Brezina

Institute of Virology, Slovak Academy of Sciences, Bratislava, and Patronka Hospital, Bratislava,
Czechoslovakia

(Received September 22, 1982)

Two strains of Chlamydia were isolated in McCoy cell cultures and hens’ yolk sacs from
urethral scrapings of men suffering from “nonspecific” urethritis. Their identification as Chla-
mydia trachomatis was based on cytoplasmic inclusions staining with iodine and on indirect im-
munofluorescence with anti-LGV serum. Both tests were performed in McCoy cells.

In the last two decades, many authors have shown that Chlamydia tra-
chomatis is the commonest aetiological agent of non-gonococcal urethritis;
the organism was detected in 35-50% of the patients tested [I]. A team of
American researchers examined 1600 cases including men with “nonspecific”
urethritis and women with cervicitis. Neisseria gonorrhoeae, Candida, Herpes-
virus, Trichomonas and Chlamydia strains were isolated and among these
Chlamydia had the highest incidence. It has therefore been assumed that
Chlamydia infection is the most frequent venereal disease of man [2].

Isolation of C. trachomatis from human urethra has not been reported
from Slovakia so far. Kaz4aEs [3] report suggesting that nonspecific urethritis
may he a manifestation of chlamydial infection did not arouse interest in this
country. Detection of chlamydia-like microorganisms in urethral scrapings
has suggested that Chlamydia may contribute to the pathogenesis of nonspe-
cific urethritis in Slovakia as well [4].

Reports from abroad on the importance of chlamydial infection of the
human urogenital organs and the frequent observation of “nonspecific” ure-
thritis in men have prompted us to devote more attention to Chlamydia as a
possible pathogenic agent.

Materials and method-.

Patients. Thirteen men aged 22 to 34 years were examined for “nonspecific” urethritis.
In 6 patients oozing of a little mucous discharge from the urethra was observed before urination
in the morning. The patients denied having veneral disease in the preceding six months and
stated that they had not undergone wide-spectrum antibiotic therapy. Their urethral discharges

E. Sadeckv, Elena Kovasova, R. Brezina, J. Urvoélgyi
Institute of Virology, Slovak Academy of Sciences
Mlinska Dilin« 9, Bratislava, Cze.hoslovakia
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were tested for N. gonorrhoeae, Trichomonas and Mycoplasma before the isolation of Chlamydia
was attempted.

Sampling. Smears were prepared on glass slides from the mucous discharge from the
urethral orifice before urination in the morning. The smears were dried, fixed in Bunsen flame,
stained according to Giménez or Giemsa and examined under the microscope. At the same time,
samples were taken from the urethra with nasopharyngeal cotton-wool swabs. The swab was
introduced into the urethra to a depth of 3—4 cm, it was rotated carefully to avoid mucosal
bleeding. After preparing impression slides, the swabs were immersed in growth medium for
Mycojdasma and shaken. Discharge for isolation of Chlamydia was taken from the urethra with
a blunt curette, without anaesthesia. Bleeding was avoided. The mucosal scrapings were stored
in collecting medium.

Media and cell cultures. The growth medium for McCoy cells consisted of Eagle’s mini-
mum essential medium (MEM), 88%; inactivated fetal calf serum, 10%; glutamine, 1%; 100-
fold concentrated vitamins for tissue culture, 1%. Ten fig gentamicin, i00/ig vancomycin and
4 fig amphotericin were added per 1 ml medium. The same medium was used for suspending
urethral discharge, except that it did not contain glutamine and vitamins.

Preparation of scrapingsfor isolation of Chlamydia. The urethral scrapings to be inoculat-
ed into the yolk sac were suspended in 2 ml PBS of pH 7.1, containing 0.4 mol/litre sucrose [5],
and 50 pg vancomycin and 100 IU of streptomycin per ml. The scrapings to be inoculated into
McCoy cell culture were suspended in 4 ml of the collecting medium.

Both suspensions were kept at room temperature for 10 h, then at 20 °C overnight.
On the next day, the suspensions were inoculated into the yolk sac of 7-day-old embryos and cell
cultures, respectively. The McCoy cells were cultivated for 3 or 4 days at 37 °C in 50 ml flasks,
each containing 6 x 105cells in 8 ml growth medium.

Isolation of Chlamydia. One ml cell suspension containing about 1 X 105cells was measur-
ed into flat-bottom test-tubes and a coverslip was placed on the bottom of each tube. The cul-
tures thus prepared were incubated at 37 °C for 48 h. Then the growth medium was exchanged
for the collecting medium that contained the dispersed urethral scrapings. After centrifugation
at 27 °C for one hour at 2700 g, the cell cultures were incubated at 35 °C for 48 or 72 h.

Suspensions of urethral scrapings were injected into the yolk sac of 6 seven-day-old chick
embryos, each 0.3 ml per yolk sac. The eggs were candled twice a day. The embryos that died by
the 72nd h following inoculation were discarded. From the yolk sacs of the embryos that died
later, smears were prepared on slides and stained according to Giménez [6]. The smears were
examined for elementary bodies at X 500 magnification.

To demonstrate chlamydial inclusions, smears prepared from cell cultures 36 to 72 h
after inoculation were stained according to Giménez or treated with iodine according to Rice [7).

Indirect immunofluorescence with anti-LGV rabbit serum was also used for detection of
inclusions.

Results

The urethral samples obtained from six patients proved to he negative
for N. gonorrhoeae, Mycoplasma, and Trichomonas microscopically; those
from two further patients were unsuitable for isolation of Chlamydia because
of the great density of Gram-positive cocci and corynebacteria.

In four stained urethral samples, red dust-like micro-organisms were
seen in the cytoplasm of epithelial cells. The limit of their visibility was at
the magnification of X 500. In the smears obtained from two of the four pa-
tients, 20 to 30 polymorphonuclear leucocytes were counted in several fields
of vision.

From the samples obtained from the four patients whose microscopic
preparations were positive for elementary bodies, two strains of Chlamydia
were isolated in both McCoy cells and yolk sacs. The strains were designated
Y. B. and Czl Of the two samples in which polymorphonuclear leucocytes
were present, only one yielded Chlamydia.

yield Microbiologica Hungarica 31, 1984
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Fig. 1. Chlamydia inclusions in McCoy cells. Gimcnez stain

Fig. 2. Chlamydia elementary bodies in inclusions. Gimcnez stain
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i'ig. 3. Chlamydia inclusions in the cytoplasm of McCoy cells. Indirect immunofluorescence

Chlamydial inclusions were demonstrated microscopically in certain
cultured cells stained according to Giménez or Giemsa, 35 h after inoculation.
In the following 36 h period, the inclusions grew in number, to 4— inclusions
in some of the cells (Fig. 1). In the smears stained according to Giménez, the
inclusions, which varied in size and shape, appeared red, in striking contrast
with the pale blue cytoplasm. Numerous elementary bodies were clearly vi-
sible in certain inclusions (Fig. 2).

The glycogen matrix of the iodine-treated chlamydial inclusion bodies
stained dark (brown) in contrast to the pale yellow cytoplasm.

Indirect IF appeared positive in the inclusions (Fig. 3).

Both strains were isolated in yolk sacs, too. When dispersed positive
yolk sacs diluted to 10_s were inoculated into cell cultures, on the average
700 inclusions were counted in each coverslip culture after 4 days incubation.

The isolates have been classified into the species C. trachomatis on the
basis of the positive iodine and IF reactions.

Acta Microbiologica Hungarica 31, 1984
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Discussion

In the last few years, chlamydial infection of the urogenital organs have
been studied by many authors. Although veneral diseases seem to he com-
moner in industrially well-developed countries than elsewhere [1], no special
attention has been paid to the occurrence and consequences of chlamydiosis.

In our first attempts to isolate Chlamydia, we selected patients with
clinically obvious nonspecific urethritis (mucous urethral discharge) anti pa-
tients with great masses of bacteria in their urethral discharge were excluded.
In selecting patients for isolation of Chlamydia, we attribute a considerable
importance to the observation reported by Munday et al. [8], viz., that the
isolation was more successful from urethral samples containing polymorpho-
nuclear leucocytes.

Of the cell cultures used for isolation of Chlamydia, McCoy cells appear
to he the most suitable; they are 3 to 4 times as sensitive as the cells of the
yolk sac (9).

In accordance with other investigators [1, 10], we have found that iso-
lation of C. psittaci from placentas of aborting ewes (11] or cows [12] is much
more laborious and time-consuming in yolk sacs than in cell cultures. For
isolation from the male urethra, we used two substrates for comparative pur-
poses. We wished to utilize the observation of Blackman et al. [13], who, using
cells stored in the frozen state, attained better reproducibility with suspen-
sions prepared from yolk sacs than with those prepared from cell cultures.

Among the methods used for staining inclusions, the iodine reaction seems
to he suitable for the identification of C. trachomatis because only the inclusions
produced by this species stain with iodine. A positive iodine reaction and po-
sitive IF with anti-LGV scrum allow to differentiate C. trachomatis from
C. psittaci.

In conclusion, we have isolated two strains of C. trachomatis in the yolk
sacs of 7 day chick embryos and in McCoy cell cultures, from cases of “non-
specific” urethritis. We have proved the occurrence of this infection in Slova-
kia and call attention to it.

Acknowledgements. We arc indebted to I)rs A. Bartha and L. Varju (Research Institute
for Veterinary Science of the Hungarian Academy of Sciences Budapest) for the McCoy
cell line and for kind assistance in maintaining the line. We are grateful to ProfessorJ. Schéach-
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IMMUNOSEROLOGY OF PSEUDOMONAS
AERUGINOSA INFECTIONS IN MAN

I. FOUR TYPES OF INTERACTION BETWEEN HOST AND BACTERIUM

Gy.Petras, Maria M. Adam, B. Lanyi, Anna Szentmihalyi and Marianne
Konkoly Thege

National Institute of Hygiene, Budapest

(Received February 1, 1983)

Continuous survey of clinical symptoms, bacteriological findings and anti-EPS anti-
bodies in 39 acute and 9 chronic patients at a respiratory department revealed four interaction-
types between Pseudomonas aeruginosa and host: E clinical complications with a serological
response; |1, the same without serological answer; 111, rise of specific antibodies without cli-
nical symptoms; and 1V, no clinical or serological reaction despite the presence of P. aeruginosa.
Exogenous factors like massiveness or mode of infection (e.g. instrumental) determined mainly
the type of interaction in the absence of immune-antibodies. P. aeruginosa colonization longer
than a few days turned generally into manifest or subclinical infection. The lack of antibody
production in severe infection was likely a consequence of an immune-paralysis, elicited by a
massive infection. Antibody production was lower in subclinical than in manifest infection, yet
lgG-type antibodies increased not only in the latter, but always in the former, too.

The toxic effect of lipopolysaccharides (LPS) and exotoxin A are the
two main lethal factors in Pseudomonas aeruginosa infection [1-3]. Haemagglu-
tination, precipitation, opsonization and the serogroup-specific protective
effect are based on the presence of anti-LPS antibodies (Ah) [4, 5]. Thus anti-
LPS Ab-s may play a decisive role in the development and outcome of P. aeru-
ginosa infections. Pseudomonas colonization and infection in man, however,
do not elicit uniform reactions, especially not in Ab production. To characterize
the various types of these reactions, clinical symptoms and anti-LPS titres
were consecutively followed up in patients with P. aeruginosa infection in a
respiratory intensive care unit.

Patients and methods

Acute cases. In the acute respiratory intensive care unit of LaszI6 Hospital for Infectious
Diseases in Budapest, 39 patients (17 males and 22 females) were examined during their whole
hospital stay. Their age varied from 14 to 76 (average, 47.6) years. The underlying diseases were
tetanus in 19, meningo-myelitisin 7, polyradiculitis in 6, myasthenia gravis in 5 patients, sub-
arachnoidal haemorrhage and cerebral embolism in one case each. The illness was considered
mild (transient clinical symptoms without respiratory insufficiency) in 4, moderate (expressed,
slowly improving clinical symptoms and transitory respiratory insufficiency) in 7, severe (life-
threatening situation, with several days of artificial respiration) in 20 cases and the underlying
illness was the primary cause of death in 8 patients. Tracheotomy or intubation followed by
artificial respiration lasting for a minimum of 24 hours was performed in 34 patients.

Gv6z6 Petras, Maria M. Adam, Béla Lanyi, Marianne Konkoly Thege, Anna Szentmihalyi
National Institute of Hygiene
11-1966 Budapest, P.O.B. 64, Hungary
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Chronic cases. The 9 chronic patients (average age, 35.5 years) studied during two and a
half months had respiratory insufficiency which made tracheotomy and artificial respiration
necessary. The underlying diseases were myasthenia gravis in 3, amyotrophic lateral sclerosis
in 2 patients, sequelae of encephalitis, apoplexy, anoxaemic cerebral laesion and recovery after
tetanus in one case each. The illnesses were in a stationary phase except the slowly recovering
tetanus.

Bacteriological surveillance. Samples were taken from all the patients every 3rd or 4th
day, and during improvement from the acute cases every week. The axillary and inguinal area
of the skin, nose, throat or trachea, ear, urine, feaces, pus and in septic patients the blood as well
as the environment (instruments, taps, sinks, furnitures, etc.) were sampled and cultured by
the usual methods. P. aeruginosa strains originating from the patients and environment were
serogrouped on the basis of L&4nyi’s revised antigenic scheme [6]. Cases were grouped according
to the duration of the presence of P. aeruginosa. Single isolations were included in group “A”.
Colonizations in the range from four to ten days (two or more positive cultures) fromed group
“B”, and those over ten days, group “C”.

Serological response. Blood samples were taken from the acute patients every 2nd—4th
day during the acute phase of illness, and every 6th or 7th day during convalescence. Chronic
patients were sampled every 3rd week. All sera from a given patient were stored at —20 °C and
examined in an experiment using two double dilution series. Passive haemagglutination was
performed with sheep erythrocytes sensitized by purified P. aeruginosa LPS [7]. Antibodies
determined for 9—3 different serogroups occurring in the patient or environment, were regarded
as the total antibody (TADb) titre. When sufficient amounts of sera were available from 26 acute
and 8 chronic patients they were titrated also after 0.2 mol/litre 2-inercaptoethanol treatment
to determine the level of IgG-type Ab-s. Electrophoretic serum fractions [8], the main 1gG clas-
ses [9], titres of 9 natural Ab-s [10] and phytohaemagglutinin induced blast-transformation
rate of lymphocytes [11] were determined in paralllel in the same blood samples.

Infections. General and local clinical symptoms accompanied by a positive bacteriological
finding were considered a bacteriological complication. Severity grades of complications were
categorized as follows: (1) mild: temperature below 38 °C, good general condition without
intensive local symptoms, vast tissue destruction or considerable pus production; (2) moderate:
expressed local clinical symptoms, temperature exceeding 38 °C; (3) severe: septic state, i.e.
intermittent pyrexia, heavy prostration, rapidly developing anaemia, erythrocyte sedimenta-
tion rate about 100 mm/hour, with either negative or positive blood cultures—as only a minor-
ity of haemoeultures yielded P. aeruginosa in consequence of vigorous, intravenous administra-
tion of antibiotics from the early onset of complications; (4) lethal: fatal sepsis.

When in a patient two different infectious complications were due to the same P. aeru-
ginosa serogroup, only the more severe one was taken into consideration. Infectious complica-
tions caused simultaneously or successively by two distinct serogroups were considered sepa-
rate infections. Two different but equally serious complications in the same patient each by
itself contributing to death were categorized as two lethal infections. Out of nearly 200 patients
only those were included whose categorization was unambiguous.

Accordingly, the serological answer in 66 pseudomonas infections of acute patients was
evaluated (7 bronchitis, 29 pneumonia, 10 urinary tract infections, 8 purulent rhinitis by naso-
gastric tube, 7 thrombophlebitis, 2 enteritis, 1 infected bedsore, 1 injection-abscess and 1 peri-
tonitis). Distribution by severity of the infection was: mild 12, moderate 21, severs 13 and fatal
20. In 9 other thrombophlebitis infections (2 mild, 3 moderate and 4 severe), when P. aeruginosa
was cultured only from the skin at the site of the venous cannula, a significant rise in both TAb
and 1gG specific Ab-s confirmed the pseudomonas infection. These 9 infections were not eval-
uated together with the former 66 ones, when the duration of the presence of P. aeruginosa had
to be considered.

The underlying disease of the acute patients culminated generally near admission:
P. aeruginosa colonized them on the Ist-4th day of hospital stay; then the infections initiated,
and culminated after 10-40 days of hospital care, when the underlying disease already improved,
or when the patient completely recovered from it. For a few days 6 patients received cortico-
steroids in a low dose. Other immunosuppressive drugs were not administered. None of the
patients had critical leukopenia (<" 1G/1; <C 1000/mm 3).

In the 9 chronic patients during the 27* months observation period the serological
response to 4 mild bronchitis and to 2 mild tube-rhinitis could be evaluated.

Different P. aeruginosa serogroups colonized furthermore at 17 times the acute and at 26
times the chronic patients without any clinical symptoms. The serological reaction against
these serogroups was also followed up.

In the acute patients on 32 and in the chronic cases on 15 occasions, another facultative-
ly pathogenic bacterium (Proteus, Klebsiella, Escherichia coli, Acinetobactcr calcoaceticus, Sta-
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phylococcus aureus) accompanied the P. aeruginosa at the site of infection or colonization;
in the remaining cases P. aeruginosa grew in pure culture. Further 17 infections in the acute
and 5 in the chronic patients were caused by other facultatively pathogenic bacteria. In 15
additional infections (mainly thrombophlebitis) the causative agent remained unidentified.
However, the pseudomonas infections dominated in all acute cases and bacteriological compli-
cations of other origin were only mild and transient.

Statistical analysis. Sera not reacting at | : 10 dilution were regarded as having a 1:5
titre to maintain them in calculating the geometrical mean of the different titre-groups.

The variation coefficient in per cent was calculated by the following formula applicable
for geometrical dilution series:

N-(Isj*i)- (=i x;)2

variation coefficient in per cent 100 mim Ig (N- 1) (Vlgx,)2

The difference (D) between two average values was expressed in dilution steps, using the
equation 2n = a/b, where a and b are the two averages.

In comparing two groups of titre-values, Wilcoxon’s or Mann W hitney’s method was
employed, as required by mathematical conditions. To comparetwo groups of data not belong-
ing to geometrical series, the 32test with Y ates’s correction was used. In the tables the correla-
tion coefficient of two related groups of TAb and IgG titres with its degree of probability is also
given.

Results

Acute patients

Types of interaction. Four typos of interaction were distinguished between
the patients and P. aeruginosa.

() Local and general clinical symptoms accompanied by a rise of ho-
mologous specific anti-LPS Ab-s (when P. aeruginosa grew in pure culture,
TAb = four-fold, in mixed infections TAb -|- IgG each four-fold, or when
IlgG "was not determined, Tab alone, = 16-fold): manifest pseudomonas infec-
tion (complication or illness) with immune-reaction.

(11) Clinical symptoms without serological response (maximum one dilu-
tion step rise in TAb or IgG titre, as in all mixed infections 1gG was measured):
manifest infection with no specific humoral immune-reaction.

(111) Specific immune-answer (see interaction-type 1) without clinical
symptoms: subclinical (larvate, latent) infection.

(IV) Presence of P. aeruginosa without clinical and serological reaction
(see interaction-type Il): colonization.

Out of the 75 manifest P. aeruginosa infections evaluated 59 plus the
9 thrombophlebitis cases belonged to interaction-type I, and 7 to type II.
Interaction-types IlIl and IV were represented on 5 and 12 occasions, respec-
tively. From the39acute patients 18 showed only type I. 4 only type Il interac-
tion. Four patients were only colonized (type IV). Two or more interaction-
types were observed in parallel in the remaining 13 patients, as follows:
I 11 in 1, | -j- 11l in 4, 1 IV in 6, | 11 IV in 1 and Il -- 11l in 1
patient.

Interaction-types and serogroups. All pseudomonas serogroups of the
Lanyi—Bergan scheme, except 01 and 015, occurred in the patients. Interaction
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was due to 06 on 26, 011 on 22, 03 on 8, 02 on 8, OlO on 7, 04 on 7, R-strains
(formerly Lanyi 08 and 09) on 7, 09 on 5 occasions, and 07, 09, 012 on one
occasion each. Accordingly, strains of serogroups 06 and O il were present in

Table 1

Interaction-type, sort and severity or site of infection
Acute patients

Interaction-type

Sort of Site of
infection @ © interaction
in 1o+ 1l & o = g o = v in 11 -f IV
s 3 ] £ 3 s £
= > ° > °
= § » - § » 4
Tracheobronchitis 2 4 1 7 Trachea
Pneumonia 1 7 5 10 1 | 4
Urinary tract 13 3 3
Thrombophlebitis** 3 5 7 2
Others*** 6 4 1 1 5 5 Skin, nose, ear
Total 13 23 16 16 1 | | 4 5 12
* 1 = Clinical symptoms with antibody production; Il - clinical symptoms without
antibody production; 11l = symptomless rise in antibody titre; IV = colonization: no clinical

symptoms and no antibody production
** and injection abscess
*** Pyrulent rhinitis by nasogastric tube, enteritis, bedsore, peritonitis
Table 11

Interaction-type, severity of infection and duration of harbouring P. aeruginosa*
Acute patients

Interaction-type**

Severity of I I 1] v -1V, total

infection
a* b ¢ a b c a b C a b c a b C a-c

No manifest

infection - - - — 2 2 1 un | 13 3 | 17
Mild 3 4 4 1 - - — - - 4 4 4 I
Moderate 12 7 - - 1 - 1 12 8 2
Severe 2 10 - 1 - - - 3 10 13
Lethal — 3 13 | 2 1] — — @ — — 1 5 14 20
Total 4 21 34 2 3 2 2 2 1 n | 19 27 37 83

* Without 9 thrombophlebitis, when duration of harbouring P. aeruginosa could not
be stated
** See Table |

*** g = one positive culture; b = 4-10 days long harbouring; ¢ > 11 days long harbouring
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half ofthe interactions. From the 40 P. aeruginosa strains found on instruments
(catheters, cannulas, tubes etc.) 36 belonged to these two serogroups (p <
< 0.001). These nosocomial serogroups did not, however, predominate signif-
icantly in the severe infections: 17 out of 38 mild and moderate complications
and 23 out of 37 septic cases were caused by these two serogroups. The distri-
bution of different serogroups in manifest (interaction-types I and Il) and sub-
clinical (type I11) infections or in colonizations (type I1V) also showed the
same pattern (data not shown).

Interaction-type, kind of disease, severity of complication and site of colon-
ization. It was characteristic that in the presence of P. aeruginosa some
complication developed in 3/4th of the cases (types | and Il; Table I).

Interaction-type Il cases all hut one (a mild enteritis) were severe pneu-
monias with fatal outcome in four patients. The underlying disease was teta-
nus in 3, meningoencephalomyelitis in 2 and myasthenia gravis in 1 patient;
P. aeruginosa responsible for the complications belonged to six different sero-
groups. Death due to pneumonia occurred after 6—=25 days of hospital care.

Interaction-type and duration of harbouring P. aeruginosa. Presence of
P. aeruginosa for a short time (a single positive sample) was associated mostly
with interaction-type IV ; on the other hand, a colonization longer than three

Table 111

Interaction-type and reciprocal homologous specific antibody titres in acute patients

Interaction-type

TAb | 1
Sl s2 D p St s, ) P
N 68 68 7 7
X 40.8 532.7 3.71 <0.001 24.4 32.8 0.43 NS
Ve 176.1 157.4 160.9 198.2
p/ll =0.12 <0.001
p/lll NS NS =0.06 <0.01
pliv NS <0.001 NS NS
19G s s2 D p S, s2 D P
N 58 58 3 3
=] 57.3 >3.52 — >5 NG y —
Ve y 180.8 y y
pliii y NS y y
D/TAb >3.03 3.22 >2.29 2.71
r 0.6005
plr <0.001
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(Table 11l continued)
TAb 111 Iv
si s D P s1 $2 D P
N 5 5 12 12
X 69.6 367.6 2.40 = 0.02 47.6 75.5 0.67 NS
Ve 163.3 125.4 250.4 214.3
p/ll —
p/111 — — —
p/Iv NS <0.05 — _
19G s, S2 D P S, s. D P
N 4 4 9 9
X <5 33.6 >2.75 ) 9
Ve ? 1255 ? 9
p/lll — 9 9
D/TADb >3.80 3.45 >3.25 >3.92
r 0.6623
plr NS
Interaction-types: see Table I, TAb = total antibody ( - IgM); S, = first sample
taken at admission; S2 = the sample yielding highest antibody titre; D = differ-
ence of two mean titres expressed in dilution step; p = probability of difference
between Sxand S3; N = number of samples; x = average of titres; ¥Yc = variation coeffi-
cient in per cent; p/Il, 111, 1V = level of difference as compared to group 11, 111, 1V; D/TAb =

= difference of TAb and IgG mean titres expressed in dilution step; r = correlation coeffi-
cient of related 1gG and TAb titres; p/r = probability level of correlation; NS = notsignif-
icant

days evoked in all cases except one an immune-reaction and/or clinical symp-
toms (interaction-types I, Il or Ill; Table Il). Long harbouring was found
mainly in interaction-type I, parallel with the ongrowing severity of infections.

Interaction-type and Ab titre. Changes in the homologous specific Ah
titres against all cultured serogroups were characterized by comparing the
titre of the first sample (Sx) taken on admission (natural Ab) with the peak
titre (S2; immune-Ab) found in the patient (Table II1).

TAb titre. In clinical complications (interaction-types | and Il) the aver-
age in Sxof Ab-s was lower than in latent infection (type Ill) or colonization
(type 1V). During the immunological reaction TAb titres augmented in type
| to a 13 times, in type Il only to a 5times higher level.

IgG level. From the 74 Sxonly six yielded specific IgG Ab-s in the starting
(1 :10) dilution step. The increase of IgG Ab-s in types | and Ill was of the
same magnitude as in the TAb level. In types | and IIl a strong correlation
existed between TAb and IgG Ab titres.
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Chronic patients

Serogroups. Except serogroup 015, all the others were found in the 9
bedridden patients, who harboured them during the whole observation period.
Serogroup 06 and O il strains formed only one fourth of all the cultured
P. aeruginosa.

Interaction-type, severity of infection, site and duration of harbouring
P. aeruginosa. In the chronic patients interaction-type IlIl was not observed.
All pseudomonas complications were mild. In contrast with the acute pa-
tients, P. aeruginosa caused illness only in a minority of the interactions,
whereas in the great majority only colonization (type 1Y) occurred.

A given serogroup was present longer in the chronic patients: in half of
the interactions harbouring lasted longer than 10 days (group “C”).

Interaction-type and Ab titre, (i) TAb level. In type | the average titres
of the Sj corresponded to that of acute patients (Table 1Y). The rise during
complications in the chronic patients was lower according to the mild character
of their infections. In type IV, Sj titres against all serogroups regardless of
colonization were two times higher than in the acute patients.

(i) 1gG titres. Out of the 30 Sj of the chronic patients, 25 contained 1gG
type Ab-s at least at a 1 : 10 dilution. In three of the remaining 5 cases, compli-

Table IV

Interaction-type and reciprocal homologous specific antibody titres in chronic patients

Interaction-type

Si S, D p s, S2 D p 2 D P
t 4 2 2 26 26
X 47.6  226.3 2.25 =0.08 113.1 160.0 0.50 99.0 116.2 0.23 NS
Ve 186.0 146.2 127.0 0.0 1459 1448
p/Iv 0.18 “ 0.20 — —
IlgG SX S2 D p S, S2 D p si s2 D P
N 4 4 2 2 24 24
10.0 47.6 2.25 <0.05 141 283 10 31.8 50.9 0.68 NS
A\ 227.7 1485 559.0 275.4 185.6 122.6
p/1Vv <0.05 NS —
D/TAb 2.25 2.25 3.0 2.50 1.64 1.19
r 0.8704 0.7305 — 0.6135 0.5312
P/r NS NS <0.01 <0.01

For abbreviations, see Table Il
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cations due to the homologous P. aeruginosa developed. The average Ab
titre in Siin interaction-type | was only one third ofthe Sj Ah level in type IV
(Table 1V). The Ab rise in type | corresponded to that of the TADb titres. In
S2 of the chronic patients the ratio IgG/TAb was 2-10 times higher than in
the acute patients. There was a close correlation between the IgG and TAb
titres in interaction-types | and IV in the chronic patients, too.

Discussion

In the majority of the cases, the underlying disease of our patients was
non-fatal [12]. The immunological answer seemed to have been influenced
considerably neither in these patients nor in those, who died of subarachnoidal
bleeding, cerebral embolism, tetanic seizure or cerebral oedema.

Passive haemagglutination applied to determine the anti-LPS TAD
level ofthe patients shows first ofall IgM Ab-s [13—5]. As this method mea-
sured in our patients IgG titres 3-4 dilution steps lower than TAb, the latter
represented practically IgM Ab-s. Therefore, no direct comparisons of IgG
and TAD titres, but only changes in their level or their ratio were considered.

Several observations revealed the existence of a symptomless pseudo-
monas carrier state [16—18], which may [3, 19, 20] or may not [19, 20] he
accompanied by a specific immune reaction. Even clinical symptoms are not
always connected with a rise in specific Ab-s [21]. However, attempts have not
been made to separate these distinct reaction-types, although their neglect
may lead to false results and conclusions.

The parallel occurrence of two or three different interaction-types was
observed in one-third of the patients. Thus, not the individual inclination of
the immune-system, but exogenous factors like the virulence of P. aeruginosa
or the massiveness of the infection may determine the interaction-type in man.

There was no proofofan undoubtedly higher virulence of the nosocomial
strains. The higher percentage rate of the nosocomial serogroups in septic
cases was the consequence of their high incidence on instruments employed
frequently on these patients. The data presented support rather the opinion
that the P. aeruginosa serogroups do not differ in pathogenicity [22, 23].

Acute patients exhibited mainly interaction-type I, in accordance with
other observations [3, 16—18]. It may be supposed, however, that among
extrahospital cases the ratio of interaction-types 11l and IV is higher [24].

In the two chronic patients with interaction-type Il symptoms of viral
infection (rhinitis, sore throat and bronchitis) accompanied the presence of
P. aeruginosa in their trachea: thus, in all probability, only a pseudomonas
colonization occurred.

Out of the 7 infections of interaction-type Il in the acute patients one
was a mild enteritis; it may be supposed that an infection of other aetiology
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occurred which was accompanied only by pseudomonas colonization (interac-
tion-type IV). On admission, the other 6 patients exhibited a normal Ah titre
(natural Ab-s) against 9—2 different P. aeruginosa serogroups including those
which caused infection later. Moreover, in 3 out of these patients an increase
in titre against other pseudomonas serogroups responsible for type | or Il in-
fections was observed. The cause of the lack of a specific serological answer in
these 6 infections may be assumed from the course of disease. The underlying
diseases as well as the infective serogroups differed widely in these patients.
All the 6, however, suffered from pneumonia, which developed soon after
tracheotomy during artificial respiration and was characterized by fast and
vast tissue destruction. It may thus supposed that these patients were exposed
to an unusually massive infection which, as an extreme antigenic assault,
may result in the depression of the serological response [25—27].

Both in acute and chronic cases pseudomonas illness developed mainly
when the patient had a lower TAb (and a low or no IgG) level againstthe colon-
izing strain in the Sjin contrast to that of types IIl and IV.

Analyzing the occurrence of interaction-types IlIl and 1V, corresponding
to literary data [28, 29] we found a correlation in the acute cases between the
colonization of P. aeruginosa and the general condition of the patient. During
a mild underlying disease the pseudomonads failed to colonize; in moderate
underlying disease only a transient colonization occurred (a single positive
culture); whereas latent infection was observed only in severe or lethal underly-
ing disease (data not shown).

When P. aeruginosa was present longer than 3 days in the acute patients,
colonization usually turned into a subclinical or manifest infection. Accordingly,
P. aeruginosa penetrated the mucocutaneous barrier generally in a few days.

In contrast, all chronic patients carried continually pseudomonads and
lived in peaceful commensalism with them, in spite of their good general con-
dition. The interactions belonged mainly to type IV; type Il was not observed.
This changed pattern of interaction-types in chronic patients as compared to
acute ones may be connected with the elevated TAh titre and the presence of
IgG Ab-s in 25 out of 30 chronic Sx; moreover, in type IV the average 1gG
level in Sj corresponded to the mean titre found in S2 of acute patients with
interaction-type Ill. In S2of the chronic patients the ratio of IgG/TAb-s was
about twice higher than in the S2 of the acute patients. All these tally with
the increased IgG fraction of the chronic patients [9], and refer to a prolonged
antigen stimulus following a manifest or subclinical infection. Thus, the pre-
sence of immune-antibodies in the Sj influences very profoundly the reaction
to pseudomonas (re-)infection and the development of type of interaction in
man.

The Sj of acute patients still free of pseudomonas complications contained
only natural antibodies (only TAb ~ IgM) against P. aeruginosa. However,
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6 out of 74 Sj of the acute patients yielded IgG anti-LPS Ab-s, too. Hence,
a recent P. aeruginosa infection is not verified by the mere presence of low
titre 1gG Ab-s [30], only their fourfold rise or rather the simultaneous increase
of IlgG and IgM Ab-s can prove it: in our patients, independently from clinical
symptoms in each infection, the specific immune-reaction comprised an IgG
answer, too.

The increase of Ab-s in type Ill was less than in type I. This seems to
indicate a lower antigen-stimulus in symptondess cases.

Finally, the close correlation between TAb and IgG titres both in acute
and chronic patients refers to a linkage between IgM and 1gG pseudomonas
anti-LPS Ab production in man.
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IMMUNOSEROLOGY OF PSEUDOMONAS
AERUGINOSA INFECTIONS IN MAN

1. EFFECT OF NATURAL AND IMMUNE ANTI-LPS ANTIBODIES ON PSEUDOMONAS
COLONIZATION AND INFECTION

Gy.Petras, Maria M. Adam, b. Lanyi,

Marianne Konkoly Thege and Anna Szentmihalyi

National Institute of Hygiene, Budapest

(Received February 1, 1983)

In 39 acute patients of a respiratory unit a comparatively high Pseudomonas aeruginosa
anti-lipopolysaccharide antibody level present on admission prevented colonization by the
homologous pseudomonas serogroup. At lower natural antibody titres symptomless coloniza-
tion occurred, and in patients with the lowest initial titres, later P. aeruginosa complications
developed. A low antibody level also predisposed to pseudomonas infection in 9 chronic pa-
tients. When colonization occurred at high antibody titres, the presence of P. aeruginosa was
only transient; however, the titre had no effect on the further duration of harbouring P. aeru-
ginosa. Anti-LPS antibodies may play an important role not only in the outcome of pseudo-
monas infection, but also in other respects of pseudomonas-man interaction.

in a previous paper [1] we have shown that in an acute respiratory ward
the pseudomonas serogroups [2] 06 and O il caused nosocomial infections,
whereas in the chronic ward the patients in good general condition harboured
Pseudomonas aeruginosa continually, and the incidence of serogroups 06 and
Oil was lower.

Moderate titres of total (immune-) antibodies (TAb~IgM) and 1gG
pseudomonas anti-LPS (immune-) antibodies (Ab) seemed to prevent the de-
velopment of pseudomonas illness in chronic patients [1]. Differences in the
anti-pseudomonas Ah titre in the first samples taken on admission (St; natural
Ab-s) of acute patients who showed later different types of interaction with the
microorganism [1] suggested that these Ab-s may also influence the develop-
ment of pseudomonas invasion.

The present paper deals with the effectiveness of TAb-sand IgG Ab-s in
protection against pseudomonas colonization and illness and with the influence
of these Ah-s on the duration of harbouring P. aeruginosa.

Patients and methods

Data of the 39 acute and 9 chronic patients examined were described in detail in a pre-
vious paper [1]. The acute patients had 66 and the chronic patients had 6 clinical complica-
tions due to P. aeruginosa with (interaction-type 1) or without (interaction-type I1) a serological

Gy6z6 Petras, Maria M. Adam, Béla Lanyi, Anna Szentmihalyi, Marianne Konkoly Thege
National Institute of Hygiene
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response. In each of these infections the duration of harbouring P. aeruginosa could be proven
bacteriologically. In 9 further thrombophlebitis infections a significant rise in both TAb and
1gG specific Ab-s verified the infection, but the endpoint of the presence of P. aeruginosa could
not be determined. Subclinical infection (interaction-type I11) or colonization (type 1V) could
be observed 17 times in the acute and 26 times in the chronic patients.

The duration of the presence of P. aeruginosa in interaction-types 1—V was expressed by
the period of time between the first and last positive bacteriological cultures. Single isolations
were classified in group “A”, harbouring periods of 4 to 10 days in group “B”, and group “C”
consisted of cases when pseudomonas had been present for more than 10 days.

For comparison, P. aeruginosa anti-LPS Ab-s against 23 sero- and subgroups were deter-
mined in three groups of 50 healthy blood donors each. The methods and statistical analysis

were the same as decribed formerly [1].
In evaluation the difference (D) of two titre averages was expressed in dilution steps,
using the formula 2° = ajb, where D is the difference in dilution step, and a and b are the two

mean titres.

Results

Healthy controls

As the homologous average titres in the three groups did not differ
significantly, data for the 150 controls were evaluated together. TAb-s were
present in the basic 1 : 10 dilution from 32.7% (R-strains: formerly Lanyi’s
serogroup 09) to 100.0% (serogroup O lla, lib) of the samples. Against certain
sero- or subgroups (02a, 2d, 2e; 04a, 4b,; O6a, 6d; 09a; 09a, 9b; Olla, lib)
titres of 1 :320 were measured on 14 occasions. Mean titres for the sero- or
subgroups differed widely. The lowest (1 :6.91) was for R-strains (formerly
Lanyi’s serogroup 09), the highest (1 :45.54) for Olla, lib, the D between
them being 2.7.

IlgG type Ab-s were measured in 50 controls. One sample yielded Ab-s
in 1:80, one in 1 :40 and four in 1 :10 dilution. In these six positive samples
the homologous TAb (~ IgM) titres were considerably higher than the aver-
age. In the majority of high TAb titres, however, homologous 1gG Ab-s were
undetectable even at the starting 1 : 10 dilution.

S, AbD titre ami the development ofcolonization or infection

TAbD titre

Acute cases. To highlight the protectivity of TAb-s, the data were arranged
in three groups as follows: (1) titres against serogroups found in the near
environment of the patients, but not colonizing them; (2) titres against sero-
groups causing later manifest infection (interaction-types I and I1); (3) titres
for serogroups colonizing the patients without giving rise to clinical symptoms
(types Il and IV). Titre values of the two nosocomial (06, Oil) and the
other sero- or subgroups were evaluated separately in each group. Mean titres
calculated in this way were compared with the matched average titres of
healthy controls: the control group contained the normal average value
for a serogroup so many times as it occurred in the corresponding group.
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D-s for titre averages in the examined and control groups for non-
nosocomial strains in a diminishing order were (Tahié 1): environmental
strains > interaction-type 11l plus IV strains > type | and Il strains. For
nosocomial P. aeruginosa the corresponding order was: interaction type 111
plus IV strains > environmental strains > interaction-type | and Il strains.

Table 1

Reciprocal of initial (S1) pseudomonas anti-LPS total antibody levels to serogroups
colonizing and not colonizing in patients with acute or chronic underlying diseases

Acute patients Chronic patients
_ P_oa:?Jgir?Jsa PZ::r”S" Serogroups Serogroups
interaction-type* nosoco- non-nosoco- NOsOCO-  NON-NOSOCO-
mial* mial** total mial mial total
Environment — N 36 58 94 10 36 46
control group X 22.6 20.8 21.4 23.9 18.7 19.7
Vc 232.6 174.2 188.7 179.2 166.7 169.3
Environment — N 36 58 94 10 36 46
patients X 56.6 40.5 46.0 149.3 80.0 91.6
Vc 182.3 189.4 185.2 154.8 163.6 163.5
D 1.33a 0.96b 110 2.64 2.10 2.22
Type | und 11 N 40 35 75 — 6
control group X 23.3 19.5 21.4 — — 20.8
Ve 183.5 164.3 171.6 — 169.1
Type | and |1 N 40 35 75 — — 6
patients X 52.8 28.6 39.6 — — 63.5
Ve 171.2 168.4 166.8 — — 187.9
D 1.18C 0.55b 0.89 — 1.61
Type 111 and IV — N 8 9 17 5 21 26
control group X 23.9 16.1 194 22.7 19.5 2.1
Ve 208.9 144.5 178.8 182.5 170.6 173.1
Type Il and 1V - N 8 9 17 5 21 26
patients X 103.8 27.2 51.1 139.3 91.3 99.0
Ve 168.4 221.0 230.7 1311 148.7 145.9
D 2.12ca 0.76 1.40 2.62 2.22 2.30

* See “Patients and methods”
** 06 and Oil
*** All except nosocomials
N = number of titres; x = meantitre; Vc = variation coefficient in percent; D = dif-
ference in dilution step between examined and control groups; a, b, ¢ = significance level of
difference between two indexed values: ap = 0.09, bp = 0.09, °p = 0.06; NS = not signif-
icant
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Chronic cases. D-s between examined and control mean titres were the
same against environmental and colonizing (type IV) strains. Average TAb
titres against nosocomial and non-nosocomial strains likewise showed no dif-
ference (Table I). The D values were, however, lower when later a manifest
infection (types | and Il) occurred.

IgG titre

Chronic cases. In each of the Sj samples of the 9 patients with chronic
illness, Ab titres against 5-9 colonizing or environmental serogroups were
determined (67 measurements). 1gG type Ab was absent only 7 times in the
starting (1 : 10) dilution. During the investigation period (two and half
months in the chronic ward) in 3 out of these 7 occasions manifest infection,
and in 2 colonization by the homologous serogroup occurred.

IgG titre-groups of chronic cases are compared in Table Il with one
another, as in the S, of control cases 1gG Ab-s occurred only occasionally.

Table 11

Reciprocal of initial (Sx) pseudomonas anti-LPS IgG titres to serogroups colonizing and not
colonizing in patients with chronic underlying diseases

Origin_ of param- Serogroups
;ia?:;lt‘i%)lrrl]?ts)/ap:e eters nosocomial non-nosocomial total
N 8 29 37
X 51.9 30.8 34.4a
Environment Ve 153.5 175.5 172.2
r 0.716 0.514 0.538
p <0.05 < 0.01 < 0.001
N 6
- 11.2ab
Type 1and 11 Ve — — 239.9
r — — 0.815
P _ <0.05
N 5 19 24
40.0 29.9 31.8b
Type IV Vc 169.8 191.9 185.6
r 0.913 0.553 0.614
p <0.05 < 0.02 < 0.01

r = correlation coefficient between corresponding IgG and total antibody (see Table 1)
titres; p = significance level ofr; a= p < 0.02; b = p < 0.05
For other abbreviations see legend to Table |

Acta Microbiologica Hungarico 31. 1984



[\IMUNOSEIIOLOGY OF P. AERUGINOSA I 105

Average Ab titres against environmental and colonizing (interaction-
type IV) strains were identical. On the contrary, the average 1gG Ab titre in
St against strains causing infection later (interaction-types | and Il) were
significantly lower.

A close, significant correlation between corresponding IgG and TAb
titres existed in each group.

Table 111

Reciprocal of initial (St) pseudomonas anti-LPS total antibody titres to serogroups harboured for
different periods after taking blood samples by patients with acute and chronic underlying diseases

Acute patients Chronic patients
Duration of hatbouring  Param- serogroups serogroups
A N [ 12 19 2 7] 13
control X 24.9 18.0 20.3 23.9 20.3 20.8
group Vc 122.7 161.8 170.6 131.6 182.7 185.3
A N 7 12 19 2 n 13
single X 88.3 28.3 43.0 160.0 124.4 129.3
isolation Vc 188.0 262.7 238.8 156.0 135.8 136.5
D 1.83 0.65 1.09 2.74 2.61 2.63
B N 13 14 27 3
control X 22.5 17.9 19.9 — - 17.5
group Vc 125.6 168.4 172.3 — 164.6
B N 13 14 27 — 3
4-10 days X 52.2 26.4 36.6 — 63.5
Ve 152.4 163.6 164.1 — — 124.9
D 1.22 0.56 0.88 - - 1.86
C N 22 15 37 6 10 16
control X 23.9 18.9 21.8 23.9 18.4 20.3
group Ve 123.9 173.4 178.2 131.6 179.3 172.1
c N 22 15 37 6 10 16
2> 11 days X 53.1 26.9 40.8 113.1 80.0 91.1
Ve 185.1 167.3 186.0 132.6 167.4 154.1
D 1.15 0.51 0.90 2.24 2.12 2.16
*06 and Oil

** All except nosocomiale
N = number of titres; x = mean titre; Vc = variation coefficient in percents; D = dif-
ference in dilution step between examined and control group
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S, Ab titre and period of harbouring P. aeruginosa

TAbDb level

Acute cases. Ab titres in the Sj of the 9 thrombophlebitis infections, in
which duration of the presence of P. aeruginosa could not be detected, were
excluded from evaluation. Data of the patients were compared as previously
to that of healthy controls. The D between Sxof patients and controls for both
nosocomial and non-nosocomial serogroups diminished in the order group
A > B - C (Table IIl).

Chronic cases. The D value of group A surpassed that of group B or C
(Table II1).

IgG titres

As healthy persons had rarely IgG type Ab-s, they could not be used'as
controls, and as Sxsamples of acute patients yielded only exceptionally 1gG
type Ab-s, they coidd not be evaluated.

Table IV

Reciprocal of initial (8r) pseudomonas anti-LPS 1gG titres to serogroups harbouredfor different
periods after taking blood samples by patients with chronic underlying diseases

Duration of Param- Serogroups
Pljaa\rfrzlz;riinnogsa eters nosocomial non-nosocomial total
A N 2 10 12
Single X 40.0 49.3 47.6
isolation Ve 184.4 154.3 154.7
r — 0.561 0.591
P — =0.09 <0.05
B N — — 3
1-10 day? - - 15.9
Ve - - 241.6
r — — 0.822
P _ — NS
C N 6 9 15
;> 11 days X 25.2 13.6 17.4
Ve 210.6 226.0 231.6
r 0.839 0.557 0.681
b <0.05 NS <0.01

r = correlation coefficient between corresponding 1gG and total antibody (see Table
in) titres; p = significance of r
For other abbreviations see legend of Table Il1
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For chronic cases, the average peak titres were higher in group A than
in groups B and C (Table 1V).

A close correlation was found between IgG and TAb titres in these
groups, too.

Discussion

Natural Ab-s (NADb) against Gram-negative microorganisms belong
mainly to the IgM class [3—7]. Sera of healthy controls and the Sx of acute
cases yielded besides IgM low titre anti-pseudomonas IgG Ah-s only in 10%.
Thus, Ab-s detected in Sxof the acute patients taken before the development
of P. aeruginosa infection, are natural antibodies (NAD).

On the contrary, in chronic patients harbouring continuously different
circulating pseudomonas serogroups, the elevated TADb titres and the presence
of 1IgG Ab-s at least in 1 : 10 dilution [1] corresponded to immune-Ab-s.

A poor general condition increases the adhesion of P. aeruginosa to epithe-
lial cells [8—10]. This could have promoted pseudomonas colonization in the
acute patients. Acute cases with high NAb level in their Sxremained, however,
free from infections with homologous, non-nosocomial P. aeruginosa serogroups.
In other cases, with lower NADb titres, colonization occurred, but no clinical
symptoms appeared (interaction-types Ill and 1V). Still less NAb-s predisposed
to pseudomonas illness due to non-nosocomial serogroups (interaction-types
I and I1). Infections by nosocomial strains usually did not occur from the en-
vironment but were associated with instrumental interventions [1]; a higher
NAb level helped to avoid pseudomonas illness, but with a low titre pseudo-
monas complications developed. Accordingly, colonization and invasion by
P. aeruginosa were modified by the patient’s NADb level.

In the chronic cases low TAb titres (without IgG Ab-s) also failed to
prevent infection. On the other hand, higher TAb and 1gG titres against later
colonizing or not colonizing serogroups were usually uniform. This indicates
that an elevated immune anti-LPS Ab level induced very likely by former
pseudomonas infections [1] no longer influenced the colonization of P. aeru-
ginosa. In such a situation, the colonization may depend rather on persisting
anti-pilus Ab-s [10], blocking Ab-s against anti-LPS Ab-s [11] ornon agglu-
tinating Ab-s, which develop a few weeks or months after infection [12].

The relation between anti-LPS Ab titre and the duration of harbouring
P. aeruginosa was more simple: in all groups (acute and chronic cases, TAb
and 1gG level, nosocomial and non-nosocomial strains) a high average Ah
titre in Sj resulted later in brief (group A) colonization. The initial Ah level had,
however, no further influence on the presence of P. aeruginosa, as the D-s or
average titres did not differ in groups B and C.
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It is questionable whether the influence of anti-LPS Ab-s on the duration
of colonization or the development of infection was the result of a direct or
an indirect effect. The protective capacity of human gamma-globulin in pseu-
domonas infection [13—16] supports the former possibility. The bactericidal
action of IgM type NAb-s on complementsensitive Gram-negative microorgan-
isms [17, 18] is also a direct effect. Nevertheless, since the NADb level is asso-
ciated with immune-reactivity [3, 19], a high Ah titre might merely indicate
the greater ability of the immune-system to prevent pseudomonas colonization
or infection [20].

Finally, it should be emphasized that the results presented are only sta-
tistical relations. Individually, a number of different factors (virulence of
P. aeruginosa, massiveness of infection, reactivity of the immune-system, etc.)
will determine besides anti-LPS Ab-s the type of interaction between host and
bacterium.

Acknowledgement. We are indebted to Dr. A. Katay late director of Laszl6 Hospital for
Infectious Diseases, for kind permission to sampling.
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In 39 patients of a respiratory intensive care unit the intensity of the serological re-
sponse to the purified LPS of the causative Pseudomonas aeruginosa was found to change ac-
cording to the site of infection. The highest titres were found in septic cases, when the antigenic
assault reached all the immune-competent cells in the body. Short presence (only one positive
bacteriological culture) of P. aeruginosa at the site of inflammation resulted in a low or mode-
rate rise in antibody titre. Ten days were enough for the development of a maximum total anti-
body (~ IgM) response, while IgG type antibodies moderately grew further when the presence
of P. aeruginosa lasted more than 10 days. Only a 16-fold increase in total antibodies per se or a
4-fold rise in both total (~ IgM) and IgG antibodies confirmed the pseudomonas infection.

In spite of the decisive role of pseudomonas anti-LPS antibodies (Ab)
in the interactions of host and microorganism [1, 2], data on factors influenc-
ing the production of these Ab-s in man are rather incomplete. As the site of
infection and the duration of harbouring the microorganism vary videly in
pseudomonas infections, the connection between these factors and the serolog-
ical response was investigated.

Patients and methods

In the respiratory intensive care unit of the L&szl6 Central Hospital for Infectious
Diseases, Budapest, 39 patients with acute illness were investigated. Their underlying disease,
the bacteriological surveillance, passive liaemagglutination experiments to determine total
antibody (TAb; ~ 1gM) and 1gG level, etc. have been described in detail in a previous paper [3].
The positive serological response of these patients was evaluated in 68 manifest (interaction-
type | of host and bacterium [3]) and 5 subclinical (interaction-type Il1l [3J) pseudomonas in-
fections. The manifest infections were: 7 tracheobronchitis, 23 pneumonia, 10 urinary tract
infections, 16 thrombophlebitis, 8 rhinitis by nasogastric tube, 1 enteritis, 1 bedsore, linjection
abscess and 1 peritonitis. Mild were 13, moderate 23, severe (septic state) 16, and fatal 16 cases.
A definition of the grades of severity has been given in the former paper [3] In subclinical in-
fections P. aeruginosa colonized the skin, ear, nose or trachea.

Infections were grouped besides the site of complication according to the period of pres-
ence of P. aeruginosa as follows: group “A” = only one positive culture; group “B” —harbour-
ing P. aeruginosa for 4 to 10 days (two or more positive bacteriological samples); group “C”

Gy626 Petras, Maria M. Adam, Béla Lanyi, Marianne Konkoly Thege, Anna Szentmihalyi
National Institute of Hygiene
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= pseudomonas harbouring for more than 10 days. In 9 thrombophlebitis infections the dura-
tion of the presence of P. aeruginosa could not be determined; these infectionshave not been
evaluated.

M athematical-statistical analysis was done as previously [3]. The~difference (D) between
two titre averages was expressed in dilution-steps using the formula 2U = a/b, where a and b
are the two mean titres.

Results

Ab titres in 68 manifest (type 1) and 5 subclinical (type 111) pseudomonas
infections

TADb level

Average Ab titres against the infection-causing strain in the first blood
samples (Sj) taken on admission and that of the peak titres (S,) in different
infections are shown in Table I.

D value between and S2(3.71) in pseudomonas complications (interac-
tion-type 1) was significantly higher (p <7 0.02) than in subclinical infections
(interaction-type III; D 2.40).

D values decreased in the following order : D thrombophlebitis > urogen-
ital infection > pneumonia > other infections of interaction-type I > bron-
chitis > subclinical infections.

D in thrombophlebitis and urinary tract infections surpassed significantly
that in other complications except pneumonia. There was asignificant differ-
ence in D values between pneumonia and bronchitis, too.

1gG level

IlgG Ah was detectable only in 4 of the S”s in the first dilution step
(1 :10). Therefore, average titres for Sj-s were taken uniformly as 1 :5, and
the rise in the titres was compared to this value (Tahié Il).

IgG response in manifest (type 1) infections was significantly higher
(p <[ 0.05) than in subclinical (type IIl) infections.

D-sdiminished in asimilar order than in the case ofTAb-s : D thrombophle-
bitis > urinary tract infection > pneumonia > bronchitis > subclinical in-
fections > other infections of type I.

The average S 2titre in thrombophlebitis surpassed (in the majority sig-
nificantly) that of other complications.

A close, significant correlation existed between the corresponding TAb

IgM) and IgG titres, except in subclinical infections and “other” infections
of type 1.
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Table 1

Changes in anti-LPS total antibody litre during infection with P. aeruginosa according to host-
bacterium interaction-type and site of infection

Interaction- P. aeruginosa Serum No. of Average Variation

type* illness sample samples titres coefficient, % p/D
Bronchitis Si 7 48.76 136.4 a,
s2 7 262.51 137.6 bb,
0 2.43 cce
» < 0.01
S, 23 47.93 167.5
Pneumonia s2 23 550.48 1485 a,
D 3.52 d
P < 0.001
| Urinary S, 10 37.32 2143
tract s2 10 640.0 152.2 bb,
infection D 4.10 e,
< 0.001 f
Thrombophlebitis** Si 17 43.40 148.1 cce,
s2 17 1280.0 141.0 d,
D 4.88 gag>
P < 0.001 hhh
Others Si 11 25.73 236.1
s2 11 170.41 160.0 e,
D 273 499
2] < 0.01
11 Others S, 5 69.64 163.3
s, 5 367.58 125.4 f,
D 2.40 hhh
P = 0.02

* 1 = Clinical symptoms with antibody production; Il = symptomless rise in antibody
titre

** and injection abscess

Sj = serum sample taken on admission; S2= serum sample yielding peak antibody
titre; D = difference between mean titres in dilution step; p = significance of difference
between mean titres; p/D = significance in D between groups marked by the same letter:
a.d, e, f= p < 0.05; bb = p < 0.01; ccc. ggg, hhh = p < 0.001
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Table 11

Changes in anti-LPS 1gG titre during infection with P.aeruginosa according to host—bacterium
interaction-type and site of infection

Intetr;;;ion- . aeilrlungeisnsosa s,saenrll:)rlg s,:%'plzfs At\ﬁrreage cog;faigiaetril(t),n w pls,

Bronchitis St 7 <5.0 —
s2 7 44.16 176.3 a
D >3.14
r 0.929
plr < 0.01

Pneumonia St 19 <5.0 —
52 19 51.64 166.3 b
D >3.37 C
r 0.546
plr < 0.02

| Urinary s, 9 <5.0 —

tract s2 9 68.58 206.5 d

infection D >3.78
r 0.695
p/r <0.05

Thrombophlebitis* s, 15 <5.0 — a,
5. 15 105.56 2015 b,
D >4.40 eee,
r 0.715 ff
p/r <0.01
St 8 <5.0 —
s, 8 23.78 142.5 c;

Others D >2.25 d,
r 0.664 eee
plr = 0.08
11 Others St 4 <5.0 —

s 2 4 33.64 125.5
D >2.75 ff
r 0.133
p/r NS

*and injection abscess;r = correlation coefficient; p/r = significance limit of r; p/S2=

= significance of D between S2 mean titres
For other abbreviations see legend of Table |
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Table 111

Increase in anti-LPS total antibody titre to environmental and infection-causing P. aeruginosa
serogroups according to the duration of harbouring P. aeruginosa

Duration of Serum Param- Nosocomial Non-nosocomial
Pha;gﬁlléfi'nf:)gsa sample eters strains® strains** Total
N 36 58 94
Si X 56.6 40.5 46.0
Ve 182.3 189.4 185.2
0 N 36 58 94
Environment X 279.7 191.5 221.3
5. Ve 141.5 160.7 154.5
D 2.31 2.24 2.27
p < 0.001 < 0.001 < 0.001
N 2 4 6
S, X 28.3 28.3 28.3
Ve — 270.0 219.2
A N 2 4 6
One positive sample X 160.0 226.3 201.6
s2 Ve 156.0 166.5 157.3
D 2.50 3.0 2.83
p NS = 0.02
N 1 12 23
S, X 51.5 26.7 36.5
Ve 145.4 169.3 162.9
" N 1 12 23
4-10 days S2 X 773.2 359.2 518.3
Ve 130.3 153.7 145.2
D 3.91 3.75 3.83
p < 0.001 < 0.001 < 0.001
N 22 13 35
s, X 53.1 29.1 42,5
Ve 231.5 164.5 183.2
c N 22 13 35
11 days X 681.6 356.0 535.5
Sj Ve 147.9 192.5 164.6
D 3.68 3.62 3.66
p <0.001 < 0.001 < 0.001

*06 and Oil

** All serogroups except nosocomials

Sj = serum sample taken on admission; S2=serum sample yielding peak antibody
titre; N = number of antibody titres; x = mean titre; Vc = variation coefficient, percents;
D = difference between mean titres; p = significance of difference between S2mean titres;
NS = not significant
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Duration ofthe presence of P. aeruginosa and Ab response in 59 manifest (type I)
and in 5 subclinical (type 111) infections

TAb level

Srand S2titres to strains cultured only from the environment of a given
patient served as controls. The mean titres for these strains increased by 2.27
dilution steps (D) during the infectious process (Table Il1l1). The rise for the
nosocomial (06, O il; [3]) and non-nosocomial serogroups was equal.

The increase in the mean titre of serogroups belonging to group iiA ,>(only
one positive culture) was only by a half dilution step higher than that of en-
vironmental strains.

In group “B” and “C” (harbouring P. aeruginosa from 4 to 10 days, or
longer) the D was 1.5 dilution steps higher than in the control group (environ-
mental strains). The D value in group “C” corresponded to that of group “B”.

Table 1V

Peak anti-LPS 1gG titres to infection-causing P. aeruginosa serogroups according to the duration
of harbouring P. aeruginosa

Duration of Param-

1 Nosocomial Non-nosocomial
P'?aargrou“g'i'n”ia eters strains* strains** Total
A N 2 | 3
One positive X — — 20.0
sample Ve — — 131.9
N 8 9 17
B X 47.6 43.2 45.2
4-10 days Vc 177.5 167.3 171.4
r 0.910 0.974 0.806
plr <0.01 < 0.001 < 0.001
N 21 12 33
C X 91.3 42.4 69.1
;> 11 days Ve 166.2 270.1 185.2
p = 0.06 NS = 0.10
r 0.557 0.768 0.664
PIr < 0.01 < 0.01 < 0.001

*06 and Oil

** All serogroups except nosocomials

r = correlation between 1gG and corresponding total antibody titres; p/r = significance
limit of r; p = significance of difference between mean titres of groups B and C

For other abbreviations, see legend of Table 111
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1gG level

Peak titres were compared statistically with each other, as the Ab
titres in Sj-s could not lie determined.

Presence of P. aeruginosa for more than 10 days at the site of infection
increased the 1gG titres further; mean titres of group “C” were significantly
higher than the average values in group “B” (Tahié 1V). The difference was
mainly due to the change in titre to nosocomial serogroups.

Ratio of IgG/TAb-s was higher in the S2of group “C” than of group “B”
(data not shown). The difference was more expressed in the nosocomial sero-
groups.

Both in group “B” and “C” a closed, significant correlation existed
between the corresponding TAb and IgG titres.

Discussion

Despite the changed reactivity of circulating human blood lymphocytes
to the LPS of the infection-causing P. aeruginosa serogroup [4], anti-LPS
Ab-s are produced in the lymph organs [5, 6]. Animal experiments have re-
vealed that pseudomonas anti-LPS Ah production is less when at different
sites the antigenic stimulus is limited to the regional lymph nodes [7—10].
The same mechanism has been supposed to occur in our patients with local-
ized infections (infected decubitus, rhinitis by nasogastric tube, bronchitis,
etc.). Asplasmacells produce Ah in equal quantities [11], in pathological pro-
cesses connected mostly with sepsis (thrombophlebitis, urinary tract infection,
pneumonia), the peak Ab titres were significantly higher, due probably to an
antigenic assault reaching all the immune competent cells in the body.

As regards the order of decreasing serological response according to the
localization of pseudomonas infections, our findings correspond to those ob-
tained by agar-gel precipitation [12].

The association between the duration of antigenic stimulus and the in-
tensity of serological response offered a possibility to verify the criteria of
P. aeruginosa infection described in a jneceeding paper [3]. In the case of only
one positive bacteriological culture accompanied by clinical symptoms of
infection, the rise in mean TAb titres to the colonizing serogroups was nearly
the same as that to the serogroups found only in the environment (7-fold and
5-fold, respectively). As in certain patients to environmental serogroups even
8-fold increases in TAb titres occurred, the TAb titre ( IgM) per se veri-
fies a pseudomonas infection only at a 16-fold rise.

On the contrary, there was amarked differencein IgG Ab titres to sero-
groupsin the environment and causing transient infections (one positive bacte-
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riological sample). In the former case, there was no detectable IgG Ab titre,
while to infection-causing strains (clinical signs of inflammation at the site of
pseudomonas colonization) specific 1gG Ab-s appeared at least in 1 : 10 dilu-
tion in every instance, even in mild infections. Accordingly, a four-fold rise in
TAD titre with the appearence of IgG Ab-s in 1:10 dilution (or a four-fold
increase in both TAb and IgG Ab-s) isindicative of pseudomonas infection.

The moderate serological response to a brief harbouring of P. aeruginosa
referred to a weak antigenic stimulus.

The presence of P. aeruginosa at the site of inflammation for ten days
was sufficient for the development of a maximum Ab response in TAb-s:
further exposure to the microorganism did not influence the intensity of the
TAb answer.

On the other hand, the presence of P. aeruginosa for more than 10 days
resulted in a higher average IgG peak titre, however, bordering only the
mathematical significance. This tallies with the higher 1gG : TAb ratio in
group “C”, and agrees with the elevated 1gG titres in chronic, bedridden
patients harbouring P. aeruginosa continuously [3].

The usually significant correlations between corresponding IgG and
TAb (~ IgM) titres confirmed our former assumption [3, 13] of the close
correlation between the production of these two Ab-s.

The results presented should be taken into consideration in human vac-
cination trials.

Acknowledgement. We are indebted to Dr. A. Kéatay, late director of the LaszIé6 Hospital
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ESCHERICHIA coLl COL Y PLASMIDS AND
THEIR ROLE IN PATHOGENICITY*
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Out of 1474 Escherichia coli strains belonging to 70 serogroups and 247 serologically not
identified ones, colicin V producers were found in serogroups 078, 01, 07, 018 and also among
the not identified strains. The molecular weight of Col VI plasmid from the standard strain was
70 Mdal. The Col V plasmids carried by E. coli 078 strains isolated from a hospital outbreak
in Hungary had a molecular weight of 78 Mdal and also 78 Mdal was the molecular weight of the
Col V plasmid carried by Rivier’s strain (designated 23), which had caused meningitis in Swit-
zerland. The molecular weight of Col V plasmids of 01: KI, 021, 0161 and serologically
not identified E. coli strains isolated from sporadic cases was of 94 to 119 Mdal. In the case of
three strains the increase of LD -0Ovalues, which means the decrease of virulence, resulted in the
loss of colicin V production and the loss of Col V plasmid. It was demonstrated by introduction
of a transposon, inactivating colicin V production, into a wild type E. coli strain that the pro-
duction of colicin was not essential for the increase of virulence controlled by Col V plasmid.
In the case of one strain the loss of both R and Col V plasmid resulted ina decrease ofvirulence.
No plasmid other than R and Col V was carried by this strain. The virulence determining gene

could be eliminated together with both plasmids, which means that this gene could be attached
equally to Col V and R plasmid.

Smith [11lin 1974 observed that in experimental animals Escherichia coli
strains caused a higher number of sepsis after acquisition of Col V plasmid and
the pathogenicity decreased after elimination of Col V plasmid. Smith and Hug-
gins [2] then reported on a significant correlation between Col V plasmid car-
rier state of E. coli and its septicaemic effect in chickens and calves.

Karlier we have found that E. coli 078 strains causing meningitis and
sepsis in newborn infants were producing colicin V. The 078 strains isolated
from sporadic cases of enteritis or healthy carriers (nurseries) were not colici-
nogenic or were characterized by other types of colicin. E. coli strains
obtained from a hospital outbreak showed significantly lower LD 50 values for
mice than did the Col V non producers [3].

In the present examinations Col Y plasmids known from the literature
and isolated in Hungary were compared on the basis of transferability and mo-

Hedda Milch, Sergei Nikolnikov, Eva Czirék
National Institute of Hygiene
H-1966 Budapest, P.O.B. 64, Hungary

* This work was carried out within the scope of No. 07/6 —10/017 “Genetic and
Molecular Biologic Characterization of Epidemiologically, Economically and Clinically Im-
portant Bacterial Plasmids” research programme of the Ministry of Health, Hungary.
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lecular weight. The intention was to apply a molecular analysis for plasmid
epidemiology.

The strains were examined also for mouse pathogenicity before and after
plasmid curing and then controlled by electrophoresis.

Materials and methods

Strains. Atotal of 1721 E. coli strains originating from different clinical cases and from
different hospitalsinthe period January, 1980 to March, 1982, were examined for serological
and colicinogenic properties.

The following strains were for determination of molecular weight of plasmids: wild-type
E. coli strains isolated in Hungary R981, R789, R1528 (078); 8/1, (09); 465/81 (O 161); 121/82
(021); 128/82 (01: KI). 278/82 (01 : Kl); 287/82 (01: K1); and E. coli 23 (078) received from
Rivier [4]; Col VI CAT7S, received from Frédéricq [5]. Col V and R plasmid transferability was
examined in 30 antibiotic resistant strains carrying Col V plasmids.

The recipient strain for R and Col plasmid transfer was E. coli K12 J53 rifr.

Serological examination. Agar slant cultures grown at 37 °C for 18 h were suspended in
5 ml physiological saline, adjusted to contain 10° cells/ml and heated at 100 °C for 2¥2h. The
suspension was added at 0.05 ml amounts to 0.5 ml diluted pooled and group sera. The isolates
were considered to belong to a defined O group if agglutination occurred in one of the absorbed
O sera to the titre of the homologous type strain. Determination of K| antigen was carried
out with KI serum produced by strain E. coli 02 : KI :44 (U9/41) and with Rowe’s K| phages:
ABCDE [6].

Colicin type determination. Colicin type was determined with Frédéricq’s indicator an
colicin producing strains [5], by the method of Lewis [7] and Alwis and Thomlinson [8].

Antibiotic sensitivity. Antibiotic sensitivity was examined with Resistest disks (Human,
Budapest) to streptomycin, chloramphenicol, tetracycline, kanamycin, neomycin, ampiciJlin,
gentamicin, nalidixic acid and sulphonamide, using Mueller—Hinton agar.

Culture medium. After conjugation the cultures were streaked on agar medium contain-
ing broth extract and antibiotics at inhibitory concentrations (rifampicin 250 /ig/ml, tetra-
cycline 20 fig/ml. ampicillin 30 fig/ml, chloramphenicol 20 fig/m1, kanamycin 20 /rg/ml, strepto-
mycin 30 fii/ml).

Mouse infection assay. Mouse pathogenicity was examined by intraperitoneal injection of
CFLP mice weighing 16—18 g, according to Smith [1].

Plasmid elimination. Elimination was carried out using ethidium bromide, (Bouanchaud
et al. [9]), by UV irradiation (W atanabe and Fukasawa [10]) and with mitomycin C (Hardy and
Meynell [11]).

Determination of molecular weight. For preparation of plasmid DNA the rapid method of
Bimbdéim and Doly [12] was used. Electrophoresis was done on 0.8% agarose gel, for 212h at
40 mA. Preparation of large plasmids was carried out according to the method of Crosa and
Falkow [13].

Standard plasmids in molecular weight determination were as follows: R27 (Inc H)
112 Mdal; RA1 (Inc A) 86 Mdal; RI (Inc F 1) 62 Mdal: RN3 (Inc N) 33 Mdal; S-a (Inc W) 23
Mdal.

Rapid methodfor plasmid determination. Agarose-gel electrophoresis was carried out as
described by Eckhardt [14].

Tnl transposition. Tnl transposition into E. coli Col V + strain was carried out according
to the method of Quackenbush and Falkow [15].

Results

Frequency of colicinogenicity. Out of the examined 1474 E. coli strains
belonging into 70 serogroups and 247 serologically not identifiable strains
39.2% were colicinogenic (Table 1). Colicinogenicity occurred most frequently
in serogroups 078, 01, 0151, 07, 075, 02, 06, 0124.
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Table 1

Frequency of colicinogenicity in E. coli strains

No. of Colicinogenic
Serologically strains
No. %
Identified 1474 580 39.3
Non-identified 246 99 40.2
Total 1720 679 39.5
Table 11

Serogroup distribution of V colicin producing E. coli strains

No. of No. of Col+ No. of Col V+
Serogroup strains strains strains
01 18 16 8
02 27 15 3
07 16 13 5
09 1 1 1
018 83 33 6
021 1 1 1
023 8 3 2
078 19 17 13
0111 160 55 2
0161 1 1 1
ONt 246 99 i6
Total 580 254 58
Nt = Not groupable
Determination of colicin types. Table Il shows those E. coli serogroups

which contained Col V producing strains. Out of the examined 70 serogroups
Col V producing strains were found in 11 serogroups and among serologically
not typablc strains (ONt). Most of the Col V producing strains fell in serogroups
078. 018, 01, 07 and ONt. Out of 19 strains of serogroup 078 17 were coli-
cinogenic and 13 of them produced colicin type V. Out of 580 strains colicino-
genicity was observed in 254 and 58 of them produced colicin type Y.
Comparative examinations on Col V plasmids. Col V plasmids were
compared on the basis of transferability and molecular weight, determined by
agarose gel electrophoresis. None of the examined 30, Y type Col plasmids
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were transferable into E. coli J53. (Crosses were carried out without mobiliza-
tion.)

Table 11l presents the data of the plasmid carrier strains. The analysis
of plasmids is demonstrated in Figs 1-3.

Fig. 1. Agarose gel electrophoresis of purified R and Col V plasmid DNA. Plasmids from the
E. coli strains, lanes: 1, R789 R + Col V + (two plasmid bands); 2, R789 R+ Col V- (one plasmid
band); 3, plasmid free J5-3; 4, J5-3 R+ (transconjugant of R789 R+ Col V-); 5, reference
plasmids: RAI(IncA)86 Mdal; Ri (Inc FIl) 62 Mdal; RN3(IncN) 33 Mdal; S-a (Inc W) 23 Mdal;
6, R981 R + Col V+ (two plasmid bands); 7, R981 R + Col V- (one plasmid band); 8, R981 R~
Col ¥ + (one plasmid band); 9, J5—3 R+ (transconjugant of R981 R+ Col V-); 10, CA7S VI+

Fig. 2. Agarose gel electrophoresis of purified R and Col V plasmid DNA. Plasmids from the

E. coli strains, lanes: 1, plasmid free J5-3; 2, R1528 R + Col ¥ + (two plasmid bands); 3, R1528

R+ Col Y - (one plasmid band); 4, J5-3 R+ (transconjugant of R1528 R + Col V -); 5, reference

plasmids, see Fig. 1; 23 R + Col V +1 + (5 plasmids bands, two bands close to each other corre-

spond to ColV + 1); 7, 23 R+ Col I +V~ (four plasmid bands); 8, J5-3 R+ Col | + (transconju-

»ant of 23 R+ Col'l+V~); 9, 8/1 R + Col V + (three plasmid bands); 10, J5-3 R + (transconjugant
of 8/1 R+ Col V-); 11, CA7S V1+
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Designation of
strain

R789
R789/12/10
N53Yy789Y12/10
R981
R981/8
R981/46
,133/981/8
R1528
R1528/3
J53/1528/3
23

23/1
J53/23

8/1

J53/8/1
CAT7S
465/81
121/82
128/82
278/82
287/82

*Not exam

01
01
01

COL V PLASMIDS

Table I

Data of E. coli host strains

Serogroup

«78
078

078
078
078

078
078

078
078

09

0161
021
s K1
: Kl
cKI

Antibiotic
resistance

Cm Tc Ap Su
Tc Su

Tc

Cm Tc Ap Su
Cm Tc Ap Su

Cm Tc Ap Su

Cm Tc Ap Su

Cm Tc Ap Su

Cm Tc Ap

Sm Tc Su

Sm Su

Tc

Sm Cm Te Ap Km Su
Ap Km

Ap
Te Su
(Su)
(Su)
(Su)

ined * Not colieinogenic

li-plasraid

121

Col-plasmid

v+
VR
V-
V+
V-
V+
v -
V+
Y -

V+
y -
V-
V+
V-
V+
V+
V+
V+
V+
V +

1+

1+

Fig. 3. Agarose gel electrophoresis of purified R and Col ¥ plasmid DNA. Plasmids from th8
E. coli strains, lanes: 1, 465/81 R+ Col V+; 2, 121/82 R+ Col V+; 3, 128/82 R+ Col V+; 4, 278/e2
R - Col V+; 3, 287/82 R - Col V+; 6, reference plasmids: R-27 (Inc H) 112 Mdal; RI (Inc F11)
RN3 (Inc N) 33 Mdal; S-a (Inc W) 23 Mdal

62 Mdal;
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Figure 1 shows the agarose gel electrophoretic picture of two wild-type
E. coli018 V+R + strains and their Col V- or R~ éliminants and an Col YI
plasmid carried by CA7S strain (Frédéricq).

Figure 2 shows the agarose gel electrophoresis of two Hungarian wild-
type E. coli strains (078 and 09), an E. coli 23, 078 Col ¥ strain originating
from Lausanne and from the CA7S (Frédéricq) (Col VI) strain.

Table TV

Molecular weight values of Col and R plasmids of different origin determined by
electrophoresis in agarose gel

Molecular weight (Md) Epidemiological and

Designation of strain clinical data (excretion),
Col Y Col 1 R year

n789 78 33
R789/12/10 — — 30 Hospital outbreak Bp. 1.
J53/789/12/10 — — 30 Infant sepsis (CSF), 1974
R981 78 33
R981/8 — — 33 Hospital outbreak Bp. 1.
R981/46 78 — — Infant sepsis (navel), 1974
J53/981/8 — — 33
R1528 78 — 33 Hospital outbreak Bp. 1.
R1528/3 — — 33 Infant enteritis (faeces), 1975
23 78 70 44 Hospital, Lausanne (Rivier)
23/1 — 70 44 Septicaemia (blood), 1979
8/1 100 64 Hospital Bp. 2.
J53/8/1 — 64 Salmonellosis (faeces), 1979
CAT7S 70 — Gratia 1925
465/81 119 — Hospital Bp. 3.

Symptomless (urine-), 1981

121/82 119 — Hospital Bp. 4.
Pyelonephritis (urine), 1982

128/82 94 — Hospital Bp. 1.
Symptomless pregnant (vagina), 1982

278/82 94 — Discharged
Symptomless (faeces), 1982

287/82 104 — Hospital N.
Symptomless premature infant (nose),
1982

* Not examined
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Figure 3 shows the Col V and R-plasmids of 5 wild-type E. coli strains

and 4 reference plasmids.
Table IV shows the molecular weights of the plasmids determined by

agarose gel electrophoresis, presented in Figs 1, 2 and 3.

No.of organisms/ml

15,107 1,5,10' >1110
107!
81 >7.10
10 -
5,710 59,10 K03
4,10
R789 R709/12/10 R1528R1528/3 R981 R981/8 R981/46 23 23/1
RF(@nilc ApSu) m RMSMTcSU)
Col V+ Col V*I*
a R*(TcSul Q R+(CmTcApSu) n RHCmTcAp) B R*|Sm)
Col V* Col Vv* Col V- ColV-|+
a R’ Col V*

Fig. 4. LD,l0 values for E. coli R+ Col V+ and of their different éliminants

No. of organisms/ml

ColV+ ColV+:Tn 1
Fig. 5. LD50 values for_E. coli 465/81 Col V* and 465/81 Col V+: : Tnl (lacking colicin V activity
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Table V

Differences of L D ri0 values for the original and the treated strains

i . Original strain Treated strain

De5|gnat_|on i i Significance

of strain Injected bacteria rlj\‘igd/(i)nff::;;(e:?j Injected bacteria é\:gd/?nffergltgfi
K789 R +Col V+ 1.5x10° 11/20 9x 10°* 0/20 p < 0.001
R1528 R +Col V + 2.8X10° 14/20 2.1 x 10°* 10/80 p < 0,001
R981 R +Col V + 1X10° 11/20 4.1X105** 0/20 p < 0.001
23 R +Col V + 1.6x10° 7120 1.3x10°* 0/20 p < 0.001
C465/81 Col V+ 2.2x10° 8/20 2.0X 10°*** 10/20 p= 05

* Col V- cured strain; ** R~ cured strain; *** Col V+:: Tnl strain

Comparative results of mouse pathogenicity and agarose gel electrophoresis
experiments. The strains tested for virulence in mice were examined for plas-
mid bands and molecular weight. An increase of LD values and a loss of
plasmid and production of V type colicin was observed in strains (R789,
R1528, 23). For Rivier’s 23 R+V +Il + strain, a decrease of virulence was ob-
served simultaneously with the of Col V plasmid loss.

In one strain (R981) the loss of the R and Col V plasmids was accompa-
nied by an increase in the LDsnvalue (Fig. 4).

Tnl transposition into Col V+ wild strain and mouse infection assay.
As a donor strain we used E. coli UR 281 (pM R5) pro- meth~ nalr Kmr Tecr
APr Carl/, which was harbouring a Tnl transposon containing thermosensitive
plasmid. Tnl transposon determining carbenicillin resistance was transposed
into a E. coli 465/81 Col V + strain according to the method of Quackenbush
and Falkow [15]. After the insertion of transposon the strain had become
resistant to carbenicillin. Col V- colonies were selected from which the Col V
plasmid could be demonstrated by agarose gel [14]. No significant difference
was found in the LD50 values of Col V + colicin producer and Col V +: :Tnl
colicin non producer strains (Fig. 5 and Table V).

Discussion

Col Y plasmids known from literary data are different in respect of
transferability and molecular weight [16]. In the present examination the
molecular weight of Col V plasmids carried by E. coli strains R789, R981,
R1528 was 78 Mdal; these strains were isolated from meningitis and sepsis
cases from a hospital outbreak in Hungary. The molecular weight of Col V
plasmid carried by strain E. coli 23 (Lausanne) was also 78 Mdal; this strain
was associated with severe meningitis in Switzerland. Col VI plasmid of the
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E. coli CA7S strain differed in molecular weight from the above plasmids;
its molecular weight was 70 Mdal. The molecular weights were uniformly
33 Mdal of the R plasmids derived from the E. coli 078 strains isolated from
one and the same outbreak in Hungary. The R plasmid of the Col V- éliminant
of wild-type E. coli strain R789 determined Te Su resistance only, Cm Ap re-
sistance was absent. There was a small distance between the original plasmid
band and the Te Su controlling plasmid band; instead of 33 Mdal it was 30
Mdal. It has been suggested that Cm Ap resistance was controlled by transpo-
sons and these transposons were eliminated in the Col V dérivant.

Quackenbush and Falkow [15] reported that colicin V synthesis was
inactivated by transposon insertion, while colicin V activity was not essential
to Col V plasmid mediated virulence enhancement. This experiment was re-
peated by us using an E. coli Col V + strain isolated in Hungary. Our results
are in agreement with the finding of Quackenbush and Falkow [15]. Williams
[17] and Williams and Warner [18] reported that the enhanced virulence of
invasive strains of E. coli carrying Col ¥ plasmids was due to a novel plasmid-
mediated iron uptake system.

We found in some cases that the loss of Col ¥ plasmids was associated
with a decrease of virulence (increase of LD5 value). In the case of one strain
the loss of R plasmid resulted in a decrease of virulence in the presence of Col V
plasmid. No other plasmid than R and Col ¥ were carried by the examined
strains.

On the basis of these experiments it is suggested that the virulence me-
diating gene may be associated either with Col V or R plasmids.
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EFFECT OF INTERFERON ON ANTIBODY-
-DEPENDENT CELLULAR CYTOTOXICITY
(ADCC) IN CHICKENS
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Institute of Microbiology, University Medical School, Szeged

(Received February 18, 1983)

The influence of chicken leukocyte interferon (IFN) on the antibody-dependent cellular
cytotoxicity (ADCC) of peripheral blood mononuclear cells of chicken has been investigated in
vivo and in vitro. The cytotoxic effect was studied on sheep red blood cells (SRBC) coated with
chicken anti-SRBC serum. Cytotoxicity was estimated using a 5I1Cr release assay system. A single
intravenous injection of crude IFN led to an enhanced ADCC 6 to 12 h after the IFN injection,
whereas by 24 h the activity had decreased. The ability of IFN to augment the cytotoxicity was
not lost after phagocytic cell depletion. In vitro, the ADCC was boosted within 1-18 h by IFN,
in a dose-dependent manner. We assume that the augmenting agent in vitro is IFN itself, as
purified IFN had a similar activity, but mock IFN and trypsin-treated IFN showed no en-
hancing effect.

In connection with the various effects of interferon (IFN) on immune
responses, much attention has been focussed on the ability of IFN to augment
the cytotoxic reactivity of natural killer (NK) cells and also to increase the
antibody-dependent cellular cytotoxicity (ADCC). The ADCC reaction mea-
sures the cytotoxicity of unsensitized effector cells against 1gG-coaled target
cells different in origin. While the effects of IFN on mouse and human NK cells
[1, 2] and the ADCC [3, 4] have been well studied, no data are available about
these effects on chicken leukocyte IFN.

We have recently shown [5] that human adenovirus enhances the ADCC
in chickens, and we assumed that IFN induced by the virus was responsible
for the effect. Earlier studies from this laboratory [6] proved thatadenovirus-
es induce IFN in chickens, and it thus seemed of interest to examine the
effect of chicken IFN on the ADCC. In this paper we describe the results of
experiments dealing with the effects of chicken IFN on the ADCC in vivo and
in vitro in a xenogeneic test system, using antibody-coated sheep red blood
cells (SRBC) as target cells. We present evidence that chicken leukocyte IFN
enhances the ADCC both in vitro and in vivo.

Materials and methods

Chickens. Six-week-old birds of the White Leghorn strain (Hyline Poultry Farm, John-
ston, lowa) were used for experiments in vivo. To study the in vitro effect of IFN, effector cells
were obtained from 8-12-week old birds.
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Effector cells. Peripheral blood mononuclear cells were isolated from heparinized chicken
blood, obtained by heart puncture. Mononuclear cells were separated from the interphase of
fresh blood after discontinuous density gradient centrifugation on Ficoll-Uromiro gradient by
the method of Boyum [7]. The cells were subsequently washed three times in PBS, and resus-
pended in BPMI 1640 medium supplemented with 10% heat-inactivated fetal calf serum (FCS).
In some experiments phagocytic cells were removed as follows: Ficoll-Uromiro-separated
lymphocytes (5X 107ml) were incubated at 37 °C for 30 min in the presence of 10 mg/ml iron
powder (Gaf. New York). Phagocytic cells were removed with a magnet, and the remaining cells
were washed twice, and then diluted in RPMI 1640 medium containing 10% FCS. In these
preparations 99% of the cells were classified as lymphocytes when assayed after May—&run-
wald—Giemsa staining. Cell viability was monitored by exclusion of 0.2% trypan blue, and the
cell number was adjusted to the appropriate dilution.

Preincubation ofeffector cells with IFN-a. In RPMI1 1640 medium supplemented with 10%
FCS, mononuclear cells (5 X 10¢ ml) were incubated with 100—200 1U/rnl crude IFN or with
6-3200 1U/rnl purified IFN (specific activity 6 x105 IU/mg protein) for 1-18 h. Control cells
were treated with an equivalent dilution of mock chicken leukocyte IFN. In some experiments
trypsinized IFN having no antiviral activity was used as control.

In the experiments to examine the species-specificity of chicken leukocyte IFN, human
effector cells were also treated with chicken IFN-a.

Inoculation of birds with chicken IFN-cc. Two ml crude IFN (1000 IU/ml) was injected
intravenously into 6-week-old chickens. Each experimental group consisted of 6 or more
chickens. Two ml mock IFN was used as control in the same way.

Target cells. Blood from sheep was collected in Alsever solution and stored at 4 °C until
used. Immediately prior to use, the SRBC were washed three times in PBS. Washed SRBC (108
cells) were labelled with 200 /rCi sodium (51Cr) chromate (LNK, Poland) at 37 °C for 60 min,
then chicken anti-SRBC antiserum was added in a final dilution of 1 : 400, and incubation was
continued for a further 30 min. Labelled erythrocytes were washed three times in RPMI 1640
medium and adjusted to a concentration of 5x 1051 X 10¢ml in RPMI 1640 medium contain-
ing 10% FCS.

Anti-SRBC chicken serum. A 6-month-old bird was immunized at 2-week intervals with
0.1 ml/100 g of a 30% SRBC suspension. Four days after the second inoculation the chicken was
exsanguinated. The serum was heat-inactivated at 56 °C for 30 min and the agglutinin titre
was determined.

ADCC assay. All tests were performed in a total volume of 200 //1 per U-shaped well in
microtitre plastic plates. The effector-to-target cell ratios were 20:1, 10:1, 5:1and 2.5: 1. All tests
were performed in triplicate and plates were centrifuged at 300 g for 3 min before incubation at
37 °C for 18 h in 5% CO02air atmosphere. Tests were terminated by removal of supernatants,
the radioactivity of which was determined with a gamma-counter. Spontaneous isotope release
was determined from control wells containing target cells only. The percentage cytotoxicity was
calculated from the formula:

cpm in supernatant — cpm in spontaneous release %

- —. 100
total incorporated activity

percent cytotoxicity =

Spontaneous release was calculated as

cpm from targets in medium

- L 100
total incorporated activity

percent Sp

The spontaneous release ranged between 2 and 6%. Sensitizing antisera did not cause an increase
in 51Cr release in the absence of effectors. The cytotoxicity at a ratio of 20 : 1 was used for com-
parison on the basis of the dose-response curve.

IF N production, purification and assay. Chicken leukocyte IFN (IFN-a) was prepared
as described previously [8] and purified by a slight modification of Fantes’ method [9]. The
assay of the antiviral activity of IFN was performed in chick embryo fibroblast cells inoculated
with Sindbis virus as challenge [10]. Interferon titres were expressed in comparison to a re-
ference standard IFN preparation from chick embryo fibroblast (MRC Research Standard
A, 62/4, Mill 1lill, London) in 1U/ml. Mock IFN was prepared and purified similarly, without
virus inducer.

Trypsin treatment of IF N . Chicken leukocyte IFN was incubated with crystalline tryp-
sin (Worthington, 1 mg/ml) at 37 °C for 1 h, and 2 mg/ml trypsin inhibitor (Soybean, Serva)
was then added.
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Results

Considerable ADCC activity was found in the peripheral blood mono-
nuclear cells of 6-week-old chickens, as well as in 3-month-old birds. The
cytotoxicity level against SRBC coated with chicken anti-SRBC antibody
varied around a mean of 45% in the control birds.

Augmentation of ADCC in vitro by chicken IFN-a.. Table | shows the
results of 5 representative experiments. In a concentration of 100—200 IU/ml,
the crude IFN significantly increased the ADCC activity. Representative
experiments are presented since variations were encountered in the basal level
of cytotoxicity of the birds, but repeated experiments always yielded similar
results. Within any single experiment, standard deviations were less than 2%
and are therefore not included in the data shown.

During the studies there was some concern as to whether the IFN in
the crude preparation was itself responsible for the augmentation of the ADCC.

Table 1

Effect of chicken IFN-a. on ADCC in vitro

Experiment IFN 1U/ml Cytotoxicity, %

i 0 54
200 79

2 0 64
200 89

3 0 46
200 80

mock* 49

4 0 21
200 59

mock 19

5 0 30
200 56

mock 32
trypsin-treated* 32

In these experiments mononuclear cells (5 X 10¢ml) were cultured with or without
IFN-a for 18 h. After the incubation period cells were washed twice in RPMI 1640 medium
and the ADCC assay was then performed

* Mock and trypsin-treated IFN-a were used in a dilution equivalent to that of IFN-a
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It can be seen from Fig. 1 that the effect on the ADCC activity was indeed
due to IFN, since the purified preparation of chicken leukocyte IFN was as
active as the crude material (Table 1) even after a 1 h incubation period.
Mock IFN and trypsin-treated IFN did not show any significant augmenting
capacity (Table 1).

As pilot experiments with crude IFN had shown that preincubation of
the cells with IFN for 1 h without further washing gave a sufficient augmenta-
tion of the ADCC activity (data not reported), no further attempts were made

6 60 200 600 1000 3000 6000 IU/mIleN
Fig. 1. Effect of purified IFN on ADCC of chicken lymphocytes. Mononuclear cells were incubat-

ed for 18 h (Experiment 1) or for 1 h (Experiment 1) with purified IFN or mock IFN at various
concentrations. Effector-to-target ratio = 20 : 1

Fig. 2. In vivo augmentation of ADCC by IFN in chickens. Bars represent mean percentage
cytotoxicity +SD for groups of 6 chickens. Effector-to-target ratio = 20: 1
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Table 11

Influence of phagocytic cell depletion on ADCC-enhancing effect of chicken leukocyte IF N

Cytotoxicity, %

Chickens Depleted Control
lymphocytes* * lymphocytes

Control No. 1 44 52

Control No. 2 42 54

IFN-treated No. 1*** 56 65

IFN-treated No. 2 52 67

*E :T ratio =20 :1
** Phagocytic cells were removed with iron powder and a magnet, and the remaining cells
were washed twice and then diluted in RPMI 1640 medium containing 10% FCS. Control
lymphocytes were subjected to the same process but without iron treatment
*** Peripheral blood mononuclear cells of IFN-inoculated chickens were obtained 6h after
injection; 20 ml crude IFN (1000 1U/ml) was injected i.v. into 10-week-old chickens

to increase the preincubation period with purified IFN. The enhancement of
the ADCC by purified IFN-a seemed to he dose-dependent (Fig. 1).

Chicken leukocyte IFN failed to augment the human ADCC reaction
against human red blood cells, nor did it enhance the human NK reaction
against K-562 cells (data not given).

ADCC in chickens following IF N injection. The ADCC was studied 3,
6, 12 and 24 h after crude IFN inoculation. An elevated cytotoxicity (75%)
was seen at 6 h after IFN administration and the cytotoxicity teas still above
the basal level after 12 h, hut by 24 h it had decreased (Fig. 2).

Enhancement of ADCC in absence of phagocytic cells. To study whether
monocytes played an important role in the increase in ADCC after IFN ino-
culation, cell preparations from 2 control and 2 IFN-treated chickens were
depleted of phagocytic cells by means of iron powder and a magnet. The
lymphoid cell preparations used without depletion contained about 5% non-
lymphocytic cells. After depletion, smears were subjected to May—6&rinwald—
Giemsa staining when only 0.5—4% of the cells proved to he monocytes. As
it can be seen from Table 11, the ADCC of these preparations increased to a
similar extent after IFN injection. It is worthwhile to mention that the basal
cytotoxicity was reduced after removal of the monocytes, indicating that not
only lymphocytes hut also monocytes take part in the ADCC.

Discussion

The results of these studies indicate that chicken IFN, similarly to hu-
man and mouse IFN, augments the ADCC reaction both in vitro and in vivo.
There is a difference in the kinetics of the IFN-induced enhancement of
the ADCC in vitro and in vivo. One hour exposure of lymphocytes to IFN in
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vitro is sufficient to cause an increase in the cytotoxicity. These data are in
agreement with those of Herherman et al. [11] and de Landazuri et al. [2].
We and others have found that further washing of cells to free them from IFN
after the 1 h incubation period did not alter the experimental result [12, 13].
Moreover, IFN is frequently added to the cytotoxicity assay simultaneously
with the effector cells at time 0 [14, 15]. The increase in the ADCC however,
could not be detected until 6 h after IFN injection (Fig. 2). Similar results
were obtained by Einhorn et al. [14] with human IFN. They suggested that,
in vivo, factors other than IFN act first on the cells and suppress the cytotoxic
activity. In this context it is of interest that they observed a decreased cyto-
toxicity 6 h after IFN injection of their patients. Most of these patients devel-
ojted fever. As Fig. 2 shows, 3 h after administration of chicken leukocyte
IFN there was a high deviation in the mean value ofthe ADCC, because some
chickens had a decreased ADCC activity. Similarly, Flexman and Shellam [16]
reported that after inoculation of rats with IFN there was a transient decrease
in the cytotoxicity level after 3 h, and augmentation was observed only af-
ter 6 h.

IFN boosted the ADCC activity in vivo and in vitro in all experiments,
but the absolute cytotoxicity level varied. Herherman et al. [3] have observed
that human individuals display differences in responsiveness to IFN treatment.
This might be analogous to the situation in mice, in which the sensitivity to
IFN was found to vary from strain to strain, and could be influenced by pre-
vious in vivo exposure to activating stimuli [17]. In our experiments the level
of cytotoxicity decreased after removal of phagocytic cells, hut the extent of
augmentation of the ADCC remained the same. However, tin; augmentation
in these experiments (Table Il1) was less marked than with the use of 6-week-
-old birds, probably due to discrepancies in weight and age of the birds and
the amount of IFN used. We used Ficoll-Uromiro-separated chicken peripheral
blood mononuclear cells as effector cells, containing less than 5% monocytes,
and the number of the latter fell to 1% after carbonyl iron treatment. Though
the level of cytotoxicity decreased after depletion, the augmentation was as
marked as it had been before depletion. Hence, we presume that the effector
cells responsible for the elevated ADCC after IFN treatment are not the mono-
cytes; it is probably rather K cells that play and important role in the reaction.

Recently, Chi and Thorbecke described ADCC to allogeneic red blood
cells in chicken, using spleen cells as effector cells [18]. In contrast to our results,
they found monocytes to he the main effector cells in their system. The ap-
parent contradiction might he due to the different methods of isolation and
depletion of monocytes. Lymphocytes and monocytes reflect different require-
ments for antigen density on the target, for distribution of the antibody on
the target and for dilution of antisera, as has recently been reviewed [19].
Keaney et al. [20] reported that monocytes appear to be the sole effector cells
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when the target cells are sensitized in suboptimum concentration with the
antisera, and therefore the ADCC activity of the monocytes may be masked
by that of the lymphocytes when target cells are optimally sensitized with
antibodies. In our experiments we used antisera at a final dilution of 1 : 400,
and we therefore suggest that the effector population comprised mainly lym -
phocytes.

Our data proved that chicken IFN, similarly to mammalian IFN, has
an immunomodulating effect on the ADCC in birds. In the present experiments
augmentation of the ADCC was demonstrable in chickens 6 h after IFN ad-
ministration. The kinetics of augmentation correlated well with our previous
data which revealed an ADCC augmentation after adenovirus inoculation [5].
The increase in the ADCC reaction 14 h after virus infection may have been
due to the IFN synthetized 6—8 h after inoculation [6]. Our present observation
therefore provides further indirect evidence that adenovirus augments the
ADCC via an IFN-dependent mechanism. The direct demonstration of the role
of IFN in stimulating the ADCC after virus inoculation will be possible if
antibodies to chicken leukocyte IFN become available.
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SOME CHARACTERISTICS OF LYSOGENS OF
MYCOBACTERIUM SMEGMATI1S

Katalin J. Hasek and |I. Foldes

Microbiological Research Group of the National Institute of Hygiene, Budapest
(Received March 23, 1983)

By the use of radioactive labelling it was observed that mycobacteriophage butyricum
(By) enter Mycobacterium smegmatis strain Rabinowitz (M. sm. R.) cells, lysogenise them
but do not form plagues. Mycobacteriophage Rabinowitz (V72) and phage By proved to be
heteroimmune; that is, they superinfect lysogens of one another productively. Spontaneous
lysis frequencies of two different mycobacterium strains lysogenised by phage By [M. sm. R.
(By); M. sm. b. (By)] and that of the double lysogenic M. sm. R. (V72, By) strain were compared.
The spontaneous lysis frequency of the two monolysogenic strains was found to be similar
(10-4-10-2) indicating that transition into the vegetative replication cycle of By phages occurs
also in M. sm. R. cells. Spontaneous lysis frequency of the double lysogenic strain was found to
be influenced by the medium used.

It was reported previously that the plating efficiency of mycobacte-
riophage butyricum (By) was less than 10“8 on cells of Mycobacterium smeg-
matis Rabinowitz (M. sm. R.), and 5 X 10-1 on its lysogenic variant (M. sm.
R. (V72)) compared to the value obtained on the original host Mycobacterium
smegmatis butyricum (M. sm. b.). This difference in plating efficiency was
shown to arise not in consequence of an altered phage adsorption to the
M. sm. R. (¥72) strain, as the same degree of adsorption could be detected to
both Rabinowitz strains corresponding to that of the original host [1].

Phages By not only form plaques on M. sm. R. (V72) cells, but also
lysogenise them and that results in a double lysogenic mycobacterial strain [1].

This paper describes experiments designed to obtain information refer-
ring to (i) By phage penetration into M. sm. R. bacteria; (ii) lysogenization of
M. sm. R. and M. sm. b. cells by phage By, and (iii) spontaneous phage pro-
duction of different mycobacterial strains carrying prophage By.

Materials and methods

Bacterial and bacteriophage strains. The bacteria and mycobacteriophage used were
M. smegmatis strain Rabinowitz (M. sm. R.) and its phage Rabinowitz (designated ¥72), and
M. smegmatis strain butyricum (M. sm. b.) and its phage butyricum (designated By), and the
double lysogenic Al. smegmatis strain Rabinowitz (M. sm. R. (V72, By)) of our own culture
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collection. Streptomycin resistant strains of M. sm. b. and M. sm. R. were isolated in our labo-
ratory. Preparation, concentration and purification of phages were described elsewhere [2].

Media and buffer. Bouillon and YRP media were used in the experiments [1]. Trishv-
droxymethyl-aminomethane buffer (0.05m, pH 7.4) containing 0.004 m CaCL was used to store
phages and to make dilutions.

Assay of phage titres. Phage techniques followed those described by Adams [3]. Plates
and soft agar containing 1.5 and 0.6% agar were prepared from YRP or bouillon media.

Isolation of lysogenic M. sm. R. and M. sm. b. strains. Cells grown overnight were cen-
trifuged, resuspended in fresh medium to reach an absorbancy of 0.2—-0.4 at 660 nm. After two
hours incubation at 37 °C the cells were pelleted and resuspended in Tris buffer to obtain again
an absorbancy of 0.2-0.4 at 660 nm. Bacteria were infected with phage By at a multiplicity of
1-5. Adsorption was allowed to proceed for 30 min, then the degree of phage adsorption and the
number of cells surviving By phage infection were determined. Colonies formed by cells surviv-
ing By phage infection were investigated for lysogeny in the following way: each colony was
transferred to (i) solid YRP medium, (ii) solid YRP medium covered with M. sm. b. lawn. The
surviving M. sm. R. colonies were also transferred to solid medium covered with M. sm. R. lawn.
In these conditions lysogenic colonies form plaques on a corresponding bacterial lawn in con-
sequence of spontaneous lysis occurring in lysogenic cells. Colonies showing signs of spontaneous
lysis were transferred to YRP medium containing 0.1% Tween 80, grown up, and plated. De-
veloped colonies were transferred again to solid medium and to solid medium covered with
bacterial lawn. This procedure was repeated several times, and at last stable lysogenic strains
were isolated both from M. sm. R. and M. sm. b. strains.

Determination ofspontaneous lysic frequency. Lysogenic strains were grown overnight at
37 °C in YRP or bouillon medium containing 0.1% Tween 80. Cells were centrifuged and washed
twice with the medium to remove free phages, then resuspended in the medium, diluted, and
plated. Some of the plates were overlayered with soft agar containing 50 //g/ml streptomycin
and the streptomycin resistant indicator bacteria. Plates were incubated overnight at 37 °C.
Spontaneous lysis frequency was calculated:

Number of plaques on resistant bacteria
Number of colonies on corresponding plate

Infection of M. sm. R. strain with 3H-labelled phage By. Phage By DNA was labelled with
m -uracil according to the method described by Somogyi and Fdldes [4].

For the infection bacteria grown overnight were centrifuged, resuspended in fresh me-
dium to reach an absorbancy of 0.4 at 660 nm and infected with 3H-labelled By phage at a
multiplicity of 1-5. At intervals titres of free phages were determined.To measure DNA uptake
by the cells, samples of the infected culture were centrifuged, washed twice in ice-cold 0.05 m
Tris buffer pH 7.4 containing 0.001 m EDTA, and heated in 5% trichloroacetic acid at 80 °C for
60 min. The samples were centrifuged again and radioactivity of the supernatant was determined
in a Packard 3330 scintillation counter using Bray scintillation cocktail.

Results

Infection of M. sm. R. cells with 3H-labelled phage By. M. sm. R. bacteria
were infected with 3H-labelled phage By at a multiplicity of 1-5 to investigate
penetration of phage DNA into the cells. From time to time samples were
taken to determine (i) phage adsorption by measuring the titre of free phages;
(ii) DNA uptake of the cells by measuring their radioactivity as described in
M aterials and methods.

Figure 1 shows that a considerable radioactivity could be detected in
the cells reaching its maximum 180 min after infection. The time course of the
radioactivity curve correlated with the decrease in titre of the free phages,
indicating that phages By not only adsorb to M. sm. R. cells, but their DNA
penetrates into them.
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cpm pfu

Fig. 1. Infection of M. sm. R. cells with 3H-labelled phage By. O---- —O titres of free phages
(nfu): ® 3 radioactivity measured in cells (cpm)

Lysogenization of M. sm. b. and M. sm. R. strains with phage By. The
contradiction that DNA of By phages penetrates into M. sm. R. cells hut does
not form plaques suggested the possibility of lysogenization of cells by phage
By. To check this, M. sm. R. and M. sm. b. cells were infected with phage By
and the colonies developed from cells surviving phage infection were investi-
gated for lysogeny as described in M aterials and methods. Out ofthe M. sm. R.
colonies developed after phage infection, not a single one was found to show
lysis of M. sm. R. lawn in consequence of the spontaneous phage production;
on the contrary, some of the colonies lysed M. sm. b. lawn. Some of the surviv-
ing colonies of M. sm. b. strain also proved to be lysogenic. The lysogenic strains
obtained were designated as M. sm. R. (By) and M. sm. b. (By).

In further experiments the phage-susceptibility of both M. sm. R. and
M. sm. b. strains lysogenized by phage By was studied by superinfecting them
with phage By and phage V72, respectively. Plating efficiencies were deter-
mined so that the number of plaques obtained on the original (non-lysogenic)
host was taken as the unit. Adsorption of the phages to the lysogenic strains
was also determined. Data are shown in Table I. Both phages could adsorb to
both lysogenic strains; By phages did not give plaques on either lysogenic
strain and phage Y72 gave plaques only on M. sm. R. (By) strain.
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Table 1

Superinfeclion of M. sm. R. (By) and M. sm. b. (By) with V72 and By mycobacteriophages,
respectively

Adsorption of phages Plating efficiency
Bacterical s tra in s ---eeemmmmmemooeeees
By Y72 By V72
M. sm. b. (By) 93% 84% 10“8 10- 8
M. sm. R. (By) 89% 73% 10- 1,5
Table 11

Spontaneous lysis frequency ofthe monolysogenic mycobacterium strains

Experiment M. sm. b. (By) M. sm. R. (By)
1 6.2x10-2 1.1x10-2
2 1.7x10-2 6.8x10-2
3 1.2x10-2 5.8x10-2
4 4 .2x10-2 4.0x10-2
Table 111

Spontaneous phage production of M. sm. R. (V72, By) strain in YRP and bouillon media

Relative number of cells producing phage

Experiment By V72 By V72
in YRP medium in bouillon medium

I 2 .5x10 "« 1.6 X 10 -2 2.5x10-2 1.5x10-«

9 3.5x10 -« 4 .7x10-2 1.6x10-2 1.9x10 -«

3 1.2x10-2 2.1x10-2 9.8x 10 -2 1.1x10-2

Spontaneous phage production of lysogenic mycobacterium strains. Spon-
taneous phage production of M. sm. b. (By), M. sm. R. (By), and of the double
lysogenic M. sm. R. (V72, By) strain [1] was investigated by the streptomycin
overlyer technique. The soft agar contained 50 /rg/ml streptomycin to Kill
lysogenic cells. Atthis concentration the antibiotic had no effect on the plating
efficiency either of phage By or of phage ¥72. Table Il shows that the spon-
taneous lysis frequencies of the two monolysogenic mycobacterium strains
were similar and varied between 10~4-10-2. Results were independent from
the media used in the experiments.

In the case of the double lysogenic mycobacterium strain it was found
that spontaneous lysis frequencies referring to the two phages differed by at
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least one order of magnitude. It is of interest that a reversed ratio of By or
Y72 phage producer cells has been observed using YRP or bouillon medium
(Table 111).

Discussion

Only a small proportion of mycobacteria adsorb phages in a phage-in-
fected culture, while the sensitive cells adsorb hundreds of phages without
showing the phenomenon of “lysis from without” [5, 6]. Mycobacterium—
mycohacteriophage systems cannot therefore he investigated by the “mixed
infection” or “multiplicity activation” methods [7—9]. We could overcome
these difficulties by the use of lysogenic strains, especially by studying the
spontaneous lysis of the latter.

Earlier we have shown that By phages adsorbto, hutdonotgiveplaques
on M. sm. R. cells [1]. By the use of 3H-labelled By phage we could ob-
serve in the present work that DNA of By phages even penetrate into M. sm. R.
cells. Considering this observation together with our previous finding, namely
that By phages can lysogenise the lysogenic M. sm. R. strain, resulting in a
double lysogenic strain (M. sm. R. (V72, By)), we hypothesized that By phages
are able to lysogenise also the original M. sm. R. strain. The hypothesis could
he proved by isolation of an M. sm. R. (By) strain as described in Results.

The fact that By phage forms plaques on M. sm. R. cells lysogenised by
phage Y72 [1], and the present finding that V72 forms plaques on M. sm. R.
cells lysogenised by phage By (Table I), mean that By and Y72 phages are
heteroimmune; that means that they superinfect lysogens of one another
productively.

Spontaneous lysis frequency proved to be similar in our two strains
lysogenised by phage By (Table Il). Transition of By prophages into vegetative
replication cycle in M. sm. R. cells seems to be in contradiction to the obser-
vation that By phages do not form plaques on these cells. This contradiction
needs further studies; it may, however, be hypothesized that not only some
vegetative replication is necessary for lysogenization 110, 11] hut an established
lysogeny may also facilitate the initiation of the vegetative replication cycle.

The interesting results referring to the spontaneous lysis frequency of
the double lysogenic strain need also further studies.
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SERIAL DETERMINATION OF COMPLEMENT AND
SPECIFIC ANTIBODY TITRES IN
PSEUDOMONAS AERUGINOSA INFECTION
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Transfusion, Budapest
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Serial examination of the complement system and specific antibody titre of 12 surviving
patients and 8 lethal cases suffering from Pseudomonas aeruginosa infection showed that except
the onset of infection, until the development of septic shock, the level of the complement com-
ponents corresponded to or exceeded the average normal value. In reversible septic shock the
complement titre decreased significantly and in irreversible shock the values were even lower.
Activation of the complement system occurred on 10 occasions via the classical and on 42 oc-
casions via the alternative pathway. The number of activations grew parallel with the severity
of the infection. Activation through the classical way was generally more intensive. During the
whole infectious process not the individual characteristics of the P. aeruginosa present unbro-
ken, but the pathological events and the specific antibody level determined the mode (alterna-
tive or classical pathway) of complement activation. The specific antibody level of the sur-
viving patients significantly surpassed the titres of the lethal oases until the development of
shock. Not an insufficiency of the complement system but the relative lack of specific anti-
bodies was mainly responsible for the fatal outcome of P. aeruginosa infections.

The great number of papers on Pseudomonas aeruginosa are almost im -
possible to survey. Our knowledge on the development and changes of the
humoral immunity in pseudomonas infection is fragmentary. The present
report deals with the level of the different complement (C) components and
with the specific antibody (Ah) titres at the time of C activation during the
whole infectious process.

Patients and methods

Patients. Ten male and ten female patients of a respiratory ward were examined. Their
average age was 47.6 years. Eighteen had undergone tracheotomy and were given artificial
respiration for more than 24 h. The underlying diseases were tetanus in 9, polyradiculitis in 5,
meningoencephalomyelitis in 4 cases, myasthenia gravis and subarachnoideal haemorrhage
in one patient each. The underlying diseases were mild (transient clinical symptoms without
respiratory disturbance) in 2, moderate (expressed clinical symptoms with respiratory insuf-
ficiency of short duration) in 1, severe (life-threatening situation) in 14, and lethal in 3 cases.

Bacteriological samples were taken in the acute phase of infection twice, and later once
weekly from the patients’ skin (axillary and inguinal region), nose, throat or trachea, ear, faeces,
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urine and pus. Facultatively pathogenic bacteria, other than P. aeruginosa, as Klebsiella, Pro-
teus, Escherichia coli, Staphylococcus aureus, etc. colonized the patients only for a few days if at
all, without causing any local symptom.

The infective P. aeruginosa strains belonged to serogroups 02a,2d,2e,03,04a,4b,06a,6b,
09a, 010a,10c, 011a,lib of the L&nyi—Bergan scheme [1] or contained R antigens (Lé&nyi’s
former groups 08 and 09). With three exceptions the same serogroup could be detected during
eacli infection.

P. aeruginosa infections. In the 20 patients a total of 39 P. aeruginosa infections such as
tracheobronchitis, pneumonia, urinary tract infection, thrombophlebitis, enteritis, purulent
rhinitis in consequence of nasogastric tube, injection absess, infected decubitus were registered.
Beside a positive bacteriological result local and general clinical symptoms pointed to a compli-
cation due to pseudomonas in every instance.

Only the minority of blood cultures yielded pseudomonas in consequence of vigorous,
intravenous administration of antibiotics from the early onset of complications. The severity of
infections was determined mainly on the basis of local and general clinical signs; transient
bacteriaemia was observed also in nearly symptomless cases.

Three patients had mild (complication without intensive local signs, extensive tissue
destruction and pus production; temperature below 38 °C and good general condition), 4 mo-
derate (expressed local symptoms, temperature exceeding 38 °C), 5 severe (septic state: inter-
mittent fever, heavy prostration, erythrocyte sedimentation rate about 100 mm/hour, rapidly
developing anaemia, in spite of a negative haemoculture, too) and 8 lethal (lethal sepsis)
P. aeruginosa infections.

Criterion of septic shock was a septic condition with a blood pressure below 70 mm Hg
for more than 60 min, accompanied by a marked decrease in urinary output. Four reversible
septic shocks developed in the 5 severe cases, whereas 9 reversible and 8 irreversible shocks
in the 8 lethal ones.

The pseudomonas infections started generally between the 3rd and 10th day of hospital
care and culminated with the improvement of, or sometimes after complete recovery from, the
underlying disease.

Serum samples. Blood samples were obtained on admission and during the whole hospital
stay in the acute phase every 3rd ot 4th day, in convalescence every 6th or 7th day. All serum
specimens from a given patient were stored at — 20 °C and tested simultaneously.

Each blood sample was categorized after the stage of infection, as follows. (1) Free of
complications; (2) onset of infection; (3) ongoing infection; (4) culmination of infection, or septic
state in severe and lethal infections; (5) 1-2 h before septic shock; (6) septic shock; (7) improve-
ment; (8) convalescence; (9) irreversible septic shock on the day of death.

Specific antibody titre. Total antibody (TAb) titre was measured by the passive haemag-
glutination technique of Neter et al. [2], carried out by adaptation to Takatsy’s microtitrator
[3, 4]. O-antigens of the infective P. aeruginosa serogroups purified by ultracentrifugation [3]
were used in passive haemagglutination. At evaluation it was computed with the average of
those Ab titres which belonged to a certain stage of the infection. Thus, from one stage only one
Ab titre per patient was taken into consideration.

Serum samples were subjected to 2-mercaptoethanol treatment to determine 1gG type
Ab-s. Freshly prepared 0.2 mol/1 2-mercaptoethanol was added in an equal volume to five-fold
diluted serum. Ab titrations were performed in two double-fold dilution series of the samples,
starting from the one-tenth step. When calculating the average titres, a serum sample yielding
no Ab at the starting level was considered to contain it in 1:5 dilution. Since the average
of Ab titres represents a geometrical mean, the variation coefficient expressed in percent was
calculated by the formula:

variation coefficient % = 100 num Ig NE(g xjy —(7
(N -1) (719 ()2

Complement determination. In the serum samples, C4, C3, C3-9 and total complement
(TC) were measured using the method of Nelson et al. [5] for C4, Mancini’s radial immuno-
diffusion technique as modified by Kohler and Miller-Eberhard [6] for C3 with rabbit anti-
human C3 serum prepared as outlined by Mardiney and Mduller-Eberhard [7], the method of
Townes and Stewart [8] for C3-9, and the standard method for determination of TG activity
[9]. Details were given in an earlier paper [10]. The normal value for C titre was determined
from the sera of 75 healthy persons [10].

Statistical analysis. Statistical analysis was done by Student’s t-test for evaluation of C
values, and by the Mann-W hitney method in the case of Ab titres. For comparing the number

Acta Microbiologica Hungarica 31, 1984



COMPLEMENT AND ANTIBODY TITRES 143

Table 1

Significance limits ofthe rate of complement titre decrease* during physiological
fluctuations

Signifi- T ca4 c3 c3 9
_cance CHS0/mI CHIn.1 mg/100 ml CHftoml
limit, %
5 441 9 577 14.19 5.88
1 6.34 13 622 20.99 8.29
0.1 9.32 19 717 32.45 11.85

* decrease/day

of C activations via the alternate and the classical pathways, the / 2test was used. The rapidity
of C-activation was calculated on the basis of 25 blood samples of 5 healthy persons taken se-
rially at 2—5 day intervals. The standard error of the mean of daily decreases in TC, C3, C4
and C3-9 found during the physiological fluctuation and multiplied with the value for the 5, 1
and 0.1% probability levels of the t-table corresponding to the degree of freedom gave the
limit of normal rapidity of titre decrease (Table I).

Complement activation. A daily titre decrease between two sera exceeding the limit of
significance was considered a sign of C activation. A significant decrease could be observed at
both high and low C levels, thus an activation of the C system does not yet mean a low C value.

In the case of a significant decrease in the C4 titre as compared with the former serum
sample activation beginning through the classical (Cl) pathway was supposed. A significant
fall in the C3 or the late components without a decrease in the C4 fraction was considered a
sign of activation via the alternate (Al) pathway. A decrease solely in the TC level was not
taken into consi .leration.

Results

Complement component levels. C values of the 12 surviting patients suf-
fering from mild, moderate or severe infections and of the 8 patients with
lethal outcome are presented by columns in Figs 1 and 2. TC, C4, C3 and
C3-9 titres of patients still free of infection and of healthy controls did not differ
significantly. In the fatal cases the level of all C components was lower than
in the surviving patients at the onset of infection. The greatest fall, one of
35% Mas in the C3 fraction. Henceforth, until the development of shock in
the TC, C3 and C3—9 levels there was hardly any difference between the two
groups. In sepsis, the average values of all components exceeded that of the
healthy controls. One or two hours before septic shock, the titres of TC, C3
and C3-9 began to diminish. In septic shock all the four components showed
a marked decrease, indicating an intensive activation of the C system. On
the day offata! shock the decreases were even greater. In the survivors, the high-
est TC, C3, C4 and C3—9 levels were measured during improvement.

Mode of activation of the complement system. At the onset of infection,
1-2 h before shock, and during improvement and convalescence activation
could be observed only through the Alpathway. In sepsis, too, the Al mechanism
predominated. In septic shock, activation via the Cl pathway was significantly
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Fig. 1. Level of total complement and C4 in 20 patients before and during P. aeruginosa
infection

more frequent than in other stages of the infection. From the 7 observed acti-
vations in lethal shock in 4 the C system has been activated by the Cl mecha-
nism. Neither did in the remaining 4 cases including the 3 Al pathway activa-
tions, the C4 titres exceed the value of 40 000 CH63mIl. The growing number of
activations ran parallel with the increasing severity of infections (Table I1).
No activation of the C system occurred in patients still free of infection
(data not shown).

Intensity of complement activation. The decrease of the level of the dif-
ferent C components was more expressed (lower average values) in the case
of activation through the CI than through the Al pathway (Table Il1). Assum-
ing a constant production, the rate of activation, i.e. the daily decrease
is probably more characteristic of the intensity of activation. Comparing
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the daily decreases in titre according to activation by the Al or Cl mechanisms,
activation was more rapid in the latter case in every Ccomponent (Table I11).
This difference was observed from the onset of infection till the development
of shock and also during septic shock (data not shown), and was significant
in the values of fraction C3.

Specific antibody levels during complement activation. The Ab titre of a
serum sample yielding the lower C value, i.e. that obtained after activation
was evaluated. From the onset of infection until the development of shock,
when activation of the C system occurred by Al mechanism, the average TADb
was only half of that observed with the Cl pathway. In septic shock, however,
in the case of both pathways the average TAb titre was very low. The TAb
level of surviving patients was always higher independently of the mode
of C activation (Table IV).
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aaa, bbb =p< 0.001

Fig. 2. Level of C3 and C3-9 in 20 patients before and during P. aeruginosa infection
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Table N

Complement activation via classical and alternative pathways according to the severity and stages of P. aeruginosa infections

Mild (3) No. of

Stage* complement

serum activations serum

samples al AL samples
2 3 — — 6
3 | | 7
4 3 — — 5
5 — — - —
6 — — —_ —
7 | — — 4
8 3 - — 4
9 - J— J— J—
2-5 7 — | 18
6+ 9 — —_— — —
pr* — — — —
2-9 11 | 26

Severity

Moderate (4) No. of

complement

activations
cl Al
1 3
|
|
1 4
1 5

* See Materials and methods — Serum samples
** Sum of stages 2-5 compared to stages 6 + 9; e.g.: 5 Cl pathway activations in 86

samples

Cl = classical pathway; Al = alternative pathway; NS = not significant

Severe (5) No. of

serum
samples

|Lom-l>

g © W

21

38

complement

activations
Cl Al
- |
2 |
— 4
1 1
— 3
2 6
1 1
3 10

Lethal (8) No. of

complement
serum activations
samples
cl
5 — 3
5 — 1
26 2 9
4 —_ 4
10 — 6
8 4 3
40 16
18 4 9
58 6 26

samples compared

serum

samples

18
21
43

4
13
14
12

8

86
21

133

to

5

Total
(20 patients)

No. of
complement
activations
Cl Al

- 4
3 6

2 14
— 4
1 7
— 3
— 1
4 3

5 28

5 10
<0.05 NS
10 42

activations in 21

>

‘le 18 SYML13d
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Table 111
Average complement and mean rate of decrease in activation via the alternative or classical
pathway
Parameters Mode of ~ No. of T a c3 c3 9
studied acti- acti- (CHs0/ml) (CH.,./ml) (mg/100ml) (CH.,./m1)
Average ni 42 71.87* 71 238 189.46 129.77
of fractions + 361 + 7889 +12.28 + 6.37
cl 10 53.89 36 120 129.22 102.56
+ 9.39 + 8348 +23.09 +10.96
> 0.05 0.05 0.05 0.06
Daily decreases Al 42 3.93 + 2 828** 14.64 12.02
4- 0.87 + 508 + 2.56 + 2.10
cl 10 5.86 -18 281 —28.54 —13.82
+ 2.68 + 3322 + 7.03 + 477
> NS 0.001 0.05 NS

* Mean * standard error of the mean
** Positive: increase
Al = alternative pathway; Cl = classical pathway; NS = not significant

A similar pattern was observed in the specific 1gG titres with the excep-
tion that no significant difference was found even before septic shock between
Al or Cl pathway activation.

Discussion

Phagocytosis and intracellular “kill’” are the most important factors
against P. aeruginosa infection [11-—13]. For the perfect functioning of this
system specific Ab-s and C are needed [11, 14-16].

According to recent investigations the LPS of different Gram-negative
microorganisms activates in different ways and at different degrees the C
system [17—20]. Moreover, differences could he observed even among strains
belonging to the same species [21]. This might explain that in Gram-negative
hacteriaemia, activation of the C system could occasionally be observed
through either the Al or Cl pathway [22].

Different Pseudomonas strains did not activate the C system identically
in vitro either [23]. In opsonization experiments Pseudomonas was found to
activate by turns mainly the Al [16] or the CI [11, 24] pathways, while most
authors observed a more or less parallel activation of the other pathway, too
[11, 23—25]. In our material, there was no difference among the P. aeruginosa
O-serogroups in activating the Csystem by the Al or Cl mechanism.

The disadvantage of our methods is that they indicate only indirectly
the activation of the C system, by the decrease of the level of different compo-
nents. Thus, when the increased consumption was counterbalanced by an
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increased production, no activation could be observed. At the onset of infection
and in shock, however, the decrease in the C level may be ascribed not only to
the consumption but also to the increased permeability ofthe capillaries, when
part of the serum proteins is filtered out from the circulation into the intersti-
tial space in proportion to their diffusion coefficient [26,27]. In our lethal cases
the decrease of the IgG level (molecular weight: 160 000) was 29% at the
onset of infection and 35% in septic shock, whereas that of C4 (molecular
weight: 206 000) 30% and 51 %, that of C3 (molecular weight: 180 000) 35% and
43%, respectively, which refersto that in our patients the C components were
not only filtered out from the intravascular space but had become activated.
As C3 and C4 differ only slightly in molecular weight, the increased capillary
permeability could not influence the observed rate of activation occurring
through the Al and CI pathways.

It is doubtful whether the direct measurement of the C3 cleavage prod-
ucts® would have increased the number of activations. Owing to their quick
turnover, a transient increase of the C3b and C3d concentration might have
remained unobserved since blood sampling was performed only at 2—4 day
intervals. The greater transcapillary escape rate of the cleavage products
due to their molecular weight being lower than that of C3 would probably
also contribute to their being left unobserved.

The present patient material was more homogeneous than that in other
examinations [10, 22, 28, 29], as all the 20 patients suffered exclusively from
P. aeruginosa infection, and none of them had C deficiency before infection
(Figs 1, 2).

Similarly to other Gram-negative infections [22, 28, 29], until the devel-
opment of shock the C level was either normal or elevated both in the survi-
vors and the lethal cases except at the onset of infection, whereas in both
reversible and irreversible septic shock the C titres were significantly decreased.
We could confirm the observations that activation ofthe Csystem may precede
the development of shock caused by Gram-negative bacteria [10, 28].

According to our data, C3, the late components and TC decreased at a
higher rate i.e. more rapidly during activation of Cl than of the Al pathway
(Table I11). This may explain the higher efficiency of cell-lysis and opsoniza-
tion occurring by activation of the Cl pathway [30-32] and might indicate
that, in agreement with data in the literature [11, 23—25], not only the CI
pathway but to some extent also the Al pathway became activated and the
conversion through both of them was additioned in the late components.

In our patients the ratio of Cl and Al pathway activations varied with
the consecutive stages of the infection, in spite of the presence of the same
P. aeruginosa serogroup. Many authors share the opinion that the mede of
C activation is influenced by the Ab titre, i.e. in the case of a low level it occurs
via the Al pathway and a high Ah concentration promotes the Cl mechanism
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[20, 33-37]. Activation of the Al pathway in our cases occurred at the onset
of infection on three occasions in lethal cases anil once in a severe infection
when the Ab titres were still low (x = 1/56.6). At the beginning of lethal
infections the granulocyte count decreased by 18% and the thrombocyte
count by 26% (unpublished data) and the response to phytohaemagglutinin
of the lymphocytes decreased significantly [38]. At the same time changes
in the concentration of certain protein fractions and immunoglobulins indicated
an increased permeability of the capillaries [26, 27]. The temperature of the
patients rose in these days and slight circulatory disturbances could he ob-
served. All these referred to the effect ofendotoxin. One may thus assume that
in our patients at the onset of infection and probably also later the activation
ofthe Al pathway at a low Ab concentration was a consequence ofthe presence
of IPS [37].

Table IV

Specific antibody titres at complement activation by classical and alternative pathways in
Pseudomonas aeruginosa infections. Reciprocals of geometrical means

Classical pathway

Stage of

A . Surviving cases* Lethal cases Total
infection
CA TAb 19G CA TAb 19G CA TAb 19G
2-5** 3 806.4 31.8 2 320.0 28.3 5 557.1 30.3
(144) (261) — (140) (139) (203)
6 + 9 1 640.0 80.0 4 47.6 8.4 5 80.0 13.2
(250) (205) (253) (282)
1>§ - - - NS NS
2-9f 4 761.1 40.0 6 89.8% 12.6 10 211.1 20.0
(135) (220) (221) (215) (205) (239)
Alternative pathway
Stage of Surviving cases* Lethal cases Total
infection
CA TAb 1gG CA TAb 19G CA TAb 19G
2-5** il 726.0 59.9 17 125.3° 12.3° 28 249.8 22.9
(168) (139) (173) (209) (190) (277)
6+ 9 | 640.0 40.0 9 74.1 10.8 10 91.9 12.3
(250) (203) (252) (209)
NS NS <0.05 NS
2-9f 16 612.9 48.4 26 104.4° 11.7b 42 204.9 20.1
(161) (226) (198) (205) (200) (2601

* Mild, moderate and severe infection

** See Materials and methods Serum samples

§ Significance between groups 2—5 and 6-f9

t Including the data of stages of improvement and convalescence

CA = No. of complement activations; TAb total antibody titre, variation coefficient
in percent in brackets; NS = not significant

a,b,c Significant difference as compared to survivors: ap < 0.05 bp < 0.02, @ < 0.01
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During the development of infection until the onset of septic shock the
TAD and 1gG levels of the survivors surpassed two to six times those observed
in the lethal cases. When in this period activation had taken place according
to the Cl mechanism, the specific TAb level was more than twice higher than
in the case of Al pathway activation (Table 1V). Thus the high TAb concentra-
tion had in fact contributed to the activation of the Cl pathway. This was due
to the fact that the PS part facing the cell surface of the LPS of P. aeruginosa
[39] invading the circulation in sepsis, forms an immune-complex with the Ah
and activates the Cl pathway [37]. Similarly as cell-lysis and opsonization,
phagocytosis, kill and elimination of the bacteria from the circulation occurs
more rapidly and effectively in this case [23, 30—32], so activation of the CI
pathway before the onset of septic shock at high Ah level may indicate a better
prognosis.

In irreversible septic shock, activation of the Cl pathway occurred at
very low TAb and IgG Ah levels. It is supposed that in irreversible septic
shock the granulocytes and RES cells cannot totally eliminate from the circu-
lation the high number of damaged microorganisms and their degradation
products. This results in endotoxaemia when the lipid-A released from the
decomposed bacteria and attached to Clgis activating the Clpathway directly
even in the absence of Ab-s [16, 19, 36, 40]. Thus, our data show that in human
P. aeruginosainfection notthe individual characteristics of the infective strain
[23]hut the pathological events and the specific Ab level determine the changing
mode as well as the intensity of C activation during the whole process. In our
cases it was not an insufficiency of the C system that was mainly responsible
for the lethal outcome. The relative lack of circulating Ab-s may play the
decisive role in it, inducing favourably the activation of the less efficient Al
pathway.
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The effect of an attenuated apathogenic avian bursa virus on the course of human
hepatitis A viral infection was studied in marmoset monkeys. The monkeys were infected with
human hepatitis A virus, then superinfected with avian bursa virus one and three weeks
after initial inoculation with human hepatitis A virus. The superinfected monkeys did not
show the characteristic serum glutamic pyruvic transaminase (SGPT) elevation. Also their
liver biopsies showed no pathologic changes. The virus control animals exhibited six times
higher SGPT enzyme elevation than the superinfected groups, and hepatitis was detected by
histopathology. This experiment, as known to us, is the first in which a definite interference
was documented using a nonpathogenic virus against a highly pathogenic and clinically signif-
icant human virus. This should be considered a successful experiment demonstrating that
the use of an apathogen virus for the cure of a virus-induced disease is a realistic possibility.

Although intensely studied for the last sixty years, viral hepatitis remains
a major public health problem. Viral ;hepatitis is caused by several different
viruses. Hepatitis A virus (HAV) accounts for 60-80% of the reported cases,
and hepatitis B virus (HBV) is responsible for 10-30% [1]. In addition, based
on the lack of HAV and HBYV antibodies, the existence of at least a third
type of viral hepatitis (non-A, non-B) and possible others were suggested [2].
Hepatitis A is transmitted primarily by the fecaloral route and occurs endemi-
cally and epidemically. The transmission takes place by contaminated water,
food and drink [3]. Hepatitis B is transmitted by direct inoculation and by
close personal contact, and is usually endemic. Hepatitis non-A, non-B is
currently recognized primarily in post-transfusion patients [3].

HAV infection remains a major public health problem. There is no
vaccine or special treatment available. Marmoset monkeys are a suitable
experimental model for studying HAV [4]. The virological, serological and
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pathological changes that characterize HAY infections and type A hepatitis
in human patients can be reproduced experimentally in these animals [5].
However, the signs and symptoms are less remarkable in monkeys than in
humans. The aim of this study was to determine whether the infection of
marmosets by HAV could be altered by administering an avian bursa vaccine
[6] postinfection.

Materials and methods

Human hepatitis A virus. Faecal specimens were obtained during the acute phase of
hepatitis A (MS-1 prototype) from an infected chimpanzee. Inocula for intramuscular inocula-
tions consisted of a 5% fecal suspension (w/v) diluted in phosphate-buffered saline (pH 7.2),
clarified (300 g for 30 min.), filtered (0.45 nm filter prewashed with Hank’s balanced salt
solution containing 1% albumin). The inoculum was diluted 1 : 500 and 0.5 ml inoculated per
animal. This dose of virus induces hepatitis in inoculated animals usually within five to six
weeks.

Avian bursa vaccine. Marmoset monkeys were inoculated with the Bursa Disease Vac-
cine (Sterwin Laboratories, Inc. Millsbhoro, Delaware; Bursa-vac No. G-603). This vaccine is
used for the prevention of avian bursa disease. Each marmoset monkey was inoculated with
50 units orally and 50 units intranasally on days described below.

Animals. In an exploratory study before the start of the main experiment, the effect
of avian bursa virus was studied in four adult, wild- caught and/or colony-born and reared
red-bellied marmoset monkeys (Saguinus labiatus labiatus). Four monkeys served as unin-
oculated controls.

In the main experiment, the monkeys were divided into five experimental groups of
four animal each. In each animal the baseline enzyme values were determined prior to inocu-
lation. Baseline data of three consecutive weeks included serum glutamic oxaloacetic trans-
aminase (SGOT) and serum glutamic pyruvic transaminase (SGPT). Percutaneous liver biopsies
were performed on the third week. Each group was treated in this following manner: Group 1,
inoculated with saline; Group 2, inoculated with HAV; Group 3, inoculated with HAV and
treated with bursa vaccine one week post-inoculation; Group 4, inoculated with HAV and
treated with bursa vaccine three weeks post-inoculation; and Group 5, inoculated with HAV
and treated with bursa vaccine five weeks post-inoculation. The treatments with bursa vaccina
were repeated four consecutive days in each vaccinated animal.

During the experiment, each animal was bled weekly and percutaneous liver biopsies
were performed bi-weekly, except for the fifth and sixth weeks. SGOT/SGPT levels were
determined for each serum sample. Serum (approximately 0.2 ml) was stored at 20 °C for
future evaluations. Tissue sections of the liver biopsies were histopathologically evaluated for
evidence of hepatitis. All animals were sacrified at 10 weeks, and necropsies were performed.
All major tissues were saved in 10% buffered formalin. In this report, we emphasized the two
major parameters of viral hepatitis A, the presence or absence of elevated enzyme level (SGPT)
and the presence or absence of histological evidence of hepatitis.

Results

In the exploratory experiment, there was no evidence that the avian
bursa virus affected the animals. The SGPT and liver biopsies remained in
normal range.

In the main experiment, the baseline data remained within a normal
range. The data during the viral exposures are demonstrated in Figs 1, 2
and 3 and are described below.

Group 1. Transaminase levels remained normal and there was no histo-
logic evidence of hepatitis throughout the experiment.
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Fig. 1. Interference between human hepatitis A virus and an attenuated apathogenic avian

bursa virus. - « Group 1, saline control 0-——-0 Group 2, HAV inoculated, #eeee.

Group 3, HAV -(- bursa virus 1 week post inoculation, m e<—e« Group 4, HAV - bursa virus
3 weeks post inoculation

Fig. 2. Liver biopsy from marmoset monkeys inoculated with HAV. Biopsy was done five
weeks after inoculation with HAV. There is focal leukocytic infiltration, hepatocellular necrosis
and cellular degeneration. Haematoxylin-eosin stain, X150

Group 2. SGPT levels remained normal until the fifth week post-inocula-
tion. On week five, the average SGPT level was six times the baseline value
and there Mas histological evidence of hepatitis (Figs 1 and 2). On week six,
average SGPT levels were twice the baseline, value, and there was still evidence
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Fig. 3. Liver biopsy from marmoset monkeys inoculated with HAV followed by inoculation
with avian bursa virus one week later. Biopsy was done five weeks after inoculation with HAY.
The normal architecture of the liver can be recognized. Haematoxylin-eosin stain. X 100

of hepatitis microscopically, although inflammation was not as severe as
seen on week five. At seven weeks, the SGPT levels and liver biopsies became
and remained normal through 10 weeks.

Group 3. No evidence of hepatitis was observed; SGPT levels remained
normal and liver histology remained normal through week 10 (Figs 1 and 3).

Group 4. The results were the same as for Group 3.

Group 5. SGPT levels remained normal until week five at which time
there was a fivefold increase. Contamitantly, there was histological evidence
for hepatitis. On week six, the SGPT levels returned to twice the baseline, and
there was still evidence of hepatitis microscopically similarto that observed in
Group 2 at week six. At seven weeks, the SGPT levels remained normal and
liver biopsy morphology returned to normal, and it remained normal through
10 weeks.

All animals were sacrificed on week ten and autopsies were performed.
No gross pathology was observed in any of the animals. Tissues from liver,
lung, kidney, spleen and hrain were processed and slides were made for micro-
scopic evaluations. No liver pathology was observed and all other tissues appear-
ed normal.

In addition to the SGPT enzymes, the SGOT enzymes were also deter-
mined. The levels of the SGOT enzymes did not show significant changes in
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different groups during the course of this experiment. It should be noted
that the SGPT, and not the SGOT enzymes are the most sensitive indicator
of hepatitis in marmoset monkeys [5].

Discussion

One of us (LKC) made an observation that concurrent viral infections
can significantly influence the outcome of viral and hypothetical viral diseases
in humans [7, 8]. By systematic data collection, the most remarkable inhibi-
tions were seen in the human herpes [7] and hepatitis viral infections. Under
carefully controlled and monitored conditions the apathogenic bursa virus
interfered with both the human hepatitis A and B viral infections. The inter-
ference was recognized in spite of the fact that IIAV is an RNA and HBY
is a DNA virus, and they differ from each other in a lot of characteristics.
The bursa virus is a double-stranded RNA virus. This peculiar RNA structure
of the bursa virus may possibly esplain why both hepatitis viruses are affected.

For evaluation of these observations, suitable animal models were
sought to study the interference under experimental conditions. It was found
that the effect of an oncogenic animal virus can he favourably influenced by
human influenza virus [7]. In a preliminary experiment, it was also found that
the avian encephalitis virus markedly (70%) reduced the mortality of mice
preinoculated with a strain of rabies virus. The other six viruses in the same
experiment — avian Newcastle, duck plague vaccine, avian infectious bron-
chitis, bursa virus, canine hepatitis and canine distemper had little or no
effect on mortality [9J. From this rabies experiment previously mentioned,
it can be concluded than when viral interference is used, the key point is to
find the suitable interfering virus which is apathogenic to the host and which
is capable of eliminating the harmful effect of the pathogenic virus. In another
experiment, interference was also found between Rous’ sarcoma, Marek’s
disease and avian bursa viruses [9]. The mechanisms of interference need a
great deal of further exploration. Among others, there are possibilities that
the apathogenic virus interferes by (i) inhibition of the attachment of the
pathogenic virus on the cellular receptor, (ii) intercellular inhibition of viral
reproduction, assembly and maturation n cells by the challenging virus,
(iii) interferon production, (iv) stimulation of immuno-response induced by
the superinfecting apathogenic virus.

In our most recent in vivo experiment [10], we succeeded enhancing
the virus interference phenomenon by adding to the interfering viruses an
antihistaminic compound (chlorpromazine), [I1].

The fifth group of four animals was superinfected five weeks after HAV
infection. This group did not show differences in SGPT and liver histopathology
from the positive control group. Very likely, the reason is that in marmoset
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monkeys the detectable symptoms are already present at five weeks, similar
to the illustration in Figs 1 and 2. In humans, in which the course of the diseas
is more severe and lasts longer than in monkeys, the beneficial effects of the
interfering virus could last probably much longer. Even when clinical signs
are already present, the superinfecting suitable virus is capable of interrupting
the pathological process in any phase of the disease. Experiments have been
initiated using animal models for the study of the effects of apathogenic viruses
on human hepatitis B and non-A, non-B viral infections.
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Introduction

The increasing pressure of population and predicted world food shortage
have created a demand for new protein sources for human nutrition. This has
mainly been seen in underdeveloped countries where increasing malnutrition
is an important problem requiring an urgent solution.

Intensive research has heen carried out to find and develop cheap sources
of protein such as yeast, fungi, bacteria and algae. Biomass containing at least
50% of protein can he produced by each of these groups of microorganisms
and the term Single Cell Protein (SGP) has therefore been applied to the prod-
ucts. Nevertheless, due to their high content of protein and their rapid growth
on a variety of substrates, microorganisms are potentially a significant source
of protein for nutritional use [1]. The main incentive for the widespread
research on their utilization as food is provided by authoritative prognoses
concerning world food supplies and population increase [2].

Since 1967, conferences and symposia on Single Cell Protein have pointed
out some problems concerning many toxicological, psychosocial, physiolog-
ical and nutritional factors associated with the use of SCP. Furthermore,
several authors [2-8] have summarized most of the knowledge of different
types of SCP as a source of food for human and animal nutrition. Many econ-
omic, processing, nutritional, safety, regulatory and functional criteria must
be fulfilled before SCP will be generally available and acceptable.

Frank Hernandez Rohai.es

Laboratorio de Bioquimica y Nutricién. Direccion de Biomedicina, Centro Nacidnal fle Investigaciones Cientifieus.
Aptdo. 6940. Eu Habana, Cuba
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160 ROSALES

SCP for human food has been successfully accepted when grown on
various sources of substrate such as molasses, starch, hydrocarbons, waste
by-products, ethanol and methanol [2, 9 15]. But the use of SCP directly as
human food may be hampered by several serious shortcomings [16]. Most
of SCP sources contain pharmacoactive or toxic substances.

Food yeast is the only example of SCP which is currently produced for
use as human food [17]. Nowadays the most popular food yeasts are coming
from Saccharomyces and Candida genera and their potential as a source of
protein for human consumption will lie analysed below.

Yeast technological processes

Keeping in mind the above considerations, much of the research and
development on SCP has been concentrated on the production of biomass.
For potential human use, however, biomass from yeast should be regarded
as a protein-rich raw material requiring further processing before it would
become valuable as a high protein food [4]. It has been demonstrated that
protein concentrates or isolates prepared from SCP have a better nutritional
quality than the original intact cell [1, 2] because of their nucleic acid content,
the presence of undesirable physiologically active components, the deleterious
effects of cell wall material on protein bioavailability and the lack of requisite
and discrete functional properties of intact cells [4].

Many methods have been developed to improve the overall nutritional
properties and efficiency of yeast protein [1, 2, 18-21].

Most of the technological processes generally begin by rupturing the cell.
This is followed by protein extraction by one or a combination of various
methods. Cell rupture and protein extraction are made by means of endogenous
or exogenous enzymes, mechanical devices, chemical solvents or using physico-
chemical properties [22-29]. For yeast cell rupture Asenjo and Dunnill [30],
have recently described an economic and elegant method in which they
isolated a complex of yeast-lytic enzyme on a pilot scale from Cytophaga
species and immobilized this enzyme complex on soluble polymeric carbo-
hydrates from which they obtain further rupture of yeast cells. Mosqueira
et al. [31] have developed a mechanical-centrifugal study of bakers’ yeast
which showed a good correlation between laboratory and industrial scale of
protein functional properties. Other methods have also been discussed in the
literature [4, 32-36].

Nevertheless, all these methods are time consuming and fail to produce
a yeast protein concentrate or isolate with certain established safety and
superior nutritional quality. In spite of this, PAG guideline No. 12 [37] is
a general guide for producers on processes for products from SCP for human
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consumption. The end product must be submitted to intensive evaluations
in order to prove with certainty its safety and good nutritional characteristics
for man 148. 39].

Another procedure is frequently needed for nucleic acid reduction to
levels required for human consumption. A process of producing isolated yeast
protein low in nucleic acid by adding exogenous nucleases to protein separated
from ruptured yeast cells, has been reported [26] and, Limblom [32] and
Hedenskog and Ebbinghaus [40] showed a decrease in nucleic acid by combin-
ing ionic strength, heat treatment and acid precipitation with alkaline protein
extraction. Sinskey and Tannebaum [411reviewed the possible advantages

Table 1

Nucleic acid content, per cent, in some single cell protein sources

Candida lipolylica 9.0 115
Saccharomyces cerevisiae 6.0 8.0
Saccharomyces carlsbergensis 6.0 7.5
Candida tropicalis 8.5 9.7
Candida atilis 75 105
Pseudomonas sp. 17.0 185
Spirulina 3.8 4.6

and disadvantages of the methods for nucleic acid removal from SCP. From
all of these papers it is clear that the known processes for nucleic acid reduction
have not solved the problem of obtaining a suitable final product.

Conventional procedures of the reduction of nucleic acid and extraction
of yeast protein can produce extensive proteolysis by endogenous proteases
reducing the total yield of protein. Nucleic acids constitute one of the main
factors limiting the use of yeast as a food source for human nutrition. The
content of nucleic acids in various microorganisms is shown in Table I.

Uric acid is the final metabolic product formed in man from the purine
moiety of nucleic acids. In man the level of uric acid in plasma and urine is
affected by two main factors: the purine and protein contents.

Uric acid is insoluble at physiological pH. When the blood uric acid
level is high, crystals may form in the joints, causing gout or gouty arthritis
[16], because man lacks the enzyme uricase for oxidizing uric acid to the
substance allantoin which is eliminated in urine. Thus the nucleic acid in
yeast cells must lie reduced by any process since the daily intake of nucleic
acid from yeast should not exceed 2 g on dry weight basis [42]. Many proced-
ures for nucleic acid reduction have been assayed [20, 25, 26, 43-45].

A well-known problem is that some SCP products from technological
processes provoke alterations of the proximal part of the renal tubuli, being
the nephiotic factor induced by treatment with 0.1 in sodium hydroxide

.Ida Microbiologica Hunearica 31, 1984
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during manufacturing. This fact has been discovered to be due to lysinoalanine,
a toxic derivative of lysine [46-48].

During yeast treatment dénaturation of protein, racemization of amino
acids, beta-elimination and cross-linking of certain amino acids and formation
of potentially antinutritive compounds, can be a serious problem because
functional proterties are significantly destroyed and utilization of yeast
protein is limited in food application [4, 49, 50]. Functional properties of yeast
proteins must be evaluated if one wants to know how these new proteins
behave in specific food systems and if they can be used as an additive in diet,
to replace or simulate conventional proteins in different foods and their capac-
ity for production of new proteinaceous foods [4]. Characteristic properties
of solubility, flavour and texture together with the foaming and emulsifying
capacity of yeast proteins have extensively been studied [21, 34, 51, 52]
although we should need more information about the functional properties
of yeast if one would wish to introduce it in the food system.

The yeast cell wall is another factor significantly affecting the nutritional
value of yeast. An important decrease in yeast digestibility occurs because
th<* cell wall does not allow the action of gastrointestinal hydrolases.

The molecular structure of the yeast cell wall has been postulated by
Kidby and Davies [53], who described a net formed by a complex of the poly-
saccharides glucans and mannans with a disulfide bridge containing protein
as a linking point. This structure is very difficult to break. It can be hydrolysed
by specific enzymes present in the intestinal tract of some snails.

Apart from decreasing the digestibility and, of course, the nutritional
value, the cell wall may cause adverse reactions such as allergic effects, toxi-
cological reactions, gastrointestinal disturbances, etc., which may also impair
the biological value of yeast. Ernst et al. [54] showed in a series of metabolism
studies where rats were fed a diet containing 10% protein provided by whole
yeast or destroyed yeast cell wall that intact yeast was significantly lower in
biological value than the destroyed yeast cell wall. At the same time Ocio
and Vinaras [55] concluded that whole brewer’s yeast impaired body weight
gain in rats due to difficulty in digestive hydrolysis of the yeast cell wall.

Thus, a process to disrupt or modify the cell wall structure is necessary
for most of the yeast strains. In this sense, Kinsella and Shetty [4] have
developed a method employing succinylation to render a yeast protein with
improved functional properties and a low nucleic acid level with reducing
degradation of proteins by endogenous proteases during incubation. In another
paper [1] they have discussed the effect of soluble thiol reagents on the extract-
ability of protein from yeast cells. The thiol reagents activated significantly
the activity of glycosidases and endogenous proteolytic enzymes. They showed
that reduction of disulfide bridges of the protein in the cell wall by thiol
reagents, may facilitate the release of the bound inactive glycosidases in the
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active form anil, at the same time, these reagents may cause destruction of
specific polypeptide inhibitors of the endogenous proteases.

Thus, some improved method for yeast protein concentrates or isolates
with many applications for industrial food must he developed in the near
future.

Toxicological aspects

Because of technological processes, the yeast protein may result in an
undesirable or harmful product since it is exposed to treatments which may
produce toxicological effects. The toxicological aspects of the use of solvents
in food technology are summarized in the 14th report of the Joint FAQO/W 110
Expert Committee on Food Additives [56] as follows: (a) treatment with
solvents may affect the nutritive value of foodstuffs, (b) residues of solvents
may have toxic effects, (c) impurities in solvents and additives to solvents may
remain in the extracted food and have toxic effects, and (d) a solvent may
react with the constituents of a foodstuff to form toxic products.

Many authors have shown the effects of the most frequently used
treatments for SCP production as protein modification or food conventional
impairment up to a certain toxic level [2, 57-59]. For example, toxicological
consequences of the Maillard reaction on food products have extensively been
reviewed in animal experiments [60]. Alkali-treated proteins and lysinoalanine
products were found to cause a renal alteration characterized by nuclear and
cytoplasmic enlargements, with alterations in DNA synthesis, mitosis and
nucleoproteins [46, 61]. The nephrotic factor was found to be heat stable 17].

Toxicological tests employ more or less similar schemes [62] which are
summarized in Table Il. In spite of this, several national and international
organizations have elaborated guidelines and protocols for the various types
of food additives and contaminants [38, 39, 63-73]. These guidelines and
protocols serve as a general recommendation rather than as a series of mandat-
ory procedures for testing novel sources of proteins.

Table 11

Toxicological test for single cell protein
De Groot [73)

Test Time
Sub-acute feeding test 2 weeks
Sub-chronic study 3 months
Chronic study 2 years
Multigeneration study 3 generations
Teratogenicity study 20 days
Mutagenicity study 15 20 days
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Some yeast samples were subjected to subchronic toxicological studies
in rats by BP Proteins Ltd [74J, other studies were performed in pigs, chickens,
dogs, rabbits and cats. It was concluded that alkane-grown yeasts do not
bave toxicological or deleterious effects and similar results were obtained with
the same yeasts in one and two-year feeding studies in rats [75 78].

Furthermore, these results have only permitted yeast grown on hydro-
carbons to be used for feed because the principal factors which impede its
generalized use in human food are safety and tolerance, although other crucial
factors are also involved. For instance they do not exceed the level of amino
acids required for normal tissue function, because various metabolic mechan-
isms do not permit such an excess. Intake of large amounts of amino acids
may produce toxic reactions in which the plasma concentration of the admin-
istered amino acid rises to very high levels [791 In Table 111 the factors
involved are summarized; for tolerance the data in Table IV must be taken
into account.

Table 111

Safety factors involved in evaluation ofyeast protein
FAO/WHO PAG guideline [38]

Nutritional adeyuacy of test diet

Identity of test animals

Natural toxicants

Microbiological toxins

Extraction residues

Multilevel feeding of test protein
Comparability of thest and basal diets
Highest feasible feeding level of test protein

Table IV

Tolerance ofyeast protein
Yudkin [106]

Social factors Psycho-physiological
factors
Religious and social habits Inheritance
Social class Allergicity
Instruction in subject of nutrition
and hygiene Acceptability
Publicity Palatability

Mauron [80] in 1975 wrote: “neither yeast, bacteria nor fungi will make
their entry into food during the next years for safety reasons and because
there is no need and no commercial demand for them as long as the huge
plant protein reservoir is not better used for food purposes”. | believe safety
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reasons, at least in yeast, may be obtained and the last years have shown
that there is a need of another new source of protein than plant protein and
mankind has in this moment the possibility to find them.

Nutritional aspects

Nutritional value of fooil protein must lie predicted in order to establish
its quality. Quoting PAG guideline No. 6 [38] “Ideally, the nutritional evaluat-
ion of protein foods should be made in relation to their potential role in the
diet of the population for whom they are intended. Whereas this would pre-
clude assigning a single numerical rating to a given protein which under all
conditions of use would avoid the fallacy of assuming that such a rating, based
on a single level as the sole source of nitrogen to the test animal, provides
a true measure of its nutritional value as a supplement to the diet or to specific
food for man”. Determination of protein quality is conducted with a variety
of biological, chemical or microbiological methods. Table ¥ shows the methods
used to determine the nutritional quality of a food protein. Most of these
methods have, however, some advantages with respect each other and none
of them may by itself prove the final nutritional quality of a protein. To set
out the nutritional quality of a protein, a battery of these methods must be
performed, preferably on different animal species although the rat is more
widely used than others. Nevertheless, there is much controversy about the
adequacy of the various procedures [81] because many authors believe that
there are only two parameters to evaluate the nutritive A'alue, growth and
nitrogen balance.

In yeast many nutritional evaluation have been performed in animals,
and have shown that yeast has an acceptable nutritional value as a source
of protein for feeding purposes [2, 55, 82 84]. Nutritional value for some
strains of yeast is shown in Table Y1.

Table V
Classical methods of nutritional quality measurement

Chemical tost Reference Biological test Reference
Chemical Score (CS) [107 1 Protein Efficiency
Ratio (PER) [115]
Essential Amino
Acid Index (KAN) [108] Nitrogen Protein Utilization
: o (NPU) [HO]
Available Amino Acid 109, 110, 111] Liver Protein Utilization
(LPU) [117]
Biological Value (BV) [118, 119]
Digestibility in vitro 1112, 113, lit) Net Protein Ratio (NPI1) [1201
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Table VI

Nutritional value of different yeast strains

Species BV D NPU PEWN
Saccharomyces cerevisiae 58.8 80.7 47.5 1.99
Saccharomyces carlsbergensis 66.5 84.7 55.8 2.24
Strawberry yeast 65.6 76.3 50.1 2.30
Candida utilis 12.8 83.3 35.7 1.76

On the other hand, there are numerous methods for nutritional evalua-
tion. Many authors have tried to develop new single, economical, rapid and
potential methods for testing food while it is manufactured and to assess the
nutritional quality of the end product. Harper [85] wrote that “There are
two main reasons for developing methods for protein evaluation. The first
is to provide a procedure for ranking protein according to its efficiency of
utilization under a set of standard conditions. The second is to predict the
efficiency of utilization of protein as a source of nitrogen and amino acids for
meeting the amino acid requirement of man and animals. These arc not differ-
ent ways of saying the same thing, as is often thought, but are distinctly
different objectives”. In this sense | want to call attention to the work of
Pion [86] who studied the relationship between the blood and muscle levels of
lysine, threonine, isoleucine and methionine and the levels of these amino
acids in the original diet; he found that growth and intake were affected only
when the amino acid levels were lower than the requirements supposedly due
to the nutritional quality of the diet and he measured the efficiency of utiliza-
tion of protein as a source of nitrogen and amino acids.

Omstedt et al. [87] utilized the measurement of protein synthesis in
vitro, as a rapid biological evaluation of protein quality to evaluate tin; effect
of processing on the nutritional value of Saccharomyces cerevisiae. They de-
monstrated that incorporation of radioactive amino acids into protein by
muscle ribosomes is proportional to the quality of the test protein source
after feeding rats for 6 days. With this method they found a good comparison
with the nitrogen efficiency ratio (NER). Because of environmental and seaso-
nal factors there are, however, variations in the level of protein synthesis
between experiments. They have attempted to avoid this by including stand-
ard diets as reference in each experiment. Rut that did not solve the problem
because there are variations between the values obtained in different experim-
ents with the reference diets casein and wheat gluten.

Eggum [88] estimated the blood urea level after 5 days feeding of rats
as an indicator of protein quality. He found that the blood urea level decreased
with increasing quality of the protein in the diet. But the experimental condi-
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tions must be standardized, especially in relation to the protein content of the
diet and to the time after feeding at which blood samples are taken. The
nutritional consequences of the Maillard reaction have also been analysed.
Availability of some essential amino acid is strongly reduced in rats by the
formation of the Amadori compound derivatives [89-93]. These compounds
are formed by reaction of sugar carbonyl groups with the amino group of
the amino acids in presence of an alkali medium or by storage of dehydrated
and semi-moist foods [94). The Maillard reaction has also been studied from
the point of view of physical consequences on food. Browning is one of the
major problems leading to a darkening of protein colour, insolubility, and the
subsequent nutritional loss and a bitter flavour [94]. For these reasons
processed foods must be evaluated for biological quality and physico-functional
properties, and also for toxicological effects.

Thus, from analysis in animals, extrapolation of nutritional data to
human beings is more acceptable than are the toxicological ones, especially if
they were performed on animals having nutritional aspects similar to those
of humans. As PAG guideline No. 7 [39] recommends, final evaluation must
he realized on humans. The nutritional test recommended by guideline No.
7 for human evaluation are: Biological Value, Digestibility and Net Protein
Utilization; they are to be performed in the same manner as in animal evalu-
ation. Unfortunately, limited information lias been published concerning
humans fed yeast.

Chemical and biological evaluation of the nutritive value of biomass and
protein concentrate from Candida utilis have been done by Kuzela et al. [95,
96]. They have measured in weanling rats the digestibility, biological value,
NPU, and PER, and have suggested the potentialities of the protein concentr-
ate of C. utilis and other similar preparations in meeting the protein needs of
domestic animals.

Wolf et al. [97] evaluated the biomass of Torula and a Saccharomyces
extract by the measurement of EAA, PER, and NPU for establishing some
recommendations about the criteria that must be followed for acceptability
of these yeasts for human food.

The nutritional effect of modified proteins by chemical treatment were
also analysed [98, 99]. It was found that modified essential amino acids be-
come partially unavailable when these proteins are given to rats and compared
with rats fed unmodified proteins. An excess of amino acids in the diet may also
produce adverse nutritional consequences. Antagonisms and amino acid
imbalances arise from feeding one amino acid in excess inducing a poor utiliza-
tion of the diet [79].
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HHinan fed yeast test

Since the first years of this century, experimental tests were done to
explore yeast consumption as a food for humans [100]. During World War |
and Il many thousand tons of yeast were consumed in Germany and Japan
by the army, prisoners of war and the civilian population [3]. Nevertheless,
all these trials showed contradictory results and we have little information
about the factors responsible for the unfavourable reactions to the feeding of
several types of SCP to human subjects.

It has been reported that humans fed molasses yeast of not more than
15 g daily showed unacceptable gastrointestinal reactions [101, 102]. It is
believed that the agent employed to avoid foam and microbial contamination
was responsible for the reaction. Various trials were performed in the Massa-
chusetts Institute of Technolog to investigate the effect of feeding different
amounts of yeast to human beings [3, 103]. They fed hatches of Torula yeast
grown on sulphite and glucose media in several different experiments on
human volunteers. No gastrointestinal disturbances were observed in 72 subj-
ects fed 45 to 135 g Torula yeast daily for 60 days, while 12 to 23 individuals
consuming the sulphite-grown yeast in quantities of 90 or 135 g daily, respect-
ively, developed a painless and apparently self-limiting desquamation of the
skin of the palms and soles. This disappeared spontaneously before or soon
after the yeast feeding had been discontinued. An antigen prepared from the
yeast did not evoke a dermal reaction in any subject, so the response was
not due to an allergic process. It was assumed that some impurities in the
culture medium were the cause of the effect.

Another trial of this group was the evaluation of two new single cell
products, one a bacterium and another a yeast grown on ethanol as substrate.
Two groups of 50 subjects were fed 12 and 20 g, respectively, per day. There
was no indication of any problem in an extensive program of preclinical test-
ing in different animal species. Over 80% of the experimental subjects
consumed the material daily during a 6-month tolerance trial without de-
monstrable consequence. However, nearly 20% developed sudden nausea,
vomiting, diarrhoea and prostration after consuming the material unevent-
fully for a few days or a few weeks.

In the same study, tests were performed of serum total protein, albumin,
alkaline phosphatase, glutamate oxalacetic transaminase, glutamate pyruvic
transaminase, glucose and uric acid; and urinary sugar, acetone, 17-hvdroxy-
steroids, 17-ketosteroids and microscopic examination of the sediment; all
tests gave normal values.

Later Abrahamsson et al. [104] performed an experiment with yeast
grown on ethanol at the same intake level but only for 6 weeks. Only one of
their 20 subjects developed nausea and vomiting during the sixth week.
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After an interval of two weeks, without consuming the yeast or experiencing
symptoms, the same subjects were again fed tin* material and both nausea
and vomiting returned.

In some primitive communities large quantities of yeast are consumed
as a current food, but it is not known whether they suffered gastrointestinal
and dermal reactions. Still, according to the Thirteenth Expert Committee
FAO/WHO [105], traditional use of a material does notconstitute evidence
of its safety.

In other studies of human feeding of certain SCP sources have shown
other pathophysiologic reactions such as pain and oedema ofthe great toe [16].
These symptoms may be due to the high nucleic acid content of the cells used
in these trials.

Conclusion

Extensive information on yeast as a source for human nutrition is still
lacking in spite of the great interest in the field. In any case, we have to take
into account that yeast for human consumption must meet the following
requirements: (a) specific chemical and functional properties, (b) a prescribed
level of safety and (c) good nutritional characteristics. The last two points
must be evaluated in animals and humans. Should these points be reached
successfully, then we shall be able to recommend the introduction of yeast
protein into the human food system.
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POSSIBLE ROLE OF LINCOMYCIN-THERAPY IN
THE GENETIC ALTERATION OF A STAPHYLOCOCCUS
EPIDEMIC POPULATION
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Budapest

(Received November 8, 1982)

In a staphylococcosis epidemic occurring in a child community, the proportion of
inducible lincomycin resistance has risen significantly in the bacterium population. This
conveyed the possibility that lincomycin or its derivatives may induce a lincomycin resist-
ance in Staphylococcus aureus as it is already known in streptococci. Examination of human
and animal samples obtained during lincomycin treatment showed that lincomycin had no
role in the induction of resistance; the agent can effectively be applied against pathogens of
the above-mentioned phenotype. Immunological examination of serum samples provided
opportunity for a more exact localization of the protein-linkage of lincomycin.

As it is known, the resistance against antibiotics belonging to the macro-
lide-lincosamide-streptogramin B group (MLS antibiotics) can be inducible or
constitutive in type. In inducible resistance the inducing agent, through
altering the conformation of mMRNA, causes a reversible dimethylation of the
adenins of 23S rRNA; the modified ribosomas have a low affinity to MLS
antibiotics, therefore they do not inhibit translation [1-4]. Most often, the
inducing agent is some subinhibitor-concentrated macrolide antibiotic [1,
3], but in the case of streptococci it can also be lincomycin (Lm) [2]. Constitut-
ive resistance is the outcome of a mutation taking place on the R-determinant,
the adenins of the rihosoma are present in dimethylated form, even without
the presence of an inductor [1].

Such type of MLS-resistance based on ribosoma-modification is common
among microorganisms [4, 5]. In addition, the R-determinants of Staphylococcus
aureus and different streptococcus species show a phylogenetic relation on
the basis of DNA-hybridization; relying on experiments in vitro, a genetic
substance, exchange through transposon, “gene-epidemy” [4, 5], may be
presumed. It seemed therefore interesting to examine whether Lm had a role
in inducing MLS-resistance also in staphylococci.
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The* idea of the possible resistance-inducing effect of Lm and its derivat-
ives emerged during a staphylococcal epidemic in the second half of 1976,
in three nurseries being in close contact through the exchange of babies [6,
7]. The S. aureus strains isolated proved to be Lm-sensitive and some of them
contained such R-determinant that specifies inducible MLS-resistance (ind +
character) [8]. Though as a result of parenteral Lm-therapy introduced on the
basis of laboratory results the morbidity rate diminished somewhat, the
epidemic persisted and pathogenic strains were continuously isolated from both
the patients and the environmental samples till the end of 1981. Between 1977
and 1979 the proportion of ind + strains in the S. aureus population of the
nurseries grew from the original 2.4% to 48.9% [6]. It was therefore studied
whether Lm had a role in the change of the genetic composition of the popula-
tion.

Materials and methods

Bacterial strains. S. aureus strains used in the induction examination are shown in
Table 1.

Antibiotic sensitivity tests. The semiquantitative antibiotic sensitivity of bacteria was
tested on DST agar (Oxoid, London) by disc diffusion method [9] with “Resistest” discs
(Institute for Serobacteriological Production and Research Human, Budapest). Determina-
tion of MICs was carried out by the agar dilution method [9J

Analysis of in vitro induction. Induction of Lm-resistance was carried out on solid
culture medium by the modified method of Malke et al. [2]. Bacteria were grown simultaneo-
usly on plates containing subinhihitory concentrations of antibiotics (erythromycin 0.3 “ug/ml;
Lm: 0.01 or 0.1 //g/ml) at 37 °C for 24 h, then they were inoculated onto plates containing
4 /7g/ml Lm, and further incubated at 37 °C.

Experimental Lm-treatment. Wistar R rats and New Zealand rabbits were treated
intramuscularly with 20 mg/kg body weight Lincocin (Upjohn, Puurs) every 12 h for 2 days.
Blood was obtained from the rats by bleeding and from the rabbits by heart-puncture. Human
tests were performed on 4 healthy male persons aged 25-30 years. In two cases the dosage
was 0.5 g Lincomycin hydrochloride (V/O Medexport, USSR) orally 3 times daily for 3 days,
and in two cases 600 mg Lincocin® was given in intravenous infusion. Time of blood-drawing
was chosen so that the Lm-level in the serum should fall under the MIC. Thus the presumed
inductor substance can still be present, but the Lm in the sample cannot delay the growth
of bacteria.

Antimicrobial assay was carried out with radial diffusion [10]. The inultiplesensitive
S. aureus LK9001 was used as indicator strain (see Table I). The plates containing 25 ml DST
agar were seeded by flooding with 3 ml of the 3 h broth culture of the indicator strain so as
to give a confluent growth. Wells 1 cm in diameter were made in the agar and into these were
measured 0.1 ml volumes of the calibrating Lm-dilutions and samples. After one half hour of
diffusion at room temperature the samples were incubated at 37 °C for 16 h. Lm-concentration
in the sample can he read off the diagram obtained on basis of the size of the inhibition zones.

Analysis of the resistance-inducing effect of samples. Culture medium was prepared at
a ratio of 1:1 from serum obtained after each Lm-treatment or from rat-liver and -kidney
homogenate in 8% DST agar prepared with Sorensen buffer pH 8.5. The control culture
media contained unprocessed serum or physiological NaCl solution instead of serum. From
the 3 h broth culture the bacteria were inoculated onto plates then after a 90 min pheno-
typical expression at 37 °C, Lm discs were put on the lines of inoculation and incubated over-
night at 37 °C.

Physico-chemical analysis of the sera. Immune electrophoresis was performed accord-
ing to Scheidegger [11]. “DISC”-polyacrilamide gel electrophoresis (PAGE) was carried out
as described by Ornstein [12] and Davis [13].
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Table |
Characterisation of the s. aureus strains used in induction experiments

Resistance

Strain Origin L;T.]g/r'::lllc
Pc Em Lm
PMI 151 A R R Ri 1.0
PM 1007 A R R Rj 1.0
PM 1486 A n R i 1.0
PM 1661 A R R Hi 1.0
PM 1020 A R i Ri 0.75
PM 1954 A R R Ri 0.75
PM 246 A R 1n s 05
1.K900I n S S S 0.1
Pc = penicillin; Em = erythromycin; Lm = lincomycin; R = resistant; R, = resistance

induced by Em; S —sensitive
Origin:
A = strain originating from nursery epidemic (isolated and identified at the Department
of Bacteriology, National Institute of Hygiene, Rudapest);

B  strains originating from patients of Laszlo Hospital (isolated and identified in our
laboratory)

Results

Inductional experiments. To decide whether Lm was responsible for
induction of resistance of S. aureus strains causing the epidemic, bacteria
were grown on agar plates containing Em and Lm at subinhibitory concentra-
tion and inoculated onto plates containing Lm at a concentration higher than
MIC. According to the test only erythromycin (Em) could induce the Lm
resistance of these strains in vitro.

Next human and animal sera were studied for induction. When examin-
ing Lm sensitivity on media made with sera, the size of the inhibition zone
was the same as the one observed on the control agar containing no serum.
Similarly, no induction has been observed on media prepared from rat liver
and kidney.

Physico-chemical analysis of the sera. The are of IgG became diffuse in
the immunoelectrophoretic pattern of the serum of a healthy male treated
with Lm. This finding indicated a decrease of the IgG level. This dropped at
4 h after the first administration and the decrease could still he detected 12 h
after the end of treatment (Fig. 1).

According to PAGE the motility of part of the gamma globulins was
accelerated by Lm treatment. Both IgM and IgG showed détachement of new
fractions; their amount seemed to be stable during therapy but diminished
after finishing the treatment (Fig. 2). Same patterns were shown by the electro-
phoresis of animal sera.
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Start

Fig. 1. Immune electrophoresis of serum of a healthy male treated with lincomycin (rate of
dilution 1: 8, staining by Ponceau S). Samples: C control; 1 4 h after first administration;
2 during continuous treatment; 3 = 12 h after end of treatment

—h

Fig. 2. Effect of lincomycin treatment on human serum proteins by comparison of PAGEs
(amido black-10 B staining). Samples, see Fig. L
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Discussion

lu the organism Lm is metabolized to a slight extent and is excreted in
a biologically active form [14]. Therefore, some metabolite which would
induce resistance cannot he found in urine, as in the case of Em [15], and had
to he looked for in other materials.

In the organism Lm is present not only in unbound form hut also in
a microbiologically inactive, protein-bound form in serum [16, 17], liver and
tin; kidneys [18].

Starting from the supposition that if induction exists in the organism
the inducing agent might he this protein-Lm-complex, we have examined tin;
inducing effect of the mentioned samples by using physico-chemical methods
for following the linkage of Lm to proteins.

According to immunological tests, as a result of Lm treatment, the; 1gG
level decreases and a detachment of new fractions from IgM and IgG can he
observed. To our knowledge, Lm is bound to the glycoprotein fraction of the
globulin component [17]. During this reversible linkage, a charge-alteration
occurs: the mobility of proteins toward the anode is growing. According to
our results these changes have ensued in the immune-globulins.

According to our microbiological experiments under the influence of Lm
no such substance develops that could induce Lm-resistance in the S. aureus
strains isolated from the epidemic. This means that Lm can be efficacious
against pathogens of similar phenotype.

As a final conclusion it may he assumed that (i) Lm has no resistance-
inducing effect on S. aureus either in vitro or in vivo; (ii) the selective pressure
on the ind+ strains must have been caused by some other factor; the coincid-
ence of Lm-therapy and the change of resistance can only he attributed to
chance; (iii) according to physico-chemical evaluation of the serum-samples
obtained, Lm can link to immuno-globulins from among the serum proteins.
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ABSORPTION OF VIROSES INTO ORAL LYMPHOCYTES
AND DECREASED ANTIBACTERIAL ACTIVITY OF ORAL
POLYMORPHONUCLEAR LEUKOCYTES

J. Ongradi, Kornélia Sallay, Gizella Kulcsar, P. Dan,J. Horvath
and 1. NASz

Institute of Microbiology, and Department of Oral Surgery and Dentistry,
Semmelweis University Medical School, Budapest

(Received April 18, 1983)

Antibacterial activity of the oral polymorphonuclear leukocytes and in vitro virus
absorption by oral lymphocytes was studied in two patient groups and in controls. A slight
decrease of phagocytosis was observed in those control cases and periodontitis patients where
orolymphocytes and oral epithelial cells had absorbed viruses, but in the same subjects the
bactericidal effect was significantly weaker. Periodontosis patients with a defect of poly-
morphonuclear cells did not exhibit such a difference. As in similar subjects the antibacterial
activity was more frequently weak when their orolymphocytes carried latent viruses, the
results suggest that certain individuals are prone to carry latent viruses in their lymphocytes.
Lymphokines released from these carrier cells and concentrated locally might damage phago-
cytic leukocytes, resulting in serious local inflammation.

The immunomechanism of mixed microbial infections has not been
clarified [1], because of their interaction with different [»arts of the immune
system [2]. Recently some data have indicated the immunosuppressive effect
of several viruses [2, 3] which would account for the clinical observation of
frequent bacterial invasion after viral infections (2]. The data suggest a close
relation between certain parts of the immune apparatus [2].

The oral cavity seemed to be an appropriate model for studying the
phenomenon, because all types of circulating leukocytes may reach the ging-
ival sulcus [4, 5]. The task of these so-called oroleukocytes and orolymphocytes
is to protect the periodontium against different microbes [6]. The antibacterial
activity of polymorphonuclear (PMN) oroleukocytes was found to decrease
in the case of periodontal inflammations [7, 8], while an inherited defect of
PMN oroleukocytes leads to serious degeneration of the gingiva [9J. There
are some data on the relationship of orolymphocytes and viruses [10-12],
which appear to confirm their joint aetiologieal role. On the basis of these
observations was the correlation of bactericidal capacity and latent virus

Jo6zsef Onoradi, Gizella Kulcsar, Pal Dan, J6zsef Horvath, Istvan Nasz
Institute of Microbiology, Semmelweis University Medical School
Nagyvarad lér 4, H-1089 Budapest, Hungary

Kornélia Sallay

Department of Oral Surgery and Dentistry, Semmelweis University Medical School
Méria n. 52, 11-1085 Budapest, Hungary

.Ida Microbiologica Hungraicu 31, 1984



180 ONGRADI et al.

carriership oforal cells studied in some types of patients [11, 13]. The results
showed a higher incidence of virus carriage with impaired antibacterial funct-
ion of PMN cells in periodontal inflammations.

One of the possible conclusions was that virus carrying orolymphocytes
release lymphokines. Similar mediators developing after virus infection have
already been described [3, 14, 15]. Such lymphokines concentrated in the
narrow gingival sulcus might damage PMN and other cells. Since certain
patients have a tendency to become latent or persistent virus carriers, their
lymphocytes may he affected. As the oral cavity is potentially at risk of virus
infections, among them with herpesviruses [16], virus infection of oral cells
promised to offer further information concerning the problem.

Materials and methods

Patients. Specimens were obtained irom the following individuals. Group I: 32 healthy
subjects of 28.3 years average age, free from periodontal illness during the last 6 months.
Group Il: 29 patients of 41.4 years average age, suffering from periodontitis. Group III:
8 patients of 24.2 years average age, with juvenile or postjuvenile periodontosis. In this group
the PMN leukocytes were impaired [9, 13].

Collection of oroleukocytes. Collection of oral cells was carried out by a modification of
Klinkhammer’s method [41 each proband rinsed the mouth for 30 s ten times consecutively
with 5 ml of phospate buffered salt solution (PBS), pll 7.4. The ten suspensions were collected
separately in test tubes, washed in PBS and centrifuged three times. Oroleukocyte counting
was done in Biirker chamber. After preliminary experiments the exfoliative epithelial cells
mixed to the oroleukocytes were ignored. Proportion of viable oroleukocytes was established
by the trypan blue exclusion test [17].

Determination of phagocytic and bactericidal capacity of PMN oroleukocytes. 20 000
oroleukocytes/ml from each suspension were mixed with living Staphylococcus aureus grown
in broth, in 1:10 cell: bacteria ratio. Bacteria were counted after mixing them to a standard
red blood cell suspension. The oral cell-bacterium mixture was incubated in Parker 199 minimal
essential medium (MEM 199) containing 3% rabbit serum at 37 °C for 120 min. After incuba-
tion the mixtures were washed and shaken well in PBS, then centrifuged three times to remove
bacteria that adhered to the cell surface. From the last pellet smears were prepared, stained
with Giemsa, and the pliagocyted bacteria were counted. The bacteria phagocyted by these
cells previously in vivo were counted in control samples and their number was deduced from
the corresponding total bacterium number.

To determine bactericidal capacity, 1.2% Difco agar plates were used [13, 18]. At the
beginning of incubation 2000 cells with bacteria in 0.1 ml volume were mixed to the agar (A),
an equal quantity was mixed after incubation (B), and the same amount after bursting the
cells in distilled water for 15 min (C). Colonies of discharged live bacteria were counted. Results
are given as killed bacteria in per cent of total phagocyted ones, 100 X (A-C): (A B).

In vitro absorption of viruses by orolymphocytes. From each specimen 20 000 oral cells
were resuspended in 0.9 ml of MEM 199. then 1000 TCID-0 of Herpes simplex virus type 1
(HSV-1) or Adenovirus human type 1(Ad-1)in 0.1 ml were added to the samples to determine
the ability of cells to absorb viruses. Mixtures were incubated at 37 °C for 120 min, and after
a wash smears were prepared for direct immunofluorescent investigation [191 Oral cells of
patients were also examined without adding viruses and only those persons were evaluated
whose cells did not carry virus antigens in vivo.

To regain infectious viruses from the cells, cells from the third pellet were frozen and
thawed 3 times, centrifuged, then the supernatant was placed on the confluent monolayer of
IIEp-2 and YERO cell cultures [19]. The characteristic cytopathic effect (CPE) was detected
visually and subsequently confirmed by direct immunofluorescent technique. Uninfected
cells of the probands were also examined by this method in order to exclude from the study
those subjects who carried adeno-or herpesviruses in their cells.
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Electron microscopy of virus infected samples. Some oral cell samples indicating absorpt-
ion of HSV-1 or Ad-1 were examined by electron microscopy. An aliquot of 20 000 cells of the
infected samples was washed as mentioned above, the pellet was fixed by glutaraldehyde and
osmium tetroxide, then embedded in Epon 812. Ultrathin sections were cut, stained with
uranyl acetate and lead citrate. The position of particles absorbed in vitro was determined
by a JEOL 100B electron microscope.

Results

Each determination was done in triplicate from the lastthree samples;
the results given reflect mean values.

Characteristics of emigrated oroleukocytes. The outflow rate of PMN
oroleukocytes and their viability was different in the three patient groups
(Fig. 1). In inflammatory and degenerative conditions more cells were found
hut their viability was considerably decreased. There were only minor differen-
ces between subgroups of virus-free subjects and those with absorbed viruses
in their orolymphocytes (data not shown). Emigration of orolymphocytes
showed a similar pattern, and viability in any group and subgroup varied
between 99.4 and 100% (Fig. 2). Counting of monocytes was not done because
of their small number. Ratio of exfoliated epithelial cells to all oroleukocytes
was roughly 40:60.

Virus absorption by orolymphocytes and epithelial cells. The result of virus
absorption indicated by immunofluorescent assay is shown in Table I. There
was a discrepancy in the number of persons (n) given in the first column and
of those whose cells took up viruses in vitro; this was due to the absorption
of both viruses into both types of cell. This was considerable in Group II.

Fig. 1. PMN leukocyte emigration into the gingival space. Shaded part of columns: viable
proportion of PMN cells
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Fig. 2. Lymphocyte emigration into the gingival space

Absorption was verified by electron microscopy; the diffuse distribution of
intact virions demonstrated their in vitro origin (Fig. 3).

Phagocytosis and bactericidal capacity of PMN oroleukocytes. Results
are shown in Table | with details of groups and subgroups concerning virus
absorption. Competence of division of groups into two subgroups proved to
be significant (p < 0.05, y2= 7.294 at 2 DF), concerning virus absorption

Fig. 3. Electron micrograph of part of an orolymphocyte obtained from a periodontitis patient.
N = nucleus. Arrows show absorbed Ad-1 particles
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and virus-free condition in the whole population. The difference in phagocytosis
of all the virus-positive and virus-free subjects was not significant (p = 0.0538,
Z2= 9.324 at 4 DF) although it was decreased in all groups in virus-positive
subjects. Bactericidal capacity was significantly impaired in those persons
whose other oral cells took up viruses in vitro, independently from their group
(p < 0.001, f = 19.086 at 4 DF).

Table |

Virus absorption and antibacterial function

Absorbed viruses . Bactericidal
A Phagocytosis, :
Group and subgroups (in No. ofpersons) No. of bacteria Cap;C”y
concerarélsnogrp:/ig#s Lmpho- "S\('l Cu_lti- Lymplio- édll Qu!ti- ’
cyte thgmj-m vation cyte :Ithiuin vation by PMN émdcukocy tes

I. Total

i 32 100% 6.68 !3.10 79.6+12.1

No

n 24 75% 0.94+3.28 83.4+ 9.2

Yes

n 8 9cof 2 2 2 4 3 3 5.90 :2.48 68.4%x13.2
Il. Total

n 29 100% 5.60 12.12 50.84z 17.2

No

n 12 41.4% 6.56 12.48 04.5+ 8.7
Yes

il 17 58.0% 5 5 4 10 11 6 4.92 j 1.56 11.2+14.9
I11. Total

n= 8 100% 215 144 38.9zt 11-2

No

n= 4 50% 2.70 1 1.64 40.1zb 8.6

Yes

n= 4 50% 7 2 3 3 1.60 : 116  37.9zb 14.7

A similar comparison between the subgroups of the same group indicated
that phagocytosis became less effective in subjects with simultaneously ab-
sorbed virus, mainly in Group I. Probabilities in the order of groups were,
< 01 (f = 7.924 at 4 DF), p< 0.3 (f = 5164 at 4 DF) and p < 0.2
(92 = 2000 at 1 DF), respectively, none of them reached the limit of signific-
ance. Tail probabilities of one way analysis of variance were in the order of
groups 0.4192, 0.0382 and 0.3157, indicating that the decrease of phagocytosis
was important only in Group II.
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Tin; bactericidal capacity showed different results. The impairment of
killing intracellular bacteria in subjects whose oral cells showed affinity to
viruses was found strongly significant in Groups | and 11 (p <7 0.001 and
yl— 13.206 at 3 DF in the first group, y2 — 11.675 at 3 DF in the second
group). Tail probability of one way analysis of variance reckoned on basis
of impairment, confirmed the previous data, the values being 0.0012 and
0.0000. Subgroups of Group Il did not differ, their bactericidal capacity was
weak. Distribution of the patients was not significant (p <7 0.4 and y2 — 2.333
at 2 DF), and the decrease in the amount of killed bacteria was not significant
either, even a homology could be suspected, the probability between sub-
groups having been 0.811.

Discussion

In our previous experiments [11, 13] statistical comparison of the bacter-
icidal capacity of PM]\ orolcukocytes with virus carrying oral cells showed
a closer relationship between the two phenomena, namely virus carrier subjects
had impaired bactericidal functions, especially those with periodontitis. It is
known that virus carrier lymphocytes may enter the oral cavity via the gingival
space 110, 13, 16], interacting with epithelial cells of the oral mucosa and
resulting in a similar virus carrier state [10]. Moreover, the narrow gingival
space is suitable for the accumulation of such carrier cells which are continuo-
usly mixed to PMN leukocytes having the strict function to taking up and
killing microbes. Recent studies have drawn attention to that viruses may
stimulate various lymphoid and non-lymphoid cells to produce a wide variety
of immune regulatory lymphokines [3, 14, 15] as gene products, and that they
have a toxic influence on other cell types [14]. This effect manifests itself
because of the dilution of mediators less in the blood stream than in certain
tissues, among them the gingiva, where intensive immunoreactions may take
place [20].

Kinetic analyses 111] and the present results suggest that normal PMN
cells emerge in both healthy and periodontitic subjects; the concept of local
damage was postulated by earlier investigators [5, 7]. too.

Such factors that must be similar to LIF and MIF [3, 15] are responsible
for the slow mobility and decreased viability as well as for the impaired bac-
tericidal capacity of PMN leukocytes [2]. The effect of mediators must act
inside PMN cells, as biochemical studies suggest [1, 21]. As the PMN cells
of periodontosis patients are a priori defective [9] the mediators can alter
their functions only in a slight degree.

As PMN cells were not responsible for the severe symptoms, lymphocytes
came into the limelight. More types of both herpesvirus [10, 11, 16, 24] and
adenovirus [22, 23] groups have already shown strong evidence to establish
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latent or persistent infection in lymphoid cells. This would mean tin* suscept-
ibility or rather a defect of part of lymphocytes. Instead of being sensitized
by viruses in the usual manner after infection, a latent state persists due to
uptake of the virus [1]. This does not affect the viability of lymphocytes,
as shown by tin* present results. Of course, this may occur not only with adeno-
and herpesviruses, as cultivation of uninfected cells of similar patients has
indicated (unpublished data).

Acknowledgement. The authors are indebted for statistical evaluation of data carried
out after program BMDP IF to Mr. K. Baranyi and Mr. A. Mészaros of the Section of
Statistics of Semmelweis University Medical School, Budapest.
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VIRULENCE FACTORS OF ESCHERICHIA COLI

I. MANNOSE RESISTANT HAEMAGGLUTINATING CAPACITY IS ASSOCIATED
WITH SEROGROUP BUT NOT WITH SITE OF INFECTION

Eva Czirék, Anna Marton, Marta Csik and Maria Solt

National Institute of Hygiene, Budapest und lleim B&l Children's Hospital. Budapest

(Received June 13, 1983)

Different serogroups of Escherichia coli strains originating from faeces (patients with
enteritis 244, healthy individuals 225), urine (pyelonephritis 111, cystitis 130, asymptomatic
bacteriuria 59) and other extraintestinal sources (blood 30, cerebrospinal fluid 15, wound 13,
autopsy material 9, umbilicus 8, vagina 20, throat 13 and nose swabs 5) were examined for
mannose resistant haemagglutination of human A erythrocytes (MRHA hum.). The most
frequent serogroups were 01, 02, 04, 06, 07, 018 and 075 uniformly among faecal (26.5%),
urinary (34%) and other extraintestinal (57.9%) strains. Haemagglutinating activity was
significantly more frequent in these serogroups than in others (p <C 0.001). There was no
significant association between MRIIA positivity and origin of the serogroups. It has been
concluded that MR1IA hum. property of an E. coli strain depends on its serogroup rather
than its origin. As these serogroups are the most frequent in the intestinal flora, it is assumed
that their physiological function is to colonize the bowel and their pathological significance
is to provide a source for extraintestinal infection.

There are many traits to indicate tin* pathogenicity of Escherichia coli
strains isolated from different conditions. In the last five years tindimportance
of adherence to different surfaces has been in the foreground. Recognition
of fimbrial structures [1], adhesive factors of enterotoxigenic E. coli (K88,
K99, CFAI, CFAIIl [2 6]), and elaboration of haemagglutination (HA) patt-
erns [7, 8] led to the discovery of a new group of E. coli. This group is charact-
erized by agglutination of human A erythrocytes in a mannose resistant
manner (MRHA hum. [9—1]. Analysis of different properties of MRIIA
hum. positive strains [9, 11 13] led to a better understanding of the pathogenic
role in urinary tract infections (UTI), to their serological characterization
[14, 13] and recognition of the chemical nature of their receptors [16, 17].
Occurrence of MRHA hum. positive strains in Hungary was described by
Kueh el al. [18] and Czirdk el al. [19].
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The aim of this study was to examine whether MRHA hum. positivity
of E. coli has any other importance besides causing UTI.

Materials and methods

Bacterial strains were isolated from faecal samples, urine and other extraintestinal
sources between January, 1979, and January, 1983. All strains were stored on Dorset egg
slopes at ambient temperature as well as in Iyophiles until subcultured for testing.

Faecal samples were collected from sporadic cases of enteritis (244) or healthy individ-
uals (225), with the exception of 71 out of 99 faecal strains of patients under one year of age.
These were isolated from children with enteritis in three wards of a hospital.

Urinary samples mostly originated from patients of the nephrological and urological
clinics and wards of one hospital (210 strains), the rest from another hospital (29) and from
different cases (61 strains). The 210 hospital strains represented 200 urine samples of 148
patients, the remaining 90 strains were isolated from urine of 81 patients.

Diagnostic criteria for classification of urinary strains were as follows. Pyelonephritis
(111 strains): significant bacteriuria (I>105bacteria/ml), pyrexia (38.0 °C), increased erythro-
cyte sedimentation rate (>20 mm/h), leukocytosis, pyuria, nausea, malaise, hack or abdominal
pain. Cystitis (130 strains): significant bacteriuria, accompanied by burning pain, frequent
urination and pyuria. Wide bladder neck was frequently in the background of recurrent
infection.

Asymptomatic bacteriuria (59 strains): significant bacteriuria without pyuria and clinical
symptoms.

Other extraintestinal infections. Blood isolates (30) were collected from sepsis or uro-
sepsis. Strains isolated from cerebrospinal fluid (15) were from cases of meningitis. The 13
wound swabs represented different purulent processes including abscesses. Nine strains were
isolated from different necropsy materials of patients who died with sepsis. The samples
were collected from different parts of the country.

Umbilical (8), vaginal (20), throat (13) and nose (5) swabs originated from healthy
mothers and their babies staying in the gynaecological and perinatal wards of a hospital.

Serological examination of O antigens. The procedures were as described by Orskov
and Orskov [20] except that in the case of heterologous reactions with different O antigens,
antibodies were removed by absorbing the sera with all the reacting heterologous antigens.

Haemagglutination. Human group A erythrocytes were washed twice in phosphate
buffered saline (PBS) and suspended to 3%. The HA activity and its inhibition by D-mannose
were examined on a glass slide by mixing one drop of red blood cell suspension with or without
one drop of D-mannose (2% ) and one loopful of bacteria, grown on CFA medium [21] at
37 °C for 18 h.

Statistical analysis was carried out in 2X 2 contingency tables and examined for signific-
ance by the y2test [22].

Results

The incidence of MRHA hum. positive strains in faecal samples from
patients and healthy persons of different age groups is presented in Table I.
Faecal strains exerted haemagglutinating activity in 18.6% (24.6% for enter-
itis strains and 12% for healthy persons’ strains). The difference in MRHA
hum. positivity between patients and healthy persons was significant
(p<0.001), hut this was associated with the differences found in the age groups
under one year (p 0.01). There was no significant difference between enter-
itic and healthy persons of other age groups. The only considerable difference
existed between enteritic patients under one year of age and enteritic patients
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above 14 years of age (p <7 0.01). A calculation was made to find out whether
the high incidence of haemagglutinating strains among patients under one
year of age was due to the fact that 71 of 99 enteritis strains strains were
isolated in the same hospital. Thirty out of 71 “hospital” and 6 out of 28
“sporadic” strains were MRHA hum. positive, indicating no signifieant
difference (p >0.1).

Table |

Incidence of MRHA hum. positive E. coli strains in faecal samples of patients
and healthy persons

Patients with enteritis, age groups (yipar)
Source

<1l 12 3-5 6 14 >14 Total
No. of strains 99 2H 27 22 68 244
No. of MRIIA hum. positive
strains 47 5 3 3 12 60
Healthy persons, age groups (year)
source
<1 12 3-5 6-14 >14 Total
No. of strains 69 26 38 26 66 225
No. of MRIIA hum. positive
strains 11 0 3 1 12 27

The distribution of E. coli scrogroups and haemagglutinating capacity
is demonstrated in Tahié Il. A total of 87 serogroups was isolated, hut 26.5%
of the strains belonged to not more than 8 serogroups. Haemagglutinating
strains belonged in 78.2% to these most frequently occurring serogroups
(01, 02, 04, 06, 07, 015, 018ac and 075). Haemagglutinating activity was
significantly more frequent in these serogroups than in others (p % 0.001).

From urine, 300 strains were isolated (Table I11). MRIIA hum. positivity
occurred in 25.3% (27% for pyelonephritis, 27% for cystitis, 18.6% for
asymptomatic bacteriuria (ABU) strains). There was no significant difference
in the frequency of MRHA hum. between pyelonephritis and cystitis strains
(p > 0.99). On the other hand there was considerable difference found be-
tween groups of pyelonephritis and ABU strains (p <7 0.02) and between
cystitis and ABU strains (p <7 0.02).

To test the relationship between haemagglutinating activity and O
antigens of the same urinary E. coli strains the E. coli isolates were serogrouped
(Table 111). A total of 51 serogroups was determined; 102 strains belonged to
the most prevalent 8 serogroups (01, 02, 04, 06, 07, 08, 018ac, 075), 52
of them proved to he MRHA hum. positive. Incidence of HA positivity in
these serogroups was significantly higher than in other serogroups (p < 0.001).
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Table 11

Serogroup distribution of MM HA hum. positive E. coli strains isolated from faecal samples

Serogroup Pagst"e‘fit;’;’”h Healthy persons Total
ol 3/9' 417 7/16
02 1/5 217 3/12
04 10/13 1/3 11/16
06 9/13 5/6 14/19
07 213 17 3/10
015 3/6 5/9 8/15
018ac 16/17 4/6 20/23
075 17 17 2/14
Other2 7/78 1/90 8/168
Spontaneous agglutination 0/6 1/6 1/12
NT3 8/87 2177 10/164
Total 60/244 271225 87/469

1No. of strains haemagglutinating/No. of strains examined

203, 05, 08, 09, OlO, Oil, 012, 013, 015,56, 016, 017, 017,77, 018ab, 019,133, 020,
021, 022, 023, 025, 026, 029, 030,116, 033, 034, 036, 040, 046, 048, 048,87, 051, 055, 059,
061, 068, 069, 071, 073, 078, 079, 080, 081, 085, 086, 088, 089, 091, 092, 095, 098, 099,
0102, 0106, 0107, OHO, 0111, 0112ab, 0112ac, 0113, 0115, 0121, 0123, 0124, 0127, 0128,
0131, 0136, 0141, 0142, 0146, 0147, 0148, 0149, 0151, 0152, 0154, 0156, 0159, 0164

3Not groupable

Table 111
Serogroup distribution of MMHA hum. positive E. coli strains isolatedfrom urinary tract
infections
Serogroup Pyelonephritis Cystitis ABU1 Total
ol 3/62 5/6 0/0 8/12
02 2/6 8/12 0/6 10/24
04 11 1/3 4/5 6/9
06 9/9 9/15 1/2 19/26
07 0/2 172 0/5 1/9
08 0/3 1/3 0/1 u7
018ac 2/5 171 2/3 5/9
075 1/4 11 0/1 2/6
Other3 6/30 0/35 1/11 7176
Spontaneous agglutination 0/7 3/6 2/3 5/16
NT4 6/38 5/46 1/22 12/106
Total 30/111 35/130 11/59 76/300

1Asymptomatic bacteriuria

2No. of strains haemagglutinating/No. of strains examined

:103, 05, 07,16, 09, OlO, Oil, 012, 015, 017, 017,77, 020, 021, 022, 023, 025, 029,
029,134, 030, 036, 042, 045, 051, 056, 057, 061, 071, 078, 083, 085, 095, 096, 099, OIlOI,
0106, 0107, 0109, 0112ab, 0131, 0141, 0142, 0149, 0152, 0159

4 Not groupable
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Table 1V

K. coli serogroups in urine samples ofpatients with urinary tract infection

Pati
and

(y._

1.
9

N.B.
10

S.A.
12

K.E.
HI

S k.
10

ent

b

Date

03.10.
04.28.
02.28.

03.10.
06.16.
02.28.

03.10.
03.20.
04.16.

04.28.
06.16.

10.22.
03.10.

03.20.

10.22.

03.10.
03.20.
02.28.

11.12.
03.10.
03.20.
10.22.

03.10.
10.22.
10.31.

02.28.

11.12.
03.10.
06.16.
02.28.

03.10.
06.16.
10.22.
02.28.

03.10.
04.28.
06.16.
02.28.

11.12.
03.10.
04.28.
10.22.
02.28.

Not groupable

Spontaneous agglutination

1982

1983
1982

1983
1982

1982

1982

1982

1983

1981
1982

1982

1983

1981
1982

1983
1982

1983
1982

1983

1981
1982

1983

Serogroup

08

Sp.

05
05
NT

Ol

08, NT

030
Ol: K1
ol: ki
061

Diagnosis

Cystitis

Chronic pyelonephritis

Chronic pyelonephritis

Cystitis

Cystitis

Cystitis

Cystitis

Cystitis

Chronic pyelonephritis

Chronic pyelonephritis

Cystitis

Chronic pyelonephritis

Relapsing cystitis

Wide bladder neck
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In a paediatric nephrological ward and outpatient clinic 210 strains
were collected from 148 patients. Patients with recurrent infections were
subjected to further analysis. Only 12 out of the 148 had more than two
samples (Table 1V). In two patients (S.K., A.E.) out of 5 with pyelonephritis
the same O serogroup was isolated at different acute periods.

MRHA hum.positive isolates occurred most frequently (51.2%) in
different non-urinary extraintestinal samples (Table V), with especially high
incidence in blood, necropsy material, wound swabs, sputum and nose swabs
of healthy newborn infants.

Twentyone serogroups were isolated from other extraintestinal materials.
Six serogroups (01, 02, 04, 06, 018ac, 078) were the most frequent, compris-
ing 69 strains with 48 being MRHA hum. positive. The difference in incidence
of HA activity in these 6 serogroups and in the remaining ones was highly
significant (p < 0.001).

Table V
Serogroup distribution of MRHA bum. positive E. coli strains isolated from extraintestinal
sources
Autopsy Umbil-
Serogroup Blood CSF1 me_nler- Wound jcus Vagina Throat Nose Sputum Ear Total
1al
ol 1/i-’ 0/1 ili 4/4 ili ili 8/9
02 ii — - - 1/4 2/4 1/2 12 - — 6/13
04 2/2 212 1/1 11 - - - — - 6/6
06 6/6 0/1 3/4 5/5 - — 212 — — — 16/18
018ac 3/4 0/1 1/2 0/1 0/3 2/4 11 2/2 oli 9/19
078 212 1/2 - — — — — — — 3/4
Other3 3/7 1/6 0/8 0/3 0/1 2/5 0/4 11 — 0/2 7/30
Sp. aggl.4 12 1/2 — — — — — 2/4
NT5 217 V1 — 1/3 — 0/4 0/1 — — — 4/16
Total 19/30 6/15 6/9 7/13  3/8 8/20 5/13  4/5 2/2 1/4 61/119

1Cerebrospinal fluid

2No. of strains haemagglutinating/No. of strains examined

303, 05, 07, 012, 015, 019, 022, 023, 033,56, 075, 083, 0106, 0107, OHO, 0114
4 Spontaneous agglutination

5Not groupable

On the basis of electron microscopical examinations 200 out of 224
haemagglutinating strains harboured fimbrial structures.

Discussion

According to literary data, adhesion of E. coli to epithelial cells of the
urinary tract is correlated to mannose resistant agglutination of human A
erythrocytes [9, 23]. This adhesiveness is closely associated with virulence [24].
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Concerning the origin of strains, it has been observed that faecal strains
caused haemagglutination less often than isolates from UTI [25]. Accord-
ing to these and other data there is a relationship between pyelonephritic
origin and haemagglutinating capacity of strains.

As a contradiction to these data and to our expectations, however, our
survey revealed no significant difference in MRHA hum. positivity between
strains isolated from pyelonephritis and those isolated from cystitis. From
recurrent infections of certain patients the same serogroup was isolated
infrequently. MRHA hum. positivity in pyelonephritis and negativity in
cystitis of the prevalent serogroups as reported by others [30] could not be
observed consequently in our strains. As to whether strains isolated in the
course of cystitis can be differentiated as potential causative agents of a sub-
sequent pyelonephritis in the same patient, is a question to be solved, although
a considerable difference was found between groups of pyelonephritis and ABU
strains and between cystitis and ABU strains.

It is well known from the work of Evans et al. |8] that the large majority
(80.2%) of the strains belonging to 01, 02, 04, 06, 07, 018 serogroups derived
from UTI, show MRHA hum. positivity. This was the case in 69.5% in our
material. In the material of Evans et al. [8] the stool isolates of the same sero-
groups were positive for MRHA hum. in 59.2%. This frequency was 54.8%
for our strains. Svanborg Eden et al. [26] described that strains belonging to
the eight O groups (01, 02, 04. 06, 07, 016, 018. 075) found in 80% of
patients with acute pyelonephritis, showed attachment in a higher proportion
than those of the remaining O groups. Van den Bosch et al. [27] confirmed
that UTI strains positive for MRHA hum. belonged to groups 01, 02, 04,
06, 08. 018ac, 023, 025, 057, 075, 0128.

In our material faecal, urinary and extraintestinal strains belonged
the most frequently to serogroups 01, 02, 04, 06, 07, 018, 075. These sero-
groups were at the same time the most frequent haemagglutinating ones
(Tables 11, 11l. V).

Briefly, the high incidence of these serogroups in blood, faecal samples,
urine and their frequent MRHA hum. activity is well-known. The observation,
however, that MRHA hum. positivity is not related to the source of strains,
and that MRHA hum. positivity depends on their serogroup rather than their
origin, has been first revealed by this study. This finding was corroborated
by the fact that there was no significant difference in the incidence of MRHA
hum. positivity 0f01,02, 04,06, 018, 075 serogroups either between UTI and
faecal strains (p 7>0.99), between faecal and extraintestinal isolates (p 0.2),
or between UTI and extraintestinal cultures (p 0.1). All these results have
led to the conclusion that MRHA hum. property of an E. coli strain is associ-
ated with certain serogroups but not with its origin. It may be assumed that
types of fimbria responsible for MRHA hum. are associated with certain O
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antigens. This assumption was also supported by earlier studies |15, 28]
according to which the association between 0,K,H and F antigens reflects
the existence of a common ancestor. Determination of K and H antigens
may provide more evidence for this theory.

E. coli isolates exerting MRHA hum. activity have a peculiar F antigen
[14] or a P fimbria [16] and represent a special group of adhesins. They have
to be differentiated from fimbria type 1 and from adhesive factors of entero-
toxigenic strains (K88, K99, 987. CFAI, CFAIIl) by their function.

In earlier studies [29, 30] it has been assumed that P fimbriae bind
efficiently not only to the urinary but also to the intestinal epithelium. This
has also been proved for some of our strains in another study [19]. Since sero-
groups with P fimbria occur very frequently as residents in the faecal flora it
may be concluded that the physiological function of MRHA hum. positive
strains is to colonize the bowel. Outside the gut, in view of their affinity to
other epithelial surfaces, they have ample opportunity to cause various extra-
intestinal infections.

Acknowledgements. We are indebted to Drs M. Arr, K. Gsiszar, |.. Emody, M. Gacs,
F. Lakatos for isolating strains from extraintestinal infections, and to Mrs K. K rizsan
and Miss E. Szente for skilled technical assistance.
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SYNERGISTIC INTERACTION OF BAKER’S YEAST AND
IRON IN THE ENHANCEMENT OF BACTERIAL
VIRULENCE

l. JoO, J. Em&d and Katalin Takacs

Human Institute for Serobacteriological Production and Research,
WHO Collaborating Centre for Reference and Research on Bacterial Vaccines. Budapest

(Received June 13, 1983)

The virulence-enhancing interaction of baker’s yeast and different iron preparations
(ferric ammonium citrate and iron dextran) was tested in mice challenged with Salmonella
typhi and Vibrio cholerae (Inaha and Ogawa) strains. The virulence-enhancing effect of the
yeast -f- iron combination increased significantly as compared to that of either yeast or iron
alone. Toxicity assays of the single and combined baker’s yeast and iron preparations by the
mouse weight gain test have shown that the combinations are considerably more toxic than
either single agent, probably owing to the presence of yeast. Examination of the single and
combined preparations for influence on body temperature of mice has revealed a general
hypothermic action, which was strongest in the combinations, owing again to the yeast.
Theoretical considerations on the underlying mechanism of the virulence-enhancing effect
have supported the hypothesis that the effect might he associated with the strong hypothermic
action produced by baker’s yeast and baker’s yeast-|-iron combinations, in as much as hypo-
thermia increases the production of siderophores which ensure the acquisition of iron indis-
pensable for bacterial growth.

Iron is known to enhance the virulence of many microorganisms (for
reviews see [1. 2]). We [3-5] and Ford and Hayhoe [6] have shown this effect
on Vibrio cholerae, Kreeftenberg et al. [7] demonstrated a strong pathogenicity
promoting effect of baker’s yeast on Salmonella typhi Ty2, and we too, could
confirms this finding [8].

In this paper we report on investigations into the interaction of iron and
baker’s yeast, viz. on their effect on the virulence of S. typhi and V. cholerae
strains.

Materials and methods

Bacteria. Salmonella typhi Ty2; Vibrio cholerae Inaba 569 B and Ogawa 41.

Mice. CFLP outbred mice were used at an equal sex ratio.

Virulence-enhancing (V E) agents. Mucin (M). Hog gastric mucin, type 1701-w (Wilson
Laboratories, Chicago, USA) was used in 5% w/v suspension according to the recommendations
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Szallas u. 5, H-1107 Budapest, Hungary

Katalin Takacs

National Institute of Haematology and Blood Transfusion
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of the World Health Organization [9|. Baker's yeast (BY). Inactive dried baker’s yeast
(“Engevita”, Gist-Brocades N.V., Delf, The Netherlands) was suspended in isotonic saline
at 5% w/v concentration, heat-sterilized on 2 consecutive days in water hath at 100 °C for
30 min, and adjusted to pH 7.2 with 1 N NaOH before use. Ferric ammonium citrate (FAC).
(Ammonium ferric citrate brown, Code No. 27163. BDH, Poole, England.) The solutions were
prepared in distilled water and sterilized by boiling. Iron dextran (1D). (Imferon, Pharmacia
AS, Hellerod, Denmark) without preservative; it was sterilized by autoclaving.

Virulence tests. Four or 5 groups of mice allocated at random, each consisting of 12
animals (22-24 g) were challenged intraperitoneally (i.p.) with tenfold serial dilutions of
bacterial suspensions prepared from 5-6 h agar cultures in phosphate-gelatin-saline buffer
pH 7.2 19]. The YE agents were added to the suspensions immediately before challenge.
Animals were observed 72 h.

Determination ofgerm count. The total bacterial count was assessed visually by compar-
ison with the 4th and 5th International Reference Preparations for Opacity. The viable count
was determined by counting colony-forming units in cultures obtained by the pour-plate
technique.

Estimation of the toxicity of VE agents by the mouse weight gain test. Groups of mice
allocated at random, each consisting of 12 animals (18-20 g) were allowed free access to food
and water for not less than 2 h before inoculation. The group weights were determined immed-
iately before treatment with the VE agent, and after it on each of 7 consecutive days, 2 h
after feeding. The YE agents were applied ip in the same doses as in the virulence tests, in
0.5 ml volume.

Determination of temperature changes induced by VE agents. Groups of mice allocated
at random, each consisting of 10 animals (18 20 g), received the materials i.p. Rectal temperat-
ure was determined before treatment, and 1, 2, 3, 4, 5, 6, 24, 27 and 48 h after it with an electric
universal thermometer, type RM6 (ELLAB A/S, Copenhagen, Denmark), using a type A—RM4
thermocouple probe. The VE agents were applied in the same doses as in the virulence tests,
in 0.5 ml volume. The mice were kept at 19-20 °C room temperature during the test period.

Statistical analysis of results. The LD50 values and the standard error (s.e.) (at 95%
confidence limit) of the LD50 values were determined with the method of Reed and Muench
[10]. The significance between the LD?50 values was estimated by Fisher’s F test [11]. The
significance between the body weight-decreasing ability of the different materials was assessed
by Student’s one sample t test, and the significance between the temperature-decreasing
activity of the various compounds one hour after inoculation was determined by Student’s
two sample t test.

Results

Virulence-enhancing effect of different agents. THE VE effect of the
examined materials on the test bacteria are shown in Table I. Table Il presents
the significance between the VE effects of different agents.

Salmonella typhi. Comparison of the LD50 values gave the following
sequence of VE efficiency: (1) 1 FAC + BY; (2) 2 FAC f BY; (3) M.,; (4)
10 ID + BY; (5) 20 ID + BY; (6) BY; (7) 2 FAC; (8) 20 ID; (9) 1 FAC;
(10) 10 ID. The VE effect of M and BY agreed with data from the literature.
FAC and ID proved to be considerably less efficient than M and BY, but still
had a certain VE effect, because it is well-known that the LD50 of S. typhi
Ty2 without VE agents amounts to about 1-4 X KO6 bacteria. It is, however,
fully unequivocal that the VE effect of the FAC f- BY and ID -f- BY combi-
nations exceeded significantly that of BY, FAC or ID applied separately.

Vibrio cholerae Inaba. The sequence of VE activity was; (1) 20 ID f- BY;
(2) 1 FAC + BY; (3) 2 FAC + BY; (4) 10 ID + BY; (5 M., (6) 2 FAC;
(7) 20 ID; (8) 10 1ID: (9) 1 FAC; (10) BY. Apart from some minor differences,
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Table 1

Virulence-enhancing effect of different agents

S. typhi Ty2 V. cholerae Inaha 569 B V. cholerae Ogawa NIH 41
YE agent? No. No. No.

of 1.D,, s.e. of LD,, s.e. of LDs,, s.e.

tests tests tests
5% M 4 8.32 181 2 37.71 4.72 2 49.05 32.30
5% BY 7 236.25 113.60 3 3.11X 105 2.04 X 105 3 1.49 X 10« 8.81 X105
1FAC (1 mg) 5 5 1.08 x 105 3.92 X 101 3 3.41 X 10s 1.74X103 3 2.56 X 104 2.19 104
2 FAC (2 mg) 3 3 1.25 X 104 8.38 X 10ii 3 79.02 54.85 3 2.35 X 10s 2.23  10s
1FAC - BY 4 111 0.26 2 1.65 0.94 2 2.26 0.88
2FAC  BY 2 1.73 1.36 1 2.01 - 1 1.52 -
10 ID (10 mg) 4 1.28 x 105 7.58 X104 3 976.05 953.15 2 448.65 405.15
20 ID (20 mg) 1 5.95 X 104 — 2 159.26 157.33 2 46.05 7.47
10 ID + BY 6 13.15 6.77 2 2.65 0.55 2 6.45 1.73
201D + BY 2 23.53 15.21 1 1.53 - 1 5.03 -

- Not determined; a single test was performed
Abbrevations. M = mucin; BY = baker’s yeast; FAC

= ferric ammonium citrate; 1 FAC = 1 mg ferric ammonium citrate; 2 FAC =
= 2 mg ferric ammonium citrate; ID = iron dextran; 10 Il)

10 mg iron dextran; 20 ID - 20 mg iron dextran

NOYdl ANV 1SVIA 40 NOILOVHILNI
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the. most important statement was identical with that for S. typhi, viz. the
FAC + BY and ID i~ BY combinations were significantly more active
than BY, FAC or ID alone.

Vibrio cholerae Ogawa. The sequence of the VE effect proved to be essent-
ially similar to that found with the other two strains: (1) 2 FAC + BY; (2) 1
FAC + BY; (3) 20 ID + BY; (4 10 ID + BY; (5) 20 ID; (6) M.; (7) 10 ID;
(8) 2 FAC; (99 1 FAC; (10) BY. The FAC - BY and ID -f- BY combinations
were again significantly more efficient than BY, FAC or ID by themselves.

Repeated examinations with the three test organisms have unequivoc-
ally affirmed that combinations of iron and yeast enhance the virulence of

microorganisms in a significantly greater degree than either iron or yeast
applied separately.

Table 11

Virulence-enhancing effect of different agents (P values)

VE agents 6. typhi Ty2 Indbe e Og\év\%]oll\?rl?? Q
By - 1FAC < 0.01 < 0.01 < 0.01
BY 2FAC < 0.01 < 0.001 < 0.01
BY 101D < 0.001 < 0.001 < 0.001
BY-20 ID - < 0.001 < 0.001
1FAC - 2FAC < 0.01 < 0.001 < 0.01
1FAC - 10 ID no significant < 0.001 < 0.001
difference

1FAC - 20 ID - < 0.001 < 0.001
2FAC 101D < 0.001 < 0.01 < 0.001
2FAC 20 ID - < 0.01 < 0.001
BY - 1FAC + BY < 0.001 < 0.001 < 0.001
BY - 2FAC + BY < 0.01 — —
BY - 10 ID + BY < 0.001 < 0.001 < 0.001
BY - 20 ID + BY <01 - -
1FAC - 1FAC + BY < 0.001 < 0.001 < 0.001
2FAC - 2 FAC + BY < 0.001 - -
101D - 10 ID + BY < 0.001 < 0.001 < 0.001
201D 201D + BY < 0.001 — —

-N ot determined; a single test was performed

Estimation of the toxicity of VE agents by the mouse weight gain test. The
average results of repeated tests are presented in Table Ill. Table IV shows
the significance between the average weight changes (for days 1-4) in animal
groups inoculated with different VE agents. The mean weight gain rates
assessed in the groups treated with the different VE agents by comparison
to the mean initial weights gave the following decreasing sequence of effect:
(1) 2 FAC + BY; (2) 1FAC + BY; (3) BY; (4) 101D + BY; (5) 201D + BY;
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Table 1M

Arithmetical average weight changes in animal groups inoculated with different
virulence-enhancing agents

VK agent
Nil
Isotonic saline
5% M
5% BY
1 FAC
2 FAC
1) 11)
20 11)
1FAC + BY
2FAC 1 15V
10 11) + BY
20 1) 1 BY

+ 1.125
1-0.375
1.000
2.292
-0.676
1.417
: 0.333
0.158
2.667
2.958
2.042
1.875

Average weight changes (g) on days

2

11.708
11.250
+ 0.125
-1.167
; 0.278
0.132
4 1.500
+ 1.500
1.4511
-2.375
0.185
0.208

3

+ 2.541
+ 2.000
i 1.334
+0.167
+ 0.963
41 1.437
+ 2.000
4 2.042
0.167
1.208
F0.597
1 1.000

0-000
+ 1.858
-11.834

4.250
+3.375
1 3.709
13.367
13.699
13.812

3.791

4.042
t-3.250
i 2.834
, 4.293
14.125

201

(6) 2 FAC; (7) M; (8) 1 FAC; (9) 1« ID; (10) 20 ID. The data show that (i)
the agents having the strongest YE effect (2 FAC -f- BY,
20 ID -)- BY, 10 ID -j- BY) were the most toxic; (ii) the increase of the toxicity

was caused hy BY.

1 FAC + BY,

Temperature changes induced by VE agents. In Table V arithmetic mean
values of several tests are presented. Table VI show's the significance between
the average temperature changes in the first hour after inoculation in the
groups inoculated with different VK agents. Relying upon their temperature-
decreasing ability the following sequence of the VE agents could he established:
(1) 1 FAC + BY; (2) 2FAC+ BY; (3) BY; (4) 10 ID + BY; (5) 20 ID + BY;

Table IV

Average weight changes on days 1-4 in animal groups inoculated with different
virulence-enhancing agents (P values)

BY

VE agent

1FAC

BY 2 FAC

BY 10
BY - 20
1FAC
1FAC
1FAC
2 FAC
2 FAC

ID

ID

2 FAC
101D
20 ID
10 ID
20 ID

Significance

<0.02
<0.001
< 0.001
<0.001
<0.02
<0.001
<0.001
<0.05
<0.02

VE agent

BY - 1 FAC + BY
BY 2FAC + BY
BY 101D BY
BY-20 Il) + BY
1FAC 1FAC 4 BY
2FAC 2 FAC + 151
01D 1011 15
2011) 20 11) 15

Significance

0.02
<0.001
<0.05
<0.001
<0.02
<0.01
<0.02
<0.05
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Table V

Temperature changes in animal groups inoculated with different virulence-enhancing agents

VE agent

1 2
Nil. - 0.98 -0.93
0.108* 0.098
Isotonic saline -0.58 0.61
0.245 0.207
5°0 M 3.45 —2.65
0.479 0.431
1FAC - 2.04 -1.13
0.537 0.374
2 FAC - 274 -2.49
0.762 0.832
10 ID -0.65 -0.43
0.368 0.305
20 11) -0.75 -0.70
0.384 0.367
BY - 4.63 -3.92
0.938 0.976
1FAC + BY -5.99 -4.71
1.034 0.748
2 FAC + BY —5.54 -4.05
1.221 1.015
10 ID + BY -3.27 —2.44
0.679 0.443
201D + BY - 3.93 -2.87
0.565 0.424

s.e. (standard error)

-0.86
0.059
0.54
0.169

-2.06
0.399

-0.84
0.204

-2.02
0.666

—0.65
0.246

-0.57
0.389

-3.23
1.033

-3.33
0.483
3.13
0.570
1.92
0.500

-2.70
0.430

Average temperature changes ( C) at hours

4

-0.86
0.059
-0.62

6

-0.76
0.043
-0.61
0.274
-0.72
0.324
-0.91
0.301
1.64
0.503
-0.71
0.190
-0.65
0.294
2.93
1.154
—3.57
0.686
-3.12
0.886
-0.69
0.346
1.33
0.405

24

+0.03
0.073
-0.06
0.198
-0.35
0.473
-0.12

27

-0.61

0.389
+0.15
0.248

30

-0.91
0.163
-0.50
0.300
-0.81
0.388
-0.51
0.322
-0.44
0.532
0.50
0.278
-0.55
0.304
-0.01
0.429
-1.00
1.135
0.90

¢0¢
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(6) 2 FAC; (7) M; (8) 1 FAC; (9) 10 ID; (10) 20 ID. This permits the following
conclusions: (i) untreated and saline-treated mice also showed a certain
decrease in body temperature, presumably in response to the temperature
measurement; (ii) those VE agents which proved to be most toxic in the weight
gain test also accounted for the greatest temperature drop; (iii) the agents
showing the highest VE effect gave rise to the most distinct decrease in temper-
ature; (iv) for the decrease of the temperature, BY was chiefly responsible.

On the basis of the results the rank correlation coefficient (Rrank)
between the influence ofthe VE agents on the organism of the animals (weight-
and temperature-decreasing effect) and their VE effect on the tested bacterium
strains was determined by Kendale’s method [12] (see Table VII).

Table VI

Average temperature changes in thefirst hour after inoculation in animal groups
inoculated with different virulence-enhancing agents (P values)

VE agent Significance VE agent Significantk
HV 1FAC >0.05 BY 1FAC + BY <0.05
I»Y 2 FAC >0.05 1) 2 FAC BY >0.3
BY 101D 0.001 BY - 101D + BY >0.6
BY - 20 II) 0.001 BY - 201D 1 BY >0.8
1FA 2 FAC <0.1 1FAC - 1FAC + BY < 0.001
1FAC - 101D < 0.02 2FAC 2FAC + BY 0.05
1FAC 201D <01 101D 10 11) in < 0.001
2FAC - 101D < 0.01 201D 201D 1 BY < 0.001
2FAC 20 11) <0.05

Table VII

Rank correlation coefficient (R kaNkV between the weight- and temperature-decreasing
ability of different VE agents and their virulence-enhancing effect

Compared investigations ORANK Crank
Weight-decreasing ability - temperature-decreasing ability 0.9151 <0.001
Weight-decreasing ability - VE effect on S. lyphi Ty2 0.7940 <0.01
Temperature-decreasing ability - VE effect on S. typhi Ty2 0.8787 <0.001
Weight-decreasing ability - VE effect on v. cholerae Inaim 0.5757 <0.1
Temperature-decreasing ability - VE effect on V. cholerae Inaba 0.5515 <0.1
Weight-decreasing ability - VE effect on V. cholerae Ogawa 0.4666 >0.1
Temperature-decreasing ability —VE effect on V. cholerae Ogawa 0.4909 >0.1

Discussion

The FAC f- BY and ID -f- BY combinations accounted not only f6t-
tbe highest VE, but also for the strongest toxic effect and greatest temperat-
ure drop. Analysis of the results indicated the responsibility of BY for the
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marked, increased toxic and hypothermic action of these agents. The question
arose by which mechanism(s) was this effect produced, because the striking
synergistic VE activity of FAC BY and ID -1 BY cannot be explained by
a simple additive effect.

Hypothetically the non-specific toxicity of the VE agents could account
for their strong VE effect. This would presuppose that at least part of the
deaths had been due to strong non-specific toxic action. The supposed correla-
tion between the non-specific and VE effect cannot, however, be reconciled
with the experimental fact that treatment with VE agents without bacteria
(control groups) caused only 1-2 deaths.

Another factor to he considered is the strong hypothermic action of
BY, FAC -j- BY and ID -|- BY. The interrelationship between infection and
body temperature has been studied extensively in part of the cases with iron
considered to the third interacting factor (1, 2, 13-21). One of the character-
istics of fever and inflamm ation is a rapid decrease in the concentration of iron
in serum [22]. This hypoferraemia is accomplished by the endogenous mediator
released from polymorphonuclear leukocytes, which appears to he identical
with the leukocytic pyrogen [22]. The decrease in the concentration of serum
iron helps to make the extracellular environment less favourable for bacterial
growth and there is evidence that a combination of fever and low ironconcentra-
tion inhibits the growth of some bacteria. When rabbits were infected with
Pasteurella multodda, the concentration of iron in their plasma decreased and
their temperature rose 115]. To determine whether the rise in body temperat-
ure and the fall in plasma iron may he a coordinated host defense response,
P. multodda were grown in vitro at various temperatures and iron concentra-
tions. At afebrile temperatures the bacteria grew equally well at low or high
concentrations of iron. When, however, the temperature was raised to febrile,
the growth of bacteria was inhibited by a low and not a high iron concentra-
tion [15]. Similarly, infection of the lizard Dipsosauru«dorsalis with Aeromonas
hydrophila led to a decrease in the serum iron concentration [19, 20, 22].
The importance of low environmental iron concentration is reinforced by the
observation that injection of infected lizards with ferric ammonium citrate
greatly increased their mortality. These data support the hypothesis that
one of the mechanisms behind the adaptive (or beneficial) role of fever is the
reduced ability of pathogenic bacteria to grow well at elevated temperatures
in an iron-poor medium. Fever-induced limitation of iron for microbial growth
and toxin synthesis favour survival of the host. The interaction of host and
iron metabolism are apparently of benefit to the host invaded by bacteria.

It is well-known that to acquire essential iron, bacteria produce iron-
chelating components or siderophores, which are extremely efficient in remov-
ing ferric iron from the environment and making it available for growth of
the microorganisms [23, 24]. These compounds have been shown to enhance
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the virulence of Escherichia coli [25, 26], Salmonella [27] and Pseudomonas
aeruginosa [28] in experimental animals. Evidence has been accumulating
on the temperature sensitivity of siderophore production [13]: at high temper-
atures, many bacteria such as E. coli, Salmonella and Pseudomonas sp. produce
few siderophores if any [29-32], and at elevated temperatures, these bacteria
are capable to grow only in culture media containing supplemental iron.

In addition to favouring bacterial growth by enhancing siderophore
production, hypothermia may have other adverse effects, too [18]. It rendered
mice more susceptible to the lethal effects of Gram-negative bacterial endo-
toxins and to challenge with S. typhi-murium and Staphylococcus aureus.
There are indications that hypothermia gives rise to leukopenia, and also
depresses phagocytosis under certain conditions [18].

In the light of the above observations there is reason to postulate that
the strong YE effect of FAC -f- BY and ID -f- BY correlates with the substantial
hypothermia caused by these agents, and the subsequent increased siderophore
synthesis. An increased siderophore production remains, however, to he proven
for verification of this hypothesis.

The cause of the hypothermic effect of BY is unknown. Prashker and
W ardlaw [33], Wardlaw et al. [34] demonstrated that E. coli endotoxin gave
rise to marked hypothermia in mice. Perhaps the carbohydrate complex
contained in the yeast cell wall is responsible for the hypothermic effect.

Mucin was used in the present study only as a reference preparation,
and was therefore not studied for its mechanism of action. It deserves men-
tion that Powell et al. [35] observed a considerable increase in the pathogenic-
ity promoting effect of mucin on S. typhi after the addition of iron, and we
observed a similar effect in E. coli and Shigella strains [36].
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EFFECT OF pH ON THE ACTIVITY OF CEFTIZOXIME
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The in vitro antibacterial activity of ceftizoxime (CefizoxIM) is influenced by the
ambient pH of the medium. | bis pH-dependent activity was observed when either the assay
discs or the assay medium were buffered. For the conventional disc agar-diffusion assay,
using Bacillus subtilis ATCC 6633, the medium buffered to pH 6 had definite advantage for
measuring potency and activity. In serial dilution assay, the acidic (pH 6) medium gives
better MIC values with Staphylococcus aureus strains. In the case of Escherichia coli strains,
the pll of the medium (6, 7.3 and 8) appears to be of less significance.

Many years ago we found that the activity of a newly synthesized
SK&F oral, phenylglycine-type cephalosporin was greatly influenced by tin*
pll of the medium. Slight acidity (pH 6) increased the activity. Ceftizoxime,
like this compound, contains only a H-atom at the 3-position of the dihydro-
thiazine ring. It was reasoned that this feature may convey similar pH-
sensitivity to the activity of ceftizoxime. In this communication, the results
obtained in in vitro experiments with ceftizoxime [1], the new broad-spectrum,
beta-lactamase-stable third generation aminothiazolyl-methoxyimino cephalo-
sporin, at various ,IT values are presented.

Materials and methods

Sodium ceftizoxime which is water soluble was supplied by Fujisawa SmithKline Cor-
poration. Its chemical structure is shown in Fig. 1. Two types of assays were performed, using
either the disc agar-diffusion or the two-fold serial broth dilution methods. In the first case,
non-huffered agar was seeded with an appropriate dilution of spores of Bacillus subtilis 1TCC
6633. The susceptibility discs were buffered to various pH values with Mellvaine’s cirtic acid
phosphate buffer and stored dry. Immediately before the assay they were saturated with the
solution of ceftizoxime to contain 1 fig antibiotic per disc, and were placed on the surface
of the seeded agar |2 |. After overnight incubation at 37 °C, the inhibition zones were measured
and recorded. Triplicate experiments were carried out with freshly prepared solutions using
4 discs for each pH value.

For the tube dilution assay, the pcptone-glucose-buffered (PGB) medium [3] was
used buffered with Mellvaine’s citric acid-phosphate buffer [4] to pH 6, 7.3 and 8. The tubes
contained 3 ml of the medium and two-fold concentrations of ceftizoxime (in the case of S.
aureus strains SO to 0.8 //g/ml. and in the case E. coli strains 3.2 to 0.05 //g/inl). Tubes were

Joseph V. Uri
Research und Development Division, SmithKline and French Laboratories
P.O. Box 7929, 1500 Spring Garden Street, Philadelphia, Pa. 19101, USA
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inoculated with 0.05 ml of the 10-times dilutions of overnight grown cultures in the same
(PGB) liquid medium. After overnight incubation at 37 °C, the turbidity for growth was
observed visually. The assay was repeated several times.

C-CO-NH
Il
N-OCHjq ;
COONa

Fig. 1. Chemical structure of ceftizoxime

Results and discussion

The results of a typical disc agar-diffusion assay are presented in Table I.
It can he seen that the diameters of the inhibition zones are strongly pH-
dependent, as it was observed with the earlier SK&F phenylglycine-type
compound which similarly to ceftizoxime contains only a H-atom at the 3-
position of the cephem molecule. On this basis, pH 6isrecommended for assay
of ceftizoxime when B. subtilis ATCC 6633 is used as the indicator organism,
in particular for quality control studies.

The pH-dependent activity of ceftizoxime was also observed when the
serial dilution assay was used. The MIC values for two representative S. aureus
strains are presented in Table Il and those for two E. coli strains in Table III.
The data of the tables show that ceftizoxime is highly and almost equally
active against both the beta-lactamase-producing and non-producing S. aureus
and E. coli strains in liquid medium. Against the S. aureus strains, the MIC’s
are the greatest in the medium buffered to pH 6 and they diminish at neutrality
and further on at pH 8. In the case of E. coli strains, the influence of pH on
the MIC values seems to be less significant, but they still are better at slightly

Table |

Diameters of the inhibition zones in mm with the pH-ed discs saturated with
ceftizoxime solution

Diameter
pH of the disc of inhibition
zones in mm*

5 19
6 18
7 n
8 13
9 11
10 12
Non-buffercd 12

* Assay organism: B. subtilis ATCC 6633
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pH-Dependent activity of ceftizoxime against tivo S. aureus strains in liquid medium (PGB)

H S. aureus 671*
C 50 25 12 6

6.0 o+ o+ —

7.3 + o+ o+ o+ — — — _

8.0 + o+ o+ o+ — — — —

* Beta-lactamase producing strain
£ Full growth
—No growth

C = Control (no drug added)

15

Table 11

Growth at /<g/ml ceftizoxime

0.8 c

+ + + + +
-J--F + 4- + + o+ o+
+ o+ o+ o+ + o+ o+ o+

50

25

12

S. aureus 674

15

+ + 4-

+
+

0.8

+

o+ o+
-H -+

SMOIixDV s.aivixozixaaa xblaclWw aaaa-H*1
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Table 111
Activity of ceftizoxime against two E. coli strains in liquid medium (PGB) buffered to three different pH values

Growth at //g/ml ceftizoxime

E. coli 12140 E.coli 211*
0.4 0.2
6.0 - -
7.3
8.0 ++ + + - - ++ + +

*Strong beta-lactamase producer
-++3 Full growth

i\o growth
C = Control (no drug added)

++++

+++ 4+

to
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acidic pH. These experiments show that buffering the medium influences the
MIC values of ceftizoxime, similarly as it influences its stability in aqueous
solutions [5]. It is recommended that the medium should be buffered to pH
6 for potency and activity determinations, like for stability studies [5]. In
weakly acidic environment ceftizoxime is least ionized and the existing molecu-
lar species has a better penetration into the bacterial cell than the ionic forms
[6]. Similar phenomenon with the pH effect was recently observed with
kétoconazole [7]. Ceftizoxime has been approved for clinical use in Japan |8]
and in the USA [9] and will be followed in other parts of the world. Therefore
it is essential that its biological determination and quality control should
be performed at optimal assay conditions. In many [»laces of the mammalian
body, such as prostate, vagina, skin and inflammatory tissues, the pH is acidic.
It explains also the clinical finding that ceftizoxime is highly effective in
staphylococcus infections inspite of its MIC’s (2-4 p.g/inl) obtained in non-
buffered media.
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PATHOGENESIS AND IMMUNOPROPHYLAXIS OF
BOVINE ROTAVIRUS INFECTION*

F. BURKi

Institute of Virology, Veterinary University, Vienna, Austria

Introduction

Rotaviruses, presently a genus within the family Heoviridue being
recognized on behalf of their specific morphology were first detected in calves
by Mebus et al. [1] in 1969. In the meantime, rotaviruses have been described
in around 10 mammalian species [2]. Molecular biologists are involved with
delineation of common versus species-specific properties of the virions. This
paper will not deal with such aspects. Rather it will present published results
of other authors as well as own results on biological and pathogenetical para-
meters of rotavirus infections. They show remarkable parallels between
rotavirus infections of different species as well as between rotavirus infections
and other viral infections of the intestinal tract which cause superficial enteritis
in their respective hosts.

For the time being it appears that rotavirus infections have the profound-
est clinical impact in the human and the bovine species [2]. In both species
their immunoprophylactical control has been considered. As our group in
Vienna has worked with calves, the present report will largely concentrate
on bovine rotavirus infection. With regard to the physicians present in this
auditorium some cross-links to human rotavirus infection will be put for-
ward.

We and others have greatly benefited from the fundamental studies,
which Haelterman [3], Hooper and Haelterman [4] have performed on trans-
missible gastroenteritis (TGE). This Coronavirus infection of piglets, determ-
ined almost 40 years ago, thanks to its great economic impact and to the
relative ease of experimentation with its multiparturient host, was investig-
ated since the sixties for its pathogenetical and immunoprophylactical para-
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meters [5] as hardly another viral enteropathogen was except for human
poliomyelitis.

The two most important observations of Haelterman’s group were: (i)
TGE virus does not cause systemic infection; in fact, it not even infects the
entire intestinal wall, hut merely the epithelial cells at the tips of its villi,
leading to denudation of villi, (ii) Immunoprophylactical experiments made
along different approaches terminated in a single effective way: institution
of lactogenic immunity.

Let us dwell for a moment on these important parameters, which will
form the keystones for understanding our own rotavirus results and merit
due consideration of everyone engaged in specific prophylaxis of probably all
rota-, corona-, calici-, astro- and additional viruses.

“Denudation of villi” stands as synonymous for the older term “super-
ficial enteritis” and merits preference to the latter one, as histopathology does
not disclose -itis, inflammation, in rapidly fatal cases. In fact death ensues
loss of wnater and electrolytes, followed by dehydration and collapse of circula-
tion. Similarly as TGE in piglets, bovine rotavirus denudes the villi of the
small intestine in the gut [6].

“Lactogenic immunity” represents a specific form of passive immunity,
mediated by maternal antibodies w'hich exclusively neutralize virus that is
freely accessible in the lumen of the gut.

M aternal antibody present in the newborn’s serum (aquired in utero
already by human babies, whereas in the first 24 h after birth by the calf,
as nee all know), is not in a position to substantially alter TGE infection of
the piglet, nor rotavirus infection in the calf nor of the human baby

A third fundamental finding has only been documented in the eighties:
the immunological gut-mammary link, by which B-lymphocytes sensitized
in the animal’s gut home in for the mammary gland, which gets colonized
by them.

The well-documented synopsis published in 1982 by Butler [7] spares
me the effort to go into details. Let me just mention, in flash-like form, some
important parameters of this mechanism.

(i) The gut—mammary link works in so different systems as viral TGE
of swine [3] and human Vibrio cholerae infection [8].

(ii) Certain immunoglobulin classes with remarkable resistance against
proteolytic digestion account for the protective action of colostrum and milk
in the recipient. Whereas in man this is acknowledged as dimeric IgA [8],
in piglets dimeric IgA and pentameric IgM [9], at present there exists some
controversy, whether in the calf 1gG]* [10] or IgA [11] mediate lactogenic
protection. Open as this debate is presently at the scientific level, the facts
merit full consideration, that bovine colostral antirotavirus immunoglobulins
possess neutralizing capacity [12] and that large quantities of them pass the
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calf’s gut in undigested form [13]. For the sake of complete coverage of the
m atter let me add, that by for not all antibody involved in lactogenic immunity
is produced locally in the mammary gland. Certain antibody classes are trans-
ferred pre- and postpartally and selectively from blood serum into the colostral
milk [7].

(iii) A third finding essential for understanding our negative vaccina-
tion results: rotavirus antibodies present in the milk complex with the homolo-
gous virus in the gut lumen and get excreted in complexed form [14]. This
process has an important consequence for the host: complexed virus apparently
fails to stimulate its immune system, as de Lceuw et al. [IS] and we ourselves
|1()] concluded from the observation that calves with maternal antibody
supply very rarely develop titres inspite of rotavirus shedding.

When now presenting our findings made during two calving seasons in
our University herd, one season without vaccinations, i.e. natural course of
rotavirus infection, the other season with systematic vaccination, the profound
influence of the parameters defined will become apparent.

Determination of rotavirus dissemination in u closed dairy herd

The closed dairy herd of Vienna Veterinary University, determined
earlier as severe infected by bovine rotavirus [17], was systematically screened
for rotavirus shedding and clinieal diarrhoea during one calving season.
ELISA, the most sensitive indicator of rotavirus-shedding [18] was used.

A total of 35 out of 48 calves excreted rotavirus. Contrary to American
authors [1] virus shedding was not most pronounced during the very first
days of life, but 37.5% excreters were found in the first week of life and 47.9%
in their second week of life.

Let me immediately point out that invariably all mother cows of this
herd possessed humoral antibodies against rotavirus, and all calves did so in
their serum after resorption of colostrum. Lactogenic immunity was, accord-
ingly, not able to suppress rotavirus takes and replication in many calves
(for identical results in literature see [19]). Its beneficial effect became,how-
ever, manifest during the first week of life, where colostrum was fed daily,
as compared to the more frequent viral incidence in the second week, where
only milk-replacer devoid of antibody was fed. Retarding onset of infection
has a beneficial effect on disease as all cattlemen know, and in fact merely
3 calves died out of 43 diarrhoeic animals.

Diarrhoea was observed frequently up to the 5th week of life, its severest
watery form being limited to the first 3 weeks. The highest incidence and most
frequent watery diarrhoea was recorded in the second week, where rotavirus
shedding was at its peak.
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As other authors (cited by Schusser et al. [19]), we could, however, not
find a systematic correlation between rotavirus shedding and diarrhoea.
Furthermore, rotavirus excreters with normal faeces were found not infre-
quently, and, especially from the 3rd to 5th week, diarrhoeic calves with
negative ELISA for rotavirus were a frequent finding.

Peroral calf vaccination under controlled field conditions

As the same University cattle herd was in addition proved to be infected
by bovine Coronavirus, and as an attenuated rota-corona-live-virus vaccine
for oral application was available on the market (kindly supplied by Dr. Ed.
Hass, Norden Labs, Lincoln, Nebraska, USA), we deemed it desirable to
investigate it for its potential prophylactic effect.

As we have discussed elsewhere [16], this particular vaccine has found
an ambiguous appreciation by the international community of scientists.
Briefly, favourable results were reported under experimental conditions,
whereas failures under field conditions. De Leeuw et al. [15] ascribed its failure
as most evidently caused by neutralization of vaccine virus taking place in
the recipient’s gut by maternal antibodies. This is very likely the case, as our
ELISA testing showed that each dose of vaccine contains only little rotavi-
rus [16]. Astonishingly enough, the manufacturer of this vaccine disregards the
need to circumvent the detrimental effect of lactogenic immunity by prescrib-
ing its peroral application within the first 24 h after a calf is born.

We, however, did our best to circumvent the expected detrimental effect
of lactogenic immunity. Logical to everyone familiar with calf rearing that
no diet may bypass colostrum supply within the first 24 h of a call’s life,
unless the herdsman takes the enormous risk of loosing many calves from
Escherichia coli septicaemia.

We figured out two different approaches that might enable rotavirus
vaccine takes (and coronavirus vaccine takes, still under analysis in the author’s
laboratory), by applying two different strict time regimes to 65 calves born
during one calving season, (i) Thirty-one calves of group A, consecutively born,
were perorally vaccinated, day or night, during their first 6 h post natum, and
only 6 h later was colostrum feeding begun. The hope was, that meanwhile
vaccine virus had penetrated into gut epithelial cells, where it would be
protected, at least partially, against neutralization by maternal antibodies,
arriving later via gut lumen, (ii) Twenty-four other calves of group D were
regularly supplied with colostrum during 48 h, thereafter fed exclusively a
glucose-electrolyte solution, followed by peroral vaccination the third evening.
From the 4th day onwards regular colostrum feeding was resumed, colostrum
which now is known to contain few maternal antibodies only [12].

Ida Microbiologica Hungarica 31, 1984



BOVINE ROTAVIRUS INFECTION 217

Two groups each of 5 calves were left as unvaccinated controls. Sub-
groups of A-calves were later revaccinated, partly perorally, partly by intra-
muscular route. A peroral challenge was finally made in selected calves with
virulent bovine rotavirus. All these experiments were carefully evaluated by
ELISA forrotavirus excretion, by antibody determinations with CF in mothers’
and calves’ sera, and by clinically recording diarrhoea during 21 days.

An overview of results obtained after 1st day vaccinations confirmed
that invariably all mother cows had CF antibodies, mostly of medium titres
in their sera. So had their calves, of remarkably similar titres. Irrespective
of vaccine takes or diarrhoea observed, these passively transferred titres
did not change significantly within 5 weeks after birth.

Only half of the vaccinated calves excreted rotavirus, which, without
a known marker available, could represent vaccinal or field virus. Clinically,
diarrhoea was observed in 23/31 vaccinées within 21 days after birth, thereby
approximating its occurrence in the controls as well as in the unvaccinated
calves of the previous year.

The calves vaccinated on their 3rd day of life showed higher CF titres
than the A-calves, partly on account of an apparent antigenic stimulation by
reinfection of their mothers (reinfections being documented in literature 117]),
partly by more colostrum meals fed during their first 24 h of life. This richer
passive antibody supply had the following consequences: Rotavirus excretion
following peroral vaccination was even rarer in these vaccinées, being limited
to merely 3/15 calves tested. Clinical diarrhoea affected only 50% of this
group, whereas 74% of group A.

When summarizing our results reported as yet, no beneficial effect of our
specific measures to foster rotavirus takes in vaccinées could he demonstrated.
W ithholding colostrum by either regime had not suliiced to allow regular
takes of rotavirus in their gut. Incidence of diarrhoea became reduced by
better lactogenic immunity hut not on account of active immunity.

Hope for beneficial economic effects had formed one aspect of our
experimentation with this rota-coronavirus market vaccine. Failing to achieve
this, we were interested to learn, at which level success of vaccination became
annihilated. In accordance with Dutch workers [15] we had found that determ -
ination of serum antibodies allowed no conclusions regarding evaluation of
vaccination success or failure. Efforts for determination of copro-lgA seemed
fruitless, since our Bernese colleagues had not mastered the technical difficult-
ies of this procedure [13]. We therefore resorted to an indirect and a direct
investigation to answer the question, whether peroral vaccination had inferred
immunoprotection that had remained unrevealed by the tests described above.

Our indirect approach consisted in performing revaccinations, aimed at
disclosing a possible priming effect of primovaccination by soliciting a booster
effect. This phenomenon had been observed by Svennerholm et al. [8] in

Ada Microbiologica Illungarica 31. 1984



218 BURKI

Pakistani women, although with V. cholerae, tlnis a bacterial system. Non-
invasive as this human intestinal infection runs, it nevertheless primes the
immune-system of its hosts. In consequence, parenteral vaccination results
in significant antibody boosters, which become manifest in serum, milk and
saliva. Evidently then, the gut-mammary link is operative for V. choleae
immunity.

No such priming became, however, evident by revaccinating our calves
with the market vaccine. We would rather have anticipated this when revacci-
nating perorally, as calves in the meantime had developed age resistence.
Intramuscular revaccination, however, should have resulted in significant
boostering, if priming had resulted from primovaccination. It did not.

We know authors, who consider titre differences of 1.7 or 2.2 geometrical
dilutions as obtained in these calves as significant, as for either value there
was p <7 0.01. But anyone envolved with seroevaluation of vaccines knows
that for measuring booster effects this is statistical cheating, as long as at
least 4-fold increases of titres are not achieved.

Our last and direct evaluation of peroral rotavirus vaccination was
performed by subjecting calves to virulent peroral rotavirus challenge. By
necessity, vaccinated calves as well as unvaccinated controls were exposed
in a single experiment. Thereby several of these animals had attained ages,
where they already displayed age resistence. Those vaccinées that were chall-
enged at susceptible age nevertheless proved to he unprotected by experienc-
ing takes of virulent rotavirus, certified by positive fecal ELISA.

Discussion

Our experiments have shown, that even when detaining maternal
colostrum for critical periods of time, attenuated live-virus rotavirus market
vaccine was unable to mediate protection in perorally vaccinated calves.
The responsible pathogenetical and immunological parameters account-
ing for this failure have been elucidated in the introduction. Substantiated
by our own results and insights, | shall resume our present understanding
of events as follows:

Bovine rotavirus pathogenesis

I. In the calf without colostral antibody supply

(a) Primary infection becomes established in villus epithelia, cytolytic-
ally destroys these cells and gets excreted in large amounts in faecal matter.
Little virus gains access to the lamina propria mucosae, where B-lymphocytes
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mature to plasmacells. Whether T-lymphocytes become involved in defence
has remained undisclosed yet. Such calves have neither protection against
infection nor against disease.

(b) Reinfection may occur in the same animals as several authors have
described (see Schusser et al. [19]). Accordingly, the new villus epithelia
covering formerly denudated areas are again susceptible to rotavirus infec-
tion. Plasmacells in the lamina propria, secreting specific antibody, however,
modulate the course of this reinfection, to such extent only, that protection
against infection does not result. The concomittant protection against disease
is more a sequel of age resistance than of immunity.

Il. In the calf with lactogenic immunity

(c) Maternal antibodies plus extraneous rotavirus reach the calf’s
gut. Much of this antibody gets resorbed to the blood stream, much of it passes
the gut in undigested form. There it gets complexed with homologous virus
[14]. The resulting neutralizing effect mediates protection against infection
as well as against disease as long as high colostral level persist. Later, when
the level of maternal antibodies has dropped, they no more mediate protection
against infection, but merely against disease.

(d) Later in life, when daily supply of maternal antibodies has ceased,
physiological low-level transudation of formerly resorbcd serum antibody
does not suffice to protect against infection nor against disease on immunolog-
ical base. Still later protection against disease results on account of age resist-
ance.

Bovine oral rotavirus vaccination
I1l. In calves reared colostrum-free experimentally

Attenuated rotavirus vaccine leads to takes in the small intestine,
which mediate protection from infection as well as disease starting between
5 to 7 days postvaccination [20, 21].

IV. In calves with normal colostrum supply

This means almost automatically provision of lactogenic immunity,
owing to the extreme frequency of seropositive cows. Such calves are pas-
sively protected against infection as well as disease during their first days
of life. As virus-antibody complexes are formed and excreted, immunization
fails to develop. Consequently, such calves lack protection against infection
and disease shortly afterwards. There follows an unprotected phase, only ter-
minated hy development of age resistance.

Acta Microbiologica Hungarica 31, 1984



220 BURKI
General conclusions

Active immunity failed to develop after peroral vaccination with attenu-
ated rotavirus in calves kept under field conditions. Lactogenic immunity
accounts for this failure, evidently because ingested rotavirus forms complexes
with maternal antibodies and becomes excreted in the faeces, whereby antigenic
stimulation of the calf’s immune system is prevented.

As in large and medium-sized cattle herds practically every cow possesses
rotavirus antibodies and excretes these in her colostrum, peroral live-virus
vaccination of calves as recommended by the manufacturer of this market
vaccine, is logically subject to failure. Colostrum with its broad spectrum
of protective antibodies must be given within the first 24 h of a calf’s life.
Our sincere efforts made to prevent rotavirus neutralization in the vaccinées’
gut by temporary withholding of colostrum failed.

Our results have confirmed other authors’findings, that maternal colostr-
um antibodies at titres as encountered naturally do not suffice to prevent
rotavirus infections of calves, but merely retard them and render them less
severe [12, 15]. It would appear then, that promoting elevated maternal
antibody supply over extended periods of time would have better chances
than active immunization to counteract rotavirus infections. As dimeric IgA,
presumably the most beneficial antibody class has merely a half-life of 24 h
122], daily supply of high-titered colostrum would seem most suitable to
mediate such prophylactic effect. Such passive prophylaxis may be achieved
by either adding daily first-day colostrum during the most susceptible first
two weeks of life [23, 24] or by actively vaccinating pregnant cows, which
prolongs their physiological excretion period of protective antibody [25, 26].

Chances for active peroral vaccination of calves with attenuated corona-
virus might seem better, as this virus is less frequently encountered in herds
than rotavirus. Our preliminary examination has, however, disclosed, that in
our University herd every cow possesses antibodies against bovine corona-
virus also. Accordingly, prophylactic prevention would appear also more
successful along extended supply of maternal antibodies than by active peroral
vaccination.

Similarly, it would appear that those human virus infections which
remain restricted to villus epithelial cells, could be more promisingly prevented
or mitigated by passive rather than active immunoprotection. Chanock et
al. [27] have discussed prospects and problems regarding immunoprophylaxis
of infants against human rotaviruses. Active immunization faces, of course,
the same obstacles as we encountered, complicated further by the existence
of several human rotavirus types (2]. On the other hand, bovine milk immu-
noglobulins have proved usable on industrial level to passively protect human
babies against enteropathogenic E. coli [28]. Such an approach should also be
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extendable to prophylaxis against human enteropathogenic viruses. Under
the aspects of comparative pathogenesis this would appear to promise better
results and certainly be less risky than oral rotavirus vaccination of human
volunteers, about which tentative results have recently been published [29].

25.
26.
27.
28.

29.
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DETECTION OF RUBELLA-SPECIFIC IgM ANTIBODIES
BY A COMBINED APPLICATION OF SOLID-PHASE-
IMMUNOSORBENT- AND HAEMAGGLUTINATION-

INHIBITION-TECHNIQUE*

D. Sandow, U. Arnold and B. Pustowoit

Institute of Medienl Microbiology and Epidemiology of the Martin-Luther-University,
Halle and Institute of Medical Microbiology and Epidemiology of the Kori- Marx-
Idniversity" Leipzig, GDI{

Introduction

The determination of rubella-specific IgM antibodies is a useful method
iu the diagnosis of acute rubella infection. The detection of IgM rubella anti-
bodies can be carried out by a range of various methods [1]. Some procedures
require an expensive technical equipment or show results falsified by inter-
ference of rheumatoid factors and IgM reacting competitively for IgM.

Now Krecli and Wilhelm [2] published a test which can be performed
without sophisticated technical tools anti does not show interference by rheu-
matoid factors and competition of IgG. The principle of this test is based on
a solid-phase “capture’ antibody technique in combination with the haemagg-
lutination inhibition reaction (SI’IT).

The aim of our investigation was the adaptation of this method to our
own laboratory conditions using pigeon erythrocytes and Dextrose—&elatin
Veronal buffer (DGV) instead of sheep erythrocytes and HEPES buffer
described by Krecli and Wilhelm [2].

Mel hods

Modifications of the SPIT were as follows. In a first step, polystyrene microtitre plates
were coated with 100 pi chainspecific anti-human IgM (Behringwerke, FGR, dilution 1 : 1600).
The plates were left overnight at room temperature. Then 0.1% fetal calf serum was added
to the wells and the plates were left to stand at room temperature for 1 h. By this procedure
parts of well surfaces possibly not coated by anti-human IgM should he blocked. After shak-
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ing dry, 100 /N portions of patient serum diluted in DGV were added. Heteroagglutinins and
unspecific rubella inhibitors were removed by treatment of the serum with pigeon erythro-
cytes and heparin-manganeous chloride as previously described [3]. Then the plates were
left at 4 °C for 18 h and thoroughly washed thrice.

In the following step 25 /N1 rubella haemagglutinin (SEYAC, Czechoslovakia) contain-
ing 2 haemagglutinating units were given to the wells. After a reaction time of 4 h at 4 °C,
25 /N pigeon erythrocytes (0.25% suspension in DGV) were added. Before reading the test,
the mixture was incubated about 2h at 4°C.

Results

A series of 30 sera taken from patients with a recent rubella infection
was comparatively tested by SPIT and haemagglutination inhibition test
(HIT) with the IgM fraction separated I>y gel filtration as previously described
[3]. The results show a higher sensitivity of the SPIT giving in all investigated
sera IgM-titres in a range of 1:10-1:640. The IgM fractions had only HI
titres from 1:4—:16, sometimes of 1:64.

Furthermore, the specificity and sensitivity of SPIT could he confirmed
by the serological results of 116 patients with acute rubella infection diagnosed
clinically and by antibody rising of HIT. In all cases rubella-specific IgM
antibodies were demonstrated. Additionally, we investigated 25 sera contain-
ing rheumatoid factors and rubella HI antibodies. These sera originating from
persons without known recent rubella exposure or acute infection were negat-
ive by SPIT.

In view of these exact results we applied SPIT in our routine laboratory
work. Altogether, 421 pregnants with known rubella exposure or with a sus-
pected recent infection that could not be exactly excluded by HIT were
investigated by SPIT. Of them. 88 (20.7%) showed a positive SPIT.

Discussion

The modified SPIT was characterized by an adequate sensitivity and
specificity.

From the theoretical standpoint false positive reactions by rheumatoid
factors and competition of 1gG can he excluded. However, according to our
opinion, a few possibilities of false SPIT should he discussed. Firstly, //-
chainspecific anti-human IgM of insufficient specifity cal also react with
human 1gG. Secondly, a cross-reaction of IgG rubella antibodies could occur,
if the well surfaces of microplates are not fully coated by anti-human IgM
and 1gG molecules are adsorbed to uncoated areas. Consequently, the results
of SPIT should not only be interpreted alone but also in connection with the
patients’ history and serological findings with HIT.
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OPENING ADDRESS

L. VAczi

Institute of Microbiology, University Medical School, Debrecen

At the opening of our Congress, the importance of which is emphasized
by the participation of our highly esteemed foreign guests, it is justified to
take into account the most important results and future prospects of our
special scientific field.

There is no doubt that the one hundred years’ development of micro-
biology has brought decisive results in the knowledge of microorganisms
pathogenic to man, animals and plants, in decreasing their number, in the
prevention and curing of infectious diseases induced by them. | wish to men-
tion here, as the most convincing example in this field, the eradication of
smallpox or the control of most of the human and animal epidemic diseases
that caused great pandemia in the past.

There have also been brilliant achievements as to tin? knowledge of the
biological role, importance and understanding of the microscopic living
world surrounding us and as to the utilization of part of the capabilities and
energies of this micro-world to satisfy the demands and requirements of the
macro-world. With the highly promising results of the biotechnological revolu-
tion | dealt with in detail in my opening lecture of our previous Congress, in
the lecture given in memory of Robert Koch.

In the year that has passed since then there has been a new discovery
in our field, an immense step which may have unforeseen consequences, and
may alter many of our notions such as have been so far accepted as absolutely
unquestionable facts. This is the discovery made by Baross and Deining of the
existence of microorganisms capable of proliferation at 250 °C or higher
temperatures. These microorganisms that were sampled from crustal parts
of deep-sea volcanic shelves alter not only our ideas about the conditions and
limits within which we have so far been able to imagine the existence of organic
life, but at the same time are suitable to suggest that life is possible in such
regions of our Earth where we have regarded it impossible, and under similar
conditions, on the surface of other planets, too. This discovery also refers to
the assumption that life may have started amidst chemical reactions acceler-
ated at such extremely high temperatures. These microorganisms can now
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be cultured and studied in enriched sea water in titanium chamber at 250 °C,
at 265 atm pressure. Their generation time is about 40 min, which, on decreasing
pressure and temperature is getting longer and longer and entirely stops below
100 °C. In the course of their culturing they produce methane, carbon monoxide,
hydrogen, and a small amount of nitrogen oxide. The discovery and existence
of these obligately thermophilic, gas-demanding and producing microorgan-
isms have not only disproved the chemical and biochemical dogmas on proteins,
nucleic acids, lipids, i.e. the most important components of living matter, but
also suggest that beyond the theoretical involvements, their importance is
unpredictably great as to the whole of biology and for the new trends in
industrial microbiology (large-scale production of thermostable enzymes,
industrial gas production, etc.). The establishments concerning the time of the
origin of living matter on our Earth also need reappraisal. In the course of the
Earth’s evolution life must have originated in an earlier period of cooling down,
and the possibility of life on other planets that have so far been excluded from
this possibility due to their high temperature, is to be reconsidered.

These results raise our recent knowledge on the micro-world to an equal
level with the results of the technical revolution of our times, and they will
form the essential basis of the development and persistence of the plant and
animal kingdom in the new millenium.
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Bacteriology and Parasitology

EXPERIMENTAL ANIMAL MODELS IN THE STUDY
OF ENTERIC PATHOGENS

I.KETYI

Institute of Microbiology, University Medical School, Pécs

Experimental animal models are mandatory in human medical micro-
biology, but they are essential also in veterinary microbiology, because the
price of big farm animals limits the number of experiments. The experimental
animal model is not a simple forced compensation: in many cases it gives
better information about some steps of pathomechanism or about virulence
factors, as compared to the complex picture yielded by the natural host.
Mistakes can he prevented by considering the model character of experiment
and by control observations in the natural host. Animal modelling of salmonel-
losis, shigellosis and diseases caused by different pathogenic goups of Escheri-
chia coli has been successfully applied and the possibility to study the virulence
factors of Vibrio cholerae in this manner may also be considered.

THE CLONE CONCEPTION A CONTRIBUTION TO THE
CHARACTERIZATION OF BACTERIA OF
EPIDEMIOLOGICAL AND DIAGNOSTIC

IMPORTANCE

H. Rische, H. Tschape and W. Witte

Institute of Experimental Epidemiology, Wernigerode, GDP

Long time epidemilogical observation indicate that within a bacterial
Species particular qualified clones with outstanding virulence and epidemic
spread are responsible for the epidemic process of the infectious diseases in
question. These clones can be described and characterized by epidemiological
laboratory methods such as phage typing, serotyping, colicinotyping, hio-
chemotyping, analysis of plasmid pattern or protein pattern etc. and therefore
discriminated according to their different genetical and phenotypical traits.
In summarizing these observed traits a clone type formula can be established
for each epidemiologically significant strain. The clone conception in close
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connection with ecological, epidemiological and clinical studies explains the
development of virulent epidemic or clinically important strains, their spread
and their disappearence: it gives further insight into the dynamics of alteration
and changing of the infective agents themselves and of the development of
drug resistance.

ANALYSIS OF PLASMIDS DERIVED FROM MULTIPLE
RESISTANT ESCHERICHIA COLI STRAINS

H. Mitch, G.V. Lasz16,l. Téth, M. Ahr, T. Magyar and H. Graber

National Institute of Hygiene, Budapest, Pélerfy Sdndor Hospital,
Department “A ™ for Internal Diseases, Clinical Pharmacological Laboratory,
Budapest

Escherichia coli strains cultured from hospitalized patients with urinary
tract infections and leukaemia, treated with antibiotics or chemotherapeutics
for a long period, were examined for sensitivity to 27 antibiotics. Though
the therapeutical use of most of these antibiotics was not general in Hungary,
multiple resistant strains were often found. In 20 out of the examined 30
strains the presence of R-plasmid was demonstrated. The difference in anti-
biotic resistance between the strains derived from the two clinical groups was
significant. In E. coli strains from urinary tract infections the number of
resistance determinants per one strain was 1.7, of R-plasmid controlled
determinants was 0.8, whereas in case of leukaemia these numbers were 3.2
and 2.4, respectively. Transferable cephalosporin resistance was found only
among the first generation cephalosporins. Out of the examined 6 cases resist-
ance to sulfamethoxazole-trimethoprim was determined by R-plasmids in
five cases. On the basis of determination of incompatibility group, phage-

inhibition and molecular weight, the R-plasmids were not “hospital-endemic-
plasinids”.

ISOLATION OF RESTRICTION DEFICIENT MUTANTS
FROM STAPHYLOCOCCUS AUREUS SA113
L. JANOSI and 1. H et ZMANN

National Institute of Hygiene, Budapest

Further r m+ mutants were isolated from Staphylococcus aureus SA113
an rsiins[rs2ms2 derivative of NCTC 8325 following mutagenic (NTG) tre-
atment. For selection mutants typing-phage </80 adapted to a Group 2
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strain PS116 (¢80.PS116) was used. Phage sensitivity of 113/34426, one of
the r- mutants increased with a value of 2-5 log to both Group 2 typing-
phages and <js80 adapted to Group 2 propagating strains (<p80.PS71, ip80.PS
116). The above phages gave the same e.o.p. value on both the propagator and
a delysogenized derivative of 8325 after propagation on 113/34426. In trans-
duction experiments using Group 2 donor strains from clinical sources and,
strains 8325, SA113 and 113/34426 recipients, chloramphenicol, tetracycline
and erythromycin plasmids could be transferred only to 113/34426 with a
frequency of K)-* 10-7 by ¢>80.PS116 propagated on the donor strains. From
this mutant plasmids could be transduced to 8325 with the same frequency.
The use of mutant 113/34426 offers the possibility to transfer R-plasmids
from the clinically important Group 2 S. aureus strains into 8325 for determin-
ing their incompatibility relationships with recombinant plasmids of lorda-
nescu et al.

TN5 CARRIES A STREPTOMYCIN RESISTANCE GENE

P. Putnoky, G.B. Kiss, I. OTT and A. Kondorosi

institute of Genetics, Biological Research Centre,
Hungarian Academy of Sciences, Szeged, and Drug Research Institute, Budapest

In Rhizobium meliloti, Tn5 conferred resistance not only to kanamycin
but to streptomycin, as well, in Escherichia coli, however, only to kanamycin
Using in vitro recombinant DNA techniques, it was shown that the strepto-
mycin resistance determinant was located downstream from the kanamycin
resistance gene in the unique central region of Tn5. Expression of various
cloned fragments of Tn5 suggested that both kanamycin and streptomycin
resistance genes were transcribed from the same promoter. E. coli mutants
allowing the expression of streptomycin resistance from Tn5 were isolated.
The differential expression of the streptomycin resistance gene provides simple
selection/counterselection conditions, using only streptomycin in transfer
experiments of Tn5 between E. coli and R. meliloti.
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INTRODUCTION OF SYMBIOTIC GENES OF RHIZOBIUM
MELILOTI INTO OTHER RHIZOBIA AND
AGROBACTERIUM

Z. Banfalvi, £. Kondorosi, G.S. Randhawa, C.E. Pankhurst,
W.J. Broughton and A. Kondorosi

Institute of Genetics, Biological Research Centre,
Hungarian Academy of Sciences, Szeged, Hungary, and Marx-Planck Research Institute,
Kéln, GFR

Strains of Rhizobium meliloti aide for symbiotic nitrogen fixation with
the host plant alfalfa, harbour megaplasmids. Recently we have shown that
one of the megaplasmids of R. meliloti strain 41 (pRme416) carries genes
responsible for symbiotic nitrogen fixation, including the structural genes of
enzyme nitrogenase (nif) and genes involved in the early steps of nodulation
(nod). These findings were further supported using two approaches. (1) The
mob region of RP4 was integrated into the pRme416 which was then mobiliz-
able with R68.45. In this way the pRme4l/> could be introduced into other
rhizobia and Agrobacterium tumefaciens. The nod genes of R. meliloti could
be expressed in the new hosts, transconjugants carrying the pRmell/i in-
duced nodules on alfalfa. (2) R-prime derivatives of R68.45 carrying symbiotic
genes of R. meliloti were constructed in vivo. Introduction of R-primes carry-
ing nod genes into Agrobacterium resulted in transconjugants able to nodulate
alfalfa. Physical mapping of this DNA region also indicated that genes involved
in early steps of nodulation and the nif genes are located on a relatively short
(50kb) DNA region of pRme4l/i.

DNA-PROTEIN INTERACTION IN PHAGES OF
MYCOBACTERIUM PHI El

P. Somogyi, K. Baksa and |. Fsldes

National Institute of Hygiene, Microbiological Research Group, Budapest

Protein patterns of Phlei phages disintegrated by different methods
were investigated. At least 10-12 proteins were found associated to DNA
mild disintegration conditions (by removing Ca++ ions). These so called
internal proteins were found associated to the DNA even after CsCl equillibrium
centrifugation. Sedimentation constant, buoyant density and electrophoretic
mobility of DNA thus obtained were measured. By the use of other disintegra-
tion methods different results have been obtained. Thus, using NaClO, to
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isolate bacteriophage DNA, 5 6 proteins attached to DNA, using temperature
treatment in the presence of 0.05% SDS a relatively pure DNA could be obta-
ined (12 proteins), while using the phenol method no protein associated to
DNA could be detected. This latter phenomenon means that phage DNA
contains no covalently bound proteins.

BIOSYNTHESIS OF THE HEPTOSE REGION OF
LIPOPOLYSACCHARIDES IN GRAM-NEGATIVE
BACTERIA. ISOLATION OF ADENOSINE 5’-
DIPHOSPHATE-1-GLYCERO-d-MANNOHEPTOSE,
THE “PROPER” SUBSTRATE OF HEPTOSE
TRANSFERASE, FROM SALMONELLA MINNESOTA
R 595 AND SHIGELLA SONNEI Re MUTANTS

T. Kontroiir and B. Kocsis
Institute of Microbiology, University Medical School, Pécs

A few years ago we isolated ADP-D-glycero-D-mannoheptose from a
Shigella sonnet R mutant which incorporates into its cell wall lipopolysacchar-
ide D-glycero-D-mannohcptose as sole heptose. With similar methods, i.e.
by extraction of bacteria with perchloric acid, ion exchange chromatography,
we could isolate from class Re mutant of Salmonella typhi-murium and from
a similar heptoseless mutant of S. sonnet a mixture of the nucleotides of “DD”
and “LD” heptose. After paper chromatography in ethanol-butanone-0,5
M morpholinium tetraborate, pH 8.6, in 0.01 m EDTA (70:20:30; Carminatti
et al.) we could isolate both of the nucleotide sugars in pure form (“DD”:“LD”
ratio about 2:3). The structure of ADP-L-glycero-D-mannoheptose has been
verified by analytical methods as g.c., p.c., spectroscopy and determination
of constituents. On the basis of our results, S. typhi-murium R 595 and S.
sonnei Remutants can be regarded as epimeraseless rather than transferaseless
ones.
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STRUCTURE OF THE IMMUNODOMINANT REGION OF
ESCHERICHIA COLI R, CORE TYPE LIPOPOLY-
SACCHARIDE

T. KOMTROHR and B. KOCSIS
Institute of Microbiology, University Medical School, Pécs

In a previous work, we have postulated that the end-group tetrasach-
aride is substituted with the immunodominant of core on the terminal
galactose. This finding was supported in a comparative study with Escherichia
coli R, core type lipopolysaccharide having similar terminal structure except
that in the side-chain, galactose was substituted for glucose. In contrary to R,
polysaccharide, the Rj core was not attacked by galactose oxidase, was negative
with galactose-specific lectins and the serological activity was rapidly elimin-
ated with mild alkali and acid treatment. In passive haemolysis inhibition
test, the Rt type lipopolysaccharide/antibody system was strongly inhibited
by heptoseless lipopolysaccharides, ketodeoxy-D-mannooctulonic acid (KDO)
and KDO-methylglycosides.

APPLICATION OF THE INDIRECT
HAEMAGGLUTINATION TEST FOR SURVEYING
MYCOPLASMA HYOPNEUMONIAE

L. StIPKOVITS and J. MESZAROS
Veterinary Medical Research Institute, Hungarian Academy of Sciences, Budapest

Sheep erythrocytes pretreated with glutaraldehyde and tannin were
sensitized with Mycoplasma hyopneumoniae antigen. Sera collected from 2090
conventional pigs and 2283 pigs free from M. hyopneumoniae were examined
by the indirect haemagglutination test, using erythrocytes treated in this way.
The proportion of seropositive animals was 70 to 90% in conventional fattened
pig herds, 30 to 40% in 3 to 5 years old sows and hoards, and 16% in back-
yard pigs. Titres of the reactor animals ranged between 1:16 and 1:512. One
and a half per cent of pig sera collected in herds undergone M. hyopneumoniae
eradication gave doubtful or mildly positive reactions. However, M. hyopneu-
moniae infection could not be established by gross pathological and histo-
pathological examinations and mycoplasma isolation performed after the
extermination of such animals. The indirect haemagglutination test seems
to he a reliable method for screening pig herds for M. hyopneumoniae infec-
tion.
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ISOLATION OF C02 DEPENDENT SALMONELLA
GALLINARUM STRAINS FROM CHICKEN WITH
FOWL TYPHOID

E. Palinkas, Gy. Gajdacs, V. Palya, b. Lanyi and A. Szentmihalyi

Veterinary Institute, Békéscsaba, and National Institute of Hygiene, Budapest

Among 1020 days old chicken of meat-type flocks an acute disease
occurred with moderate losses. The pathological changes resembled fowl
typhoid hut yielded no bacteria by aerobic cultivation. However, Salmonella
gallinarum grew readily from the organs of all diseased birds in increased CO,,
atmosphere. The 14 strains could he adapted to aerobic growth after 4-5
subcultures. The source of infection was an infected breeder stock and the CO,,
depended S. gallinarum was isolated from the dead-in-shell embryos, too. The
14 strains showed identical phage pattern (phage type 1 with S. enteritidis
phages and phage type A with S. panama phages).

BIOTYPES AND SEROTYPES OF PASTEURELLA
HAEMOLYTICA ISOLATED FROM SHEEP, GOATS
AND CALVES

L. Fodor, J. Varga, |. Hajtés and Gy. Szemerédi

Department of Epiznotiology, University of Veterinary Science, Budapest,
Animal Health Institute, Miskolc and Central Veterinary Institute, Budapest

Biochemical and serological characteristics of 201 Pasteurella haemolytica
strains isolated from sheep, goats and calves succumbed to pneumonia, pleuro-
pneumonia or septicaemia were examined. For the serological examinations
the indirect haemagglutination test was used. About 92.5% of the isolates
(186 strains) belonged to the A and about 7.5% (15 strains) to the T biotype.
Except 8 strains they could be assigned into one of the up till now established
15 serotypes. From calves Al was the most prevailing serotype (65% of the
strains). In sheep almost all serotypes were represented, but serotypes Al
(26%), A2 (12%), A7 (10%), A9 (9.5%) and A6 (9%) occurred the most
frequently. About 24% of serotype A bacteria caused septicaemic disease in
sheep. Apart from one strain, isolates from goats represented a single serotype
A2.
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COMPARATIVE STUDIES ON TWO TYPES OF
LEPTOSPIRAL CULTURE MEDIA

F. Kemenes, T. Perényi and E. Temesvari

Phylaxia Veterinary Biologicals Co., Budapest

Two kinds of leptospiral medium Korthof’s rabbit sera and Ellinghause-
Johnson’s BSA were used for isolation and propagation of leptospires. In the
low protein containing (USA) medium even the fastidious Leptospira interrogans
serovar hardjo was able to grow. The semisolid BSA medium is most suitable
for isolation of L. interrogans serovar hardjo. L. interrogans serovar pomona
from renal tissues grew in Korthof’s medium when inoculated undiluted,
meanwhile in sensitive BSA medium these leptospires multiplied only when
appropriate dilutions were seeded. As in BSA medium leptospires multiplied
at least five times more intensively than in Korthof’s medium, vaccines
prepared from these cultures may establish a better immunity.

CHARACTERISTICS OF THE NUTRIA-TREPONEMA

L. Molnar

Department of Epizootiology, University of Veterinary Science, Budapest

Previously we have reported on an epidemic disease similar to swine
dysentery observed in a nutriastock. In the coecum and in the faeces of the
ill and dead animals spirochaets identical with Treponema hyodysenteriae
and binding T. hyodysenteriae conjugates were present. The microorganism
was isolated from the cadavers from an other nutriastock. There was no
difference between T. hyodysenteriae and the nutria-treponema by light- and
electronmicroscopical, biochemical and serological examinations. The trepo-
nema strains isolated from nutrias colonized the large intestine of artificially
infected pigs, but caused no disease. Pigs Mere infected v ith the coecal-content
of nutrias from which the treponema strains were isolated. No disease developed
for one month in the infected pigs. The colon of killed pigs was fed to an other
group of pigs but they also remained symptomless. After two further swine-
passages 3 infected pigs became seriously ill after 5— days post infection
with characteristic symptoms of swine dysentery. We conclude that the nutria-
isolate becomes pathogenic for pigs after a few passages.
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K. Lukacs and J. E rdei

Veterinary Medical Research Institute, Hungarian Academy of Sciences, Budapest

So far, no serological methods serving for the detection of Treponema
hyodysenteriae antibodies and suitable for the examination of individual animals
has been available. As a sensitive and reliable test enabling the examination
of large numbers of individuals within a relatively short time, ELISA seems
to he the method of choice. In our studies performed so far, 48 72 h broth
cultures (Trypticase soy broth) of a strain isolated from a dysenteric pig and
designated B 8, and those of an apathogenic strain designated HI were used
as antigen. The cells were recovered from the broth cultures by centrifugation,
washed in PBS and sonicated. Serum of dysenteric sows was used as positive
control, and SPF piglet serum as negative control. Anti-swine IgG-HRPO
marketed by Human Institute for Serobacteriological Production and Research
was used as conjugate, and OPD as substrate. As compared to the micro-
agglutination test, ELISA is sensitive enough and suitable for the detection of
treponemal antibodies. The great advantage of ELISA lies in the fact that it
eliminates the difficulties of antigen production. Once produced, the antigen
can he used in high dilution for a long time.

E. Bajméczy, B. Fazekas and J. Tanyi

Veterinary Institute, Debrecen

In a stock of sheep imported from France a disease involving suppura-
tion of lymph nodes and subcutaneous abscess formation was observed. In
the course of a few months all individual of the stock of 318 ewes acquired the
disease. Recurrence was common. Six-eight weeks after the hurst and healing
of the abscess a newer, occasionally a third abscess was formed. After 12-13
months the disease gradually ceased in the adult stock, but reappeared in the
lambs horn during this period. From all the examined materials a slowly grow-
ing, microaerophilic, fastidious Gram-positive coccus was cultured. Merino
sheep infected with the isolates, similarly to the naturally occurring cases,
developed subcutaneous lymph node abscesses. The isolates showed the
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characteristics of “Micrococcus abscedens-ovis” described as the causative
agent of Morel disease. Occurrence of this disease has not so far been reported
in Hungary.

DETECTION OF COMPLEMENT FIXING
ANTIBODIES FOR CHLAMYDIA IN HUNGARIAN
EQUINE HERDS

Z. Csukas, |I. Hajtsos, T. Faragse and M. Kovacs

Veterinary Institute, Miskolc, Pest County Veterinary and Food Control Station, G6doll6,
and Heves County Veterinary and Food Control Station, Eger

Blood samples collected from horses of different breeds and reared for
different purposes were examined by complement fixation test (CFT) to
detect antibodies for Chlamydia. A total of 317 blood samples were collected
from private farms, where the owners usually have not more than two horses
and 393 sera samples were collected from big (governmental) herds. Antibody
titers 1:10 or higher were considered positive. The number of examined blood
samples collected at random from each farm ranged from 8 to 50. Out of the
sera examined (710), 13.2% were positive. By CFT the number of positive
cases from different farms varied between O and 53.3%. The highest antibody
titres occurred in 8 foals less than one year old, from one farm; these foals
suffered from respiratory disease when they were six to twelve weeks old.
Horses reared in small number and bred for private purposes were rarely
positive. According to our serological results and according to the experience
of other authors elsewhere one must draw attention to the role played by
Chlamydia as a causative factor in respiratory disease complex of horses and
abortion in mares.

ROUE OF ANTIBACTERIAL MECHANISMS IN THE
PATHOLOGY OF SWINE DYSENTERY

L. Prohaszka

Veterinary Medical Research Institute, Hungarian Academy of Sciences, Budapest

Swine dysentery (Treponema hyodysenteriae infection) is a common
disease of pigs kept in large-scale farms. In recent years we have observed that
cases of swine dysentery did not occur in farms where pigs were fed maize
silage/(3-year observation including 40 000 pigs). We have shown that, due to
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the antibacterial effect of volatile fatty acids (VFA), bacterial multiplication
is strongly inhibited in the intestinal tract of pigs fed maize silage, and this
prevents the spread of infection. The intensity of the VFA-associated anti-
bacterial effect in the intestinal tract depends on the quality of the feed. By
enhancing the intensity of the studied natural defence mechanism by adequate
feeding, the prevention of swine dysentery seems to be possible without the
use of drugs.

CHARACTERIZATION OF ESCHERICHIA COLI
STRAINS ON THE BASIS OF THEIR ADSORPTION
ON AI(OH)1 GEL AND HAEMAGGLUTINATION

0. FleRCZEGH and E. SzOLLOSY

Department of Clinical Microbiology, University Medical School, Szeged

Sz6ll6sy showed in 1969 that cell suspension of strains belonging to the
family Enterobacteriaceae are hound to the surface of A1(OH)3gel with different
intensity. The adsorption of the bacteria can be inhibited by phosphate ions.
Strains were characterized by the numerical value of the phosphate buffer
molarity causing 50% equilibrium on the gel (ECJO0). This character is indepen-
dent from serological types. All strains belonging to the serological groups
causing infantile enteritis are characterized by their inability to absorb on
the gel. The relation between adsorbing capacity and the behaviour with
Serény test as well as the haemagglutination in the presence and absence of
mannose have been studied on strains originating from patients. It was found
that the majority of Serény-positive strains demonstrated weak adsorption
(EC50 0.01), while Serény-negative strains adsorbed more firmly (EC5, 0.04).
The haemagglutinating Escherichia coli strains have been grouped as follows:
Agglutinating human blood cells in the presence of mannose (MRHA), only
in the absence of mannose (MSHA), agglutinating guinea pig blood cells with
mannose (MRTA), only without mannose (MSTA). The haemagglutinating
characteristic of strains have been compared with their EC50 values.
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OF ESCHERICHIA COLI IS ASSOCIATED WITH
SEROGROUP RUT NOT WITH SITE OF INFECTION

E.CZtrék,A.MartDn,M CSik andM Sotti

National Institute of Hygiene, Budapest, and Heim P&l Children s Hospital, Budapest

Mannose resistant haemagglutination of human erythrocytes (MRHA
hum.) and O antigen of Escherichia coli strains originating from faeces (pati-
ents with enteritis 244, healthy individuals 225), urine (pyelonephritis 111,
cystitis 130, asymptomatic bacteriuria 59) and other extraintestinal sources
(blood 30, cerebrospinal fluid 15, wound 13, and nose swabs 5) were examined.
Serogroups 01, 02, 04, 06, 07, 018, 075 were uniformly the most frequent
in faecal (26.5%), urinary (34%) and extraintestinal (57.9%) strains. Haemagg-
lutinating activity of these serogroups was significantly more frequent than
that of the others (p <7 0.001). There was no significant association between
MRHA positivity and origin of these serogroups. It has been concluded that
MRHA hum. property of an E. coli strain rather depends on its serogroup
than its origin. As serogroups with MRHA hum. activity are the most frequent
serogroups of the intestinal flora, the primary function of these strains is to
colonize the bowel; outside the gut they may cause extraintestinal infections.

L. Emédy

Institute of Microbiology, University Medical School, IJccs

The appearance of resistant haemolytic Escherichia coli clones was
studied in mice treated with a synergetic combination of antibiotics (broad
range penicillin derivative aminoglycoside). The R plasmid donor and the
haemolytic recipient were given orally. Starting next day 10 animals were
treated intraperitoneally with 2.5 mg carbenicillin and 2.5 mg kanamycin
pro die through 7 days; 10 control animals were injected with saline. The
appearance of resistant transconjugants was tested both by direct plating of
faecal samples onto selective blood agar plates and after selective enrichment.
Out of 80 faecal samples of mice receiving antibiotic treatment resistant
haemolytic transconjugants were isolated from 13 samples by direct plating
and from 27 samples after enrichment. Out of 80 parallel samples of control
animals a single one resulted in a positive culture, however, only after enrich-
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ment. On the basis of these results we assume that even a proper antibiotic
combination, while controlling the actual infection, might facilitate the
appearance of resistant haemolytic clones (and clones possessing other
virulence factors) in the intestinal tract. These multirésistant clones might
represent a special danger as possible sources of later extraintestinal infections.

DETECTION OF COMMON ANTIGEN AMONG
VIRULENT STRAINS OF ENTEROINVASIVE
ESCHERICHIA COLI, SHIGELLA FLEXNERI AND
SHIGELLA SONNEI BY ELISA

T. Pal, S. Pacsa, L. Emédy and S. Voéres

Institute of Microbiology, University Medical School, Pécs

Using a special kind of ELISA technique the existence of common
antigen characteristic only of the virulent strains of enteroinvasive Escherichia
coli (EIEC) of different serogroups was investigated. Immune serum produced
against a virulent strain of serogroup 0143 and absorbed with living and heat-
treated cells of the avirulent derivative of same strain was used. This serum
showed with all the virulent EIEC strains a titre higher than or equal with
1: 2000, while the avirulent ones gave titres lower than 1:200. Comparable
results were obtained with virulent and avirulent strains of Shigella flexneri
and Shigella sonnei. Wc assume the existence of a common antigen, charac-
teristic of the virulent strains only.

PI LUS SPECIFIC VACCINE FOR PREVENTION OF
BOVINE ENTERIC COLI BACILLOSIS

H.Nagy, A. Kulcsar and Gy Nagy

Central Veterinary Institute, Budapest, and Bhylaxia Veterinary Biologicals Co.,
Budapest

Most of the bovine enterotoxigenic Escherichia coli (ETEC) strains possess
one or both of the two pilus (fimbria) antigens: K99 and F41. With the help
of these antigens they adhere to the small intestinal epithelium. Calves born
to cows vaccinated with the pilus extract of a K99+ E. coli strain (produced
under laboratory conditions) were protected against an experimental challenge
with about one LDH5l, of an ETEC, K99+, F41+ strain. Based on the above
results an inactivated bacterial vaccine was produced containing piliated
bacteria of the E. coli 0101.-K99, F41 and was licenced under the name
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“Phylacol-K99” at the end of 1982. In 1981 1982 experimental vaccinations
using the above vaccine were performed of four herds in which enterotoxic
colibacillosis caused by K99+ ETEC had been diagnosed. Deaths due to diar-
rhoeaunder 6 days of age were investigated between calves of 738 vaccinated
and 1681 control cows. Six per cent of the control calves and 0.5% of calves
receiving colostrum from vaccinated cows died at this age. Enterotoxic
colibacillosis (presence of K99+ ETEC) was not diagnosed in the latter group,
and 70% of the tested dead calves from the control group died as a result of
K99 1 ETEC induced enterotoxic colibacillosis. In the serum and colostrum
of the vaccinated cows as well as in the serum of their calves pilus-agglutinat-
ing and ELISA antibodies were detected. Titres were similar to that induced
by a foreign calf colibacillosis vaccine, Vicogen.

INHIBITION OF SMALL INTESTINAL
COLONIZATION OF ENTEROTOXIC ESCHERICHIA
COLI BY STREPTOCOCCUS FAECIUM

T. Ushe and B. Nagy

Central Veterinary Institute, Budapest

An 0101: K30(A), K99: NM, STa+ enterotoxic Escherichia coli (ETEC),
an 08: K50(A): NM nonenteropathogenic E. coli (NEEC) and a Streptococcus
faecium strain were studied electronmicroscopically. On the surface of both
E. coli strains pili (fimbria) were detected. S. faecium was nonpiliated. In the
small intestine of intragastrically infected newborn mice, the ETEC strain
attained significantly higher numbers than the NEEC. Also the number of
NEEC was significantly higher than that of S. faecium. Twelve hours before
ETEC inoculation, mice were given 10-fold amounts of S. faecium. Controls
were only infected with ETEC. No difference was detected in terms of small
intestinal ETEC-colonization. A similar experiment was performed on hyster-
ectomy derived colostrum deprived piglets. S. faecium could not attain as high
numbers as ETEC in the small intestine of piglets. However, pigs preinoculated
with S. faecium showed significantly less diarrhoea, weight loss and small
intestinal ETEC counts as compared to the controls. It seemed that S.faecium
could not colonize the small intestine of infant mice and pigs as well as the
piliated ETEC and NEEC strains could. The inhibition of ETEC colonization
by streptococci in piglets could be interpreted as a result of biochemical
activity of streptococci which could also be accompanied by a nonspecific

early stimulation of mucosal protective activity of the porcine small intes-
tine.
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HAEM AGGLUTINATING CAPACITY IS ABSENT IN
YERSINIA ENTEROCOLITICA

D. Velin

Institute of Microbiology, University Medical School, Pécs

A total of 122 strains of Yersinia enterocolitica of different serogroups
were examined by slide haemagglutination of detect fimbriae. Most of the
strains were fresh isolates from enteritis. Erythrocytes of man, pig, sheep,
guinea pig, chicken and ox were used. The test was performed at room tempera-
ture and also at 4 °C with strains serially subcultured in broth at 20 °C. None
of the strains formed haemagglutinins against any types of erythrocytes used.
Fimbriae detectable by the used test are at least infrequent in Y. entero-
colitica strains and therefore their role in pathogenicity could not be estab”
lished.

PHAGE TYPING OF YERSINIA ENTEROCOLITICA
IN HUNGARY IN THE YEARS 1980 1983

A. Hajnal

Pest County Publie Health Station, Budapest

By the phage sets of Nicolle and Mollaret 1584 Yersinia enterocolitica
strains were typed. More than 96% of the strains belonged to serogroup 03
The most frequent European phage type, VIII was found in 89.9%. Phage
type IX occurred in 5%. An increase has been observed in the spreading of
phage IXa. Non-classified (n.c.) strains occurred in less than 0.5%. The pro-
portion of phage resistant strains was smaller than 1%. Results of the phage
typing performed at 30 °C and 37 °C were different from those obtained at
22 °C. There is a strong lysis with phages VI, VII and VIIl and a weaker one
with V and X at 30 °C. At 37 °C none of the phages of the international phage
set exerted lysis. A total of 827 strains were examined by the 6 Calvo phages
isolated from the sewage but none of them was suitable for further classifica-
tion of the strains. One of the six phages, namely ZD3 was able to evoke lysis
even at 37 °C. A new phage was isolated from a strain originating from a pat-
ient in 1982. The phage named 308 was propagated on strain No. 3827. More
than 1.3% of VIII strains phage type was divisible by phage 308. Because Y.
enterocolitica is a significant agent of enteric infections and is associated with
certain chronic diseases (i.e. rheumatic disorders), and the isolates are highly
homogeneous (serotype 103 and 4 biotypes), it seems desirable to continue
efforts to divide them by phage typing methods.
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DATA TO THE PATHOGENIC PROPERTIES OF
NON-Ol VIBRIO STRAINS ISOLATED FROM
SURFACE WATER TN HUNGARY

B.S. Ratovich, S. Voros, S. Pacsa and B.K. Davis

Institute of Hygiene und Epidemiology, and Institute of Microbiology,
University Medical School, Pécs, Hungary, and Centers for Diseases Control, Atlanta, USA

During 1979 1982 nine non-O1l Vibrio strains were isolated from surface
water in Balaton region. Seven strains belonged to the following Smith’s
serotype: 11, 17, 19, 22 (2 trains), 106 and 342. Two Vibrio strains were
untypahle. AIll of them produced haemolysin and permeability increasing
substance. Four out of the 6 strains studied caused necrosis in mouse footpad.
Two strains had not necrotic effect hut one of them Kkilled the mice very
rapidly. Enterotoxin could not be detected in culture supernate of the strains
with infant mouse test. Infant mice died after infection by living culture of
Vibrio strains. Enterotoxin production was detected also by ELISA test.

CAMPYLOPACTER ENTERITIS IN HUNGARY
EXPERIENCES OF A THREE YEAR STUDY IN
PEST COUNTY

M.M. ADAM

National Institute of Hygiene, Budapest

In the years 1980—1982 culturing of Campylobacter was successively
started in 13 laboratories of the Hungarian Public Health Service. From 3880
(1980), 31 778 (1981) and 63837 (1982) faecal samples from patients with
enteritis Campylobacters were isolated in 9.2, 6.1 and 4.0%, respectively. Out
of a total of 11881 asymptomatic contact persons of different age the isolation
rate was 3.1% and our of 4195 healthy people 1.7%. In Pest county the annual
incidence of Campylobacter enteritis was 6.8, 6.0 and 2.0% in 3403, 5942
and 6265 patients, respectively, while the incidence of salmonellosis was 3.1,
2.5 and 3.8% and that of shigellosis 0.6, 0.2 and 0.2%. Campylobacter enteritis
was most frequent in October 1980 (8.6%), in February (11.4%) and May 1981
(10.2%), both in May and December 1982 (3.3%). Positive results were mostly
shown among infant patients (9.7, 13.8 and 4.3%) and among small children
(1-5 years, 10.1, 7.8 and 3.0%). Males were usually more frequently affected
by Campylobacter enteritis. W atery and slimy diarrhoea occurred in 41.6%,
bloody diarrhoea in 25.9%, vomiting in 4%, abdominal pain in 25.2%, pyrexia
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in 35.7%. The iJIness was mild in 13.4%, severe in 3.1% and lasted as an aver-
age 6.3 days. The isolates were sensitive to tetracycline in 80-91% and to
ampicillin in 13-39%.

BIOCHEMICAL AND SEROLOGICAL
CHARACTERISATION OF CAMPYLOBACTER .JEJUNI
STRAINS ISOLATED FROM ANIMALS AND MEN

). Varga, L Fodor, | Majtées ami M .M. Adam

Department of Epizooliology, University of Veterinary Science, Budapest.
Veterinary Institute, Miskolc, and National Institute of Hygiene, Budapest

Growth and biochemical characteristics of 98 Campylobacter jejuni
strains isolated from diseased broiler chicken, laying hens, sheep, dog and
human beings were examined. Based on the heat stdhle antigens, 77 strains
were serogrouped by the tube agglutination test using hyperimmune rabbit
sera. All Campylobacter strains behaved typically in growth tests (25 °C and
42 °C), in nalidix acid and NaCl tolerance and in H.,S production, but varied
widely in their glycine, bile salts, tétrazolium chloride and selenite tolerance.
Using boiled antigens the strains were classified into six serogroups at least.
Almost each serogroup was found also in dogs, sheep and humans.

IDENTIFICATION OF UFP (“UNCLASSIFIED
FLUORESCENT PSEUDOMONAS”) STRAINS BY
CLINICAL BACTERIOLOGY METHODS

A SZENTMIHALYI, B. LANY I, P . K1ss and Zs. StVERTECZKY

National Institute of Hygiene, Budapest, Csongrad County Public Health Station, Szeged,
and |’est County Public Health Station, Budapest

One hundred and four our of 134 UFP strains isolated from surface
water, swimming pool, hospital wastes and some clinical samples belonged to
biotypes | and Ill. These strains uniformly grew at 41 °C but not at 5 CC,
had polar flagella, produced fluorescent pigment, oxidase, catalase and arginine
dihydrolase, utilized ammonium citrate, formed acid from glucose and were
haemolytic. Different reactions were obtained (% positive) forN0O3—=NO, (11),
urease (3), ammonium acetate (98), gelatin (82), KCN (3), casein hydrolysis
(97). Tween 80 hydrolysis (88), DNase (15), acetamide (3), fructose (92),
galactose (44), maltose (2), mannose (14), xylose (43), 2-ketogluconate (5).
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Uniformly negative characters were: NO:!— N2 indole, H2S, lecithinase,
phenylalanine deaminase, lysine and ornithine decarboxylase, inositol, lactose,
mannitol, mannose, rhamnose, saliéin, sucrose, esculin and starch hydrolysis,
ONPG. UFP strains of other biotypes usually failed to hydrolyse casein and
gelatin and were non-haemolytic. Methods used in clinical bacteriology laborat-
ories allow a proper differentiation of UFP and other pseudomonads.

INVESTIGATION OF THE INTESTINAL FLUID OF
PATIENTS WITH CONTAMINATED SMALL BOWEL
SYNDROME

E. Nagy, M. Renké, R. Poltlak, T. Varkoinyi and J. Foldes

Department of Clinical Microbiology, and First Department of Medicine,
University Medical School, Szeged

To extend the diagnostic possibilities of the “irritable small bowel”
syndrome, the small bowel aspirates from 114 patients were subjected to
bacteriological examination. Additionally tbc bacterial flora of the intestinal
fluid of 53 patients with other gastrointestinal diseases and of 10 patients
without gastrointestinal complaints were tested. In 85% of the patients
having *“irritable small bowel” syndrome, 10°-107 aerobic and anaerobic
bacteria per ml were found. In 48.4% the month flora and in 34.6% the faecal
flora predominated and in 16.6% a mixed flora was isolated. The results
demonstrated that the contaminated small bowel syndrome must be consider-
ed separately from the functional intestinal disease, the “irritable small bowel”
syndrome.

STREPTOMYCIN RESISTANT MUTANTS OF
MYCOBACTERIUM PHLEI AND MYCOBACTERIUM
SMEGMATIS STRAINS EXHIBIT ALTERED
PHAGE-SENSITIVITY

K. 11ABER and |. FOLDES

Microbiological Research Group, National Institute of Hygiene, Budapest

Streptomycin resistant mutants of different Mycobacterium smegmatis
strains (butyricum, friburgensis, Rabinowitz) and that of Mycobacterium
phlei were isolated by one-step selection. These mutant strains did not show
cross resistance to other aminoglycosides, like gentamicin, kanamycin or
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neomycin. A streptomycin concentration-dependent decrease of the phage
titres was found on titrating homologous phages on their streptomycin resist-
ant hosts. In addition, three of eleven streptomycin resistant strains proved
to have an altered phage-sensitivity to non-homologous phages.

THE ENZYME PROFILE OF HAEMOPHILUS
SPECIES

ZS. Csukas, |. Cserba and M. R askay

Institute of Microbiology, Semmelweis University Medical School, Budapest,
Municipal Clinic Ujpest, Hospitals, Budapest, and Institute Human for Serobacteriological
Production and Research, Budapest

Haemophilus strains (27 Haemophilus influenzae, 9 Haemophilus para-
influenzae and | Haemophilus haemolyticus) were isolated from clinical samples
from 25 cases of chronic bronchitis, 2 cases of meningitis and 10 swabs from
oral mucosa. H. influenzae produced a low amount of coagulase, H. para-
influenzae produced lipase (some strains weakly). The organisms had no effect
on fibrin or gelatin and no lecithinase, deoxyribonuclease, elastase and protein-
ase activity could be demonstrated. The results suggest that these enzymes
play an unimportant role in developing histological damages in chronic
haemophilus infections.

DETERMINATION OF SULPHONAMI RE-SENSITIVITY
OF 962 STRAINS OF ESCHERICHIA COLI

D. Marica, Cs. Mik16, C. Sahleanu, L. Gorgan and M. Suteu

Faculty of Animal Breeding and Veterinary Medicine, Cluj-Napoca,
and Pasteur Institute, The Zonal Experimental Centre, Cluj-Napoca, Romania

The sensitivity to sulphonamides of 962 strains of Escherichia coli
cultured from animals with enteritis has been tested by diffusion and dilution
methods. Comparative determinations on Mueller-Hinton (MH) medium
and on a genuine medium (7GS) deficient in sulphonamide antagonists were
made. (1) By diffusion, the strains were highly sensitive of 7GS-medium
although they appeared resistant on Mil medium. (2) The dilution method
confirmed these data. The index MIC MH/7GS expresses the antisulphonamide
effect of MH-medium.

Acia Microhiologica Hungarica 31, 1934
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CORTICOSTEROID-DEPRESSION IN THE
REPRODUCTION OF EXPERIMENTAL ERYSIPELAS
AND PATHOGENICITY TESTING OF
ERYSIPELOTHRIX RHUSIOPATHIAE STRAINS
IN SWINE

D. Marica and M. Pop

Faculty of Animal Breeding and Veterinary Medicine, Cluj-Napoca, Romania

According to a hypothesis of the authors the results obtained on 48
animals have confirmed that corticosteroid hormones administered to piglets
can depress their processes of defence thus favouring the installation of ex-
perimental erysipelas. Piglets submitted to corticosteroid treatment before
infection display increased susceptibility allowing the reproduction of septi-
caemic or cutaneous erysipelas. Inoculating culture dilutions intradermally the
minimal contaminating dose can be titrated and thus the degree of pathogen-
icity of strains and their epizootic potential can be assumed. Corticosteroid-
depression (CSD) offers a possibility of testing the protective value of vaccines
and immune sera, as vaccinated piglets on CSD background resist to experi-
mental infection. In comparison with other techniques, the method described
possesses the advantage of constantly offering reproducible data.

MICRO METHOD FOR DETERMINATION OF THE
MINIMAL INHIBITORY CONCENTRATION OF
ANTIBIOTICS IN CLINICAL ISOLATES OF

BACTEROIDES

M. Benké, E. Nagy, C. Hohne and J. Foldes

Department of Clinical Microbiology, University Medical School, Szeged, Hungary,
and Department of Medical Microbiology and Epidemiology, Martin-Luther University,
Halle- Wittenberg, Halle, GDR

The minimal inhibitory concentrations (MIC) of 8 antibiotics were
determined with a micro method in 91 clinical isolates of Bacteroides. The
micro MIC method and the disk diffusion test showed 90.1% agreement.
For 50 Bacteroides strains, the overall agreement between the micro MIC
and the classical agar dilution MIC was 89%.
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SURVEY OF MYCOPLASMA PNEUMONIAE
INFECTIONS BY GROWTH INHIBITION TEST

N. Szabo

National Institute for Tuberculosis and Pulmonology “Koranyi”, Budapest

Growth inhibition tests wore performed in children and in adults suffer-
ing from different respiratory diseases in order to verify Mycoplasma pneu-
moniae infection. In Szabolcs-Szatmar county there was an unusually high
proportion of infected persons when compared with other parts of the country.
Fifty per cent of the material obtained from this county was found positive
while in material obtained from the rest of Hungary this ratio was only 10%.

SODIUM-DEPENDENT UPTAKE OF TAURINE IN
STAPHYLOCOCCI

B.J. Wilkinson, E.J. Bieber and D. Werkmeister

Microbiology Group, Department of Biological Sciences, Illinois Stale University,
Normal, IIl., USA

A novel uptake system for the unusual amino acid taurine was discover-
ed in encapsulated Staphylococcus aureus strain M. Taurine has been shown
to be a capsular polysaccharide component in this strain. Taurine uptake by
cells in buffer was dependent upon Na+, stimulated by glucose and markedly
affected by temperature. Taurine uptake was a saturable process and Line-
weaver-Burk plots revealed a KM of 43 pM for taurine in the presence of
10 nim NaCl. Li+ was the only other cation that supported taurine uptake.
Radioactivity taken up was not caused to efflux by high levels of unlabelled
taurine, and the radioactivity did not chromatograph as taurine indicating
that rapid metabolism occurs during or closely following uptake. Taurine up-
take was a highly specific process that was not diminished by amino acids
representing the major groups of amino acid transport systems in S. aureus.
Sulfhydryl group reagents, electron transport inhibitors, an uncoupler and
inhibitors of Na +-linked transport processes inhibited taurine uptake. An Na +-
dependent taurine uptake system seems to be a common property of staphylo-
cocci since it was detected in most coagulase-positive and -negative staphylo-
coccal species, encapsulated and unencapsulated, examined.

Ida Microbiologies Huugréira 31, 1984
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ISOLATION OF ATYPICAL CORYNEBACTERIA

B.S. Ralovich, M. Kenyeres and R.E. Weaver

Institute of Hygiene and Epidemiology, University Medical School, Pécs, Hungary,
3rd Army Hospital, Pécs, Hungary, and Centersfor Diseases Control, Atlanta, USA

Two atypical Corynebacterium strains were isolated from two different
patients; one of the strains originated from a mandibular fistula of a 60 years
old man, the other one from vaginal discharge as well as throat swab of a 35
years old aborted woman. The first Corynebacterium belonged to F-2 group,
the second one to B-3 group.

ISOLATIONS OF CLOSTRIDIUM DIFFICILE IN
VESZPREM COUNTY

M. GAOS and L.G. OSZIPENKO

Public Health Station, Veszprém

For the isolation from stools of Clostridium difficile we examined stools
of patients with diarrhoeal disease, coming from the different departments of
hospitals. The cycloserine-cefoxitin fructose egg yolk agar described by
George et al. has been used. Out of 314 faecal specimens 14 yielded C. difficile.
C. difficile was implicated as aetiological agent of antimicrobial-associated
diarrhoea in some of the cases. C. difficile was recovered from two Campylo-
bacter jejuni-positive patients and from one Salmonella enteritidis-positive
patient.

THE CHARACTERISTICS OF PHOSPHOLIPASE-C
FORMATION IN CLOSTRIDIUM PERFRINGENS
STRAINS

J. Szijarts and Gy. Débias

Postgraduate Medical School, Budapest

The dynamism of phophlipase-C production of 60 Clostridium perfringens
strains was investigated according to our method described before in 5 parallel
samples in test tubes. The great majority of the strains (11/14) with a maximal
toxin quantity above 1000 U/L reached this level in the 5th hour of the cultiva-
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tion. The maximal toxin quantity of the culture supernatants decreased under
50% hy the 24th hour in 21 of 28 strains when the peak of phospholipase-C
activity was above 500 U/L, hut when it was under 500 U/L such a decrease
was shown only in 9 of 32 strains. With great probability this phenomenon
is caused hy factors hindering the effect of phospholipase-C. It seems that these
factors were produced proportionally with the quantity of phospholipase-C.
Further investigations arc required to identify the nature of these factors.

DIAGNOSTIC METHODS OF LEGIONELLA
INFECTION

B.S. Ralovich, S. Pacsa, S. Vores and [. Kéhegyi

Institute of Hygiene and Epidemiology, Institute of Microbiology, University Médirai
School, Pees, and Public Health Station, Pees

Rabbits were immunized with the antigen prepared from CDC reference
strain Legionella pneumophila type 1. Rabbit immunoglobulins labelled with
peroxidase were used to detect légionéba. In 15% of 403 sera collected from
healthy persons of different age antibodies could be detected in 1:16 dilution.
The titre of the remaining samples Mas lower.

SERO- AIND PHAGE-TYPES OF LISTERIA STRAINS

B.S. Ralovich, A. Audurier, |I. Hajtés, E. Berkessy N. Szemerédi
and M. PITRON

Institute of Hygiene and Epidemiology, University Médirai School. Pécs, Hungary,
University Francois-Rabelais, Laboratoire de Microbiologie, Tours, France,
Animal Health Laboratory, Miskolc, County Public Health Station, Miskolc, Hungary,
and Unreine Control Institute of Veterinary Medicine, Budapest, Hungary

Nasal, faecal, vaginal and milk samples were taken repeatedly at every
2nd 6th day from 50 healthy, sheep designated individually and kept together
for 5 weeks maximum. Out of 814 samples 148 were positive and 152 Listeria
strains were isolated; 75% of the strains belonged to serotype 1/2, the others
to serotypes 4, 5 and 6. A few strains could not be serotyped. From a given
animal, in the same time, Listeria strains with the same sero- and phage-type
or with the same sero- but different phage-type, or rarely, with different
serotype can be isolated. When the samples were taken from the same animals
at different points of time, the sero- as Mell as phage-types were sometimes
different. In the second study L. monocytogenes strains isolated in Borsod-
Abalj-Zemplén county from dead animals and ill patients were typed and
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compared. Out of the 101 animal strains 84 belonged to serotype 1/2 and only
17 to serotype 4. In case of the human strains, 6 out of the 8 were serotype 4
and only 2 were serotype 1/2. Animal and human strains differed in phage-

type.

SEPSIS OF FETUS CAUSED BY LISTERIA
MONOCYTOGENES

E. Markus and J. Durst

County Council's Hetényi Géza Hospital, and Public Health Station, Szolnok

A 3100 g infant horn in the 38th week of pregnancy developed sepsis
and died on the second day. Listeria monocytogenes was cultured from the CSF
and pus obtained from the eyes. During pregnancy the mother had a disease
resembling grippe with a moderate pyrexia.

IDENTIFICATION AND OCCURRENCE OF COAGULASE-
NEGATIVE STAPHYLOCOCCI IN
CLINICAL SPECIMENS

1. Barcs and M. Konkoly Thege

L4szl6 Hospitalfor Infectious Diseases, and National Institute of Hygiene. Budapest

According to newest taxonomy, the Staphylococcus genus is divided into
13 species. On the basis of 24 easily performable tests an identification scheme
has been elaborated for coagulase-negative species. A total of 208 strains
isolated from patients was classified. In every kind of samples S. epidermidis
occurred the most frequently (wound 25.0%; urine 29.0%; blood 54.1%;
eye 53.4%; other specimens 38.9%). In wound haemolytic species (S. epidermi-
dis, S. haemolyticus, S. simulons, S. tearneri, S. cohnii) predominated (74.9%).
The majority of strains from blood cultured was assumed to be contaminants.
The incidence of oxacillin and cephalosporin resistant strains was low (13%
and 8%). A considerable part of strains was resistant to other antibiotics,
especially to penicillin.

Acla Micrubiologica Hangartea 31, 1934
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IDENTIFICATION OF ANTIGENIC COMPONENTS
OF TOXOPLASMA GONDII BY AN
IMMENOBEOTTING TECHNIQUE

P. Partanen, H.T. Turunen, R. Paasivuo, E. Forsblom, J. Suni and
P. Leinikki
Labsystems Research Laboratories, Labsystems Oy, Helsinki. Institute of Biomedical

Sciences, University of Tampere, Tampere, and Municipal Bacteriological Laboratory,
Aurora Hospital, Helsinki, Finland

Proteins of Toxoplasma gondii were separated by polyacrylamide gel
electrophoresis with subsequent transfer to a nitrocellulose sheet by electro-
phoretic blotting. Immunologically reactive polypeptides were detected by
human sera with known toxoplasma antibody levels measured using enzyme
immunoassay. Heavy chain specilic, peroxidase-conjugated anti-human
immunoglobulins were used as the indicator antibodies for the separate
identification of IgG and IgM reactive polypeptides. 1gG toxoplasma antibodies
reacted with several antigens with molecular weights approximately from 27
kD to 67 kD while toxoplasma specific IgM seemed to detect only a few
polypeptides. The toxoplasma specific IgM reactive polypeptides might have
some specific role in immunopathogenesis of toxoplasmosis. Especially the
molecular weight of 35 kP forthe dominating IgM reactive polypeptide was
observed.

ACUTE SEROUS MENINGITIS CAUSED BY
TOXOPLASMA GONDII

G. Vukmirovits, P. Juhasz, M. Janké and L. Téth

Lé&szl6 Hospital for Infectious Diseases, and National Institute of Hygiene,
Budapest

Acute serous meningitis of a 4-year-old child was observed. In the CSF
the taehyzoites could be demonstrated by Giemsa staining method as well as
by animal inoculation. The control of the disease could be accomplished by an
adequate treatment. According to the evaluation of the smears, serological
findings and literary data it was suggested that the route of infection was
directly through the nasal cavity.

* Ada Microbiologica Hungarica 31, 1981
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COMPARATIVE ANALYSIS OF PHYSICAL ANJ)
CHEMICAL PROPERTIES AND ANTIGENIC
SPECIFICITY OF HEXONS OF TWO SLBSTRAINS
OF ADENOVTRUS TYPE 1

NS D yachenko, LA T arassis hin, Gy B erencsi, E A dam, I N asz
NP. vantsaw., G.G. kovarisnin ana EK. kicereva

Zabolotny Institute of Microbiology and Virology of Academy of Sciences of the
Ukrainian SSH, Kiev, USSR, and Institute of Microbiology, Semmelweis University
Medical School, Budapest, Hungary

Physical and chemical properties and the hexon antigenic structure
of two suhstrains originating from the standard strain Ad h 1 (Ad 71) of
human adenovirus type | were studied. Substrain Ad h IK and substrain
Ad h IB had been passaged for a long period in cell cultures of human origin
in the Kiev Institute and in the Budapest Institute, respectively. Hexon
preparations were purified, stored for a long time and subjected to electro-
phoresis in SDS gel. The polypeptides were different in molecular weight
(Ad h IB polypeptide, 120 kD; Ad h IK polypeptide, 105 kD). Hexons were
treated with chymotrypsin and the peptides were mapped. Besides common
peptides, two unique peptides were found in hexon Ad h IK and six in hexon
Ad h IB. The results were confirmed by mapping of a mixture ofchymotrypsin
hydrolysates of both hexons. It seems that slight differences in the primary
structure made hexon Ad h IK more sensitive to proteases and the resulting
more intense proteolysis accounted for its lower molecular weight. Immuno-
diffusion with monospecific sera to each of the two hexons and inclusion of
Ad S-16 in the reaction gave an opportunity to identify unique antigenic
determinants in each of the hexons. Results of competitive RIA also showed
differences in the antigenic structure of the two hexons. The differences, which
may touch the type-specific determinant, are suggestive of some intratypic
variability of adenovirus hexon.

Acta Microbiologiea Hungarica 31 1984
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COMPARATIVE ANALYSIS OF TWO SUBSTRAINS
OF ADENOVIRUS TYPE J

L.N. Nosach, L.A. Tarassishiin, N.S. Dyachenko, GYy. Berencsi and
1. Nasz

Zabolotny Institute of Microbiology and Virology of Academy of Sciences ofthe Ukrainian
SSR, Kiev, USSR, and Institute of Microbiology, Semmelweis University Medical School,
Budapest, Hungary

The substrains examined in this work (Ad h IB, Ad h IK), were the
same as those characterized in the preceding paper. The synthesis of virus-
specific polypeptides and the development of intranuclear inclusions were
studied in infected HeLa cells. Forty hours after infection mainly major viral
polypeptides 11. IIl, Illa, 1V, V, VI and VII and nonstructural polypeptide
IOOK were revealed by gel electrophoresis in lysates of cells marked with
14C protein lysates. The purified hexons prepared from the two substrains
were different from each other in their polypeptide spectrum and in the
electrophoretic mobility of polypeptide Il. By luminescent microscopy of
cells fluorochromized with acriedine orange some differences were observed
in the morphology of inclusions and in the degree of monolayer affection.
In cell cultures infected by Ad h IK, inclusions were seen in 80% of the cells:
while late centranuclear inclusions prevailed, finely-granulated younger inclu-
sions were also seen in part of the cells. In cells infected by substrain Ad h IB
only centranuclear inclusions were detected, in practically all monolayer
cells. In cells infected by either of the substrains, ribamidil (virasol) in a
concentration of 31 ug/inl prevented finely-granulated inclusions from being
transformed to centranuclear, a phenomenon more distinctly seen in cells
infected by Ad h IB than in those infected by Ad h IK.

DETECTION OF ANTIBODY-MEDIATED
AGGREGATION OF ADENOVIRUS BY ETHIDIUM
BROMIDE FLUORESCENCE

Gy. Berencsi, N.S. Dyachenko, L. Palkonyay, N.P. Vantsak and

I. Nasz

Institute of Microbiology, Semmelweis University Médirai School, liudapest, Hungary,
and Zabolotny Institute of Microbiology and Virology of tendency of Sciences of the
Ukrainian SSR, Kiev, USSR

Complete virions of adenovirus can be stained with ethidium bromide,
and detected in agarose gels by fluorescent photography. Visible bands may
be obtained when 108particles (approximately 107PFU) are run in one electro-
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phoresis sample, which can he obtained from 105 to 107 cells of permissive
tissue cultures. Purified complete virions of human adenovirus type 1 strain
(Ad h 1) were reacted with serial dilutions of antisera prepared in rabbits
against native or SDS-, and guanidine-HGI-treated virions of the homologous
virus, against purified hexon, and fibre preparations, and heterologous (bov-
ine, and simian) adenoviruses. Type-specific antibodies prevented the penetra-
tion of virions into the 6 mg/cmb5 agarose slab gels during electrophoresis. The
antibody titres measured by this technique were found to be at least 10 times
higher than those determined by immunodiffusion with soluble antigens,
although only a very small proportion of antibodies react with surface epi-
topes.

MORPHOLOGICAL BASES OF THE HNTERCAPSOMER
BONDINGS IN THE ADENOVIRUS CAPSID

E. Adam and 1. Nasz

Institute of Microbiology, Semmelweis University Medical School, Budapest

The interhexonal space within the adenovirus capsid isbridged by intcr-
hexonal connective components. Linking components are detectable also be-
tween pentons and the five peripentonal hexons. According to results obtained
by Markham’s rotational integration technique connective elements between
capsomers interlace the whole virion. It was confirmed in several cases that
the linking components consisted of two approximately parallel elements.
This refers to that each hexon is linked by six times two parallel linking ele-
ments with its six nearest neighbours in the capsid.

ELECTROPHORETICAL SEPA KATION OF
NEWCASTLE DISEASE VIRUS PROTEINS BY
MEANS OF A MODIFIED COLOURED SILVER

STAINING

I. Horvath Lapp

Veterinary Medical Research institute, Hungarian Academy of Sciences, Budapest

Polyacrylamide gel electrophoresis is a common technique in pure protein
isolation. The protein contained by the excised and eluted slice samples is
considered to be pure, since by Coomassie Brilliant Blue staining the samples
give a one-striped pattern. Using the silver staining method, which is much
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more sensitive than the conventional procedures, the once excised slice
samples show a marked amount of impure proteins which can only he removed
by purifying steps repeated two or three times. The modified coloured silver
staining method was developed from the methods of Merril and Sammons.
It requires a significantly shorter procedure time, produces a lighter yellow
background, and is as sensitive as the original coloured silver staining method.

STUDY ON THE CAPSID PROTEINS OF EDS VIRUS

E. Balla, A. Forgacs-Fulmer, L. Zsak, M. Nemesi, T. Perényi and
F. SOLYOM

Phylaxia Veterinary Biologicals Co. Virus Section, anil Research Institute of Veterinary
Sciences, Hungarian Academy of Sciences, Budapest

EDS virus grown in duck’s eggs Mas purified hy ultracentrifugation
on CsCl gradient. The capsid proteins were separated in 12% gel under reduced
conditions by means of SDS-polyacryl amide electrophoresis. The protein
bands of the gel were transmitted mechanically by means of pressing onto the
cellulose-nitrate-acetate membrane. The membrane Mas stained with the
immunperoxidase method, while the gel with Brilliant Blue R-250. By means
of suitable molecular-weight standard, the molecular Meight of protein (anti-
gen) active with immunoperoxidase staining was determined at 17 000 dalton.
After inactivation carried out with different inactivating agents (formaldehyde,
ethylene imine, aziridino-ethanol, beta-propiolactone) the virus proteins were
tested with the above method. Protein existing in the region of larger molecular
weight showed antigen staining on the formaldehyde activity, the other
inactivating agents did not elicit alteration in the protein antigen.

MOLECULAR SIZE VARIATION OF ERNA IS
DETERMINED BY THE EB-VIRAL GENOME

E. Gergely, L. Sternas and G. Klein

Institute of Microbiology, University Medical School, Debrecen, Hungary,
and Department of Tumor Biology, Karolinska Institute, Stockholm, Sweden

The size classes of the Epstein Barr virus-(EBY)-induced nuclear anti-
gen (EBNA) have been determined in somatic hybrids between EBV-carrying
cell lines or between EBY-positive and EBY-negative lines, and in sublines
of two originally EBV-negative Burkitt lymphomas, converted to EBNA
positive by in vitro infection with two different EBY substrains. Partially
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purified EBNA components were detected by Western blotting and subsequent
visualization by antiserum/alkaline phosphatase-coupled protein A complexes.
The parental Raji, P3HR-1, Namalwa and Daudi cells contained EBNA
components of different molecular-weight classes. In addition, several lower
molecular weight components were seen as well distinctive for each cell line.
Somatic hybrids expressed the main EBNA components of both parental lines.
Hybrids between EBV-carrying and EBV-genome-negative lines contained
the characteristic EBNA component of the positive parent. The EBNA-
positive sublines of the originally EBV-negative Ramos and BJAB lymphomas
contained the main EBNA components characteristic of the virus donor
strain. Thus, the EBNA components of P3HR-1 virus-converted Ramos and
BJAB cells resembled each other and the P3HR-1 donor, whereas all B95 8
virus-converted lines were different. They resembled each other and the EBNA
of the B95-8 cell line, it is concluded that the size variation of EBNA is
determined by the viral genome.

NEW RESTRICTION ENDONUCLEASES FROM
STREPTOCOCCUS ISOLATES

P. Geck, M. Takacs, I. Nasz and M. Orso6s

Institute of Microbiology, Semmelweis University Medical School, Budapest

Certain strains of streptococci of the viridans group cannot be trans-
formed by foreign DNA. As a reason a thus far unknown restriction modifica-
tion system may be assumed. On this theoretical basis three different restric-
tion endonucleases were identified from standard and wild strains. The optimal
purification method of the enzymes and the conditions of enzyme activity are
established. Taking advantage of physical maps constructed on the DNAs
of adenovirus type 1 and SY10the characterization of the recognition sequence
is under investigation.

PHYSICAL MAPS OF A NEW STREPTOCOCCUS
RESTRICTION ENDONUCLEASE ON THE DNA
OF ADENOVIRUS TYPE 1 AND SV4

P. Geck and 1. Nasz

Institute of Microbiology, Semmelweis University Medical School, Budapest

One of the streptococcus restriction endonucleases having been isolated
in this laboratory cuts the DNAs of adenovirus type 1 and SVI0to fragments
ranging in number like the products of restriction enzymes of high specificity.
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The location of cleavage points were, however, unknown. In the present ex-
periments the physical maps were established by the methods of double
digestions, cross digestions and the analyses of incomplete fragments.

GROUPING OF FOWL ADENOVIRUSES BASED
UPON THE RESTRICTION PATTERNS OF DNA
GENERATED BY BAM HI AND HIND 111

L. Zsak and J. Kisary

Veterinary Medical Research Institute, Hungarian Academy of Sciences, Budapest

Based upon the restriction patterns of DNAs generated by restriction
endonucleases Bam HI1 and Hind 111, 17 fowl adenovirus strains representing
11 serotypes were placed into 5 groups, as follows. Group A: strains CELO
and 112; Group B: strains 340 and TK-22; Group C: strains KR-5 and C-2B;
Group I): strains 380, 685, SB-48, SB-49 and A-2; Group E: strains YR-36,
CB-119, X -II H-6, TR-59 and 764.

PRIMING ACTIVITY OF UEMAN INTERFERON
TYPES IN COMPARISON WITH THEIR OTHER
BIOLOGICAL EFFECTS

V. Endrész, M. Téth, S. Téth, Y. Mandi and |. Béradi

Institute of Microbiology, University Medical School, Szeged

The priming activities of different IEN types (leukocyte or a, fibro-
blast or 8 and immune or y IFN) were compared. In a- and y-IFN-producing
systems purified a and 8 IFNs had a more pronounced priming effect than
purified y IFN had. The IFN production could he more efficiently influenced
by IFNs in a-than in y-IFN-producing system. Besides priming activity, other
biological effects of purified a, 8 and y IFN preparations were tested. Despite
its low priming activity, y IFN had mhigh anticellular potency, while x and-
R IFNs had a high priming, hut relativ ely low anticellular, activity. Augm enta
tion of NK by a, & and y IFNs was identical.
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THE ROLE OE THE VIRAL DNA IN INTERFERON
INDUCTION BY ADENOVIRUSES

M. Toth, . Betadi and |I. Weber

Institute of Microbiology, University Medical School, Szeged, Hungary,
and Centre Hospitalier Universitaire, Department de Microbiologie, Sherbrooke, Canada

All human adenoviruses (Ad) tested so far (18 serotypes) induced inter-
feron (IFN) production in chick cells. Ad types can he divided into two groups
depending on their inducing capacities. Members of potent and nonpotent
inducer groups induced IFN of high (5x10:i IU/ml) and low (50-100 1U/ml)
titre, respectively. Experiments carried out with Adl2, a representative
member of potent inducers, showed that viral nucleic acid plays an important
role in IFN induction. Empty capsids lacking DNA could not, complete and
incomplete particles carrying the whole or part of the genome could, trigger
cells to produce IFN. One fifth of the genome was sufficient for IFN induction.
Hybridization experiments proved that the subgenomic DNA required for
induction is located to the left end. The role of viral DNA in IFN induction
was investigated in the case of Ad2 a member of the nonpotent inducers, too.
In contrast to Ad 12 even empty Ad2 capsids induced IFN, suggesting that
the viral core is not required for IFN induction with Ad2.

CONCANAVALIN A-INDUCED INTERFERON
PRODUCTION BY CHICKEN

R. Pusztai, M. Zoboki, Y. Mandi and |. Béltadi

Institute of Microbiology, University Medical School, Szeged

Interferon (IFN) was induced in leukocyte suspensions by exposure to
Concanavalin A (Con A) under a variety of cell culture conditions. The induced
IFN reached a maximum level 4 days after stimulation. The Con A-induced
IFN is stable at pH 2, labile at 56 °C, trypsin-sensitive and species-specific.
The tumour promoter 12-O-tetradecanoylphorbol-13-acetate (TPA) was
found to potentiate IFN production in leukocyte cultures in combination
with Con A.
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EFFECT OF INTERFERON ON ANTIBODY-
DEPENDENT CELLULAR CYTOTOXICITY (ADCC)
IN CHICKENS

Y. MANDI, M. BAKAY and |. BELADI
Institute of Microbiology, University Medical School, Szeged

The influence of chicken leukocyte interferon (IFIN-a) on the ADCC of
chicken peripheral blood mononuclear cells was investigated in vivo and in
vitro. The cytotoxic effect was studied on sheep red blood cells (S11BC) coated
with chicken anti-SRBC. serum. Cytotoxicity was estimated in a "Cr-rclease
assay system. A single i.v. injection of crude IFN led to an enhanced ADCC
6 to 12 h after the IFN injection, whereas the activity had decreased by
24 h. In vitro the ADCC was boosted witbin 1 18 h by IFN, in a dose-depen-
dent manner. We assume that the augmenting agent in vitro is IFN itself,
as purified IFN has a similar activity but both mock IFN and trypsin-treated
IFN showed no enhancing effect. The extent of ADCC was the highest in the
case of granulocytes as effector cells. The augmentation of ADCC by IFN-oc
was also most pronounced with granulocytes. It is concluded that chicken
IFN, similarly to mammalian IFN, has an immunomodulating effect on the
ADCC in birds.

TRANSLATION IN A. LAEVIS OOCYTES OF THE
POLY A-CONTAINING RNA FRACTION EXTRACTED
FROM SENDAI VIRUS-INDUCED L CELLS

I. KoszTOCzY, Zs. KALMAN, O. SIROKI and |. BELADI

Institute of Microbiology, University Medical School, Szeged

Total cytoplasmic RNA was isolated from Sendai virus-induced L cells
at the time of their maximum interferon (IFN) production. The poly A plus
RNA fraction was separated by means of oligo-dT cellulose chromatography.
The molecular-weight distribution of the RNA preparations was determined
by horizontal polyacrylamide gel electrophoresis. The translational activities
of different RNA fractions were assayed in X. laevis oocytes. Microinjection
of the poly A plus RNA fraction resulted in an IFN production 15-30-fold
higher than that from total cytoplasmic RNA. The kinetics of IFN production
by poly A plus RNA injected oocytes showed that IFN appears 4 h after
injection and reaches the maximum titre after 30-40 h. The IFN production
by the oocytes was found to be proportional to the amount of poly A plus
RNA present in the injected preparations.
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EFFECTS OF FLAVONOIDS ON VIRUS MULTIPLICATION
AND ON INTRACELLULAR cAMP LEVEL

T. Mucsi and B.M. Pragai

Institute of Microbiology, Universily Medidul School, Szeged

Various flavonoids block the multiplication of herpesviruses in cell
cultures. Quercetin increases the level of cAMP in Ehrlich ascites tumour
cells. Several flavonoids are effective inhibitors of cAMP phosphodiesterase.
Dibutyryl cAMP inhibits the multiplication of human adenovirus type 2 and
herpes simplex virus in vitro. As to the mechanism of the antiviral effect of
these flavonoids some connection was assumed between their antiviral effect
and the increase in the cAMP level. In the present studies quercetin and quer-
citrin inhibited (in a concentration-dependent manner) the multiplication
of human (alpha) herpesvirus 1in HEp-2 cell culture, and the same flavonoids
increased the intracellular cAMP level; rutin and hesperidin neither displayed
an antiviral effect nor elevated the cAMP level.

ANTIVIRAL ACTIVITY OF TUFTSIN AND ITS
ELONGATED ANALOGUES

M. Wieklik, M. Luczak and D. Konopinska

Institute of Biostructure, Department of Virology, Medical Academy Warsaw, Poland,
and Institute of Chemistry, University of Wroclaw, Wroclaw, Poland

Tuftsin, a biologically active tetrapeptide, stimulates functions of macro-
phages and polymorphonuclear granulocytes and enhances the migration of
normal and sensitized human cells. In the present experiments, the effect of
tuftsinyltuftsin and other elongated analogues of tuftsin on the development
of tumour induced by i.m. inoculation with murine sarcoma virus (MSV)
was investigated and compared with the effect of tuftsin. Tumour develop-
ment was followed up for 10 days. Tumour size was expressed in per cent of
the increase in the volume of infected thigh and compared with the volume
of intact thigh. The peptides (10 /tg per injection) were injected i.p. according
to four different schedules. Tuftsinyltuftsin inhibited the tumour growth
independently on the schedule of administration. The best results were observed
when the peptide was administered twice; 24 h before and 24 h after inocula-
tion. Another experiment suggested that tuftsin possesses not only antitumour
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but also antiviral activity. In mice infected intranasally with virus herpes
hominis type 1 (HSVj) tuftsin markedly reduced the mortality, depending on
the schedule of administration. The best results (40% of protection) were
observed when the peptide was administered for 6 days after infection. Similar
results were obtained in mice infected with EMC virus s.c. In this case, too
the rate of protection (ranging from 10% to 60%) was depending on the sched-
ule of administration. Tuftsinyltuftsin was much more active than tuftsin.

IMMUNOLOGICAL AND 1HISTOCHEMICAL
INVESTIGATIONS IN SHEEP IMMUNIZED WITH
ATTENUATED RABIES VACCINES

Zs. Kiss and R. Glavits

Stale Institute for the Control of Veterinary Serobacleriological Products,
and Central Veterinary Institute, Budapest

Two groups each containing 10 Merino sheep were immunized; the one
with a vaccine containing fixed virus and the other with a Vnukovo-32 strain
vaccine. On each of postvaccination days 4, 7, 14, 21 and 28 2 sheep of each
group were bled and the route of the virus antigens in their organ samples
was followed hy the IF technique; further, the morphological changes in the
lymphoid organs and the in vitro reactions of the lymphoid cells were investig-
ated. Histochemical and electron microscopical investigations showed similar
immunomorphological changes in both groups. However, there were differences
in immuno-inductive effects, which manifested in differences in the auto-
radiographically-measured blastogenesis of the lymphocytes originating from
lymph nodes, spleen and blood, moreover, in differences in the macrophage
migration inhibition indices. Using IF antigen of the fix virus persisted longer
at the inoculation site and in the lymph nodes than that of the Vnukovo-32
strain, but this latter concentrated earlier in the lymph nodes following
vaccination.
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IMMUNIZATION AGAINST CANINE PARVOVIRAL
ENTERITIS WITH AN ATTENUATED FELINE
PARVOVIRUS

A e arena and L. e ass

Veterinary Medical Research Institute, Hungarian Academy of Sciences,
and Department of Medicine, University of Veterinary Sciences, Budapest

The first occurrence of parvoviral enteritis of dogs was reported only
a few years ago. Since initially no vaccine prepared from homologous virus
was available, the close antigenic relationship existing between the newly
isolated canine parvovirus and the causative virus of feline panleucopenia —
(a parvovirus) was utilized. Therefore, the live or inactivated feline panleuco-
penia vaccine produced abroad served for protection against the disease.
Since Hungarian veterinary circles were dissatisfied with the protection provid-
ed by the vaccine containing inactivated virus, an attenuated strain of feline
parvovirus was propagated in primary or secondary feline kidney cell cultures.
After i.m. or s.c. administration of the propagated virus, susceptible dogs
remained symptoinless, and virus-neutralizing (VN) and haemagglutination-
inhibiting (HI) antibodies to both the feline parvovirus and the BU/80 canine
parvovirus isolated in Hungary appeared in their sera. One thousand doses
of vaccine were produced from the cell-culture-propagated virus, and 900 pet
dogs and 100 dogs kept in kennels were vaccinated. The disease did not occur
among the immunized animals, while unvaccinated dogs kept in kennels
developed severe disease, and 20 to 80% of them died. A single vaccination
provided a protection lasting one year.

DEVELOPMENT OF INACTIVATED INFECTIOUS
LARYNGOTRACHEITIS VIRUS VACCINE

F. S61lyom, S. Barhoom and Gy. Dravai

Phylaxia Veterinary Biologicals Co., Virus Section, Budapest,
and Termal Agricultural Co-operative, Szentes

Infectious laryngotracheitis (ILT) occurs amongst poultry of different
ages in certain areas of Hungary. To prevent the disease, there is one imported
living virus vaccine available however, it caused mild disease in broiler flocks.
An inactivativated oil-adjuvated vaccine has been developed. The potency
of the vaccine was tested under laboratory and field conditions. SPF cockerels
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of 8 weeks old were immunized and it has been established that the index
of neutralization varied withing 1.6 to 1.8 as well as, all cockerels were protected
against the field virus challenge. The potency of the attenuated and inactiv-
ated vaccines was compared in the practice in each of 1600 birds. The attenu-
ated vaccine conferred complete protection in the second week, while the
inactivated one assured the same protection on the 4th week only. Following
the vaccination all birds of both groups were resistant against the challenge.
The booster effect of the inactivated vaccine was tested 2, 3, 4, 5 and 6 weeks
following the primovaccination. The best effect was found at the booster
vaccination carried out on the 2nd and 3rd week, the average of the indices
of neutralization ranges between 1.5 and 1.6, and between 1.9 and 2.0, respec-
tively.

COMPARATIVE EXAMINATIONS OF DIFFERENT
NEWCASTLE DISEASE VIRUS STRAINS

M. Nemesi, A. Palhidi, E. Balia, F. Sé6lyom and B. Lomniczi

Phylaxia Veterinary Biologien!» Co., Virus Sections, anil Research Institute of Veterinary
Sciences, Hungarian Academy of Sciences, Budapest

For the production ofinactivated vaccine against NI)V, several lentogenic
and mesogenic virus strains were compared. In the course of the propagation
of different virus strains, crude suspensions of different infective titres were
obtained, however, the immunizing power of the inactivated vaccines produced
from the above substances did not agree with their infective titres. The NDV-6
strain proved to be the most appropriate for vaccine production. On the basis
of literary data the heat-stability of haemagglutinin and neuraminidase
antigens of virus strains used in Hungary was compared and the alteration
of their infectivity at 500 C was studied. From the strains under test, the
LaSota strain was the most fragile, while the NDV-6 strain Mas the most
resistant. Presumably, the stability of the surface antigens of NDV-6 strain
makes the strain especially appropriate for inactivated vaccine production.
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EXPERIENCES OBTAINED IN THE COURSE OF
THE PRODUCTION AND OF A TRIAL OF
INACTIVATED PIGEON HERPES VIRUS VACCINE

J. Weltner, L. Asztalos, A. Baliay, T. Perényi, F. Vetési and
J. Tanai
Phylaxia Veterinary Biologicals Co., Virus Section, Budapest, Agricultural Highschool,

Kaposvar, University of Veterinary Sciences, Budapest, and Veterinary Hygienic Institute,
Debrecen

In the early spring and late autumn, the virus attacked mainly young
pigeons of 50 to 90 days old. The diseased birds were disturbed in by seri-
ous catarrhal symptoms, and many of the starving birds perished. For
prevention, a water-in-oil vaccine containing inactivated pigeon-herpes virus
was prepared. The virus was grown in chicken embryo fibroblast cell culture
maintained in a MEM Flanks nutritive medium containing fetal serum. Three
different inactivating agents were tested. The inactivation carried out with
ethylene imine proved to be the best. The adjuvant was selected from eleven
different oils on the basis of a safety test. Tn addition to the laboratory test,
a field trial was carried out in a large-scale farm. In the course of the trials,
average S index calculated from the serum-neutralization tests surpassed 1.5
five weeks after the vaccination. The mortality rate for young pigeons, di-
minished from 30%, the average for the previous 3 years, under 3% in the
issues of vaccinated parents.

A PIGEON VACCINE CONTAINING FOUR
COMPONENTS

F. S61yom, M. Vadaszi and J. Weltner

Phylaxia Veterinary Biologicals Co., Virus Section, Budapest

The aim ofthe present studies was to develop a combined vaccine against
four pigeon diseases, each prevalent in Hungary. Salmonella typhi-murium,
Mycoplasma gallinarum, Chlamydia and pigeon herpes virus antigens were ad-
ministered in 15 different compositions and the serological responses elicited
were tested in SPF cockerels. In every case the oily adjuvant was applied which
had proved to be the best immunostimulant. The serologic responses of carrier-
pigeons to the vaccine of appropriate composition were tested on the 1st,
3rd and 12th months postvaccination. The common symptoms of the respira-
tory organs and the mortality of young birds stopped and the production of the
carriers increased in the vaccinated flocks.

Acta Microbiologica Hungarica 31, 1984



NINTH CONGRESS 269

STUDIES ON INACTIVATED VACCINE AGAINST
DUCK HEPATITIS

13. Nagy

Phylaxia Veterinary Biologicals Co., Virus Section, Budapest

W ater-in-oil vaccines were prepared from the virus strain TN used
for vaccine production against infectious duck hepatitis (IDH), and from
virulent duck hepatitis virus inactivated with formaldehyde. Each of 10 day-
old ducklings was immunized s.c. with the inactivated vaccine and another
ten with the Anahep vaccine containing living IDH virus. The dose was 0.2 ml
throughout. Three weeks after vaccination pooled blood sera of the vaccinées
and those of untreated controls were examined. The S indices for the different
groups were as follows: untreated control group 1.62; ducklings vaccinated
with Anahep, 2.16; ducklings vaccinated with inactivated virulent virus,
2.04; ducklings vaccinated with TN virus, 2.70. With the vaccine produced
from the inactivated TN virus strain field trials were preformed. The vaccine
proved to he safe according to the test carried out in a breeder-flock of 300
birds vaccinated two times, each with 1.0 ml dose. Thirty day-old ducklings
of the parents vaccinated in the above trial as well as 30 susceptible 6 days
old ducklings were challenged s.c. with 1 ml of virulent virus of a titre 1045
ID 50/ml. Of the 30 susceptible ducklings 24, while from the issues of vaccinées
one bird died of hepatitis.

THE AETIOLOGICAL ROLE OF ECHOVIRUS TYPE
6 IN MENINGITIS AND ENCEPHALITIS CASES
IN 1982 IN HUNGARY

S. Takatsy, G. Nagy' and G.K. Lendvai

National Institute of Hygiene, Budapest

In the period between July and November, 1982 echovirns type 6 in-
fection was detected in 148 cases of acute CNS diseases which occurred in
different parts of Hungary. The age-specific morbidity rates were the highest
in children between 3 and 9 years of age hut young adults were also consider-
ably affected. The aetiology could lie verified by isolation of the virus only in
10 cases since no appropriate materials were received for this purpose from
the majority of the patients. Thus, the laboratory diagnoses had to be based
on serological tests which were performed by the radial plaque neutraliza-
tion and/or the haemagglutination inhibition techniques. A significant rise of
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antibody titre was demonstrated in 53 patients including 7 yielding virus. In
additional 92 patients the actual echovirus type 6 infection was verified by
demonstration of specific IgM antibodies in their blood samples.

THE ROLE OF HEPATITIS NON-A NON-R (NANB)
VIRUS IN CHRONIC DISEASES OF LIVER

I. Hollés, B. Lasz16 and J. Brojnas

National Institute of Hygiene, and L&szl6 Central Hospital for Infectious Diseases, Budapest

233 patients with a diagnosis of chronic liver disease verified by biopsy
have been investigated for hepatitis B (HBV) and hepatitis Non-A Non-B
virus (NANBYV) infections. Micro-Hepanosticon tests were applied for diagnosis
of HBV and the double immunodiffusion tests as described by Schirachi for
diagnosis of NANBV. Positive results were obtained in 89% for HBV and in
11% for NANBV among the patients with chronic persistent hepatitis, in
57% for HBV and in 33% for NANBV among those with chronic active
hepatitis and in 58% for HBV and in 18% for NANBV among those with
cirrhosis. In some cases the NANBYV diagnosis were supported also by electron-
microscopic examination of blood samples. The results indicate that besides
the HBV the BANBV plays a significant role in eliciting chronic disease of
the liver.

STUDIES ON INFLUENZA VIRUS STRAINS
ISOLATED IN THE COURSE OF OUTBREAKS
AMONG PIGS IN HUNGARY

K. Barb, G. Gajdacs, |. Jankovics, J. Tanyi and G. Vajda

National Institute of Hygiene, Budapest, and Veterinary Institutes, Békéscsaba
and Debrecen

In the spring of 1983 influenza outbreaks occurred in piggeries in Hajdd,
Szabolcs and Békés counties. 4-5 months old porkers were the most severely
affected. The outbreaks were characterized by sudden onset and short dura-
tion. Rhinorrhoea, catarrh, coughing, dispnoea, anorrhexia, and distress were
the most common symptoms. No fatal outcome w'as observed. 24 influenza
virus strains were isolated from the lung tissues of slaughtered animals. The
strains proved antigenically related to the A/New Jersey/8/76/HINI) strain
in haemagglutination inhibition tests. A serological survey with 300 blood
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samples taken from pigs in affected piggeries indicated a large scale immunolog-
ical experience with the isolated virus variant. A closer analysis of structural
proteins of isolated strains compared to those of some prototype strains of
swine origin (A/swine/lowa/15/30, A/New Jerscy/8/76) and of a swine strain
isolated in Szeged in 1981 (A/swine/Szeged/I/81/HINI) carried out with
SDS-PAGE technique revealed notable differences. The molecular weight
of the HA component of isolates and of prototype strains proved to he iden-
tical hut differed from that of the Szeged strain. Nevertheless, the HA compo-
nent of the isolates could he split by mercapto-ethanol to 11A1 and HA2
subunits only partially in contrast to the complete split in the case of prototype
strains.

LARGE-SCALE ABORTION INDUCED BY INFECTIOUS
RHINOTRAGHEITIS (IBR/IPV) VIRUS IN A STOCK
OF BEEF CATTLE

). Tanyi, E. Bajmoéczy, B. Fazekas and E. Kaszanyitzky

Veterinary Institute, Debrecen

In the Hereford stock of 200 animals bought as priiniparous heifers by
the stock farm Sz., 157 aborted during the 5th to 9th months of pregnancy in
the first quarter of 1982. Sixty-six fetuses and three fetal membranes were
brought to the institute. In more than half of the fetuses, necrotic, necrotic-
inflammatory foci were observed in the liver and spleen, in a few cases even
macroscopically. Ocassionally jaundice was also observed. Listeria, strepto-
coccus, staphylococcus and fungi were demonstrated in 1, 1, 1 and 3 of the
fetuses, respectively. All examinations were negative for brucella, leptospira
and chlamydia. The IBR/IPV virus was found in 8 fetuses. The majority of
the animals that had aborted were subjected to serological examinations and
proved to he negative for antibodies to brucella, leptospires and chlamydia.
Each of the 50 blood samples tested for antibodies to IBR/IPV gave positive
results with considerably high titres. Jointly responsible for the large scale
abortions were the high susceptibility of the stock, the high risk of infection,
as well as the considerable decrease in the natural resistance of the animals.

8* Acta Microbiologica Hungarica 'll, 1984



272 NINTH CONGRESS

CORONA AND CORONA-LIKE VIRUSES IN
DIARRHOEAL CALVES

11. Nagy

Central Veterinary Institute, Budapest

Coronavirus and corona-like virus particles were detected by electron
microscopy in 24.7% of the ileal and faecal samples submitted from 761
diarrhoeal calves under one month of age. Based on the morphological criteria
of Woodc et al. (1978), most of these (in 16% of the calves) were typical bovine
Coronavirus particles. Immuno electron microscopic and immunofluorescence
studies confirmed the findings of bovine coronaviruses. Most of the “corona-
like” viruses morphologically resembled the “syncytia-forming” virus descr-
ibed by Mebus et al. (1978). Sporadically there were also virus particles that
appeared morphologically as being Orthomyxovirus, Paramyxovirus virions
or virions of the “Breda agent” described by Woodc et al. (1982). A clear
differentiation of the above particles failed in some cases. Virus particles
detected in some other cases had to be classified to be unknown in calves,
based on their characteristic morphology (20-28 nm long projection with
5 7 nm diameter balls on the tip). Studies on 18 nondiarrhoeal calves revealed
only one calf with corona-like and none with coronavirus.

EXPERIMENTAL INEECTION OF LAYING HENS
WITH EDS AVIAN ADENOVIRUS ISOLATED FROM
DUCKS

A. BaRTHA and J. MESZAROS

Veterinary Medical Research Institute, llungarian Academy of Sciences* Budapest

In spite of the wide occurrence of the haemagglutinating avian adeno-
virus in duck flocks, no data are available on its pathogenicity in laying hens
infected naturally. To determine the pathogenicity of this virus, susceptible
hens were infected per os with the KT/80 strain isolated from ducks. Egg
production of hens decreased from the initial level of 70% to 35% in the
2nd week postinfection (P1), and the eggs showed characteristic changes. HI
titres of the laying hens ranged between 1:16 and 1:512. Eggs laid after in-
fection were collected separately at weekly intervals, and susceptible laying
hens were infected with the ovalbumin per os. On the 15th day PI, hens
infected with eggs collected on the 7th day Pl laid pigmentless and shell-
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less eggs or eggs having thin and breakable shells; their production decreased
by 50% for a period of 2 weeks, then returned to normal. In the sera of these
hens, HI antibodies had appeared by the 14th day Pl and their titre reached
the peak (1:128) 4 weeks later, Fgg production of hens infected with eggs
collected later remained undisturbed, and no antibodies appeared in the sera
of such hens. This finding confirms our earlier experience that eggs collected
from laying hen populations recovered from clinically apparent CDS lay no
part in the spread of infection. On the other hand, eggs laid in the initial,
acute, stage of the condition may have a role in the transmission of infection.

DETECTION OF ANTIBODIES TO HUMAN HERPES
VIRUS AND CYTOMEGALOVIRUS IN
A MEDITERRANEAN ISLAND POPULATION
(PANAREA, EOLYAN ISLANDS)

P. MaSTROENI, L. BoNINA, M.S. LeONAUDI, M.C. LiBERTO and

F. Curro

Microbiology Institute, School of Medicine, University of Messina, Italy

The present study was undertaken to determine the prevalence of CMV
and 11SV infections in a “semi-closed population living in Panarea, an island
of the Mediterranean sea. The survey was carried out on 130 inhahitans, 66
female and 64 male, living in the island for all the year. Antibodies to CMV
and 11S\ were detected by complement fixation according to Komer’s method.
The results obtained suggest a different epidemiological situation concerning
CMV and HSV compared to world and Italian data; the 29.60% positivity for
CMV and the 35.61% positivity for HSV are lower than worldwide serological
data. These differences could be explained by the situation of “semi-closed”
population in our study; higher rates were found for women than for men.
This may be an important aspect in the development of acquiring primary and
secondary infections, and the relationship with fetal morbidity. In fact, when
considering viral disease in pregnancy, we must remember that the true
incidence is probably very much higher than we suppose, yet relatively few
deleterious effects have been observed on either mother or fetus.
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FOCAL DIFFERENCES IN POSTVACCINATION
MEASLES IMMUNITY

I. Lontai and F. Fornosi

National Institute of Hygiene, Budapest

In children vaccinated against measles in the 14th month of life, the
seroconversion rate was, on the average, 96.7%, and the geometric mean of
the HA titres was 99 one month after the vaccination. The mean level of HAI
antibodies of the same children decreased by 15-49% by the 15th to 23rd
months postvaccination (PV). The decrease was lower in localities in which
a relatively high measles morbidity was observed in the PY period. In the
sera of 25 out of 172 children the HAI titres were two to fourfold higher in
the third half year after the vaccination than one month after the vaccination,
evidently as a result of the booster effect of the circulating wild virus. In
four villages where no cases of measles were registered between 1975 and 1980,
the HAI titres were diminishing year by year after the vaccination and the rate
of seronegative children was higher. The latter reached even to 50 80% among
the children born in 1974. The rate of seronegative children vaccinated at
10—1 months of age, was more than twice higher, the geometric mean of HAI
titres half of those observed among the children vaccinated over 11 months
of age. In one oftin; villages a local measles epidemic appeared in the period of
this survey; 96% of the seronegative children fell ill with measles. In two
villages where measles cases were registered from time to time, the highest
rate of seronegative children was about 20%. Examining the HAI antibodies
of at least — 10 children per age group and county focal differences in the
rate of seronegative children were not detectable. Vaccine prepared from the
Leningrad-16 strain was employed throughout.

MEASLE ANTIBODY STATUS OF HUNGARIAN
POPULATION BASED ON SURVEY OF BLOOD
SAMPLES COLLECTED IN SEPTEMBER, 19H?

G. Nagy, S. Takatsy, E. Gyorgy and |I. Demok

National Institute of Hygiene, and Public Health Station, Budapest

Serum samples from 4626 subjects representing all age groups of popula-
tion over 6 months ofage were tested for measles antibodies by the haemaggluti-
nation inhibition technique. Rate of subjects with antibodies (7> 2) varied
between 94 and 100% in age groups above 2 years of age. Antibody status
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of children living in areas where measles was epidemic in 1980 1981 did not
differ significantly from that observed in other areas of Hungary. Both the
geometric mean of antibody titres and the rate of subjects with antibodies
proved to he relatively low in the age groups of children who had been vacci-
natedhetween 1974and 1977 when vaccination at 10 months of age was compul-
sory. Before 1974 the majority and after 1977 all of the children were vacci-
natedafterl3 monthsof age. Revaccination of the age groups of poor immunity
seems inevitable to prevent epidemic episodes in the coming years.

ANTIBODY STATUS OF POPULATION AGAINST
POLIOVIRUSES 23 YEARS AFTER INTRODUCTION
OF USE OF LIVE VACCINE

1 Domok, G. Nagy and S. Takatsy

National Institute of Hygiene, Budapest

A cross-sectional polio antibody survey has been carried out with 4298
sera collected in September 1982, by the radial plaque neutralization tech-
nique. Subjects above 1 year of age proved to be positive against poliovirus
type 1in 94%, against type 2 in 95%, against type 3 in 97% and against all
three types in 88%. There were only 4 triple negative subjects found who
all belonged to the age group (1-2 years of age) which had not yet received the
complete course of vaccination. The results proved comparable to those
obtained in a similar survey in 1963. This indicates that systematic vaccina-
tion ensured the maintenance of humoral immunity status of the population
on a highly satisfactory level.

ANTIBODY STATUS OF FORESTRY WORKERS
VACCINATED AGAINST TICK-BORNE ENCEPHALITIS
VIRUS

E. Ferenczi

National Institute of Hygiene, Budapest

Serum samples of 356 forestry workers, who had received “FSME
Immun” vaccine, have been tested for antibodies against tick-borne encephal-
itis virus by both haemagglutination inhibition (HI) and indirect fluorescent
antibody (FA) techniques. 222 subjects received a single dose of vaccine one
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month before sampling, 97 subjects received two doses about one year before
sampling, whereas in 37 cases serum was taken a few years after completion
of whole series of vaccination. In the sequence of the groups 59.9, 79.4 and
29.2% of persons proved to be negative by the HI technique (<7 10), whereas
42.8, 40.2 and 18.9% by the FA technique (< 5). 23 subjects had a high 111
antibody titre (/> 320) suitable even for preparation of immune gamma globu-
lin against tick-borne encephalitis.

SURVEY OF RETICULOENDOTHELIOSIS VIRUS
INFECTION IN /1 TURKEY FLOCK

Cs. Urén and I. Németh

Veterinary Medical Research Institute, Hungarian Academy of Sciences. Budapest

A serological survey was done to demonstrate antibody to reticulo-
endotheliosis virus (REV) with indirect fluorescent antibody assay (IFA)
in a selected turkey flock where tumour losses had occurred and serious egg
infertility had been noticed. Virus isolation was attempted in chicken embryo
fibroblast culture (CEF) from plasma samples. Serum samples collected from
primary breeding turkeys at 1 day of age contained no antibody to REV
(0/39), while those collected from 51 to 53 weeks old hens were positive in
15-40% . Sera from flocks with serious egg infertility were negative in one
case (0/17), but were positive in two other cases (12/50; 5/10). Sixty-eight
per cent of serum samples collected from broiler turkeys in the slaughter-
house contained antibody to REV. According to the IFA and electron micro-
scopic examination, REV was isolated in CEF from 2 of 50 plasma samples
collected from a 53 weeks old parent flock suffering from serious egg infertility.
This is the first documentation of the presence of REV in Hungary turkey
flocks.

PROPAGATION OF HEPATITIS A VIRUS (HAV)
IN AGMK AND BGM CELLS

Gy. Szlics, R. Simmons, T.G. Metcalf, F.B. Hollingek and
J.L. Melnick

Laboratory for Virology, Public Health Station. Pécs, Hungary, and Department of Virology
and Epidemiology, Baylor College of Medicine, Houston, Ix.. U.S.A.

Primary AGMK cells were infected with HAV (strain H-175). The virus
production was demonstrated by measurement of increasing amounts of HAV
antigens (s/HAAg) in cultures by radioimmunoassay (RIA), immunofluores-
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cence (IF) and/or detection of complete virus by electron microscopy(EM).
After second passage of infected cells, HAAg was detected over P/N ratio
near 50. Virus harvested from this sample was used to infect tertiary AGMK
cells in suspension. Monolayer cultures were developed and maintained for 10
weeks with weekly passages. The highest P/N ration (73) was detected in
sample from second-passage cells, while P/N ratios 34-39 were observed up
to passage 7, and later the IIAAg production decreased to P/N ratio 3 in
passage 10. However, still the number of physical particles was 10dml, counted
under EM, in this sample. The virus seemed to be strongly cell-associated, it
Mas not released spontaneously into the medium and no cytopathic effect
Mas observed. Using 11GM cells for infection the maximum amounts of Il AAg
(P/N ratio 22) were detected after tMO Meeks of incubation and this value
remained relatively stable during a period of one month. In both cell cultures
a typical granular cytoplasmic fluorescence Mas observed almost at the same
time with RIA positivity. The potential value of these cell-virus systems for
producing diagnostic materials is discussed.

THE TITRATION OF SPECIFIC ANTIBODIES TO
MUMPS VIRUS BY MEANS OF THE SINGLE RADIAL
HAEMOLYSIS (SRH) TEST

A. Marton and Gy. Nyerges

National Institute of Hygiene, Budapest

The SRH test was applied for the demonstration of specific antibodies
in the sera of patients with clinical mumps infection and in those of children
vaccinated with live mumps virus vaccine. The optimum amount of virus for
the sensitization of erythrocytes was found one tenth of that described by other
authors. A laboratory reference preparation was prepared from mumps
convalescents’ sera. The reference preparation Mas assigned a potency of 100
units per ml, arbitrarily. In each titration session a dose-response line Mas
established which showed the correlation between the differentdilutions of the
reference preparation and the diameters of the haemolytic zones produced.
In this way, the antibody content of the sera to be tested could he expressed
in laboratory units. The results of the titration of 403 sera showed that the
SRH test was more sensitive for the demonstration of mumps-specific anti-
bodies than the H I test was. No convincing evidence for a correlation between
the results of the SRH and the 111 test or between those of the SRH and the
CF test Mas found.
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COMPARATIVE TESTS FOR DETECTION OF
RUBELLA-SPECIFIC IgM ANTIBODIES

l. mezevy and m . koLLEU

National Institute of Hygiene, Budapest

530 sera taken from pregnant women either with symptoms suggestive
of rubella or with a most recent history of exposure to rubella infection were
tested for specific IgM antibodies, using two different techniques as follows.
(a) Separation of IgM fractions of sera by ion-exchange chromatography and
testing the fractions for rubella haemagglutination inhibiting (HI) antibodies;
(b) investigation of sera with haemadsorption immunosorbent technique
(HIT) as described by van der Veen. ldentical results were obtained by both
techniques in 91% of sera. The HIT proved suitable to detect even incipient
IgM antibody responses in a phase when no antibodies or very low titres coult
be revealed by the HI technique. Persistence of specific IgM antibodies could
he demonstrated for a longer period by the HIT than by the other method
used. Thus the HIT seems especially suited for laboratory diagnosis in cases
when serum samples are available only from a very early or from an extremely
late stage of infection.

DIAGNOSTIC ANTIBODY TESTS FOR DETECTION
OF HERPES SIMPLEX VIRUS INFECTIONS OF
THE CNS: CRITERIA AND EFFICIENCY

M. Simon and M. Koller

National Institute of Hygiene, Budapest

Based on complex laboratory examination of 18 proven herpes encephali-
tis cases the authors summarize their experiences especially with regard to
criteria and efficiency of antibody tests carried out with FA and ELISA
techniques for a relatively early aetiological diagnosis. It is concluded that
80% efficiency can be achieved if serum and CSF pairs taken at an interval
of 3-4 days at the early stage ofillness are examined for the presence of specific
immunoglobulin classes. Demonstration of specific IgM antibodies, of signifi-
cant increase in 1gG antibody titre, and of a ratio % 20 for serum to CSF
antibody content may lie the proofs for the aetiological relationship. The FA
techniqgue may he used generally but the ELISA technique is more sensitive
for detection of IgM antibodies in the CSF.
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DETECTION OF ANTIBODIES TO AUJESZKY'’S
DISEASE VIBES BY ELISA

J. Ekdei and E. Mocsari

Veterinary Medical Research Institute, Hungarian Academy of Sciences,
and Central Veterinary Institute, Budapest

Sera collected from pigs of different age groups and immunological
status were examined for antibodies to Aujeszky’s disease virus by the; VN
test and by indirect ELISA. Aujeszky’s disease virus propagated in cell culture
purified by ultracentrifugation in sucrose gradient and exposed to detergent
was used as antigen, peroxidase-labelled anti-swine IgG as conjugate, and 1,2-
phenylenediamine (OPD) as substrate. Evaluation was performed in a Titertek
multichannel photometer. The so-called base level was determined on the
basis of the obtained extinction values, and the 800 blood samples examined
were evaluated as compared to the base level. Sera positive in the VN test
were always positiv e also in ELISA, while the proportion of ELISA-positives
among sera derived from V N-negative herds was about 10%. From titration
of positive sera and evaluation of a vaccination trial it has been concluded
that ELISA detects antibodies earlier and in higher serum dilutions than the
VN test.

APPLICATION OF ELISA FOB THE DETECTION
OF ANTIBODIES TO INFECTIOUS BRONCHITIS
VIBES

M. Csermely, I. Németh and A. Palhidy

Veterinary Medical Research Institute, Hungarian Academy of Sciences, Budapest

Indirect ELISA was used for the detection of antibodies to infectious
bronchitis virus in chicken. As antigen, a Beaudette-serotype virus propagated
in embryonated chicken eggs and purified by ultracentrifugation was used.
The positive reference serum was collected from birds vaccinated with 11-120
and H-52 virus strains and subsequently inoculated with a purified virus
emulsified in incomplete Freund’sadjuvant, while the negative reference serum
was obtained from SPF chicken of different age. The conjugate was the horse-
radish peroxidase-labelled 1gG fraction of an anti-chicken IgGMA rabbit
serum prepared according to the periodate method of Wilson and Nakanc
(1978), as modified by Boorsma and Streefkerk (1979). Having determined
the optimum concentrations of reagents by chess-board titrations, factors
influencing the specificity of the method were studied, i.e. the effect of differ-
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ent sensitizing media and additives given to the conjugate- and serum-diluent
(NaCl, bovine albumin, polyethylene glycol, normal rabbit serum). The specif-
icity of the assay was verified by the inhibition test. To normalize data obtained
in test performed at different times, the result of the test is expressed in anti-
body units/ml serum, on the basis of a positive reference serum of known anti-
body content. The method has been found suitable for demonstrating the

guantitative changes of antiviral antibodies produced during the course of
infection.

DETECTION OF ANTIBODIES TO RS VIRUS BY
VIRUS-NEUTRALIZATION TEST IN ELK CELL LINE

A. BARTHA and M. BeNKO

Veterinary Medical Research Institute, Hungarian Academy of Sciences, Budapest

The diagnosis of RS (respiratory syncytial) tdrus infection by direct virus
isolation is successful only in a minor part of the cases. Antibody titres of
paired sera might have diagnostic value, however, practically a simple and
reliable serological test applicable in routine diagnostic work has not been
available. The complement fixation (CF) test detects only 20% of the low-titre
antibodies, while the virus-neutralization (VN) test performed in the commonly-
used cell cultures (such as primary or secondary calf kidney or testicle) cannot
he evaluated because of the poor growth of the RS virus. The VN test was
carried out according to the method of Haralambiev in FLK cell line perma-
nently infected by bovine leucosis virus. In this cell line the cytopathic effect
of RS virus appears within a few days. In cell cultures without covering layer
and containing only liquid culture medium, plaques grow uptol mm in diam-
eter within 4 to 5 days. Fifty per cent reduction in the number of plaques
indicates presence of antibodies. The test can be done in Petri-dishes, test
tubes or Takatsy’s Microtitrator trays.

Acta Microbiologica Hungarica 31, 1984



NINTH CONGRESS 28l

PRODUCTION OF BOVINE LEUKAEMIA VIBES
ANTIGEN IN LARGE QUANTITIES IN HUNGARY
ANT) ITS COMPARISON WITH THE
PITMAN MOORE ANTIGEN

B. HaRRACH, L. TeKES and B. LoMNICZI

Veterinary Medical Research Institute, Hungarian Academy of Sciences, and Central
Veterinary Institute, Budapest

A method for large-scale production of bovine leukaemia virus (BLV)
antigen Mas developed for an extensive survey of BLV infection in Hungary.
The antigen, consisting primarily of glycoprotein, Mas produced by ammonium
sulphate precipitation from the supernatant of roller cultures of a permanent
fetal lamb kidney cell line infected with BLV. The concentration of the antigen
and of the control sera ( -p-j--|-) of the Hungarian immunodiffu-
sion kit Mas adjusted to the Pitman Moore reagents representing the inter-
national standard. Three thousand serum samples were simultaneously exam -
ined M'th both antigens. The results agreed in 99%; the infection of cows
Mas detected earlier by the Hungarian antigen in 0.9%, while by Pitman -
Moore antigen in 0.1% of the cases. Thefirst Hungarian eradication experiment
conducted in an industrial-scale cattle farm, again by using the Pitman
Moore antigen collaterally with our antigen, is close to its successful end.

ENZYMATIC METHODS FOR DETECTION OF
MORPHOLOGICAL ALTERATIONS PROVOKED BY
VIRUS INFECTION IN EGGS

T. Perényi, F. S61lyom and S. Barhoom

Phylaxia Veterinary Biologicals CoVirus Section, Budapest

On the effect of infectious laryngotracheitis virus (ILT) inoculated onto
the chorioallantoic membrane (CAM), the activity of cytoplasmic located
enzymes (LDH, MDH, GOT) augments significantly, compared to non inocu-
lated eggs. The increased enzyme activity is due to the decay of CAM cells
owing to the cytopathogenic activity ofthe virus. The augmentation of enzyme
activity was significant, even for the 24th h following the infection of the eggs,
as compared to the controls. With the progress of the time of incubation,
the activity of the enzymes under test showed a sheer ascending trend. The
extent of virus dilution can also he followed sensitively and it can be evaluated
through determination of enzyme activity measured in the allantoic fluid.
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The method is suitable to the determination of the degree of virus attenuation,
as well as to the verification of the safety of inactivated viruses. It can he
used for the study of every virus cytopathogenic for CAM cells.

CANCER OF UROGENITAL TRACT: OCCURRENCE
OF HCMV DNA AND ITS HINDUI E FRAGMENT
IN PROSTATIC CARCINOMA

I.BDIdDgh‘M.Halmy‘B.Szﬁke and L.vAczl

Institute of Microbiology, University Medical School, and Hajdu-Bihar County Hospital,
Urological Department, Debrecen

The occurrence of the entire human cytomegalovirus (HCMV) DNA and
of its transforming fragment (HindlIl E) was investigated in DNA samples
of prostatic cancers. HCMV-DNA homologous sequences were present in 7%
of normal prostate (NP), 22% of prostate hypertrophy (BHP) and 4T% of
adenocarcinoma of prostate (ACP). No positive in situ hybridization for
HCMV-RNA was observed in section of NP tissue. At the time the trans-
cription of HCMV-DNA was observed in 33% of BHP and 45% of ACP. The
results obtained using anticomplement immunofluorescence was in close
correlation with in situ hybridization results and imply some degree of HCMV
association with prostatic abnormality. The results obtained using the trans-
forming fragment (HindIll E) of HCMV DNA in DNA DINA reassoeiation
kinetics was detailed.

STUDIES ON IMMUNOLOGICAL MARKERS OF
SIMIAN C-TYPE VIRUSES AND HUMAN
RETROVIRUS HTLV IN ADULTS AND CHILDREN
WITH LYMPHOID LEUKAEMIAS AND LYMPHOMA

F-D-Tf)th,B.Szabé.\].Klss. L.vAczu. A-Réthy,A. KiSS,TKDvéEs,
K. Rak, Cs. Kiss and RC. ¢.:1o

Institute of Microbiology, 2nd Department of Medicine, Department of Pediatrics,
University Medical School, Debrecen, Hungary, and National Cancer Institute,
Bethesda, Md., USA

Peripheral leukocytes and/or lympn node cells and blood plasmas from
patients with lymphoid malignancies were investigatcil for immunological
markers of baboon endogenous virus (BaEV), gibbon age leukaemia virus
(GaLV) and human T-cell leukaemia/lymphoma virus (HTLV). For detection
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of antigens and antibodies immunofluorescence, and competitive HIA or
radioimmunoprécipitation were used. Antigen related to the p30 core protein
of BaEV was detected in B-, O- and T-cell forms of malignancies. Antigen
related to the GaLV p30 was found mainly in B- and O-cell forms, while
antigen related to the p24 protein of HTLV teas detected only in a few T-cell
malignancies. Distribution of antibodies reactive with envelope antigens of
BaEV and GaLV and of those reacting with the p24 antigen of HTLV
proved to be similar. The presence of oncovirus-specific antigens and antibodies
was connected with pregression of lymphoid malignancies.

STUDIES ON CYTOTOXIC EFFECT OF LYMPHOCYTES
AND ANTIBODIES REACTIVE WITH ENVELOPE
ANTIGENS OF ONCOVIRUSES IN DIFFERENT

STAGES OF CHRONIC GRANULOCYTIC LEUKAEMIA
(CGL) AND ACUTE MYELOID LEUKAEMIA (AML)

B. Szabs, F.D. Toth, L. Vaczi, A. Réthy, A. Kiss and K. Rak

Institute of Microbiology, und 2nd Department of Medicine, University Medical School,
Debrecen

In earlier studies lymphocytes and antibodies cytotoxic against autolog-
ous tumour cells were detected frequently in the quiescent phase of CGL,
but very rarely in the blastosis of AML. Starting from these results nee have
compared the cytotoxic activity of lymphocyte and plasma samples from the
quiescent and blastoid phase of CGL, and from the blastosis and remission of
AML, respectively. Target cells were collected also from the different stages
of CGL and AML. 5ICr release tests showed that the lymphocytes and plasma
samples from blastoid crisis of CGL had no cytotoxic activity for autologous
blast cells. On the contrary, cryopreserved lymphocytes and plasmas collected
from the quiescent phase of CGL proved to be cytotoxic for the autologous blast
cells and their effect could be significantly blocked by oncoviral envelope
antigens. A similar relationship was found between the blastosis and remission
stage of AML. In the majority of cases the native and carbohydrate-free gp70
and pi5 antigens of gibbon ape leukaemia virus blocked both cellular and
humoral cytotoxicity. However, out of the antigens of baboon endogenous
virus, only the native gp70 showed marked blocking effect.

mlda Microbiologica Hangarica 31, 1984



284 NINTH CONGRESS

RESTRICTION ENZYME ANALYSIS OF INTEGRATED
ECOTROPIC MURINE LEUKAEMIA VIRUSES IN
NORMAL AND TUMOROUS THYMUSES

A. Pintér, L. Janosi, M. Borzsonyi, M. Csik, A. Surjan and
G. Torok

National Institute of Hygiene, Budapest

Tumours induced by chemicals develop through multiple stages where
intrinsic factors may play a definite role. Endogenous murine leukaemia
proviruses represent integrated parts of the mouse genome: their contribution
to tumorigenesis is, however, not resolved. Earlier, we found that endogenous
virus expression was independent of chemically-induced lymphomagenesis in
different mouse strains. Tn order to follow possible changes of the integrated
ecotropic proviruses, thymuses from normal and tumorous mice of different
strains were analysed by Southern-blot hybridization technique, using on
ecotropic-specific probe. The restriction enzyme pattern of the integrated
proviruses in the normal thymuses, MNU-induced lymphomas and spontaneous
tumours of four mouse strains (AKR, BDFj, Swiss, CFLP) did not reveal any
change which could be attributed to specific carcinogen action. These results
present further evidence that MNU-induced lymphoma development in mice
is independent of endogenous murine leukaemia virus expression.

INAPPARENT ACTIVATION OF LATENT HSV IN
RABBITS

J. RajCANI and M. KOCISOVA

Institute of Virology, Slovak Academy of Sciences, Bratislava, Czechoslovakia

A long-term follow-up study in 70 rabbits (inoculated into the right
scarified cornea with the Kupka strain) showed establishment of latency in
86% of homolateral and 29% of contralateral Fasserian ganglia. The fragment
of the right cornea yielded virus in 4.4% of animals and the right nerve root
entrance area in 6%. Short episodes of virus shedding were found in 22 out
of 33 rabbits by continuous swabbing of both eyes for 9 months at 3-7 day
intervals (55 samples were positive out of total 4108 ones, i.e. 1.3%). Arte-
ficial stimulations were made by mechanical injury of the cornea and by
chemical provocation (adrenaline, xylol keratitis) in the presence or absence
of immunosuppression (CPA in the dose of 200 mg/kg body mass) in altogether
33 animals. Virus shedding from right cornea was not significantly enhanced.
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However, corneal fragments yielded virus in 37% of rabbits. The recovery
rate from the contralateral ganglion expiants was also enhanced (63%). As
evidenced by the occurrence of single neurons containing HSV antigens in the
ganglia examined by serial sectioning at the time of their removal, virus activa-
tion was accompanied by inapparent transport of minute amounts of HSV to
the cornea and to the brain stem. The presented results show that inapparent
“round trip” of HSV need not be accompanied by any virus shedding. In
addition, infection of previously unaffected contralateral ganglia may occur
as well.

EFFECT OF PROGESTERONE ACTH AND
PREDNISOLONE FOR THE REACTIVATION OF
AUJESZKY’S DISEASE VIRUS (ADV) IN AN
INFECTED FARM

. Medveczky, A. Balint and |. Vass

Department of Epizootiology, University of Veterinary Sciences, Budapest, and Pig Farm,
Vamosgyork

Twelve breeding gilts nine months old were chosen on the basis of VN
titre in an ADV infected farm. Four groups, 3 animals in each, were formed,
Group 1 and group 2 were ovariectomized two weeks before the treatment.
Group 1 was treated with 400 mg prednisolone/animal/day for five days;
group 2 was treated with progesterone 50 ing/animal/day for two weeks. The
animals in group 3 and group 4 were not ovariectomized. Group 3 was treated
with ACTH 200 IU/animal/day for five days, group 4 with prednisolone
400 mg/animal/day for five days. Nasal, pharyngeal and vaginal swab samples
were collected each day for 15 days after the treatment. The swab samples
were examined for ADV by inoculation of lamb kidney cell cultures. The gilts
remained clinically normal and feverless throughout the experiment and no
virus could be isolated.

DEACTIVATION OF LATENT INFECTION OF
MUTANT ADENOVIRUSES IN TISSUE CULTURE
BY ENDOTOXIN

J. Ongkadi, G. Kulcsar and |. Nasz
Institute of Microbiology, Semmelweis University Medical School, Budapest

A wild strain of human adenovirus type 5 and its temperature-sensitive
(ts) 18 and 19 mutants were used to establish latent infection in HEp-2 cell
cultures. For reactivation purified and radiodetoxified endotoxins obtained
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from Escherichia coli 089 were applied in different times during latency at
permissive and nonpermissive temperatures. Both wild strains and mutants
could be reactivated at the permissive temperature, hut only the wild strain
at the nonpermissive temperature. Reactivation developed fast and on a great
scale. The process is independent of the original virus concentration and of the
moment of endotoxin application during the latent period, hut depends on
the endotoxin concentration. Possible mechanism is the clearing effect of
inhibiting proteins of certain lysosomal enzymes released after damage of
membranes due to endotoxin effect. These alterations in the cell are not able
to substitute or complete mutant viral polypeptides. Furthermore, results
suggest that lack of assembly of virus polypeptides is not the reason for latent
state of adenoviruses.

LOCALIZATION OF HUMAN ADENOVIRUSES IN
THE MALE GENITALS OF MICE

R. Vamos, Dam Viet Cuong, G. Kulcsar, P. Dan and |. Nasz

Institute of Microbiology, Semmelweis University Medical School, Budapest

According to observations of human specimen adenoviruses may be
localized in male genitals. In order to investigate this phenomenon we infected
CFLP mice with adenovirus types 5 and 12. Virus antigens could he detected
by the immunfluorescent method from the cells of the testicles in 24% of the
infected mice 1345 days after infection, in most of the cases after 3 days.
The presence of the virus antigens in the supernatant of the cell homogenates
was confirmed by complement fixation test. Adenoviruses were reisolated
in HEp-2 cell cultures also in infective form from the genitals of a few mice.
There were neither infective viruses nor virus antigens found in uninfected
mice used as controls.

Acta Microbiologica Hungarica 31, 1934



Acta Microbiologica Hungarian 31 (3), pp. 287 299 (1984)
Immunology

LYMPHOCYTE SUBPOPULATIONS IN THE COLOSTRUM
AND MILK OF CATTLE

S. TUBOLY

Epizooliology Department of University of Veterinary Science, Budapest

Number of lymphoid cells and within it the proportion of macrophage
and lymphocyte suhpopulations were examined in the colostrum and milk
samples of 20 Holstein Friezien cattle using immunofluorescence, rosette cell
formation and lymphocyte stimulation tests. Colostrum and milk samples were
taken on the first, second, third and fifth day after parturition and on the eighth
weeks of the lactation period, respectively. In the first day colostrum the
number of lymphoid cells was 10fcells/nd in average, which decreased to 105
cells/ml the fifth day, and to 1-2000 cells/inl by the eighth week ofthe lactation.
The great majority of lymphocytes T-cells represented about 40 50% and 13-
cells were present in about 20-30%. Among 13-cells the IgA positive cells
occurred in the greatest number. The lymphocytes of the colostrum like those
of the blood could he transformed by mitogens, hut they did not react to
antigens with which the lymphocytes from the blood could he stimulated.

EFFECTS OF ADENOVIRUS ON THE HUMORAL
IMMUNE RESPONSE OF MICE

K. BeRENCSI, M. BaKAY and I. BELADI

Institute of Microbiology, University Medical School, Szeged

The infection of mice with human adenovirus type 6 (Adh) was shown
to elicit an immunosuppressive effect. Mice inoculated with Ad6 displayed
a decreased humoral immune response to sheep red blood cells (SRBC). The
suppressive effect was dependent on the sites of inoculation of the virus and
SRBC. Inoculation of the virus and SRBC by the same route, i.e. intraperitone-
ally, resulted in a significant decrease of the humoral immune response. On
the other hand, following administration of the virus and SRBC at different
sites, no inhibitory effect of the virus could he detected. Some cellular require-
ments for the immunosuppression caused by Ad6 were examined, Pretreat-
ment of mice with silica to depress the macrophage function prevented the
immunosuppression. These results indicate that peritoneal macrophages play
an important role in the immunosuppression observed.
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EFFECT OF SUPERNATANT OF LYMPHOCYTES
INFECTED WITH VIRUSES ON THE FUNCTION
OF PERIPHERAL BLOOD LEUKOCYTES IN VITRO

J. Ongradi, R. Vamos, G. Kulcsar. Dam Viet Cuong and |I. Nasz

Institute of Microbiology, Semmelweis University Medical School, Budapest

Up to the present neither the pathomechanism of the frequent secondary
bacterial complications consequent upon viral infections nor their immuno-
suppressive effect shown also in vitro have been made clear enough yet. To
investigate these phenomena, lymphocyte cultures obtained from peripheral
blood were infected by several types of human adenoviruses and herpes simplex
virus type 1. After a 7-day incubation period the supernatants were added to
mononuclear and polymorphonuclear leukocytes obtained from blood. The
supernatants of infected lymphocytes reduced the phagocytic activity on
staphylococci of both types of leukocytes by 20-60% in comparison with
different controls. This effect is of the same degree if adenovirus types are
compared to each other, but herpesvirus had more intensive weakening. The
damaging effect of supernatants was dose-dependent, and most of it was lost
after longer storage. The described inhibitory effects may be related to lympho-
kines or some similar materials which could be produced by infected lympho-
cytes and by some other cells as further tests revealed.

EFFECT OF HUMAN ADENOVIRUS INFECTION
ON THE LYMPHOID ORGANS OF MICE

Dam Viet Cuong, G. Kulcsar, P. Dan and I. Nasz

Institute of Microbiology, Semmeltveis University Medical School, Budapest

After having infected CFLP mice with adenovirus type 12, there were
no clinical symptoms during the 15 days of observation. The virus infection
reduced the number of the circulating lymphocytes already in 4 hours. The
dicrease tvas most intensive after 24 h, then a hypercompensation followed on
the 3-7 days, and after this the number of the lymphocytes returned slowly
to the normal level. The weight of the thymus decreased depending on the
dosage on 3rd or 4th day after infection, then approached the normal level.
The weight of the spleen begin to increase after the virus infection and the
maximum weight teas reached on the 3rd and 4th days. It may be concluded
that a moderate and temporary immunosuppression was caused by adenovirus
type 12 in the lymphoid organs of mice.
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HERPES SIMPLEX VJKLS INTERACTION WITH
HUMAN MONOCYTES AND MACROPHAGES

L. BONINA and P. MaSTROENI

Microbiology Institute, School of Medicine, University of Messina, Messina, ltaly

It is accepted that cells belonging to reticuloendothelial system are of
primary importance for naturally occurring resistance to herpes simplex virus
(HSV) infections. In previous experiments we studied the role played by rat
peritoneal macrophages on HSV-1 infection showing the effect of immuno-
compromission on the “in vitro” intrinsic antiviral activity. The present study
elucidates some early interactions between HSV-1 and human monocytes and
macrophages, as well as the intrinsic antiviral activity using standardized
models for culturing monocytes from human peripheral blood and by evaluat-
ing the “in vitro” maturation to macrophages. On both cell types we evaluated
the attachment of HSV-1 by studying the kinetic of virion adsorption assaying
residual (non absorbed) virus infectivity at 15, 30 and 120 min post infection.
At the same time we studied the intracellular behaviour by indirect immuno
fluorescence and the evaluation of single cicle growth curves on both HSV-1
infected cells. The residual infectivity of HSV-1 was higher in monocytes than
in macrophages; HSV specific antigens were not observed in monocytes while
viral antigens were detected in the cytoplasm and at the nuclear membrane
of infected macrophages; a marked intrinsic antiviral activity of macrophages
was demonstrated. These results suggest marked differences between mono-
cytes and macrophages by HSV-1 might reflect a modification in their metabolic
or differentation state.

INTESTINAL WALL ALTERATIONS OBSERVED
IN CONVENTIONAL AND GERMFREE MICE
TREATED WITH DETOXIFIED ENDOTOXIN AND
LYMPHOTROPIC CYTOSTATIC AGENT

P. Anderlik. Zs. Banos, |I. Szeri, L. Bertok and B. Radnai

Institute of Microbiology, Semmelweis University Medical School, “ Frédéric Joliot-Curie”
National Research Institute for Radiobiology and Radiohygiene, and Istvan Hospital.
Budapest

Our previous experiments showed a higher resistance of germfree (Of)
mice to a lymphotropic cytostatic agent, dianhydrodulcitol (DAD) as compared
with that of conventional (Cv) mice. On the basis of histological changes in the
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intestinal wall it has been assumed that the cause of higher resistance is the
lack of the damaging effect of endotoxin from normal intestinal flora. Therefore
we have compared the effect of the endotoxin preparate on the changes of
intestinal walls of Cv and (if mice treated with DAD. Radiodetoxified endo-
toxin (rdLPS) was applied the day before DAD treatment. It had only a slight
modifying effect on intestinal wall alterations caused by DAD, while in germ-
free mice alterations were decidedly aggravated by rdLPS. On the basis of
these results we suppose that the different sensitivity of Cv and Gf mice to
DAD is in connection with the presence or absence of normal intestinal flora.

DEMONSTRATION OF AN AUTOANTIBODY
BINDING TO HUMAN MEMBRANE ATTACK
COMPLEX

B.P. Ro6zsik

National Institute of Hygiene, Budapest

Membrane attack complex (MAC) assembled from Cb5b through C9
complement components causes complement damage. Using immunohistolog-
ical methods, in 1980 we demonstrated the presence of MAC in tissue specimens
obtained by biopsy or at autopsy from patients with chronic glomerulo-
nephritis and multiple sclerosis. On the basis of neoantigenic nature, long
persistence and membrane integrated protease-resistance characteristics of
MAC we postulated the development of an anti-MAC antibody response in
these patients. Using indirect cyto-immunofluorescent and direct modified
immunoelectrophoretic methods we have found antibodies binding to MAC
in fresh sera of 6 out of 7 patients with multiple sclerosis. Using modified 3-
phase immunoelectrophoresis and electrosyneresis and antibody binding to
MAC has been found in sera of patients with chronic glomerulonephritis (8/8),
meningitis (1/1) and normal human sera (10 persons), too. This antibody gives
precipitations near to the cathode in modified 3-phase immunoelectrophoresis.
This is the first report on the existence of an autoantibody binding to human
membrane attack complex.

Ada Microbiologica Hungarica 31, 1984



NINTH CONGRESS 291

INVESTIGATION OF THE IMMUNOPATHOLOGIC
ROLE OF AUTOANTIBODY BINDING TO HUMAN
MEMBRANE ATTACK COMPLEX

B.P. Bozsik

National Institute of Hygiene, Budapest

On the basis of the presence and characteristics of membrane attack
complex (MAC) in chronic pathologic processes, the existence of an auto-
antibody to MAC can be expected and demonstrated by indirect immuno-
cytologic and 2 direct immunochemical methods. Results of double-blind
investigations indicated that the benignity of multiple sclerosis may be associ-
ated with high autoantibody titre to MAC. This hypothesis was modelled by
examining the recovery of Neisseria meningitidis (strain HNCMB 122001)
after treatment with fresh normal human sera. Unlike sera inactivated by
heat (56 °C, 30 min), the fresh sera impair meningococci (1-10x10® ml)
without sensitization by specific anti-bacterial serum at 37 °C (30 60 min).
The impairing effects of MAC formed on meningococci could be neutralized
neither by antihuman-MAC rabbit immune sera nor by antirabbit-1gG.

PURIFICATION OF CHICKEN IgM IMMUN OGLOBULIN
AND PREPARATION OF CLASS-SPECIFIC IMMUNE
SERUM

I. Németh

Veterinary Medical Research Institute of the Hungarian Academy of Sciences,
Budapest

Chicken immunoglobulins are not easily purified owing to their overlapp-
ing molecular mass and electric charges. Hence class-specific anti-chicken
immunoglobulin reagents are difficult to prepare and to characterize. Substant-
ial quantities of purified IgM immunoglobulin can only be prepared by the
combination of complex fractionation techniques. Serum globulin fractions
salted out between 9-14% Na2SO, concentrations were repeatedly fraction-
ated by Sepharose 6B column chromatography, and the IgM-rich material
eluted between 0.10-0.26 Kav values was further purified by DEAE-Sephacel
ion-exchange column chromatography using a linear gradient from 0.06 to
0.4 M NaCl in 0.05 m Tris HCI, pH 7.5 buffer for elution of the bound proteins.
Distribution of proteinsin the effluent fractions was detected by fused-rocket
immunoelectrophoresis against a polyvalent precipitating rabbit immune
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serum to chicken serum proteins, whereas the purity of the IgM preparations
was checked by two-dimensional immunoelectrophoresis and by immuniza-
tion of rabbits. Various IgM preparations obtained with the combinations of
the above methods were found to he always contaminated with polymer IgA
and aggregated 1gG immunoglobulins and also with other serum globulin
components, though in varying degree. Immunoaffinity chromatography on
anti-/< heavy chain rabbit antibodies covalently coupled to CNBr-activated
Sepharose 4B allowed to obtain polyclonal IgM through a one-step purifica-
tion procedure. The IgM preparations obtained by this procedure fulfilled
stringent criteria for protein purity.

APPLICATION OF ENZYME-LINK FI)
IMMUNOSORBENT ASSAY FOR THE
DEMONSTRATION OF ANTIBODIES TO
PSEUDOMONAS AERUGINOSA

J. Eméd, M. Bkozik, R. Varreé and I. J0O

Human Institute for Serobacteriological Production and Research, Budapest

Using acetone-inactivated dried bacteria from Fisher’s 7 Pseudomonas
aeruginosa immunotype strains, we prepared several polyvalent bacterial
antigens: (1) Boivin-type O-antigen (lipopolysaccharide, LPS); (2) whole-cell
antigen containing all Fisher’s immunotypes; (3) cell-free (distilled water-
extracted) bacterial antigen. Rabbits were immunized according to various
immunization schedules with whole-cell and cell-free antigens. Immune sera
to P. aeruginosa were tested by passive haemagglutination (P1IA). From the
sera immunoglobulin fractions were also prepared. The results suggest that
PUMA is not sensitive enough to demonstrate differences in the litres of P.
aeruginosa immune sera. According to the investigations the O-antigen and
especially the acetone-inactivated whole-cell antigen (AWA) are suitable as
antigens for the micro-ELISA test. The binding of these antigens to Hungarian
polystyrol microtiter plates was successfully performed. Applying AWA in
micro-ELISA test, there were significant differences between the titres of 5
different rabbit immune sera. Experiments were carried out for the determina-
tion of the quantitative IgG level of the sera, too.
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NMK EFFECT OF COMBINED TREATMENT WITH
HAEMOPHILUS INFLUENZAE ENDOTOXIN
PREPARATIONS IN MICE

7ZS. csuras., M. w essely . F. siowiv and L. s ukeox

Institute of Microbiology, Semmelweis University Medical School, National Research
Institute of Neurosurgery, and National “Frédéric Joliot-Curie” Institute of Radiobiology
and Radiohygiene. Budapest

Detoxified endotoxin was prepared from Haemophilus influenzae endo-
toxin by ionizing radiation in order to study its protective effect against
dyspnoeal attacks after endotoxin inhalation in mice. The detoxified endotoxin
administered intravenously increased the aspecific iinmunoresponsiveness of
the mice hut could only partly prevent dyspnoeal attacks. The histological
processing of the lungs also showed mild interstitial pneumonia. The most
expressed protection was achieved hy the intraperitoneal administration of
50 pg detoxified endotoxin after a 48 h incubation period. Only systemic
administration was found capable of increasing aspecific resistance since the
direct alterations in the lungs and the histological changes after the inhalation
of the detoxified endotoxin has shown that the irradiation could not signifi-
cantly change the direct effect of the endotoxin on the alveolar epithelium and
the macrophages.

EFFECT OF LEVAMISOLE ON THE IMMUNE-
RESPONSE OF LAMBS

M . liuSVAI, S, trusorLy and S. seLAax

Department of Epizootiology, University of Veterinary Medicine, Budapest

Levamisole is a widely used anthelmintic, hut in addition this effect it
also has an influence on the function of the immune-system. The effect of
levamisole on the humoral and cellular immune-response of weaned lambs
was examined. The animals were treated with the antigen (P1-3), levamisole
(L) and/or exposed to heat stress in the following combinations: group 1 PI-3;
group 2 PI-3 -f-L; group 3 PI-3 -|- H; group 4 PI-3 -f- L -j- H.
Results for humoral immune-response: the highest antibody titres were record-
ed in the lambs treated with levamisole and exposed to heat stress; the anti-
body titre of the other three groups against PI-3 virus did not differ signifi-
cantly. Cellularimmune-response: the most expressed result was encountered
in the test for blast-transformation to non-specific mitogens. These values
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are significantly higher in the levamisole treated animals. There is not signif-
icant difference in the results of the lymphocyte stimulation tests, hut the ratio
of the immune rosette forming cells was higher in the levamisole treated
groups.

AD.ILVANTING EFFECT OF LIPOSOME-COMBINED
IMMUNOMODULANTS

T. Magyar. oy Batnori, L.a. Reeny., NN, Lenavai. M. cerecsi.

T. KoNTROHR, L. BACSKAI and L. RETHY

Veterinary Medical Research Institute of the Hungarian Academy of Sciences, Budapest,
Biophysical Institute, Semmelweis University Medical School, Budapest, Phylaxia
Veterinary Biological CoBudapest, Human Institute for Serobacteriological Production
and Research, Budapest, and Institute of Microbiology, University Medical School, Pécs

The immunomodulant (immuno-adjuvant) activity of liposomes prepared
in different manner was studied. As test antigen tetanus toxoid was applied.
The changes in the antigenicity caused hy the administration of immuno-
modulants were determined in mouse and guinea-pig immunization assays.
Besides the liposomes supplementary adjuvants were applied. One year ago,
we already reported on the immunomodulant activity of lipid A incorporated
into liposomes. In the present studies liposome incorporated Bordetella per-
tussis and Bordetella bronchiseptica vaccines had an additional (supplementary)
adjuvanting effect. Liposomes alone increased the antigenicity of the test-
antigen 4 to 20 fold while the bacterial vaccine-liposome combination 30 to
300 times. The increase in the antigenicity exhibited dose-dependence. The
adjuvanting effect of liposomes can he amplified hy bacterins.

T11E HOST BESISTANCE INCREASING ACTIVITY
OF POLYSACCHARIDES PREPARED FROM
LENTINUS EDODES and LENTIL US
CYATHIFORMIS

J.SDItéhszky.M.Gérssi,G thus‘andL.Réthy

Human Institute for Serobacteriological Production and Research, Phylaxia Veterinary
Biological Co., and Department of Botany ofthe Hungarian Museum of Natural History
Budapest

Raw polysaccharide (PS) preparations, extracted from 3 Lentinus edodes
and 1 Lentinus cyathiformis strains were investigated in vitro. L. edodes strains
were obtained from Vietnam, Korea and Japan, L. cyathiformis was harvested
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in Hungary. The mycelia were cultured on the surface of biotin and malt
extract agar medium. The raw PS preparations were applied as immuno-
modulators of the host resistance in mice infested with Ehrlich-ascites tumour
and S-180 mouse fibrosarcoma, (i) It was unequivocally demonstrated that L.
cyathiformis PS increased the host resistance in tumourous mice, (ii) The host
resistance increasing activity of L. cyathiformis PS preparations seemed to he
of higher degree than the PS made from L. edodes. This preliminary and tenta-
tive statement, however, needs further verification.

ROLE OF THE QUALITATIVE COMPONENTS OF
MINERAL OILS IN THE ADJUVANCY

A. Forgacs-Fulmer, T. Perényi, L. Farkas, M. Nemesi and
F. SOLYOM

Phylaxia Veterinary Biologicals CoBudapest

The quality of oil {»lays an essential role in the development and stability
of the emulsion and in its adjuvant effect, 'file hydrocarbon composition of
Bayol F., Marcol 52 used generally in vaccine production and of certain white
oils of pharmaceutic-cosmetic and technical grade were studied. Correlation
has been established between the normal alcane content of oil and the ad-
juvanting effect exerted on several viruses (EDS, NDV, Anjeszky’s, Gumboro).
It seems that the presence of n-alcanes containing 12 to 20 carbon atoms
is required, since the adjuvancy ofoils containing the critical hydrocarbons
in greater extent is higher than that of those containing n-alcanes of lon-
ger carbon chains or of those containing mainly i-alcanes.

POTENCY TESTING OF BORDETELLA
BRONCHISEPTICA CONTAINING VACCINES IN
A MOUSE MODEL SYSTEM

B. Erias and M. K riger

Department of Research Coordination, University of Veterinary Science, Budapest, Hungary,
and Department of Epizootiology, Veterinary Science Division, Humboldt University,
Berlin, GDR

As several bacterial components (capsular antigen, exotoxins, and a less
identified cell wall antigen) are involved in protection against Bordetella bronchi-
septica and these components vary in individual strains, in our view no vacc-
ine of wide-ranging activity can be prepared from a single strain. Since at
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present all commercially available B. bronchiseptica vaccines contain a single
strain, we elaborated the following mouse model system for reliable potency
testing. Tenfold serial dilutions of the vaccine are administered with an interval
of 2 weeks to mouse groups of appropriate size. Ten days later 3 subgroups
are formed and the animals are challenged with 1090organisms of 3 B. bronchi-
septica test strains we elaborated the following mouse model system for re-
liable potency testing. Tenfold serial dilutions of the vaccine are adminis-
tered with an interval of 2 weeks to mouse groups of appropriate size. Ten
days later 3 subgroups are formed and the animals are challenged with 109
organisms of 3 B. bronchiseptica test strains, respectively, into the tail vein.
The test strains are equally highly virulent, but are dissimilar in all other
biological proterties. Deaths are recorded for 7 days after challenge and on the
7th day the survivors are examined for spleen weight related to 10 g body
weight. The vaccine is regarded as highly active if the mice vaccinated with
high dilutions survive the challenge, and as wide-range if there is little differ-
ence, if any, between the results of challenge with the 3 test strains.

EXPERIENCES OF VACCINATIONS AGAINST
HAEMOPHILUS PLEURUPNEUMONLA4E

L. Mélnak

National Veterinary Institute, Budapest

On the basis of our earlier results, a bivalent vaccine of Haemophilus
pleuropneumoniae serotype 1 and 2 was produced and applied regularly on two
swine farms from March 1982. (i) On one farm a total of 10 464 pigs were
vaccinated at age of 50 and 70 days. Simultaneously 10 000 unvaccinated
pigs were left for control. Neither illness nor death due to these microorganism
occurred in vaccinated herds, whereas at the same time, 1540 and 2890 control
pigs were treated for H. pleuropneumoniae infections on the batteries and in
fattening groups, respectively, and 41 pigs died of such disease. Economic
parameters also proved to be favourable for vaccinated pigs, (ii) On the other
farm 11 592 pigs were vaccinated at 90 and 110th days of age and 3180 un-
vaccinated animals were left as controls. A loss of 0.32% of vaccinated pigs
and that of 1.32% od unvaccinated controls were registered, meanwhile
treatment rates stood at 9.24% and 27.92%, respectively. In May 1983
vaccinations were not carried out for technical reasons and 52 of 1200 swine
died as a result of H. pleuropneumoniae infection over a 9-day period in spite
of treatments.
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MATHEMATICAL FORMULATION OF IMMUNOLOGICAL
EVENTS CONNECTED WITH THE DEVELOPMENT
OF THE PRIMARY ANTITOXIC IMMUNITY UNDER

THE INFLUENCE OF IMMUNOMODULATION

L.A. RETHY, M. GERESI and L. RETHY

Phylaxia Veterinary Biological Co., and Human Institutefor Scrobacleriological
Production and Research, Budapest

Killed whole-cell Brucella abortus and Brucella suis suspensions were
applied as adjuvants in active mouse protection tests with tetanus and Clostri-
dium perfringens-T)-(epsilon) toxoids, (i) The Brucella suspensions exhibited
high degree of adjuvancy in simultaneous application with the two toxoids.
The increase in antigenicity ranged between 105-484%. (ii) To obtain more
information about the characteristics of adjuvancy, the numerical data yielded
by a polynomial equation were processed with an analysis of variance, (iii)
The results unanimously showed the identity of results even in repeated tests.
Concerning the correlations in the comparative assays, the value of the total-
determination-coefficient (R2 0.91 at p% 1.0) and the one of the determin-
ant coefficient of linearity (r2-, = 0.83 at p% 1.0) unanimously show a strict
parallel run of the two curves determined by the function of immunomodulant-
induced alterations in immunogenecitics of the two toxoids.

IMMUNOMODULATION IN IMMUNIZATION
PRACTICE IN ELDERLY: EFFECT OF THE
INCREASED ANTIGEN DOSE

L. Hegedds, L. Bacskai and L. Réthy

Human Institute for Serobacteriological Production and Research. Budapest

To avoid the unnecessary, mainly LPS-type immunomodulatns’ intro-
duction as amplifying agent of the hypofunctioning immune apparatus, the
immune-amplifying property of the antigen dose-increase was investigated
with immunization of elderly people, (i) The dose-dependentincrease in individ-
ual antitoxin titres showed a cause-effect correlation complying with our
earlier findings concerning the determinative effect of age-dependent immune
potential. The aged vaccinées, in the sequence of increasing antigen doses,
exhibited increasing antitoxin production. The average of the antitoxin titres
was always higher than the average titres after the usual immunization with
conventional/routine vaccine, (ii) The proportionality of individuals with low
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degree of immunity or of ones without any measurable antitoxin titres, signif-
icantly decreased in correlation with the deliberate (and well-defined) increase
of the antigen dose applied, (iii) Generally speaking, we developed an adsorbed
tetanus toxoid with the administration of which in aged people one can in-
crease the probability of the safe protection, applying two-shot immuniza-
tion method, (iv) With increasing the dose of the antigen, the ballast antigens’
amount will be increased as well. This fact can be the limiting factor of free
administration of this type of immunization.

POTENCY TESTING OF CLOSTRIDIUM
PERFRINGENS C TOXOID BY ACTIVE MOESE
IMMUNIZATION  TOXIN-CHALLENGE TEST

M. GERESI

Phylaxia Veterinary Biologicals Co., Budapest

Adapting the method already established for the potency testing of
tetanus toxoid by active mouse immunization—toxin-challenge test the follow-
ing results were achieved with Clostridiumperfringens Ctoxoid, (i) The optimum
interval between immunization and toxin challenge was 3-5 weeks, (ii) Repe-
ated tests performed with more than 6 months interval have shown the repro-
ducibility of this standardization procedure, (iii) The optimum toxin challenge
dose is not more than 10 DLM intravenously, (iv) Comparing the results of
the mouse protection tests with the ones obtained in rabbit immunizations,
the polynomial equation analysis showed a well defined parallelism between
the results, and the subsequent analysis of variance exhibited a total determina-
tion coefficient of R2= 0.87 at p% 1.0 and a determinant coefficient of li-
nearity of ran — 0.79 at p% 1.0. Considering the above results, the developed
method may replace or substitute the officially prescribed method (rabbit
immunization).

ESCHERICHIA COLI EPS EXHIBITS
ANTIDIPSOGENIC EFFECT IN THE BAT

A. Foca, P. Nicoletta, G. Matera, O. Mastroeni and
A.P. Caputi

Institutes of Microbiology and Pharmacology, School of Medicine, University of Messina,
Messina, Italy

Endogenous opiate systems have been reported to be involved in the
pathophysiology of endotoxin shock as well as in the gulation of thirst. Drink-
ing (measured as ml of tap water drunk/100 g of body weight) was induced in
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adult male Sprague Dawley rats by: (a) 48 h water deprivation; (b) intravenous
injection of either hypertonic NaCl solution (2.9%) or carbachol (250 //1);
and (c) subcutaneous injection of isoprénaline (33.3 //g/kg). Eschvricliia coli
LPS (640 /ig/kg intravenously) showed powerful inhibitory effect on thirst
stimulated by water deprivation (2.2670.42 ml vs 5.8370.51 ml in saline
treated animals), isoprénaline injection (0.26-]-0.09 ml vs 0.63-)-0.15 ml in
controls), NaCl hypertonic (0.45720.06 ml vs 1.18-)-0.02 ml in controls) and
carbachol injection (1.33-]-0.25 ml vs 2.9870.24 ml in controls). The anti-
dipsogenic effect was dose dependent LPS 320—640—280 //g/kg intravenously
and long-lasting (over 24 h after 1280 //g/kg) and result to be neither a mere
consequence of behavioural alterations nor due to endotoxin peripheral vaso-
dilatating properties. Naloxone (up to 240 //g/kg subcutaneously) did not
influence endotoxin inhibition of water intake, while antidipsogenic effect of
morphine was strongly reverted. On the contrary, aspirin pretreated animals
were less sensitive to endotoxin effects on drinking behaviour. Data allow' to
postulate that LPS might act on circumventricular organs lying outside blood-
brain barrier, where it induces a locally, prolonged synthesis of prostaglandins.
These, in turn, might reduce thirst by vasodilatating the cavernous structures
of those organs. Data also strongly exclude a role of endogenous opioids in
endotoxin inhibition of drinking behaviour.

DEVELOPMENT AND POTENCY TESTING OF
POLYVALENT PSEUDOMONAS AERUGINOSA
VACCINES

| Jo6, 3. Lmoda, A. Jagicza and A. s.amme t

Human Institute for Serobacteriological Production and Research, Budapest

Using Fisher’s Pseudomonas aeruginosa immunotype strains and cultures
produced on agar medium and in a New' Brunswick (MultiGen) fermenter, we
have developed polyvalent vaccines: (1) acetone-inactivated, whole-cell
freeze-dried and fluid vaccines; (2) cell-free vaccines prepared by extraction
with distilled w'ater of acetone-inactivated bacteria. The freeze-dried vaccine
was considered as the reference preparation. In active mouse protection tests,
both whole-cell and cell-free vaccines ensured satisfactory protection against
challenge with Fisher’s 7 immunotypes. Immune sera obtained in rabbits by
immunization with polyvalent whole-cell vaccines showed excellent passive
mouse-protective ability. Nitrogen, carbohydrate and lipid content of the
vaccines was also determined.
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ASYMBI10TIC NITROGEN FIXATION AND
SYMBIOTIC COMPETITION OF RHIZOBIUM
MELILOTI

T. Sik and |. Barabas

Institute of Genetics. Biological Research Center, Hungarian Academy of Sciences, Szeged

The nitrogenase activity, independent from plant symbiosis was detected
in several, mostly slow growing Rhizobium species. Such experimental system
was worked out in our laboratory for the determination of non symbiotic
nitrogen fixation in the fast growing R. meliloti 41. The method was used to
detect the nitrogenase gene (nif) function in non nodulating (Nod-) and sym-
biotic ineffective (Fix-) mutants or to distinguish nif genotypes among
Fix- mutants. The efficiency of Rhizobium soil inoculants is not only depending
on the nodulation and nitrogen fixation characters ofthe applied strain but also
on its competition, the ability determining how much frequently it is forming
symbiosis with the cultivated plant in the presence of soil habitat, natural
population. Experimental system was worked out for the comparative deter-
mination of the vaguely known competition of R. meliloti strains. Competitive
and non competitive Fix- strains were selected by plant tests mixed inoculated
in pairs with well characterized mutants, lysogenes and defective lysogenes.
The competition of various strains was determined and compared by the nitro-
genase activity of symbioses resulting from inoculation with Fix+ and selected
Fix- populations mixed in different rations.

RNA-DEPENDENT BNA POETMERASE FROM
LEAVES OF DATURA STRAMONIUM INFECTED
WITH POTATO VIRUS X

O.A. Kushnirenko, V.G. Krajev, N.N. Mashkovsky and
L.N. T romsa

Zabolotny Institute of Microbiology and Virology of Academy of Sciences of the
Ukrainian SSR, Kiev, USSR

RNA-dependent RNA polymerase (RNA-replicase-) was discovered
in membrane (31 000 g pellet) and soluble (31 000 g supernatant) fractions of
leaf homogenates of healthy and infected with potato virus X (PVX) datura
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plants. The optimal conditions necessary for display of enzymatic activity and
general properties of RNA- dependent RNA polymerase were studied. It was
shown that enzymes of membrane and soluble fractions of homogenate differ
from each other. The difference between them is expressed in different relation
to Mg++ ions and buffer system used for obtaining enzymatic extracts. As
a result of virus infection the activity of membrane-bound replicase increased,
reaching maximum on the 4th day of infection, while the peak of activity of
soluble RNA-replicase is revealed on the 6th day after inoculation with virus.
The activity of membrane-hound RNA-replicase does not depend on exogenous
template whereas the activity of soluble enzyme is stimulated in the presence
of PYX RNA. Neither of the enzymes are sensitive to added actinomycine D
and deoxyribonuclease. Enzyme activity was optimal at pH 8.0-8.2. The
synthesis of viral RNA in vitro by membrane-bound replicase proceeded
linearly for 30 min and required the four ribonucleoside triphosphatesand Mg+ +
ions.

RHIZOBIUM MUTANTS OF HIGHER
PRODUCTIVITY PRODUCED BY NEUTRON
IRRADIATION

E. Manninger, R. Kévari and P. Bornemisza

Research Institute for Soil Science and Agricultural Chemistry of the Hungarian Academy
of Sciences, Budapest, Research Institute for Forage Crops, Bicsérd and Institute of Nuclear
Research of the Hungarian Academy of Sciences, Debrecen

On the basis of the plant test a lucerne Rhizobium strain which had
proved to he of high productivity, was treated with a neutron generator ray
source. The dose applied killed 80% of the cells. To cultivate the surviving
cells, the culture was spread on the surface of bean agar and incubated at
28 °C. Two-day-old lucerne seedlings were inoculated with the bacterial cells
of 300 cultures and ofthe control strain. Some bacterium lines which favourably
influenced the symbiosis of rhizobia and higher plants could be produced.

STUDY OF mRNAs FROM DATURA STRAMONIUM
LEAF TISSUE INFECTED WITH POTATO VIRUS X

L.F. Didenko, V.G. Krajev, N.I. Parkhomenko and
L.A. Maximenko

Zabolotny Institute of Microbiology and Virology, Academy of Sciences of the
Ukrainian SSR. Kiev, USSR

The fractions of inRNA with a molecular mass of 1.4x10°, 0.34x10°,
01.4x10°, 0.85X 10s, 0.3x10° daltons were isolated by PAAG electrophoresis
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technique from the total RNA preparations obtained from polysome-associ-
ated mMRNP of datura leaves on the 4th day after the inoculation with potato
virus X. The fractions of mRNA with a molecular mass of 1.4 X 10°, 0.34 x 10°,
0.14 x 10° and 0.85 x 105daltons were isolated from the analogous preparations
obtained from the healthy plants. In this connection the possibility of the
translation from mRNA of PVX protein (mol.wt 0.3 x 10° 0.51 X 10° daltons)
may he assumed. This is found in mRNP from the infected plants and absent
in mRNP from the healthy ones. The fact that mRNA, isolated from individual
virus-specific polysomes obtained by indirect immunoprécipitation technique
with the use of antiserum against PYX D-protein, has a molecular mass of
0.21-0.43x10° daltons speaks in favour of this suggestion.

HERBICIDE SENSITIVITY OF CORONILLA
RHIZOBIUM AND PSEUDOMONAS RHIZO-
BACTERIUM STRAINS

R. Biro and M. Kecskés

Research Institute for Soil Science and Agricultural Chemistry of the Hungarian Academy
of Sciences, Budapest

The effect of four herbicides recommended for weed control of crownvetch
(Coronilla varia L.) was studied on 15 symbiotic, N2-fixing Rhizobium and 15
Pseudomonas strains having antagonistic properties to the potential pathogenic
microbes of crownvetch. Pseudomonas strains isolated from the ecologically
more balanced rhizoplane of crownvetch originating from one site were less
sensitive to the investigated herbicides than the Rhizobium strains isolated from
nodules of crownvetch grown at ecologically different conditions. Among the
four preparations tested in normal and super herbicide doses (10-3gxXdm -3,
10~4gxdm-3,10-5gxdm-3,10~°gxdm “3)the linuron and chlorobromuron
applied preemergently proved to be the most toxic, the benefin and EPTC
used in presowing were less inhibiting. Data established on the sensitivity of
the investigated bacterial strains could he useful for the strain selection of
seed inoculation.
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SEROLOGICAL COMPARISON OF FUSARIUM
OXYSPORUM RACES

L. Hornok and M. Rataj-Gunarowska

Research Institute fur Plant Protection, Budapest, Hungary, and Institute of Plant
Genetics, Poznan, Poland

The fungus Fusarium oxysporum causes vascular wilt of cultivated plants.
Many pathogenic strains designated as formae spéciales (infecting different
plant species) exist within F. oxysporum and some of these consist of several
physiological races (infecting different plant cultivars). Since formae spéciales
and physiological races differ only in pathological characters, and not in their
morphology, there are difficulties in their in vitro differentiation. Two races
of F\ oxysporum f.sp. lupini were compared serologically. Antisera against
race 2 and race 3 of the agent were prepared in rabbits, using conidia and
water-soluble mycelial extracts for immunization. When antigenic samples
of the two races were analysed in tandem-crossed immunoelectrophoresis,
53 precipitin lines (antigens) were detected. The great majority of these antigens
were common to both races, but one characteristic antigen was specific for
race 3.

ISOLATION AND IDENTIFICATION OF FUSARIUM
STRAINS ORIGINATING FROM CABBAGE

M. Pesti, B. Maczak and A. Mesterhazy

Research Institute of Seed Production and Trading Company, Szentes, and Cereals
Research Institute, Szeged

Various Fusarium isolates were obtained from cabbage (Brassica oleraceu
var. capitata L.) by a single cell isolation method. Most of them proved to be
F. oxysporum, while others were F. fusaroides, F. moniliforme, F. equiseti,
F. solani, F. moniliforme and F. semitectum. The pathogenicity of isolates and
physiological races originating from international collections of F. oxysporum
Schl.f.sp. conglutinans (Wolenw) Snyder and Hansen were determined by
artificial infection of plants in a greenhause maintained at approximately
26 °C; nearly all the members of the cabbage tribe and some other Cruciferae
cultivated in Hungary were used. Most of the F. oxysporum isolates were
pathogenic for these cultivars. All Hungarian cabbages were more or less
sensitive to F. oxysporum f.sp. conglutinans race 1, but some of them seemed
to yield resistant varieties by mass selection. These experiments were begun
in a climatic chamber at 2470.5 °C to develop cultivars having monogenic
homozygous dominant resistance (Foc/Foc).
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ISOLATION OF YERRUCARIN J, SATRATOXINS G

AND H FROM STACHYBOTRYS ATKA INFECTED

BEDDING STRAW OF SPORTS HORSES WITH MASS
DISEASE

M. Harrach, A. Bata, F. Vezér and B. Burucs

Veterinary Medical Research Institute, Hungarian Academy of Sciences, Department
of Biochemistry and Food Technology, Technical University, and Hungarian Horse-race
Company, Budapest

Stachybotryotoxicosis (lesions around the mouth and on the nose, nose-
bleeding) occurs regularly in the stables of the Hungarian Horse-race Company.
In May of this year, almost all animals of the riding-school, about 100 sports
horses, showed symptoms of more or less severe disease. A couple of weeks
earlier, horses had got ill at the trotting racecourse, and even the workers
loading the mouldy straw had complained of nose-bleeding. We isolated
verrucarin J, satratoxins G and H from the Stachybotrys atru infected bedding
straw samples by methanol extraction, petroleum ether-water partition, silica
gel liquid chromatography, then high-pressure liquid chromatography using
reverse phase column. The chemical identity of these macrocyclic trichothe-
cenes of the mould S. atra was verified also by capillary gas chromatography
after their transestérification to verrucarol, and their toxicity was checked
by brine shrimp test. This is the first diagnosis of horse stachybotryotoxicosis
verified by analytical results, after stachybotryotoxicosis of sheep and calves
had been verified in this way by us earlier.

SOME FACTORS AFFECTING GROWTH AND
SYMBIOTIC PROPERTIES OF RHIZOBIUM
JAPONICUM BACTERIA

T.M. E1-Essawi

Soil Science Department, Faculty of Agriculture, Kafr EI-Sheikh, Tanta University,

Egypt

Growth behaviour of three effective bacterial strains of Rhizobium
japonicum were tested against different temperatures, concentrations of two
antibiotics and two fungicides. The sensitivity of these bacterial strains against
3 fungal and 3 actinomycetal strains were determined. In addition, the symbio-
tic properties of these bacterial strains with their soybean host plant (var.
Clark)in presence and absence of different doses of NP fertilizers and molyb-
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elemim, boron arul their mixtures were investigated. The bacterial strains were
able to grow at 12 °C and 40 °C as well as a wide spectrum of neutral salt
conditions. Alkaline salts were the most harmful to rhizobia. Rhizobial strains
behaved differently against the two antibiotics and the two fungicides used.
Inoculation of soybean plants, dressing with P and N fertilizers markedly
benefited soybean but incubation only seemed sufficient to get high product
of high protein content. Dressing with higher NP levels markedly decrease the
free amino acid contents of soybean dry matter. Boron and molybdenum were
of marked beneficial effect when added to inoculated plants at 0.5 and 4 ppm
and their mixture at 1 ppm, respectively.

PSEUDOMONAS AERUGINOSA TEST IN THE
QUALIFICATION OF DANGEROUS WASTES

Z. Szabo6, Cs. Dobotyi and N. E ke

National Institute of Hygiene, Budapest

Besides the traditional methods (Daphnia, Guppy, Sinapis) for the
toxicological examination of dangerous wastes containing heavy metals an
increasing demand of the use of procaryotic organism has arisen. The new
test system developed on the basis of in vitro growth inhibition by heavy
metal ions (Pb++, Cd++, As+++) of Pseudomonas aeruginosa is available to
adjust the comprehensive toxicological examination of the industrial wastes
containing the extract of the sample at different concentrations is incubated
for 24 h at 37 °C with the cell-suspension of P. aeruginosa. Toxicity of the sam-
ple is expressed as tinlhighest dilution inhibiting growth.

PROTEINS IDENTIFIED IN mRNP FROM DATURA
STRAMONIUM LEAVES INFECTED WITH POTATO
VIRUS X

V.G. Krajev, L.F. Didenko and N.l. Parkhomenko

Zabolotny Institute of Microbiology and Virology, Academy of Sciences of the
Ukrainian SSR, Kiev, USSR

The proteins with the molecular mass of 90 000, 75 000, 57 000, 25 000
and 22 500 daltons were found by the PAAG electrophoresis methods in
MRNP isolated from individual polysomes of dature leaf tissue obtained by
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indirect immunoprécipitation technique with the use antiserum against D-
protein of potato virus X. The proteins of 92 000, 78 000, 25 000, 23 000 daltons
were found in cytoplasmic mRNP obtained by the same technique. The molecu-
lar mass PV X coat protein corresponds to 23 000-24 000 daltons according
to PAAG electrophoresis data. The serological relationship of proteins with
22 500 and 23 000 daltons found in mMRNP to PVX coat protein, identified
by means of Ouchterlony double diffusion reaction, indicate that these proteins
are analogous to structural virus protein.

UTILIZATION OF THE BIOMASS PRODUCED BY
A STREPTOMYCES STRAIN FOR FEEDING
PURPOSES

F. BIUDAY, S. SzOBOSZLAY, G. TOROK, Z. GERGELY and

K. Keszthelyi

University of Agricultural Sciences, G6déll6, Department of Microbiology, University
of Agricultural Sciences, G6doll6, and Research Station of Game-Biology, Pet6fi
Agricultural Co-operative, Dunavarsany

The Streplomyces strain used in our experiments has been isolated from
the soil of a young pine-forest and was identified according to the taxonomy
of Hiitter as Streptomyces lavendulae. The strain showed significant inhibitory
effect of Staphylococcus aureus PCI 209 P; Escherichia coli B ATCC 9723;
Bacillus subtilis 6633; Bacillus radiobacter ATCC 6466; Sarcina lutea ATCC
9341; Serratia marcescens NRLL-B 486; Mycobacterium phlei ATCC 10142;
Mycobacterium smegmatis ATCC 607; Streptomyces griseus CBS 3496. Labora-
tory scale then pilot plant fermentation was performed for about 100 h in
a nutrient medium composed of inexpensive ingredients. Spray-drying of the
fermentation liquor yielded a yellowish powder of high protein content, about
4% lysine content and antibiotic activity. The biomass produced in this
manner was added to the feedstuff at different rates and fed to pigs, hens and
geese. Upon tin- effect of feeding, increased gain in weight, decreased mortality
and better feedstuff utilization were observed as compared to the control.
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ISOLATION AND GENETIC ANALYSIS OF THE 59
TEMPERATE PHAGE ERWINIA CAROTOVORA 29»
CLEAR-PLAQLE MUTANTS

V.G. PILIPENKO and O.A. DIDYK

Zabolotny Institute of Microbiology and Virology, Academy of Sciences of the
Ukrainian SSR, Kiev, USSR

The clear-plaque (c-) mutants of the temperate phage 59 of Erwinia
carotovora 268 were able to lysogenize the sensitive Erwinia horticola 450 with
a lowered lysogenization frequency. UV-light phage mutagenesis was carried
out and mutants forming clear plaques on E. horticola 450 were picked. The
frequency of c-mutants formation was not more than 3.5 X 10 . All c-mutants
were divided into 5 complementation groups (Cj-Cj). All of the group C3
and C, mutants complemented not only one another, hut also every of the
group Cj, C, and C5 mutants. None of the group C, mutants complemented
those of the group C, and C-. Some of c-mutants complemented none of the
mutants, hut they were active on E. horticola 450 lysogenized with phage 59.
This suggests that the mutation is located in the phage operator region(s).
Physiologycal properties of certain mutants in each complementation group
were studied. It may be concluded that establishment and maintainance of the
lysogenic state in E. carotovora 268 phage 59 are probably more complicated
than in other well investigated phages as P.., etc.

A SIMPLIFIED SCHEME FOR IDENTIFICATION
OF BACILLUS SPECIES IN ECOLOGICAL STUDIES

T. Deak and E. Timah

Department of Microbiology, University of Horticulture, Budapest

In ecological surveys connected with food technologies or other practical
applications it is often necessary to identify great number of strains. Hence
it is practical to devise simplified identification schemes enabling quicker work
and more facile handling of numerous isolates. For construction of our scheme
we set out from the accepted characteristics of validly described species of the
genus Bacillus. Out of the characters we selected those diagnostic tests which
appeared most efficient for identification. The scheme applies 5 characters
only. These are: growth anaerobially, hydrolysis of starch, oxidation or fer-
mentation of glucose, Voges Proskauer reaction and microscopic appearance
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(e.g. swelling of sporangium). These tests can be performed by using 3 different
media only. In a few cases, however, some additional tests are required to
assign the final identity of a strain (e.g. reduction of nitrate, salt tolerance).
By this simplified method we tested about 200 strains isolated from spices
of different types and origin (paprika, black peppers) as well as from spoiled
bread. The most frequently found species were as follows: B. licheniformis,
B. subtilis and B. pumilus. Among 50 isolates from samples of soil and sewage
the dominating species was B. cereus subsp. mycoides and in addition, B.
licheniformis, B. subtilis and B. polymyxa were also frequent. In general, the
spectrum of other species was broader than in spices,

CHARACTERISTICS OF ERWINIA CAROTOVORA
268 POLYLYSOGENY

Yu. A. Grigoryan, F.l. Tovkach, V.I. Ruban and Ya.G. Kishko

Zabolotny Institute of Microbiology and Virology, Academy of Sciences of the
Ukrainian SSR, Kiev, USSR

Erwinia carotovora 268 appeared to be polylysogenic. In the present work
we showed that lysogenic induction had a seasonal character with a phage
yield peak in April May and September—November, whereas in other periods
erwiniocines were produced. Lysogenic convertion Mas characterized by an
inability to adsorb homoimmune phage and temperate virus dear-mutants
on lysogenic cells. After lysogenic induction we detected the permanent
presence of three viruses (49, 59 and E105). On E. horticola 450 we obtained
a few transparent colonies called provisionally [»liage 69 in contrast to turbid
colonies formed by phage 49. Studying interactions between phages on artific-
ially lysogenized culture of E. horticola 60 and 450 (singular and double lysogens
E. horticola 60/59, 450/59, 49), we have shown that phages 49 and 69 infected
E. horticola lysogenic with phage 59 w'ith the same effectiveness as they did
it with the initial one (the percentage of lysogenized cells did not depend on
the presence of prophage 59).
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THE RESTRICTIONAL ANALYSIS OF TEMPERATE
PHAGES DNA OF ERWINIA

Ya.G. Kishko, F.I. Tovkach, YU.A. Grigoryan and V.I. Ruhan

Zabolotny Institute of Microbiology and Virology. Academy of Sciences of the
Ukrainian SSR, Kiev, USSR

The effect of the restrictases on genomes of temperate phages 59, E105,
49 and 69 of the defective polylysogenic culture of L-asparaginase producing
Erwinia carotovora 268 has been studied. By detergent-phenol method we iso-
lated the DNA from the purified preparations of phages 59, E105, 49 and 69
grown on Erwinia horticola 60 and 450. The DNA preparations were subjected
to hydrolysis by endonucleases Eco RI, Hind IlIl and Cfr 61. Phage 59 DNA
had 10 sensitive sites for restrictase Eco RI, 15 for Hind |1l and 21; for Cfr 61
phage E105 DNA had no sensitive sites for Eco RI and Hind IIl, but was
hydrolyzed by Cfr 61 at 21 fragment. The electrophoretic patterns for DNA
preparations of the phages 49 and 69 digested with restrictases Eco RI, Hind
Il and Cfr 61 arc identical (respective number of fragments, 10, 18 and 19).
Restriction fragments electrophoresis in 1-1.2% agarose have shown that
average DNA molecular weights are 28.14 and 31.00 MD for the phages 59
and 49/69, respectively. The value 25.84 MD for phage E105 DNA is not final,
as it was obtained by hydrolysis with one enzyme only. As the restriction
fragments of phage 49 and 69 DNASs are identical, phage 69 seems to be a
clear-mutant of phage 49 with a site one mutation, not a deletion. The genome
sequence colinearity is preserved.

PSEUDOMONAS SYRINGAE pPv. SYRINGAE As
A NEW PATHOGENIC AGENT OF PEPPER PLANTS

M. Hevesi

Plant Protection Institute, Hungarian Academy of Sciences, Budapest

In 1982 and 1983 a chlorotical leaf-spot disease appeared at the South
region of Hungary on pepper. The pathogenic agent Pseudomonas syringae
pv. syringae van Hall also attacks veins, petiols, buds and top of shoots of
pepper plants hut docs not attack the fruits. The pepper strains of the organism
also infect leaves, apricot branches and fruitlets of cherry and apricot and
cucumber plants. This pepper disease intensively spreads on field when the
weather turns cold after a warmer period. The sensitivity of pepper cultivars
were different, the antibiotic “Kasumin EC” (Japan) prevented the develop-
ment of the disease in greenhouse experiments.
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INFLUENCE OF SOME PESTICIDES ON THE
BACTERIAL FLORA OF THE UPPER-TISZA AND
SZAMOS

S. Batazst, M. Pa1, Gy. Deak, A. Balogh, B. Birs and
M. Kecskés

Bessenyei Gydrgy Teacher's Training College, Nyiregyhaza, and Research Institute for Soil
Science and Agricultural Chemistry of the Hungarian Academy of Sciences. Budapest

The effect of ten pesticides (fungicides, insecticides and herbicides)
used in high quantity in Szabolcs-Szatmar county in 1981 and 1982 was studied
on the bacterial flora of the non-polluted region of the Upper-Tisza at Tivadar,
its polluted region at Véasarosnamény and the polluted Szamos before flowing
into the Tisza. All the tested pesticides decreased the “total’ number of
bacteria in all sampling places proportionally to the doses (10-li gXdm -3,
10~Jg x dm 3and 10-4gX dm ) and time of exposure (4, 8 and 12 h). Bacteria
occuring in the Szamos river were the most resistant to the pesticides studied.
At the Tivadar region the chlorbromuron, trifluralin, terbutryne, methyl
parathion pesticides, at the Vasarosnamény region the benefine, aktinit PK,
henomyl, mancozeb, DNOC, dimethoate were the most toxic to the bacteria.

THE COAT PROTEIN OF RED CLOVER MOTTLE
VIRUS

L.G. Lapchic and L.L. Kuznetsova

Zabolotny Institute of Microbiology and Virology, Academy of Sciences of the
Ukrainian SSR, Kiev, USSR

Three protein subunits with the molecular weights 39.2-J-0.8, 20J-0.8
and 18.570.4 kilodaltons were detected in the dissociated coat protein of red
clover mottle virus strain U-l by gradient polyacrylamide gel (15-30%) slab
electrophoresis. Analysis of the protein of the separated electrophoretic forms
of this strain revealed two protein subunits in the forms- They differ in the
molecular weights of the second protein subunit: as a rule the slow-migrating
form contains the 18.5 kilodaltons proteins and fast-migrating form 20 kilo-
daltons protein. The amount of the fast form decreased with age of infection
considerably and that of the slow form increased correspondingly. The conver-
sion of the fast to the slow forms seems likely due to proteolysis of the 20 kilo-
daltons protein resulting in the removal of the 1.5 kilodaltons oligopeptide.
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BIOTECHNOLOGICAL UTILIZATION OF
MICROBIOLOGY IN DEVELOPING AND
INDUSTRIALIZED COUNTRIES OF THE WORLD

P.1. HiAcs

Food Research Center, Budapest

The interdisciplinary sphere of biotechnology is based on biochemistry,
molecular biology and bioengineering (fermentation) and represents one of the
dynamic developing, practical technical programmes in the field of research
and development. In several countries of the world, traditional and new bio-
technological processes are dealt with, and new scientific results, eminently
gene techniques are expected to modernize them. Considering targets of the
practice, five significant fields have been estabilished both in the developing
and the industrialized developed countries: (i) In the field of public health,
reducing genetic or widespread diseases (e. g. haemoglobin-damage, tropical
diseases), (ii) New plant species in agriculture and food production, new tech-
nics of propagation in animal husbandry, (iii) Use of biomass as new raw
material in the fied of industrial processing, (iv) Production of biogas and
bioalcohol in the field of energy carries and fuels, (v) Biotechnological results
obtained in environmental protection (e. g. nitrogen-fixing bacteria as sub-
stituents for chemical fertilizer). Today already about 15 20 genetic substances
(DNA molecules) can be produced in a synthetic way and can he incorporated
in microorganisms to exert their effect there.

PROTOPLAST FUSION AND PROTOPLAST
TRANSFORMATION IN MICROMONOSPORA SP.
M. SziGETVARI-GabANYI and M. JARAI

Chinoin Pharmaceutical and Chemical Works Ltd.. Budapest

Our strain improvement program of aminoglycoside antibiotics producing
Micromonospora includes the use of recombinants, transformants, fused
protoplasts and transformed protoplasts. Experiments to investigate the
protoplast fusion in Micromonospora have been carried out with auxotrophic
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and rifampicin resistant mutants of Micromonospora olivoasterospora. The
frequency of protoplast fusion varied between 1.2 X10-5 and 9.0 x10 -4 being
calculated on regenerated protoplasts. The preliminary results given by inter-
specific protoplast fusion show that this technique is suitable to produce new
hybrid strains being able to biosynthetise new antibiotics. In protoplast
transformation experiments the optimal amount of DNA was found to be
2.0x10—+ mcg/c.f.u. Using DNA originating from Mild type donor, the trans-
formation frequency is between 1.5x10-7 and 4.8x10-5. Interspecific proto-
plast transformation has also been carried out; this transformation frequency
is lower than that of intraspecific one. The genetic analysis of the recombinants
and transformants slioms the majority of the clones to be recombinant pheno-
type but strains were also isolated having a segregation pattern typical of
heterokaryons.

INVESTIGATION OF BETA-LACTAMASE INHIBITORY
EFFECT OF PENAM SKELETON TYPE COMPOUNDS

M. Filep, 1L Czink, |l. Petrikovics, B. Toétii-Martinez
and F. Hernadi

Department of Pharmacology, Chemotherapy Section, University Medical School,
Debrecen

By the use of the in vitro section of a complex model system for research-
ing beta-lactamase inhibitors we investigated the possible inhibitory action of
penicillin derivatives on beta-lactamases of different origin. The following
points of view were taken into consideration: (i) The beta-lactamase sensitive
beta-lactams to he combined should he readily available in Hungary (ampicillin,
ccfalexin); (ii) the combination experiments are to be executed with bacteria
carrying beta-lactamases which represent all the classes of the Richmond-
Sykes classification system; (iii) the beta-lactamase inhibiting effects of the
drugs to be combined are partly known from the references, partly they are
new derivatives or known compounds but have new data ofimpact. The enzyme
kinetical parameters (KM, Vmax, K,) were assessed spectrophotometrically,
using nitrocefin as substrate. W ith the in vitro bacterium systems a remarkable
synergistic effect Mas found with clavulanic acid (M'hich singly is the most
effective with beta-lactamases); and with sublactam, when combined with
ampicillin as substrate. All other combinations were unsuccessful. Based on
our own estimations we set up a structure-activity relationship among com-
pounds investigated in the in vitro systems.
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THE EFFECT OF BIVALENT CATIONS ON
ANTIBIOTIC SUSCEPTIBILITY TESTING

B. Nagy and L. Sztankov

Human Institute for Scrobacteriologicnl Production und Research, Budapest

We have examined the effect of calcium and magnesium ions on the
susceptibility of bacteria to aminoglycosides (tobramycin, kanamycin, neo-
mycin, gentamicin, streptomycin) and to tetracyclines. The calcium and mag-
nesium concentration varies between 60 and 20 //g per ml of routinely applied
Mueller—Hinton agar. Increasing the concentration of calcium and magnesium
ions resulted in the decrease of inhibition zones for all antibiotics. In ease of
tetracyclin and streptomycin, an increase by only 10 /ig/ml magnesium ions
led to an apparent decrease of 70 80% in activity.

SIGNIFICANCE OF ENUMERATION AND
IDENTIFICATION OF AEROBIC SPOREFORMING
BACTERIA IN FOODS

l. Farki, J. Farkas and T. Deak

Veterinary and Food Control Centre, Central Food Research Institute, and Department
of Microbiology, University of Horticulture, Hndapest

The aerobic mesophilic microbial count in paprika is mainly composed
of aerobic sporeformers the dominantly species were Bacillus licheniformis,
(46%), Bacillus sulttilis (23%) and Bacillus pumilus (20%). No obligate
thermophilic sporeformers were found. In flour samples Bacillus cerens which
may cause food poisoning, was absent, however, B. pumilus mainly responsible
for ropiness of bread occurred in 102g in average. The QAL level of mesophilic
aerobic sporeformers was 103g. Sugars are generally considered as one of the
source of thermophilic flat sour sporeformers causing lhe spoilage of preserved
and heat-treated products. Monitoring of sugars produced in different factories
showed that they meet the ICI)MSA standards.

Acta Microbiologica Hungarian 31, 1934



314 NINTH CONGRESS

MICROBIOLOGICAL CONTROL OF INDUSTRIAL
ETHYLENE OXIDE STERILIZATION OF DISPOSABLE
MEDICAL DEVICES WITH BACILLUS SUBTILIS
VAR. NIGER SPORE-TESTS

A. Molnar, |. Toth and M. Foldesi

Medicor Works, Debrecen

In accordance with the 6th Hungarian Pharmacopoea, the effectiveness
of any sterilizing process has to he tested through sterility controls. The
effcctivity of industrial ethylene oxide sterilization can also he tested hy
applying, so called, “master products”.They are products that contain Bacillus
subtilis var. niger spores and which are difficult for ethylene oxide to go through.
We have tested the permeability of disposable medical devices made of PYC
for the purpose of producing a “master product”. In a gas sterilizer chamber
at 800 mg/L ethylene oxide concentration at 58 °C we measured the time re-
quired for killing off B. subtilis var. niger spores without package and in
1x0.4 mm, 2x0.4 mm, 3x0.4 mm and 4x0.4 mm thick PYC packages.
The corresponding LD50 values were 10.7, 24.8, 80.8, 151.4 and 213.4 min,
the killing off times 11, 50, 100, 160 and 240 min.

THE EFFECT OF PHENOL ON THE
RADIOSENSITIVITY OF BACILLUS MEGATER[UM
SPORES

A. Dam and G.L. Gazsoé

“Frédéric JoHot-Curie" National Research Institute for Radiobiology and Radiohygiene,
Budapest

Radiation modifying action of phenol was studied on Bacillus megaterium
spores at different oxygen concentrations. Phenol was used at 10 mM with
eight oxygen concentrations (100% N2 0.7% 02 1.2% 02 2.1% 02 3.1% 0.,
51% 02 21% 02in N, and 100% 02). Gamma radiation facility was PX-
gamma-30 enCo apparatus with 88.72 Gy/min dose rate. At increased oxygen
concentration phenol protects spores to a small extent against lethal damage.
It is due to the dydroxyl radical scavenging power of phenol.
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EVALUATION AND APPLICATION THE REFERENCE
VALUE OF YEAST COUNT AS MICROBIOLOGICAL
CRITERION OF FOOD QUALITY

Y. Tabajdi-Pintér, Y. Nagel, F. Orban, V. Vancsek-Varga,
l.Buki, L. Motnar and |. Hopko

Veterinary and Food Control Centre, Budapest, Factory of lzo-syrup, Szabadegyhaza,
| eterinary and Food Control Station, Nyiregyhaza, Veterinary and Food Control Station,
Székesfehérvar, Veterinary and Food Control Station, Szombathely, and Research
Laboratory of Confectionary Industry, Budapest

Using glucose-yeast medium by addition of antibiotic or with a lower
]>H value (4.5) there is a good correlation between the yeast count and the
sensorial test of soft drinks. The spoilage level (SL) of yeast in soft drinks is
105ml. The reference value of yeasts is 10/ml in soft drinks, as described in
the standard. The fermentation of apple-juice concentrates may occur when
the yeast count is more than 5.104g. The concentrate is sterile just after the
processing, hut it can be reinfected in tanks, or tank-trucks. Therefore the
microbiological monitoring of hygienical practice of storage and transportation
is of a great importance. The yeast count in corn-sugarsyrup (so called izo-
syrup) is lower than 1/log in the majority of samples. As reference value 10/log
is standardized. The yeast count was the same determined in OGA and osmo-
pliilic media (40 and 60%).

YEASTS IN FRESH WASTE WATERS

Cs. Dobolyi, M. Csanady and E.K. NOVAk

National Institute of Hygiene, Budapest

During a five-year period the yeast flora of a surface water as well as of
in- and effluents of four sewage treatment plants was studied. Altogether 865
strains from 352 samples, collected regularly from 24 places, have been isolated,
out of which 296 representing 42 species of 14 genera have been identified.
The studied stream showed the prevalence of candidae and cryptococci, viz.
Candida famata, Candida vulgaris, Cryptococcus curvatus and Cryptococcus
humicolus, with some seasonal fluctuations. Every incoming sewages, however,
contained mainly candidae and cryptococci, viz. Candida vulgaris, Candida
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vini and Cryptococcus ulbidus var. albidus, while in the effluents, besides a consi-
derable decrease in population density candidae and saccharoraycetes were the
most frequent, viz. Candida famata and Saccharomyces cerevisiae. Although
the contribution of excrements to sewage was considerable, Candida albicans
failed to appear, while other potential pathogens were abundant in influents.
In both of in- and effluents loose seasonal fluctuations were observed, referring
to the development of a more or less stable ecosystem within the treatment
plants. The interrelation between the yeast flora and the chemical properties
of the samples requires more detailed discussion, but globally it can lie stressed
that tin* chemical (predominently chemical oxygen demand), and zymological
data proved to lie mutually indicative for each other.

MATING TYPES TIN SCHIZOSACCHAROMYCES
POMRE VAIT MALIDEVORANS

M. Sipiczki, E. Dobé and J. Kucsera

Department of Microbiology, Attila Jézsef University, Szeged

The fission yeasts have a haplonic life cycle. The vegetatively propagat-
ing cells are predominantly haploid, and the diplophase is confined only to the
zygotes. In Schizosaccharomyces pombe var. pombe the sexual behaviour of the
cells is governed by the genetic information located in the mating type locus
and can be influenced by certain auxiliary genes being outside this region.
In tetrad analysis of randomly selected asci of a S. pombe var. malidevorans
(CBS 5557) culture, spores of heterothallic (h~ and h+) and homothallic
(“spotty” and “grey”) mating types were found. None of them proved compl-
etely stable, interconversions between them were frequent. Two directions of
coversions predominated: cells of types h and “spotty” tended to change their
type to h +and/or “grey” very intensively, while the changes to h- and “spotty”
were less frequent. This “spotty” type was so unstable that its iodine-positive
colonies were never homogenious: they always contained numerous iodine-
negative heterothallic (mostly h+) or weakly iodine-positive “grey” spots.
Occasionally, sterile cells also arose in the growig spore clones. Ten out of
the 43 complete asci analysed contained 3 or 4 h + spores. The genetic analysis
of these spores by crossing and protoplast fusion revealed that many of them
were actually homothallic (being able to sporulate after protoplast fusion),
and had lost the capability for expressing the h- mating activity. Certain h
spores from other asci have also proved to he criptically homothallic, but in
reverse manner. The frequent occurrence of these “semiheterothallic” types
can probably be attributed to changes of genes being located outside the mat-
ing type locus.
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ABE CONJUGATION AN O SPORULATION
ALTERNATIVE POSSIBILITIES IN DIPLOID CELLS
OF SCHIZ()SACCHAROMYCES POMBE ?

M. SIPICZKI and J. KuCSEKA

Departmail of Microbiology, ittila J6zsef University, Szeged

In the life cycle of the haplontic yeast Schizosaccharomyces pombe var.
malidevorans, zygotes produced by sexual fusion of haploid cells convert into
four-spored asci shortly after conjugation, where by the haploid state is
restored. Under special conditions, however, the zygotes can he prevented
from sporulation (by being transferred onto a N-rich medium) and are forced
to propagate mitotically. The diploid clones arising are unstable and undergo
sporulation as soon as the medium becomes exhausted of nitrogen. Occasion-
ally, two adjacent diploid cells conjugate instead of converting into asci,
thereby forming a tetraploid zygote. Since both “developmental pathways”
are triggered by the decrease of N-content under a critical value, one might
believe them to he alternative possibilities controlled by the same mechanism
in Gl. But it has turned out that the sporulation has an advantage over con-
jugation (30-40% and |-4%, respectively), which favours the supposition of
a, ‘two-point-control system. Both points should he in GI: the first one should
switch on sporulation, while the second one might govern the turn towards
conjugation. The tetrad analysis of the tetraploid zygotes has, however, raised
an additional hypothesis. It has revealed that probably only one of the two
mating type loci is active in the conjugating cells. If both loci are required to
he activated during sporulation, indeed, one can assume that the number of
active loci is the crucial factor: cells with one active matlocus might be con-
jugation-proficient, cells with two active loci might be sporulation-proficient.

POSSIBILITIES FOR THE DEVELOPMENT OF THE
NETWORK OF HUMAN MYCOLOGY IN HUNGARY

Gy. Simon, Gy. Kulcsak and J. Galgéczy

National Institute of Dermale- Venerology, Budapest

In our country the network of the human mycology has developed
within the field of the dermato-venerologieal provision. For years the system
of the rnycological laboratories were created mostly spontaneously in
the different kinds of medical institution because of the needs of different
medical subsections. So the frames, which were made in the fifties turned into
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insufficient and a new situation caused problems both in the field of the
organization and profession, (i) In some parts of Hungary the diagnostic work
is still unsolved, (ii) There is no homogenous professional direction all over the
country, (iii) The mycological requirements of the dermatology and the other
medical sections are different: these requirements should have been supplied
by heterogenous units, (iv) In the present situation, the above mentioned units
are not able to utilize even the decreased possibilities, (v) The teaching pro-
gramme of mycology is unsolved or incomplete on the graduate, postgraduate
and professional quality levels. For solving these problems, the county sta-
tions should be directed by the scientific-professional centre, and the diagnostic
work should be controlled by the county stations.

SOME CONSEQUENCES OF THE ABSENCE OF
ERGOSTEROL IN CANDIDA ALBICANS

M. Pesti

Research Institute of Seed Production and Trading Company, Szentes

Various auxotrophic and nystatin-resistant ergosterol-less mutants of
Candida albicans were isolated. The plasma membrane ultrastructure of a
sterol mutant Mas not significantly different from that of the parental, ergo-
sterol-producing strain. Significant alterations were observed in the phospho-
lipid content of the sterol mutants, and the chitin synthase activity was also
higher in comparison to the parental strains. Sterol mutants had increased
plasma membrane order parameters, resulting in decreased levels of assimila-
tion of carbon sources, and a significantly decreased uptake of 2-H glycerol.
Intraspecific protoplast fusion was carried out and nutritionally-complemented
hetero-zygous diploid hybrids were obtained, which proved to be sensitive or
resistant to nystatin as a consequence of complementation or non-complemen-
tation for ergosterol biosynthesis.
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KINETIC STUDIES OF GROWTH INHIBITION.
EFFECT OF POLYENES ON CANDIDA ALBICANS

E.K. Novak, J. Zala, E. Barbarics and B. Novak

National Institute of Hygiene, and Department of Agricultural Chemical Technology,
University Technical School, Budapest

In “growth inhibition” studies some kinetic problems are involved, (i)
The virtual growth inhibition may he instead of real division inhibition due
to cell killing (cide) effect, (ii) The effects may he combined (cide-f-static).
(iii) The antimicrobial substance may he regarded in time, (i) Earlier published
nystatin effect of Candida albicans is of this type. Our developed computer
program discriminates between real growth (division) inhibition and decreased
growth by killing. Thus the effect of nystatin, amphotericin B, their methyl-
esters and candicidin methylester as well as primaricin on C. albicans proved
to he of this type, (ii) Candicidin, however, showed an example of combined
effect, which has been mathematically verified, (iii) On one hand upon compar-
ison to the measured one of a simulated growth curve based on our growth
equation containing the killing coefficient deduced from separate germicide
experiments, as well as on the other hand upon direct kinetic analysis of growth
curves, the significance and the profile of fungicid degradation were deduced.

THE EFFECT OF FUNGI ON CHANGES IN
CHEMICAL COMPOSITION AND NUTRITIVE VALUE
OF CORN GRAIN

J. SoBIESZCZANSKI, E. KaPLON and M. UuBANOWICZ

Academy of Agriculture-Department of Food and 'Technical Microbiology,
Wroclaw, Poland

Corn grain of CORp 135/79 variety was ground, sterilized and inoculated
with conidia suspension of the Fusarium sp. 72-T4, Fusarium sp. 72-76,
Aspergillus sp. 72-72, Aspergillus ochraceus and Pénicillium rubrum COR-25.
N strains were isolated from maize corn. Moreover, natural maize ground
populated with epiphytic microflora was used. The samples were incubated
at 30 °C for 10 days, then dried for 48 h at 40-50 °C. Natural maize ground
served as control. The fungi increased the fat (5.13-9.16%), total sugars
(0.49-23%) and reducing sugars (0.17-5.61%), whereas decreased the starch
content (70-30%). The major changes were caused by A. ochraceus. Changes in
the total nitrogen and protein content were also found. The nutritive value of
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the maize ground samples supplied with casein, soya oil, mineral salts and
vitamins was examined by feeding rats of Wistar breed for 4 weeks. The body
weight of the control rats (non-incubated ground) increased by 47% whereas
of those receiving incubated samples from 2 to 13.8%, only. With two samples
it decreased (A. ocliraceus by 14.4% and P. rubrum COR-25 by 8.5%.
Haemoglobin levels in comparison with initial results decreased (control
—0.5%, P. rubrum 23%) or increased Fusarium sp. 72-76 (2.4%). The number
of erythrocytes decreased from 0.5%, in the control to —31.7% (P. rubrum)
and increased by 8.7% (Fusarium sp. 72-76). Sugar level in blood also varied
(from -(-3.5t0 -(-14.7% Fusarium and P. rubrum). A decrease of sugar (—2.3%)
was caused by I ocliruceus. Kidney weight in all experiments was higher than
in the control (by 0.8—1.06%) as well as the liver weight (3m39% in the
control/4.25% P. rubrum).

Ida Microbiologica Hungarica 31, 1984



Professor Gyula Weiszfeiler, Member of the Hungarian Academy of
Sciences died on April 9, 1984.

He was born in 1902 in Brass6, Transylvania, lie completed his lower-
grade studies in Budapest, then in 1920 he went abroad and pursued university
studies in Paris, Brussels, Jena and Geneva, lie won the title of “Doctor of
Natural Sciences” in 1925 and he got his medical degree in 1928 in Geneva.
Following this, he was working as microbiological researcher and tuberculosis
specialist for 5 years in Switzerland and Germany and his keen interest in
mycobacteria had remained throughout his life. He was expelled from Germany
due to his political activity. From 1932 to 1958 he was working in the USSR
in different research institutes of the Academy of Medical Sciences of the
USSR, holding several high-ranking posts. Moscow, Sverdlovsk, Tashkent
and again Moscow were his main working sites. In 1941, he won the title of
“Doctor of Medical Sciences”, in 1943 he became Professor of Medical Sciences.
In the Great Patriotic War he was on voluntary service in the Red Army and
got back to his scientific work as a major.

His main fields of research were the mycobacteria and above, all the
investigation of the biology and variability of Mycobacterium tuberculosis.
Ilis attenuated W 115 strain proved to be more efficient in immunizing
activity even than the BCG vaccine, when tested in monkeys. He elaborated
a gel-precipitation method for examining the antigenic structure of different
mycobacterium species in order to study their degree of relationship. He
isolated several atypical mycobacteria from monkeys, among them two, so
far unknown species (M. simiae, M. asiaticum) which were later detected in
patients in several countries.
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He returned to Hungary in 1958 and worked first in the National Insti-
tute of Hygiene, then in the Experimental Research Institute of the Hungarian
Academy of Sciences. From 1963 to 1972 he was director, and after retiring,
scientific counsellor of the Microbiological Research Group of the Hungarian
Academy of Sciences. Establishing and developing the Microbiological Re-
search Group, Professor Weiszfeiler founded a high-level research basis.

In Hungary he was the first to deal with the examination of Sabin’s
living vaccina against poliomyelitis. He contributed to the introduction of
the vaccine in Hungary in 1960. Anyhow, he remained faithful to his main
field of research, the extensive examination of mycobacteria, though his in-
terest and fruitful work covered several other important fields of microbiology.
His scientific achievements won national and international tribute and his
results are quoted in several publications and reference books. He published
more than 160 scientific papers and was the author, co-author and editor of
many successful monographs and books.

As an appreciation of his research work and scientific results, he was
elected Corresponding Member of the Hungarian Academy of Sciences in 1960,
he became university professor in 1964 and in 1982 he was elected ordinary
Member of the Academy.

Besides his outstanding research work and versatile literary activity,
Professor Weiszfeiler also worked actively in the organization of research and
for the socialist society. He was secretary general of the Hungarian Micro-
biological Society from 1959 to 1966, then its honorary leading member; he
was President of the Serum-Vaccine Committee of the Ministry of Health
between 1959 and 1966. He was member of the Microbiological, Epidemiologi-
cal and Vaccine Committee of the Hungarian Academy of Sciences and of the
Ministry of Health; he acted as a member of the editorial board of Acta Micro-
biologica Hungarica, of the International Committee on Systematic Bacterio-
logy and of the International Working Group on Taxonomy of Mycobacteria.

In 1964 he was elected member of the Cuban Microbiological and Sani-
tary Society and in 1972, honorary member of the Microbiological Society
of the USSR.

As a tribute to his excellent activity, he won several Soviet and Hun-
garian honours: in 1945 he was awarded a Soviet medal for his outstanding
work in the Great Patriotic War, also in 1947 on the occassion of the 800-year
anniversity of Moscow’s establishment. At home in 1959 he was awarded the
partisan medal “In Arms for the Country”, which was followed by the “Order
of Labour” (1962), the “Gold Degree of the Order of Labour” (1972), the
“Medal for Socialist Society” (1967) and the “Medal for Socialist Hungary”
(1977). On his 80th birthday he was honoured with the “Flag Order of the
Hungarian People’s Republic”.
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Professor Wciszfeilcr lived a rich, successful and laborious life. He expe-
rienced a great many storms and troubles but bis career remained steady and
unbroken. It can be seen maybe more clearly when his life and versatile acti-
vity are recalled in the memory of his admirers after the painful parting
reminiscences.

We shall always remember him with honour and devotion.

Istvan NAsz

.Tcla Microbiologica Hungariai 31, 1984



ACTA MEDICA

ACADEMIAE SCIENTIARUM
HUNGARICAE

REDIGIT
E. STARK

TOMUS XXXIX FASCICULI 1-2

CONTENTS
ENDOCRINOLOGY

Lcovey, A., Bakd, Gy., Sztojka, 1., Bordan, L., Szabo, T., Kalméan, K., Balazs, Cs.: The pathogenetic
connection between Graves’ disease and chronic lymphocytic thyroiditis (The role and
incidence of thyroid stimulating antibodies)

Toni), A., Farid, N. R., Stenszky, Valeria: Two sisters, one with Graves’ disease and the second
with thyroiditis and transient hyperthyroidism

Szabolcs, 1., Weber, Marianne, Kovacs, Zsuzsa, Irsy, G., Go6th, M., Halasz, T., Szilagyi, G.:
The possible reason for serum 3,3’5-(reverse) triiodothyronine increase in old people

G. Bariba, Klara: Use of compartment models for the study of iodine kinetics

CARDIOLOGY

Littmann, Tenczer, J., Fenyvesi, Roltla, M., Svenson, R. 1 : Concealed re-entry in the
human heart

Szatmary, L., Medvedowsky, J. L., Barnay, C., Pisapia, A., Vincey, J. C., Coste, A., Auberge, J.
Medvedowsky, A.: Part of the autonomous nervous system in the development of chaotic
post-extrasystolic pictures. Electrophysioiogical and pharmacological studies of 49 cases

Szatmary, L., Medvedowsky, J.L., Barnay, C., Medvedowsky, A., Pisapia, A., Delaage, L., Veress, G.,
Pinot, J. J., Jouve, A., Torresani, J.: Electrophysioiogical classification of normal and
pathological sinus node function

PERIPHERAL CIRCULATION

Soltész, L., Solti, Gloviczki, Szlavi, L., Entz, L. : Limb circulation in varicosity of various
types
GASTROENTEROLOGY

Berd, 7'. Pongracz, Gy., Kelt, K., Javor, T.: Weight loss after jejuno-ileal bypass surgery
Berd, T., Pongracz, Gy., Javor, T.: Vitamin B12 malabsorption after jejuno-ileal bypass surgery



Puifi, /., Preisich, P.: Long-term results of vagotomy in the light of endoscopy

M iklés, Téth, A., Gorsg, D., Popik, E.: Orthograde gut irrigation: its general effects
LABORATORY STUDY

El-waseef, A.: Uroporphyrinogen-I-synthetase activity in red blood cells of lead-exposed workers

Papers in English. Published in one volume (4 issues) annually. Subscription rate per volume: 540.00

AKADEMIAI KIADO

Publishing House of the Hungarian Academy of Sciences
Budapest

Distributed by KULTLJRA, Hungarian Foreign Trading Co.. P.O.1. 140, H-1389 Budapest






PRINTED IN HUNGARY

Akadémiai Kiad6 és Nyomda, Budapest






INSTRUCTIONS TO AUTHORS

Manuscripts are accepted on the basis of scientific significance and suitability for
publication on the understanding that they have not been published, submitted or accepted for
publication elsewbere.Acceptance depends on the opinion of one or more referees and the deci-
sion of the Editorial Board. Papers accepted for publication are subject to editorial revision.

MANUSCRIPT STYLE

Manuscripts must be in English and clearly and concisely written. They should be typed
double spaced with wide margins. Two copies of the manuscript should be submitted.

FORM OF MANUSCRIPT

Title. The title should be a clear and concise statement of the contents in not more than
14 words. A short running title of not more than 40 letters should also be supplied. This is
followed by the authors’initials (full first name of women) and surname, and the name of the
institution where the work was done.

Abstract. This should not exceed 200 words and should outline briefly the purpose of the
study and detail important findings and the authors’ principal conclusions. Redundant phra-
ses, generally known information and repetition should he avoided.

Introduction. This part should state briefly the nature and purpose of the work and cite
recent important work by others.

Materials and methods. Describe microorganisms, methods, apparatus, procedure and
statistical methods in sufficient detail to allow other authors to reproduce the results. This part
may have subheadings like “Bacterial strains” or “Culture media”.

Results. The experimental data should be presented clearly and concisely. Avoid re-
peating information presented in tables and figures.

Discussion should be focussed on the interpretation of experimental findings. Do not
repeat literary data presented in the Introduction or information given in Results.

Acknowledgement of grants and technical help.

References. Cite only essential references. They should be arranged in numerical se-
quence as cited in the text, where the numbers appear (in parentheses) with or without the
author's name. e.g. Eden and Hansson [1], Frankel [2]. Gelbart et al. [3] or [1, 2]. The
reference list at the end of the paper should contain

— for journals: names and initials of all authors, journal title abbreviated according to the
style used in Index Medicus, volume number, pagination, year.

— for books: names and initials of authors/editors, title, publisher, place and year of
publication, page number.

Address of the authors. The (full) name and mailing address of the authors should he
given after the reference list.

Tables. They should he typed on separate sheets and have a concise heading each. Tables
are to be numbered sequentially by Roman numbers.

Figures. Good-quality glossy prints of half-tone illustrations and clear line drawings in
Indian ink are accepted. The number of the figure, the author’s name, and the top of the figure
should be indicated lightly in soft pencil on the back. The figures are to be numbered sequential-
ly by Arabic numbers. Captions should be provided on a separate sheet. All figures should be
referred to in the text and their approximate place indicated on the margin.

Abbreviations and symbols. Quantities should be expressed in SI units. All abbreviations
should be spelled out when first used in the text. Please identify unusual symbols in the margin.

Nomenclature of microorganisms. Binomial names should conform to the International
Rules of Nomenclature and to current terms of the International Committee on Systematic
Bacteriology. Names used for viruses should be those approved by the International Commit-
tee on Taxonomy of Viruses (ICTV). Generic and specific names of species should be written
in full in the title and the first time they appear in the abstract and in the text. Subsequently
they should be abbreviated. Generic and specific names should be underlined for italics. No
specific name without a capitalized generic name should be used.

Proofs and reprints. Two sets of proofs will be provided, which are requested to be
returned within 48 hours of receipt to the Editor. Alterations in the text and especially in the
illustrations are expensive and should be avoided. One hundred and fifty reprints of each paper
are supplied free of charge. Additional reprints can be ordered at cost price at the time the page
proof is returned.



Periodicals of the Hungarian Academy of Sciences are obtainable
at the following addresses:

AUSTRALIA

C.B.D. LIBRARY AND SUBSCRIPTION SERVICE
Box 4886, G.P.O., Sydney N.S. W. 2001

COSMOS BOOKSHOP, 145 Ackland Street

St. Kilda (Melbourne), Victoria 3182

AUSTRIA
GLOBUS, Hoéchstadtplatz 3, 1206 Wien XX

BELGIUM

OFFICE INTERNATIONAL DE LIBRAIRIE
30 Avenue Marnix, 1050 Bruxelles

LIBRAIRIE DU MONDE ENTIER

162 rue du Midi, 1000 Bruxelles

BULGARIA
HEMUS, Bulvar Ruszki 6, Sofia

CANADA
PANNONIA BOOKS, P.O. Box 1017
Postal Station “B”, Toronto, Ontario M5T 2T8

CHINA
CNPICOR,
Peking

CZECHOSLOVAKIA
MAD’'ARSKA KULTURA, Néarodni tfida 22
115 66 Praha

PNS DOVOZ TISKU, VinohradskA 46, Praha 2
PNS DOVOZ TLACE, Bratislava 2

DENMARK
EJNAR MUNKSGAARD, Norregade 6
1165 Copenhagen K

FEDERAL REPUBLIC OF GERMANY
KUNST UND WISSEN ERICH BIEBER
Postfach 46, 7000 Stuttgart 1

FINLAND
AKATEEMINEN KIRJAKAUPPA,
SF-00101 Helsinki 10

FRANCE

DAWSON-FRANCE S. A., B. P. 40, 91121 Palaiseau
EUROPERIODIQUES S. A., 31 Avenue de Ver-
sailles, 78170 La Celle St. Cloud

OFFICE INTERNATIONAL DE DOCUMENTA-
TION ET LIBRAIRIE, 48 rue Gay-Lussac

75240 Paris Cedex 05

GERMAN DEMOCRATIC REPUBLIC

HAUS DER UNGARISCHEN KULTUR

Karl Liebknecht-Strale 9, DDR-102 Berlin
DEUTSCHE POST ZEITUNGSVERTRIEBSAMT
SraBe der Pariser Kommune 3-4, DDR-104 Berlin

GREAT BRITAIN

BLACKWELL’S PERIODICALS DIVISION
Hythe Bridge Street, Oxford 0X1 2ET
BUMPUS, HALDANE AND MAXWELL
Cowper Works, Olney, Bucks MK46 4BN
COLLET’S HOLDINGS LTD., Denington Estate
Wellingborough, Northants NN8 2QT

WM. DAWSON AND SONS LTD., Cannon House
Folkstone, Kent CT19 SEE

H. K. LEWIS AND CO., 136 Gower Street

London WC1EG6BS

GREECE
KOSTARAKIS BROTHERS INTERNATIONAL
BOOKSELLERS, 2 Hippokratous Street, Athens-143

HOLLAND

MEULENHOFF-BRUNA B.V., Beulingstraat 2,
Amsterdam

MARTINUS NIJHOFF B.V.

Lange Voorhout 9-11, Den Haag

Periodical Department, P.O. Box 50

P.O. Box 128

LTD.

Index:

SWETS SUBSCRIPTION SERVICE
347b Heereweg, Lisse

INDIA

ALLIED PUBLISHING PRIVATE LTD.,
Asaf Ali Road, New Delhi 110001

150 B-6 Mount Road, Madras 600002
INTERNATIONAL BOOK HOUSE PVT. LTD.
Madame Cama Road, Bombay 400039

THE STATE TRADING CORPORATION OF
INDIA LTD., Books Import Division, Chandralok
36 Janpath, New Delhi 110001

ITALY

INTERSCIENTIA, Via Mazzé 28, 10149 Torino
LIBRERIA COMMISSIONARIA SANSONI,
Lamarmora 45, 50121 Firenze

SANTO VANASIA, Via M. Macchi 58

20124 Milano

D. E. A, Via Lima 28, 00198 Roma

JAPAN

KINOKUNIYA BOOK-STORE CO. LTD.

17-7 Shinjuku 3 chéme, Shinjuku-ku, Tokyo 160-91
MARUZEN COMPANY LTD., Book Department,
P.O. Box 5050 Tokyo International, Tokyo 100-31

13/14

Via

NAUKA LTD. IMPORT DEPARTMENT

2-30-19 Minami Ikebukuro, Toshima-ku, Tokyo 171
KOREA

CHULPANMUL, Phenjan

NORWAY

TANUM-TIDSKRIFT-SENTR ALLEN  AS., Karl
Johansgatan 41-43, 1000 Oslo

POLAND

WEjJGIERSKI INSTYTUT KULTURY, Marszal-

kowska 80, 60-517 Warszawa
CKP | W, ul. Towarowa 28, 00-958 Warszawa

ROUMANIA
D. E. P., Bucurecti
ILEXIM, Calea Grivitei 64-66, Bucurecti

SOVIET UNION

SOJUZPECHAT — IMPORT, Moscow

and the post offices in each town
MEZHDUNARODNAYA KNIGA, Moscow G-200

SPAIN
DIAZ DE SANTOS, Lagasca 95, Madrid 6

SWEDEN

ALMQVIST AND WIKSELL, Gamla Brogatan 26
101 20 Stockholm

GUMPERTS UNIVERSITETSBOKHANDF.L AB
Box 346, 401 25 Goteborg 1

SWITZERLAND
KARGER LIBRI AG, Petersgraben 31, 4011 Basel

USA

EBSCO SUBSCRIPTION SERVICES

P.O. Box 1943, Birmingham, Alabama 35201

F. W. FAXON COMPANY, INC.

15 Southwest Park, Westwood M ass. 02090
THE MOORE-COTTRELL SUBSCRIPTION
AGENCIES, North Cohocton, N. Y. 14868
READ-MORE PUBLICATIONS, INC.

140 Cedar Street, New York, N. Y. 10006
STECHERT-MACMILLAN, INC.

7250 Westfield Avenue, Pennsauken N. J. 08110

YUGOSLAVIA
JUGOSLOVENSKA KNIJIGA, Terazije 27, Beograd
FORUM, Vojvode MiSiéa 1, 21000 Novi Sad

26.016



Acta

Microbiologica
Hungarica

VOLUME 31, NUMBER 4, 1984

EDITOR-IN-CHIEF
I. NASZ

EDITOR
B. LANYI

ASSOCIATE EDITOR
ZS. BANOS

EDITORIAL BOARD
I. BELADI, I. DOMOK, E. FARKAS, L. FERENCZY, |. FOLDES,
. JOO, I. KETYI, Z. KLEMENT, T. SZENT-IVANYI, L VACzI

Akadémiai Kiadd, Budapest



ACTA MICROBIOLOGICA HUNGARICA

A QUARTERLY OF THE HUNGARIAN
ACADEMY OF SCIENCES

Acta Microbiologica publishes reviews and original papers on microbiological subjects in English.

Acta Microbiologica is published in yearly volumes of four issues by

AKADEMIAI KIADO

Publishing House of the Hungarian Academy of Sciences
H-1054 Budapest, Alkotméany u. 21.

Manuscripts and editorial correspondence should be addressed to

Acta Microbiologica
Institute of Microbiology, Semmelweis University Medical School
H-1445 Budapest, P.0. Box 370

Subscription information
Orders should be addressed to

KULTURA Foreign Trading Company
H-1389 Budapest P.O. Box 149

or to its representatives abroad

Acta Microbiologica is indexed in Current Contents.



CONTENTS

Proto-onc Gene Products as Differentiation Antigens (A Review)
FOIARS, 1., M INATOVIES, J oottt ettt sttt eb st e et e bt e be st e st s seessareabeens

Effect of the Carbamate Insecticide Sevin® on Anabaena sp. and Westiellopsis prolifica
Adhikary, S. P., Pravata Dash, Pattnaik, Il ...

The Faecal Actinomycete Flora of Protracheoniscus amoenus (Woodlice; Isopoda)
M arialigeti, K., Jager, K., Szabd, /. M., Pobozsny, M., DzingoVv, M......cccceeevevirerrrennn.

Ethanol-Soluble Substances Isolated from Escherichia coli Culture Filtrate Induce
Polymorphonuclear Chemotaxis
Solymossy, M Nagy, Zs., Antoni, P., SZOHAr, L .

Effect of Zinc on the Local Shwartzman Phenomenon
Szilagyi, T., Csernyanszky, JL, Nagy, Z., MOAis, L ..o

Prophage Induction by Liver Microsomal Metabolites of Aflatoxin Bl in Lysogenic Pseu-
domonas aeruginosa
Patel, /. 17., RA0, K. K oottt ettt b st ettt st et e st sb e et stssbantereas

Cellular and Humoral Cytotoxicity in Patients with Leukaemia and Preleukaemia. II.
Oncovirus Specificity of the Reaction
Szab6, B 1). Téth, P., VAczi, L., Réthy, yi., Kiss, A., Rak, K

In Vitro Cultivation of Mycobacterium X from Mycobacterium leprae Infected Tissues in
Propane-Tetradecane Medium (A Preliminary Communication)
{51 o T TSROSO

Propane and Tetradecane as Carbon Sources for in vitro Cultivation of Mycobacterium le-
praemurium in a Liquid Medium (A Preliminary Communication)
51 o T PRSPPSO

Natural Antibodies to Simian Type-C Viruses and Human Retrovirus HTLV in Patients
with Lymphoid Malignancies
1). Téth, F., Szabd, B., Vaczi, L.. Kiss, A., Kovacs, I., Rak, K., Kiss, Cs., Gallo, R. C.

Take and Growth of the Transplantable MC29 Hepatoma in Allogeneic and Xenogeneic
Hosts
M inarovits, J., GYUris, A., FOIUES, L.

Hydroxylamine Inactivation of Cephalosporins: Nucleophilic Attack on Beta-Lactam
Structures
[ R I = OSSOSO SUROTPTORPPN

Characterization of Adenovirus Hexon Epitopes by Monoclonal Antibodies
Adéim, E., Erdei, J., Lengyel, A., Katona, A., Berencsi, Gy., Fachet, J., N&sz, I.

335

339

345

355

359

365

373

381

337

393



PRINTED IN HUNGARY

Akadémiai Kiadé és Nyomda, Budapest



Acta Microbiologica Hungarian 31 (4), pp. 325 334 (1984)

PROTO-ONC GENE PRODUCTS AS
DIFFERENTIATION ANTIGENS

(A REVIEW)

|I. Foildes and J. Minaroyits

Microbiological Research Group of the National Institute of Hygiene, Budapest

(Received July 25, 1983)

Studies on oncogenic RNA viruses have resulted in most of the informa-
tion referring to malignant transformation of cells. The life cycle of these
viruses proved to be complex: a DNA copy is transcribed from their RNA
genome by the enzyme reverse transcriptase (reverse transcription), which
integrates into the host genome (provirus), then it is transcribed to RNA
which is processed in the nucleus and transported to the cytoplasm where the
viral proteins are manufactured [16]. In addition to the structural genes
necessary for replication, oncogenic RNA viruses inducing acute malignant
diseases (leukaemia, sarcoma, cancer) contain one genes (v-onc genes) respon-
sible for malignant transformation [1-4].

Experiments with nucleic acid hybridization have shown that (i) the
genome of vertebrate cells contains sequences analogous to v-onc genes;
(ii) most of these sequences appeared early during evolution; (iii) their majority
was well preserved as it undervent no marked change during evolution [7—4].

On the basis of detailed analyses (mapping, in situ hybridization and
DNA sequencing) it could be stated that (i) the cellular homologues of the
viral onc-genes (the so-called c-onc genes) have a definite chromosomal posi-
tion in a given species [see 15 for references], (e.g. c-myc gene is located in
the human 8 chromosome [16]); (ii) with some exceptions [26, 27], similarly
as the majority of the structural genes of vertebrates, most of the c-onc genes
contain introns (non-coding sequences) [15-26], while v-onc genes have no
introns [25, 28-40, 59]; (iii) some of the c-onc genes show structural poly-
morphism and can be regarded as members of a gene family (e.g. the human
ras gene family) [19, 41].

As retroviral onc-genes have been derived by recombination from cellu-
lar onc-genes, the latter were called proto-onc genes [42]. This term has been
accepted hut may be misleading [43] since it refers only to the possible onco-
genic capacity of these genes, which can he realized only after recombination
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Abbreviations used

AEV Avian erythroblastosis virus
A-MuLV Abelson murine leukaemia virus
AMV Avian myeloblastosis virus

B77 B77 avian sarcoma virus

BALB MuSV Balb murine sarcoma virus

CM 11 Avian myelocytomatosis virus CM Il
E26 Avian leukosis virus strain 26

ESV Esh sarcoma virus

FSV Fujinami sarcoma virus

Ga-FcSV Gardner-Arnstein feline sarcoma virus
Gz-MuSV Gazdar murine sarcoma virus
Ha-MuSV Harvey murine sarcoma virus
Ki-MusSVv Kirsten murine sarcoma virus

MC29 Avian myelocytomatosis virus MC29
MH?2 Avian myelocytomatosis and carcinoma virus MH2
Mo-MuSV Moloney murine sarcoma virus
MS-FeSV McDonough feline sarcoma virus
OKI10 Avian myelocytomatosis virus OKI10
PRC I PRC Il sarcoma virus

PR-RSV Prague strain Rous sarcoma virus
Ra-RSV Rasheed rat sarcoma virus

rASV Recovered avian sarcoma virus
REV-T Avian reticuloendotheliosis virus-T
RSV Rous sarcoma virus

SSV Simian sarcoma virus

ST-FeSV Snyder-Theilen feline sarcoma virus
UR2 UR2 avian sarcoma virus

Y73 Y73 avian sarcoma virus

with a retroviral genome or through activation by viral regulatory elements
(promoter insertion theory [44-50]), or by other processes [51-57], but does
not refer to their possible role in normal (non-oncogenic) development. Thus,
it has been hypothesized that proto-onc gene products are differentiation
antigens [2, 42].

Antigens that are expressed on some but not all cells of an organism have
been termed differentiation antigens. Their expression may be restricted to
particular cell lineages, to determined stages of cell differentiation or other
processes [58]. To prove that proto-onc gene products can be acknowledged
as differentiation antigens, data referring to transcription and translation of
proto-onc genes in normal (non-transformed) cells have to be studied. In this
paper we shall therefore summarize the known retroviral onc-genes and their
products, then data referring to transcription and translation ofproto-onc genes.

Table I shows the known v-onc genes and their products. It can be seen
that some of the onc-genes occur in more than one retrovirus genome, i.e. the
number of onc-genes is less than the number of independently isolated retro-
viruses.

It is worth mentioning that in a number of acute retroviruses gag-genes
(coding for core proteins of the virus) and onc-genes produce a fusion-protein.

Comparing the amino-acid sequences ofthe onc-gene products determined
by the nucleic acid sequences of cloned onc-genes, a marked homology could

Acta Microbiologica Hungarica 31, 1984



Virus

RSV |
1377
r\S\
PR-RSV )

Y73 1
ESV 1

FSV |
PRC IF 1
UR1 *
UR2

Ki-MuSVv
lla-MuSV
Ra-RSV

BALB MuSV

FBJ murine
osteosarc. v.

Mo-MuSVv 1
Gz-MuSVv J

ST-FeSV 1
GA-FeSY j

MS-FeSV

SSvV

AMY
E26

AFV

MC29 I
M112 1
cM I

OKI0 )

REV-T

A-MuLV

V-onc; gene

siC

yes

fps

ros

kis

has
ras

bas

fos

fms

sis

myb
invb

erb

myc

rcl

abl

PROTO-ONC GENE PRODUCTS

Table |

V-onc genes and their protein products*

Pr tein product

Avian sarcoma viruses

pp60dC protein-kinase
P90« k~YeB

P 80 gag—yee protein-kinase
P130fig—pe

P105gag- fp%P | 10g %-fos
P142gag“fps protein-kinase

P1507 ‘«-"'p»
P 68Kk"™*—0" protein-kinase

Mammalian sarcoma viruses

p 21ki"
21h guanine-nucleotide binding,
P29kk - ra» autophosphorylation

p21bt guanine-nucleotide binding
p4l< (predicted)
p55fo* (observed)

p37mo"

P878»K—ip»
P108r“s—es
P18088-'IT™
apln)y™
gpl20,m»

p28sl"

protein-kinase

Acute avian leucosis viruses
p30myb (predicted)

P74qg;g—erbA
p6lerbB

P110gag_myc

P100gag—myc
P908nKk—T Y

P200"ak—pol—yc

DNA-binding protein

Acute mammalian leucosis virus

P120°“8~“bl protein-kinase

Known function of the protein product
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C-onc  RNA copies
gene per cell
0.5-1.5
>0.3
>0.3
2-4
2-3
| 1-5
yes | 26
(>0.3
>0.3-1.1
fps
>0.3
J >0.3-0.7
I 2
kis
has/bas
mos

Table 1l

Transcription of c-onc genes in normal cells and tissues

Cell or tissue Notes

14-day-old chicken brain, liver, bone-marrow, bursa, kidney,
spleen, lung

10-day-old chicken thymus

14-day-old chicken heart and muscle

chicken and quail embryo fibroblasts

3-6-month-old chicken liver and bursa

Unaffected by cellular growth conditions

In all chicken tissues examined except kidney
14-day-old chicken kidney
chicken and quail embryo fibroblasts

in all chicken tissues examined except bone marrow-
y-day-old chicken bone marrow
chicken and quail embryo fibroblasts

in all chicken tissues examined except kidney

14-day-old chicken kidney

relatively high levels in a rat kidney cell line 110 times increased expression in a rat
embryo cell line subjected to anaerobic
stress

expressed at high but similar levels in all stages of prenatal
development of the mouse

2 distinct bas-related RNA species were detected in normal
human fibroblasts

transcriptionally silent in all rodent cells and tissues examined c-mos sequences are hypermethylated
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fos-
fes
sis
1-2
1-1.5
9.6
inyb 9.1
21.3
6.7
20.6
3
1 i 2-3
erb { 2-4
r 3 1o
myc
[ 2-5
rel
abl

significant expression in mouse prenatal development especially
in the placenta

expressed at low levels in all postnatal tissues: 5-20 times higher
levels in bone and skin

not detectable in feline embryo cells
not detectable in human embryonic fibroblasts

15 19-day old chicken embryo and 1 3-day-old chicken muscle,
kidney, liver, spleen and 3-6-month-old chicken liver

chicken embryo fibroblasts

15-19-day-old chicken embryo yolk sac

15-19-day-old chicken embryo bursa

15-19-day-old chicken embryo bone marrow

1 3-day-old chicken bursa

1-3-day-old chicken bone marrow

3-6-month-old chicken bursa

chicken and quail embryo fibroblasts
3-6-month-old chicken bursa and liver

chicken and quail embryo fibroblasts, expressed in duck embryos
and in human fibroblasts as weil
3-6-month-old chicken liver and bursa

detectable in turkey, chicken, and quail embryo fibroblasts and
in chicken muscle; 2-3 times higher levels in haemopoietic
tissues

significant transcription during prenatal development of mouse
increasing till day 10 and decreasing thereafter; expressed in all
postnatal mouse tissues examined

not detectable in chicken
fibroblasts infected with a helper virus

3 times higher levels in spleen and thymus
than in other organs, highest level in
young adult testes.

Normal human fibroblasts contain 2 dis-
tinct abl-related RNA species
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125
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be found between p60srt and p90gag 's proteins, though this homology could
not be detected by the commonly used nucleic acid hybridization method [38].
The amino-acid sequence of p60bix shows also some relatedness to the pl08 IS
pl30fps and p87tlb transforming proteins [39, 59]. The activities of these
proteins show similarities, having a protein-kinase activity phosphorylating
the tyrosine residues of common protein substrates [60-70]. Homology could
he detected also between the carboxy-terminal part of p60slt and p37n0P
coded for by Moloney MuSY, though this latter protein shows no protein-
kinase activity and its function isnot known [29]. It should, however, he noted
that a variant of Mo-MuSY known as ts 110 MuSV codes for a gag-mos poly-
protein (p85gdg*mob) which has an associated protein-kinase activity [71].

p60HL and p37nd> are related to the catalytic subunit of cyclic AMP-
dependent protein-kinase isolated from bovine heart muscle [72]. Thus, a range
of homology (P108gag- fes-p130fps-p87gag fes-p90gag~yes-p60src-p37mos-bovinc PK)
can be constructed.

Similarly, the structurally related p21 proteins coded for by Harli and
Kildb onc-genes of the ras family also have similar activities; these are guanine-
binding proteins [73, 74] showing a partial amino-acid sequence homology
with the nucleotide-binding subunit of mitochondrial and bacterial H +-
ATPase [75].

The predicted sequence of p28Hbis identical to the amino-acid sequence
of human platelet-derived growth factor in a region of 104 contiguous amino-
acids. The significance of this homology has not been clarified [76].

D ata referring to transcription of proto-onc genes in normal (non-trans-
formed) cells are summarized in Table Il. Experiments were carried out by
hybridization of H3or P 3labelled cDNA one probes or cloned c-onc and v-onc
gene probes with RNA molecules extracted from cells or tissues. By this method
one RINA molecule/cell can be detected (Table II).

On the basis of their transcription activity, proto-onc genes can be
grouped as follows, (i) They are not transcribed in any ofthe examined normal
cells (e.g. hypermethylated c-mos gene or probably fes, sis), (ii) They are
transcribed at a similar level in all examined cells (e.g. sre, myc, probably has),
(iii) They show a cell-specific transcription activity (e.g. yes, ros, myb, abl,
fos, fps).

It may be supposed that proto-onc genes of group (i) are also transcribed
in a phase of development not yet examined.

Transcription of some proto-onc genes can be influenced in vitro (e.g.
Kildb gene is activated by anaerobic stress [77]; c-myc gene is inhibited by
DMSO [78]).

Translation of proto-onc genes in normal cells is summarized in Table I11.
It can be seen that only a few proto-onc genes have been examined in this
respect. It is, however, expected that specific (monoclonal) antibodies against
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Table 11

C-onc gene related translation products in normal cells and tissues

C-onc

gene Protein product Cell or tissue Function References

src pp60*“~s0 chicken and duck emhryo fibro- protein-kinase 79, 80,
blastring-necked pheasant cells 120
quail, rat and human fibro-
blasts, Xiphophorus fish brain

fps NCP98 (p98c'fI*) chicken hone marrow cells con-  protein-kinase 121
tain more than liver or lung

has p21c-ha' low levels in rat, mouse, mink, guanine-nucleotide 74, 123,
hamster, rabbit, turkey, bat, binding protein 124
cat, dog, horse, monkey and
human cells; 100 times higher
level in 416B mouse haemo-
poietic precursor cell line

mos ! not detectable in uninfected 94
NIH/3T3 cells by anti-p37ne
serum

sis 9 not detectable in uninfected 102
marmoset cells by anti-p28H8
serum

abl NCPL50 (pl50¢ 'bl) mouse thymus contains more 126, 127
than spleen and bone marrow;
not detectable in liver and in
mouse fibroblast cultures

many viral ,transforming proteins“ will be produced shortly, and this will
allow to detect the normal cell proteins cross-reacting with viral transforming
proteins.

Expression of NCP 150L abl, P21c has, and NCP98c fps proteins proved
to he specific.

p60X protein has been detected in all the vertebrate cells examined
except in those of the field vole and hamster; its expression is unaffected by
cellular growth conditions [79, 80]. Proteins analogous to p28bb and p37nob
could not be detected, in agreement with data of transcription studies.

Thus, some of the known proto-onc gene products can be accepted as
differentiation antigens at least by definition. This does not yet mean that we
have any knowledge about the mechanisms by which proto-onc gene products
may influence cell differentiation. It, however, is supposed that studies refer-
ring to the role of proto-onc gene products represent one of the most promising
areas not only in carcinogenesis, but also in cell differentiation.
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NOTE ADDED IN PROOF

Since the completion of the manuscript tlierfollowing results have been published:
v-erbB codes for a truncated epidermal growth factor receptor [Downward, J., Yardén, Y.,
Mayes, E., Scrace, G., Totty, N., Stockwell, P., Ullrich, A., Schlessinger, J., W aterfield, D. M.:

Nature 307, 521 (1984)] and the p2l1 proteins encoded by v-has, v-kis and c-has/bas
genes show amino acid sequence homologies with elongation factor-Tu [Leberman, R., Egner,
U.: EMBO J. 3, 339 (1984)]; c-kis is expressed ubiquitously at similar level in all mouse tissues
examined, while c-fms is expressed at elevated levels in the placenta and the extraembryonal
membranes [Muller, R., Slamon, D. J., Adamson, E. D., Tremblay, J. M., Miller, D., Cline,
M. J., Verma, I. M.: Molec Cell Biol 3, 1062 (1983)]. Transcripts of c-ras increase concomitantly
with the burst of DNA synthesis in regenerating rat liver and rapidly return to basal levels
[Govette, M., Petropoulos, C. J., Shank, P. R., Fausto, N.: Science 219, 510 (1983)]. Mitogen
stimulation dramatically elevates c-myc mRNA levels in lymphocytes and fibroblasts [Kelly,
K, Cochran, B. H., Stiles, C. D,, Leder, P.: Cell 35, 603 (1983)]; pp60csrc is expressed at high
levels in neural tissues (Cotton, P. C., Brugge, J. S.: Molec Cell Biol 3, 1157 (1983)] and its
expression coincides with the onset of differentiation of neuronal cells [Sorge, L. K., Levy,
B. T., Maness, P. F.: Cell 36, 249 (1984)]. Normal mouse amnion cells contain high levels of
p55ctos, a nuclear protein, the product of c-fos gene [Curran, T., Miller, A. D., Zokas, L., Verma,
1. M.: Cell 36, 259 (1984)].
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EFFECT OF THE CARBAMATE INSECTICIDE
SEVIN® ON ANABAENA sP. AND
WESTIELLOPSIS PROLIEICA

S. P. Adhikary, Pravata Dash and H. Pattnaik

Department of Botany, Nowrangpur College, Nowrangpur, and Algal Physiology Laboratory,
Department of Botany, Berhampur University, Berhampur, India

(Received February 8, 1983)

Effect of the insecticide Sevin® (50% w/v) was examined on survival, growth and nitro-
gen fixation of two filamentous blue-green algae, Anabaena sp. and Wesliellopsis prolifica.
Lower concentration of the insecticide (10 //g nil) increased survival, growth and nitrogen fixa-
tion while higher concentrations showed an inhibitory effect.

The increasing use of pesticides in agriculture is likely to have an impact
on the soil microflora, particularly on blue-green algae whose role in soil
fertility is well known [1, 2], consequently attention has turned to this aspect
13-8]. Blue-green algae in general have been found to show a high degree of
tolerance to many of the agricultural chemicals although their tolerance limits
[9, 10] vary widely. Sevin® (carbaryl-1-naphthyl methyl carbamate) is becom-
ing of increasing importance as a possible replacement for DDT, since the
latter tends to accumulate in the environment and along food chains. The
present study deals with the effect of the carbamate insecticide Sevin® on
the growth and nitrogen fixation of two rice field blue-green algae Anabaena
sp. and Westiellopsis prolifica.

Materials and methods

Pure cultures of the blue-green algae Anabaena sp. and IF. prolifica Janet were used as
the experimental materials. JF. prolifica was grown in Allen and Arnon’s nitrogen free medium
[11] with micro-nutrients at the concentration recommended by Fogg [12]. For Anabaena sp.
the medium C of Kratz and Myers [13] was used. The cultures were maintained at 28 + 2 °C
under 2200 lux provided by daylight fluorescent tubes. Experiments were conducted by inocula-
tion of actively growing algae into 10 ml of culture solution in 15 X 150 mm Corning test tubes.
Commercial grade Sevin® (Union Carbazide Limited, India) containing 50% w/v active in-
gredients was used as the insecticide. Its stock solution was prepared freshly for experiments
in sterilized media and added aseptically to the culture media to obtain the desired concentra-
tion. The pH of all the test media was adjusted to 7.8.
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Growth of algae was estimated in terms of the absorbancy of the acetone extract in an
Erma photoelectric colorimeter at 660 nm. Heterocyst frequency of Anabaena sp. was expressed
as the percentage of vegetative cells in the filaments. Total nitrogen was estimated at 3-day
intervals during the 15 days of incubation. The cultures were subjected to Kjeldahl digestion
and total nitrogen was estimated according to Friedrich as modified by Herbert et al [14]. Cor-
rections were made for the nitrogen present in the insecticide.

Results and discussion

The effect of different concentrations of Sevin® (10-1500 Ug/ml) on the
survival of Anabaena sp. anil W. prolifica shown in Table I indicates a progres-
sive decrease in survival with increasing concentrations of the pesticide. At
500 //g/ml the insecticide could kill 70% and 90% of the population of W. proli-
fica and Anabaena, respectively; 1000 //g/ml of Sevin® was algistatic for
Anabaena sp. but still higher concentrations (1500 //g/ml) were algicidal for
Anabaena sp. and W. prolifica. The time course growth in different pesticide
concentrations showed a prolongation of the lag phase particularly at higher
concentrations (/>50 //g/ml; Table Il). There was also a perceptible inhibition
of heterocysts in Anabaena with increasing concentrations of the insecticide
(Table 111). At 500 //g/ml heterocysts were completely suppressed. The trend
in W. prolifica was similar. While higher concentrations of the pesticide
(*>50 //g/ml) inhibited the nitrogen-fixing potential of both organisms, it was
hardly affected at 10 //g/ml (Table IV). These results were similar to those of
other workers [8, 15].

The Sevin® dose recommended to control rice pests is 1.0-1.5 Kg/hectare
which will be around 4-12 ppm in the rice fields. Since the toxic dose of Sevin®
used in these experiments is >-10 //g/ml, these concentrations may not affect
the growth and nitrogen fixation of blue-green algae in field conditions.

Table |

Percent survival of Anabaena sp. and W. prolifica in the presence of different concentrations
of Sevin® in the medium

Concentration of Percent survival
Sevin® /tg/ml Anabaena sp. W, prolifica

10 100 100

20 85 90

50 55 75

100 26 52

200 20 45

500 10 30

1000 0.8 5

1500 0 0

Cultures were incubated at 28 + 2 °C under 2200 lux for 15 days
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Table 11

Growth in terms of optical density of acetone dissolved pigments at 660 nm of Anabaena sp. and
W. prolifica in the presence of various concentrations of Sevin®

Anabaena sp. W. prolifica

Concentration
of Sevin® /ig/ml

days of incubation days of incubation

3 6 9 12 15 3 6 9 12 15

0 (control) 0.08 0.15 0.3 0.4 0.44 0.04 0.1 0.13 0.15 0.17

10 0.1 0.2 0.31 0.42 0.46 0.05 0.12 0.135 0.145 0.16

50 0.02 0.11 0.27 0.35 0.39 0.025 0.065 0.1 0.12 0.13

100 0.01 0.03 0.04 0.15 0.22 0.02 0.03 0.075 0.095 0.11

500 0.01 0.01 0.01 0.015 0.018 0.01 0.01 0.03 0.05 0.06
Table 111

Effect of different concentrations of Sevin® on heterocystfrequency (per centofcells) of Anabaena sp.

Concentration 1)ay" of incubation
of Sevin® /fg/ml 3 6 9 12 15
0 (control 6.2 6.5 5.4 5.0 5.3
10 6.5 6.7 5.9 5.85 5.7
50 5.8 5.0 4.4 3.9 3.2
100 4.0 1.9 1.7 1.0 0.8
500 3.0 0 0 0 0
Table IV

Effect of different concentrations of Sevin® on the total nitrogen content (mgjE) ml) of Anabaena
sp. and IV. prolifica cultures

.Anabaena sp. W. prolifica
Concentration . . . .
of Sevin® /ig/m| days of incubation days of incubation
9 12 15 6 9 12 15
0 (control) 0.7 13 1.8 2.4 3.8 0.3 0.45 0.7 1.2 15
10 0.5 1.0 1.6 2.5 4.0 0.25 0.5 0.8 1.25 1.35
50 0.2 0.25 0.6 1.2 2.0 0.2 0.4 0.5 0.6 0.75
100 0.2 0.22 0.25 0.5 13 0.15 0.2 0.4 0.5 0.6
500 0.18 0.2 0.2 0.22 0.22 0.1 0.1 0.12 0.12 0.12
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At higher concentrations (>50 ,ug/ml), however, the nitrogen fixing ability

of

blue-green algae decreased considerably and thus excessive use of the

insecticide may well affect the overall nitrogen e3onoTy of rice-field soils.
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Following a marked order of preference, adults of Frotracheoniscus amoenus consumed
in preference tests the fallen, weathered leave species of forest litter much more selectively than
those of the millipede Chromatoiulus projectus. Under natural circumstances, the individuals
(prejuveniles, juveniles, young adults and adults) of these two species live frequently together
in the forest litter-layer, feeding on weathered leaves of the very same tree species and placing
their faecal pellets in the vicinity of each other. Accordingly, there is a high probability of
mutual contamination with their faecal bacteria. In contrast, promicromonospora-type intesti-
nal actinomycétes characterized by cell-wall composition type VI colonize only the faeces of
Ch. projectus, and are completely lacking of the dropped pellets of woodlice. Diverse species of
streptomycetes were detected in the fresh faecal matter of both litter-dwelling animal species,
but presumably they were oidy survivors of gut passage and passive travellers through the
digestive canal.

The genera Oerskovia and Promicromonospora, together with the non-
motile oerskovia-like organisms may at present he regarded from both the
taxonomic and evolutionary points of view, as one of the most problematic
groups within the order Actinomycetales [1]. In older cultures, the substrate
hyphae of these organisms break into bacterium-like cylindrical and spherical
bodies producing, very rarely if at all, single spores of unknown structure and
development, and diamino-pimelic acid is completely lacking in tlieir cell-wall
components (cell-wall type VI). These poorly known, partly facultatively
anaerobic procaryotes might perhaps belong to a new family [1] of utmost
taxonomic importance within the Actinomycetales, connecting evolutionally
the true bacteria with the typical actinomycétes which produce branching
hyphal filaments and conidiophores. Until recently, in culture collections and
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research laboratories there have been few available strains anti those were
without exception random, single laboratory and soil isolates. Consequently,
nothing is known of their role and ecological importance in the biosphere and
of their true natural habitats.

W hile studying the faecal actinomycetes of soil invertebrates feeding on
forest litter [2-4], we have succeeded in isolating from freshly dropped pellets
of millipedes (Diplopoda) large numbers of strains of a new species of
Promicromonospora (P. enterophyla) [5]. This finding was the first one on the
true natural habitats researched for a long time of oerskovia-promicromono-
spora-type microbes. The aim of the present work was to contribute to the
ecology of these almost unknown organisms and to provide data on the micro-
biology of Protracheoniscus amoenus, an important woodlice species, which has
a considerable part in the physical destruction of plant remainders in many
forest ecosystems.

Materials and methods

Sampling site. Adults of Protracheoniscus amoenus and Chromatoiulus projectus, as well
as fallen leaves of trees used for feeding experiments, were collected from the A0- and Ap-hori-
zons of a brown forest soil under a mixed forest stand, predominated by hornbeam and oak
ssp., in the Vértes mountains in West Hungary.

Feeding experiments were carried out simultaneously with specimens of P. amoenus and
Ch. projectus, under laboratory conditions, in the dark, with 3 parallels, in nylon mesh covered
earthenware pots (18 X 18 X 5 cm) kept in moistened sand. In each pot 50 weighed animals were
placed and fed one g air dry leaf matter moistened by spraying with distilled water. At the end
of each feeding run of 10 days duration, the remained leaf matter was collected, weighed, and
the amount of the consumed litter food was calculated. Results were expressed in mg of con-
sumed leaf litter per day or month per g live body weight.

Isolation of strains. Freshly collected animal specimens were cleaned superficially from
coarse soil particles and placed on a sterile wire screen, which allowed their faeces to fall into
a sterile dish. From the fresh faecal pellets serial dilutions were prepared and spread in Petri
dishes onto the surface of starch—easein (soluble starch, Difco, 1.0%; casein, 0.1%; Na2HPO,
0.05%; agar, 1.5%; pH 7.0) and starch-yeast extract (soluble starch, Difco, 2.0% ;yeast extract,
2.0%; agar, 1.5%; pH 7.0) agar plates. After 17 days incubation at 28 °C, the number of colonies
were counted and the total number of microbes (bacteria + actinomyceétes) calculated in rela-
tion to 1 g fresh moist faecal matter. At the same time isolations were made on a random basis.
Colonies of actinomycétes and also of bacteria the appearance of which showed a certain simi-
larity to that of the haderdid actinomycétes were transferred onto agar slopes for further
studies.

Identification of strains. Streptomyces strains were taxonomically identified by using the
methods and descriptive criteria of the International Streptomyces Project (ISP) and the
determining key compiled by Szab6 et al. [6] in relation to species redescribed by the collabo-
rators of ISP. To identify promicromonospora-type isolates by direct comparison, the type
strain (ATCC 15908 = USSR RIA-562) of P. citrea was used; the latter was received directly
from the ATCC.

Results anti discussion

Among the specimens collected the average live body weight of the
adults of P. amoenus proved to be 21.9 i 2.5 mg (Table I). It has to be noted
that the range of weight distribution of Isopoda species varied considerably
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according to habitat, time of sampling, etc. [7]. The mean weight of Ch. pro-
jectus adults collected at the same site was 108.9 £+ 6.6 mg. In contrast, the
amount of consumed mixed leaf-litter matter calculated for one woodlice
specimen per month was comparatively higher (76.6 2.7 mg) than that for
a millipede (122.6 ~ 7.4 mg, Table I). In preference tests, the specimens of
P. amoenus were feeding more selectively than those of Ch. projectus, and
consumed from the offered weathered Turkey-oak, beech and English oak litter
very little or nothing at all (Table I).

At present we do not know how the particular orders of food preference
of these animals demonstrated by different authors [8, 9] depend on the activ-
ities and composition of the gut flora. The role of the microbial factor in
selecting leaf specimens might be important since apart from the fact that
bacteria can multiply during passage of food through the gut e.g., the ter-
restrial isopod Tracheoniscus rathkei can intensively digest the resident gut
microorganisms particularly under conditions of starvation [10]. Utilization of
the microbial biomass may be important for woodlice, the less differentiated
gut of which is simple tube-like in nature and not constantly anaerobic. It was
suggested that the gut microbiota of woodlice competes for readily digestible
substrates and does not significantly facilitate the digestion of more resistant
plant constituents [11].

In general, aerobic and facultatively anaerobic bacteria are absolutely
predominant elements in the gut flora of woodlice. Their total number including
actinomycetes, calculated from plate count estimates related to starch yeast
extract agar per one g moist, fresh faecal pellets of the adults of P. amoenus,
averaged about 5Xx 107. According to Reyes and Tiedje [10], in the gut contents
of T. rathkei no obligate anaerobes were detected, since all organisms that grew
during the initial anaerobic incubation also grew aerobically.

Although under laboratory conditions nee found considerable differences
in food selection of these two animal species, they feed under natural circum-
stances mostly on the same leaf-matter, namely on the locally common
weathered hornbeam, and less frequently on sessile oak leaves, which are
favourite food-sources for both of them. Consequently, in the litter layer of
the sampling area, their feeding activities, regarding the qualitative composi-
tion of the consumed food-materials, seem to be similar. The composition of
the actinomyceéte fraction of the faecal community found in the freshly dropped
pellets showed, however, great qualitative and quantitative differences. While
in the pellets of Ch. projectus the maximum number of actinomycetes counted
on starch-casein agar plates approximated 34% of the total flora, these micro-
bes occurred sporadically in the faeces of P. amoenus. The large actinomycete
fraction in the millipede faeces consisted of a nearly homogeneous population
of a single species of promicromonospora-type, true gut-inhabitants which
were completely lacking in the faeces of the woodlice. Not one single strain
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Table 1

A comparison between selectedfeeding biological parameters and the composition offaecal

Feeding experiments

Average live body Linden-litter Hornbeam- Hornbeam- Englisli-oak-
Species weight of one adult freshly fallen litter freshly litter litter
specimen, mg fallen weathered weathered

Amount of consumed leaf-litter in percent irelated the weathered

. amoenus 21.9:2.5+ 122.6 51.1 100 0.0
(30.9)**
Ch. projectus 108.9£6.6* 30,7 20,5 100 17.6

(200.7)**

of the monospored, facultatively anaerobic, bacteroid-like, enteral actinomy-
céetes characterized by a cell-wall composition of type VI was isolated from
P. amoenus pellets. This finding was corroborated by Prof. J. M. Anderson
(Exeter, England) who studied the intestinal tracts and contents of millipedes
and woodlice by direct electronmicroscopy. He never found monospored
branching actinomycéte hyphae on the intestinal structures of woodlice, but
did so frequently on those of millipedes (personal communication, Leuven-La-
Neuve, 1982). Although further studies seem to be necessary, our present know|l-
edge [2-5] allows to assume the promicromonospora-type gut actinomycetes
have adapted themselves during their evolutionary history very closely to the
intestinal milieu of millipedes, but do not occur either in true soil habitats or
in the intestine of many litter dwelling invertebrates belonging to other large
groups of the soil fatma.

A few streptom ycete strains were isolated from both millipede and wood-
lice pellets. At our sam pling site, the fascal streptom ycete flora of P. aMOENUS
was composed mostiy of strains or otreptomyces pluricolorescens, S. moderatus,
S. spadicis, S. humidus ana S. NOAOSUS. The totat number of these species ana

that of the total actinom yceéete fraction in the microbial community of the
Woodlice faesces were practically inestimable. The faecal 9. spadicis strains
produced grey spore-mass colour, rectus-type sporophores, smooth spores
(observed in electronmicroscope), melanoid pigments only in pepton-iron agar,
and except saccharose, they wutilized all diagnostic carbon sources (o-glucose,
L-arabinose, D-xylose, i-inositol, D-mannitol, D-fructose, rhamnose and raf-

finose). strains or S. PlUFICOIOrESCENS proauced reda aerial mycetium . rectus-

type sporophores, red endopigment ir. substrate mycelium , no melanoid pig-

ments, and they wutilized ©D-glucose, L-arabinose, D-xylose, D-mannitol and
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actinomycete floras of adults of P. amoenus and Ch. projeclus

(preference tests) Actinomycetes in fresh faecal pellets
. Consumed mixed .
Sessile oak- Turk_ey oak- Beech-litter litter in mg/one Promicromonospora
litter litter weathered animal/month type organisms
weathered weathered (September) characterized by Streptomycetes
cell-wall compo-
hornbeam litter consumed as 100 percent sition type VI
49.4 1.7 0.3 76.6+2.7 Completely Sporadically
lacking occurring
organisms
17.0 14.8 15.9 122.6+7.4 Common, Rare elements
codominant of the faecal
organisms community

* Average body weight of specimens involved in feeding experiments
** Average body weight of adults calculated on basis of Hungarian data

rhamnose. In the presence of i-inositol, raffinose and sucrose, they did not
show any development. In contrast to the typical-strains of this species, our
faecal isolates were unable to utilize D-fructose. Only one S. moderatus strain
(No. Ta-A-10) obtained from woodlice faeces could utilize except sucrose all
diagnostic C-sources, and produced red spore-mass, rectus-flexibilis type sporo-
phores, smooth spores, red endopigment in substrate hyphae and no melanoid
pigments. Similarly, we isolated only a single S. humidus strain (Ta-A-14)
which showed in many respects a similarity to strain Ta-A-1() of S. moderatus.
These two species are perhaps very closely related organisms. Finally, the only
S. nodosus faecal strain (Ta-A-18) proved, as did many strains of this species,
to be D-glucose, D-xylose, i-inositol, D-mannitol, D-fructose, and rhamnose
positive and L-arabinose, raffinose, sucrose, and melanoid negative. It devel-
oped grey aerial mycelium, spiral sopophores, smooth spores and yellow-
brown substrate mycelium. These Streptomyces species are widely distributed
soil inhabiting organisms which have never been observed in large numbers
in animal droppings. This fact, together with their observed low' population
density in the fresh faecal matter of woodlice make it probable that the
streptomycetes do not belong to the resident gut bacterial population of
P. amoenus. A similar statement was also drafted by us [2] on the relation
between streptomycetes and millipedes. In contrast to millipedes in the
intestine of P. amoenus, neither streptomycetes nor other actinomycétes can
form an active, multiplying population. The isolated faecal Streptomyces strains
can only he considered passive survivors of the passage of food through the
intestine.

Adults of P. amoenus and Ch. projectus live and feed together in the
very same forest litter habitat. Fresh faecal pellets of Cli. projectus containing
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promicromonospora-type organisms frequently occur in large masses in the
proximity of moving and feeding specimens of P. amoenus. Therefore, there

is

a high probability of rapid contamination of the woodlice and its food with

cells of promicromonosporae. The gut content of P. amoenus remains, however,
completely free from this type of true* gut actinomyceétes.

A~ w
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ETHANOL-SOLUELE SUBSTANCES
ISOLATED FROM ESCHERICHIA COLI CULTURE
FILTRATE INDUCE POLYMORPHONUCLEAR
CHEMOTAXIS

Magda Solymossy, Zs. Nagy, F. Antoni and L. Szollar
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School, Budapest
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Substances chemotactic (CT) for human PMN were isolated from the culture medium of
Escherichia coli 02 : Kl grown to stationary phase. The ethanol soluble fraction of the lyopliil-
ized culture filtrate, which contained the bulk of CT activity, was gel filtrated on Sephadex G-10.
The 5x10" molecular weight fraction showed the highest CT activity. On the basis of partial
chemical characterization the active CT substances probably consist of glycopeptides and lipids
originating from the cell envelope.

Chemotactic substances inducing the directed migration of leukocytes
in the absence of serum, have been isolated from the filtrates of a variety of
bacterial culture media [1—2]. These behaved as low molecular weight (in
the range of 10--TOi) substances. Though these agents have not been purified
to homogeneity, some of them have been found to be proteins, peptides,
or lipids.

Considering the complex nature of bacterial cells, it is probably simplistic
to think that the chemoattractant effect is due to a single compound in each
case. Furthermore, it is known that under various conditions Gram-negative
bacteria shed amphiphile structures (e.g. lipopolysaccharides, lipoproteins,
enterobacterial common antigens) from their envelope into the surrounding
medium during division [13 21].

The above data are consistent with the supposition that the chemotactic
substances derive from the bacterial envelope (membrane and/or wall).

Attempts to isolate and characterize the low-molecular weight, chemo-
attractant material present in the culture medium of Escherichia coli are the
subject of this report.

Magda Solymossy, Zsolt Nagy, Ferenc Antoni

First Institute of Biochemistry, Semmelweis University Medical School
Puskin u. 9, H-1088 Budapest, Hungary

Lajos Szollak
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Materials and methods

Isolation ofchemotaclicfactorsfrom the culture medium. E. coli 02 : KI, NCTC 9002 (kindly
supplied by Dr. B. Lanyi, National Institute of Hygiene, Budapest) was cultured for 16 h to
stationary phase in a minimal medium [22]. On every occasion, 20 litres of culture was centri-
fuged to remove cells. The supernatant was filtered by passage through a membrane filter (0.45
pm pore size, Sartorius, Gottingen, GFR). The filtrate was lyophilized (this preparation will
be referred to as supernatant, SN). A part of the lyophilized powder was extracted twice with
80% ethanol (24 °C, 16 h). The extract was concentrated by rotary evaporation (at max. 40 °C)
and the residue was dissolved in distilled water (ethanol extract, ESN). Desalting and fractiona-
tion of ESN was performed by gel filtration on Sephadex G-10 column with distilled water as
eluant. The fractions were lyophilized. In chemotaxis assays the lyophilized pow der of each pre-
paration was freshly dissolved in Gey’s solution.

Isolation of polymorphonuclear (PMN) leukocytes. Human PMN cells were obtained by
6% dextran sedimentation (at 37 °C for 30 min) of heparinized samples of venous blood. The
cells of the upper layer were collected and washed with Gey’s solution. Remaining red cells were
removed by NH4C1-EDTA lysis. PMN cells were suspended in Gey’s solution (107 cells/ml con-
taining over 95% neutrophils).

Measurement of chemotaxis. Chemotaxis was studied by the method of Boyden [23].
as modified by Lukacs et al. [24]. PMN suspension containing 1.0% bovine serum albumin was
placed into the upper chamber and the chemoattractant was filled into the lower chamber.
They were separated by a membrane filter (3 ftm pore diameter, Sartorium, Gottingen, GFR).
After incubation for 45 min at 37 °C in humidified air containing 5% CO,, the filters were
removed, fixed, stained and mounted on microscopic slides. Duplicate samples were run in each
case and the distance (in /um) of the leading front of cells was measured at 50fold magnification.
Ten randomly chosen fields were read for each filter.

Analytical methods. Protein, carbohydrate (hexose) and lipid contents were measured by
standard methods [25-27]. Amino acid analysis of acid hydrolysates was performed using a
Durrum D-500 amino acid analyser. Thin-layer chromatography was performed on Kieselgel
60 precoated sheets (Merck). The developing solvent 1 for one dimensional chromatography was
chloroform-methanol-water (65 : 35 : 1, v/v). The two dimensional chromatogram was devel-
oped firstin solvent 2 (chloroform-methanol-water-ammonia, 130 : 70 : 8 : 0.5, v/v), then in the
second direction in solvent 3 (chloroform-methanol-acetic acid-acetone-water, 100 : 20 : 20 : 40 :
110, v/v). The chromatograms were visualized by iodine vapour and ninhydrin or phospho-
molybdenic acid spray.

Results

Chemotactic activity of the materials from the bacterial supernatant. Cell-
free SN of stationary cultures of E. coli 02 : KI contained 75 /tg protein/inl
(average of 5 experiments). Since the filtrate did not exhibit significant UV-
light absorption around 270 nm, cell lysis did not occur. This material showed
chemotactic activity for human PMN.

Ethanol extraction of the lyophilized filtrate was performed in order to
remove high molecular weight substances, extracellular particles and salts.
This procedure considerably reduced the salt content (ash in Table Il). In our
experience high salt concentration reduced chemotaxis, therefore removal of
salts xvas necessary. Further, we wanted to examine the molecular weight
distribution of the chemotactic agents. These aims were achieved by Sephadex
G-10 gel filtration of the ESN. After elution with distilled water three main
fractions (fj—fg) were obtained as shown in Fig. 1. The molecular weight of
these peaks were estimated by comparison with the elution of markers of
known molecular weight (Fig. 1 and Table I1).
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The chemotactic activities for PMN of the different preparations (SN,
ESN, fj fj) are shown in Table I. Ethanol extraction removed practically all
CT activity of SN and the residue was inactive. The most active was fraction
2 of Sephadex gel filtration. Dose response curves (Fig. 2) indicated that f,

10 20 30
Number of fractions

Eig. 1. Gel filtration on Sephadex G-10 (1.8x48 cm) of ethanol extract of the supernatant of
E. coli culture (ESN) containing 3 mg protein. Eluant: distilled water. Flow rate 0.75 ml/min.
Fraction size: 3 ml. Letters indicate the elution position of blue dextran (A), ACTH (B, 3700
mol. weight) and vitamin B12(C, 1579 mol. weight); O --—-- O* OD 260 nm; O— 0O, OD 280 nm

Table 1

Effect of various fractions of E. coli extracellular substances on PM N migration

Chemotaxis
Materials*
in/<g + SEM SD

Gey’s solution 36 £0.31 4.07 (n -=87)
Total lyophilized culture filtrate 43 £1.27 3.6 (n = 16)
Ethanol extract 42 + 1.86 6.3 (n = 41)
Residue (after ethanol extraction) 37 £0.6
Sephadex G-10

fraction 1 37 t0.62 12 (n 58)

fraction 2 54 10.66 1.0 (n =:57)

fraction 3 49 £1.03 13 38)

*10 //g protein/ml

+ SEM, standard error
SD, standard deviation
n, number of experiments

Acla Microbiologica Hungarica 31, 1984



348 SOLYMOSSY et al.

Fig. 2. Effect of E. coli chemotactic material on human PMN. Letters at the curves denote dif-
ferent fractions described in Methods

was devoid of chemotactic activity. In the concentration range examined the
chemotactic effects of ESN and SN increased, while optimum concentrations
were found for f2and f3.

Beside human PMN we also investigated the chemotactic activity of f2
for mouse peritoneal exudate cells which were induced by casein for 66 h.
In the presence of f, (10 pg protein/ml) the migration increased from the
control value of 44 pm to 59 pm. Since f2contained 55% of ESN as calculated
from Fig. 1, this fraction was subjected to further analysis by ion-exchange

Table Il

Characterization of bacterial preparations

oD
260/280 Peptide carbohydrate lipid ash midecular weight, %("/»)
ratio
Total lyophilized culture filtrate 1.2 2 " 1.3 54 —
Ethanol extract 1.05 8 35 7.5 31 -
Sephadex G-10
f, 1.16 n.d. n.d. d n.d. 104
f. 1.03 13 62 7.7 11 5X 103
E 1.36 1 4 n.d. n.d. 103

n.d., not determined
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Fig. 3. DEAE-cellulose chromatography of f.. The material (500 /u protein) was eluted by a
0.001-0.3 fi linear gradient of NaCl at pH 7.4

chromatography. No binding to a cation exchanger (Cellulose Phosphate,
P-11), was observed, while a minor part was bound to anion exchanger (DEAE-
Sephacell, Fig. 3). There was, however, no significant difference in CT activity
between the neutral and anionic components of f,,.

CT activity of f, was abolished by chloroform-methanol extraction by
the method of Folch et al. [27]. PMN migration was not influenced by the
extracted lipid substances. The CT activity was apparently due to a complex
of hydrophilic and lipophilic substances, which were not active in themselves.

Since some of the chemotactic factors of bacterial origin are active in
the presence of serum only, we tested the effect of both native and heat (56 °C,
30 min) inactivated sera. Addition of 10% serum abolished the chemotactic
activity of the preparations, even if serum was present only in the upper or
lower compartments. Since preincubation of f2with human IgG (1 mg/ml) did
not affect the CT activity, the inactivating effect of serum was not due to
binding to IgG.

Heat (80 °C, 45 min) treatment of the preparations did not decrease
their chemotactic activity. When stored at 4 °C, the aqueous solutions of the
preparations remained active for several months.

Chemical characterization of the preparations. The preparations did not
exhibit characteristic light absorption between 220-700 nm. We investigated
the peptide, carbohydrate (hexose), lipid and ash (salt) contents (Table I1).
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The purification procedure yielding f2 decreased the salt, and increased
the peptide and hexose, content. Correspondingly, chemotactic activity was
the highest in f2 (cf. Table 1I).

The peptides were investigated by amino acid analysis; the results are
shown in Table Ill. Six amino acids were detected in ESN which were unevenly
distributed in the gel filtration fractions.

Fig. 4. Thin-layer chromatography of E. coli chemotactic material. Development: iodine vapour
(shaded) and ninhydrin (open areas)

Table 111

Amino acid composition of bacterial preparations. Relative molar amounts (Ala: 1.00)

Ethanol Sephadex G-10
Amino acid extraction

f h
Ser traces 0.0 0.62
Glu 0.82 0.64 0.0
Gly 0.17 0.0 0.38
Ala 1.00 1.00 1.00
Yal 0.42 0.26 0.0
Lys 0.44 0.58 0.0
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Thin-layer chromatogram of the preparations is shown in Fig. 4. The
various preparations were analysed by one dimensional chromatography. The
best resolution was obtained using a solvent system generally applied for the
analysis of lipids. After developing by iodine vapour and ninhydrin several

frat

O~ gn 3

i’tg. 5. Two dimensional thin-layer chromatogram of total lipids of f2 Development was first
in the horizontal direction in solvent 2 chloroform-methanol-water-ammonia (130 : 70 : 8 : 0.5
v/v), then in the vertical direction in solvent 3 chloroform-methanol-acetic acid-acetone-water
(100 : 20 :20 :40 : 10, v/v). Approximately 1 mg of lipid was applied at the origin. All spots
were visualized by idine-vapour and phosphomolybdenic acid; ninhydrin positive spots are
shaded. The spots are neutral lipid (NL), cardiolipin (CL), phosphatidic acid (PA), phosphatidyl-
ethanolamine (PE), phosphatidylglycerol (PG), phosphatidylserine (PS), lysophosphatide mate-
rial (L—X), derivative of PG (PG-Z). Spot Y has not been identified

spots were found in the preparations (Fig. 4). The lipid components of f2were
extracted by the method of Folch et al. [27], then subjected to two dimensional
thin layer chromatography. As shown in Fig. 5, nine spots were detected.
By the use of lipid standards 8 substances were identified, including neutral
lipids, phospholipids and their derivatives (see legends to Fig. 5).

Materials gained from ivliole E. coli cells. Attempts were made to isolate
the CT active substances directly from whole bacteria, from which a greater
yield could be expected. Two methods were used.

When LPS was prepared from washed stationary E. coli cells by heat-
treatment (100 °C, one hour [28]), the resulting material itself did not exhibit
CT activity, though it was effective in the presence of 10% serum (data not
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shown). Similarly, commercially available LPS (Difco) exhibited CT activity
in the presence of serum only, in agreement with earlier observations [28].

According to the other method E. coli cells were treated with 80% ethanol
(24 °C, 16 h), since the majority of CT activity of SN was soluble in ethanol,
but the ethanolic supernatant of the cells did not show CT activity.

Discussion

Bacterial supernatants are known to contain CT factors in extremelv low
concentration [3, 6, 10-12]. Isolation of CT material from large volumes of
E. coli culture medium (up to 140 litres) was possible by ethanol (80%) extrac-
tion of lyophilized medium. This procedure is less time consuming and more
effective than earlier methods [3, 6, 8]. The presence of high amounts of salts
and UV-ahsorbing materials (nucleotides, tryptophan, pigments, etc., excreted
by the bacteria during growth) caused difficulties in the isolation of low molec-
ular weight CT substances. Fractionation of the low molecular weight material
obtained by ethanol extraction was performed by gel filtration applying
Sephadex G-10. This proved useful since most of the CT activity could be
recovered in a fraction (f2) of low salt concentration. Although this fraction
contained about 50% of the UV absorbing material present in the ethanol
extract, the ratio of 260/280 nm absorption (1.03) was low in f2

Where do the CT substances come from? As regards the origin of bac-
terial CT substances several suggestions have been published. According to
Bennett et al. [29], bacterial CT may correspond to the signal peptides derived
from bacterial membrane proteins and secretory proteins which could be
released into the medium. Schiffmann et al. [30] considered the formyl-
methionyl-peptides, which are formed during protein synthesis, to be chemo-
taxins. Russel et al. [3] suggested that lipid-like CT material is loosely attached
to the bacterial surface and is released during growth. The composition of this
substance has not been elucidated [31].

Normally growing bacteria release outer membrane fragments [32] of
variable composition. They contain 60-90% lipopolysaccharide and 5-26%
phospholipid by weight, while their phospholipid/protein ratio varies between
1-2.5 [15, 16, 18-20, 33, 34]. The carbohydrate, lipid and amino acid building
blocks have been identified. This is a population of characteristically high-
molecular weight molecules (up to 5X 107, depending on the method of isola-
tion). Their release is due to imperfect coordination between outer membrane
assembly and linkage to the underlying peptidoglycan layer. This type of
bacterial material was, however, absent from the CT substances isolated by us,
since ethanol did not extract high-molecular weight complexes. The residue
of lyophilized SN after ethanol extraction (containing ethanol insoluble macro-
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molecules) Mas not active, Mhich seems to rule out the CT property of large
outer membrane fragments. Further, outer membrane components (mostly
LPS) released by heat-treatment were not chemotactic in themselves.

The CT material isolated by us proved to be chemically complex. Its
qualitative composition (UY -ahsorption, carbohydrate, amino acid and lipid
composition) indicates that the CT materials originate from the bacterial
envelope. Amphiphile structures can he released from the Mall and the outer
membrane, and they form LPS-phospholipid-protein complexes in the environ-
ment of the bacteria [32]. Thus, the CT substances are considered to be com-
plexes of this kind. Therefore, they are probably extracellular products which
nere excreted by the bacteria. There is a possibility that they are transformed
in the medium.

Which components of the complex originate from the wall? The amino
acid composition of ESN (Table 111) closely resembled that of peptidoglycan
[35]. lodine- and ninhydrin-positive spots of the TLC chromatogram may be
identical Mith amino-sugar intermediates and amino acids. Further, stationary
bacteria have been shown to contain low-molecular weight cell Mall precursor
compounds which are formed during wall synthesis [36]. These data suggest
that the CT material contains peptidoglycans originating from the wall. It was,
however, shoM'n earlier that the CT activity of peptidoglycans manifests itself
exclusively in the presence of serum (due to the activating effect of the fifth
component of complement). The size of effective Avail-fragments has been
found to have a molecular weight of around 3000. However, without serum
the tetrasaccharide-peptide fragment inhibited leukocyte migration while both
the peptide and tetrasaccharide were ineffective [37 40].

The outer membrane may be the source of the other components detected
in the CT material. Phospholipids and neutral fat identified by TLC (Fig. 5)
correspond to outer membrane lipid of E. coli [41, 42].

In conclusion, it is logical to suppose that high molecular weight com-
plexes are shed from the cell envelope. They are transformed in the culture
medium, resulting in low molecular weight CT substances. The exact mechanism
of the release and the nature of these transformations aMraits elucidation.
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Local Shwartzman reaction is substantially reduced in intensity by zinc administered
locally before and after preparation of the reaction. The endotoxin-induced accumulation of
PMN leukocytes is inhibited by zinc rubbed in the skin.

We have reported recently [1J that the release of procoagulant tissue
factor from PMN leukocytes is considerably reduced hy zinc in endotoxin-
pretreated rabbits and that this inhibitory action is dose-dependent. In earlier
investigations we [2, 3] found that PMN leukocytes had a decisive role in the
local Shwartzman phenomenon. It seemed therefore justified to examine the
effect of zinc on the development of this phenomenon.

Materials and methods

Animals. Male NZ albino rabbits of 2300 to 2500 g body weight were used. The back of
the animals was depilated 24 h before the experiment.

Endotoxin. Bacto LPS Escherichia coli 0111 : B4 was used.

Preparatory injection. Endotoxin (125 fig) was injected intradermally into both sides
of the back.

Challenge. Endotoxin (125 /ig/kg) was injected intravenously 24 h after the intradermal
injection. The reactions were read on the inner surface of the stripped-off skin after another 24 h.

ZnSOAtreatment. An ointment containing 0.2 g ZnSO,, in non-ionic emollient cream as
vehicle was applied percutaneously on the right side of the back. Each rabbit was treated with
zinc in four times, viz., rabbits Nos. 1-5 6 and 3 h before and 3 and 6 h after intravenous chal-
lenge and rabbits Nos. 6-10, 6 and 3 h before and 3 and 6 h after the intradermal injection of
endotoxin.

Determination of Zn in cutaneous samples. The skin of the back of rabbits Nos. 11-13
was rubbed in with the ointment containing zinc on the one side and with the vehicle devoid
of zinc on the other side. Six hours later, the treated skin surfaces were defatted with zinc-free
alcohol and samples of 200-300 mg were taken, each in an incinerating dish which had been
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rinsed consecutively with a 2% solution of detergent DECON 90, N HC1 solution and de-ionized
water and dried at 125 °C for 24 h. Then the dishes were kept in an electric furnace at 600 °C
for 6-8 h. The ash was dissolved in 20 /d of a mixture of equal volumes of pure nitric acid (Merck)
and de-ionized water and diluted to 2 ml by adding de-ionized water. The zinc content of the
solutions was assayed in an atom-absorption spectrophotometer Zeiss AASI at 213.9 nm wave-
length.

‘ Histological method. Samples from cutaneous areas pretreated with endotoxin or endo-
toxin and zinc were stained according to Masson-Goldner.

Results and discussion

The macroscopic observations are presented in Table I. It is clear that
the zinc rubbed in on the day of challenge did not influence the Shwartzman
reaction. On the other hand, the haemorrhagic area was considerably reduced
and necrosis was practically prevented by zinc administered before and after
the preparatory injection.

Table 1

Effect ofzinc on local Shwartzman phenomenon

Local Shwartzman reaction without Zinc treatment before and after

zinc treatment maximum/minimum Maxunum/minimum  diameter
Rabbit No. diameters of challenge preparation of haemorrhagic necrosis on the
zinc-treated side
haemorrhage necrosis with endotoxin
| 19/16 10/6 + — 18/16 10/6
2 20/15 9/6 + — 21/15 9/6
3 16/12 8/4 + — 14/12 8/4
4 17/12 8/4 + — 15/13 714
5 16/14 715 + — 16/12 715
6 15/10 6/4 - + 8/3 0
7 20/17 12/8 — + 12/8 3/2
8 17/14 10/6 — + 6/4 0
9 18/14 12/8 — + 6/4 0
10 18/14 10/6 — + 6/4 0
Table 11
Zinc concentration (pg/g) in rabbit skin samples
Untreated area Zinc-treated area
Rabbit No
a b a b
n 274 88.5 528 170
12 307 99 686 221
13 310 100 899 290
Means 299 95.8 704 227

a = calculated for skin samples dried at 125 °C
b = calculated for fresh samples
Mean dry content was 32.3% in freshly measured samples; mean water content, 67.7%
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The histological pictures (Figs 1 and 2) show that the accumulation of
leukocytes was much more intense in the untreated area than in the areas
treated with zinc before and after the preparatory dose of endotoxin.

Fig. 1. Cutaneous section. Masson-Goldner trichrome X 140. Treatment with zinc-free oint-
ment before and after the preparatory endotoxin injection. Intensive leukocyte infiltration

Fig. 2. Cutaneous section. Masson-Goldner trichrome X 140. Treatment with ointment con-
taining zinc before and after the preparatory endotoxin injection. Slight leukocytic infiltration
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The zinc contents of the cutaneous samples are presented in Table II.
The zinc level increased to its double or more in the treated areas as compared
to the untreated areas.

In the course of the Shwartzman reaction the preparative dose of endo-
toxin drives PMN leukocytes together, and the endotoxin given subsequently
intravenously liberates lysosomal enzymes from the leukocytes. Consequently,
a thrombohaemorrhagic reaction develops [4]. According to our results, zinc
treatment fails to influence the mechanism of induction, while percutaneous
zinc treatment is successful in the preparatory phase, viz., the accumulation
of PMN leukocytes i.e., the chemotaxis due to the endotoxin is considerably
inhibited by zinc. Chvapil et al. [5] reported that in their in vivo experiments
the chemotactic stimulus was strongly inhibited by zinc. It deserves attention
that in the zinc-treated areas of our rabbits the haemorrhage was inhibited
only partially while necrosis was practically absent. This agrees well with the
fact [1] that in case of a slight accumulation of PMN leukocytes the release
of procoagulant factor is inhibited by zinc.
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PROPHAGE INDUCTION BY LIVER
MICROSOMAL METABOLITES OF AFLATOXIN Bl
IN LYSOGENIC PSEUDOMONAS AERUGINOSA
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Microsomal metabolites of aflatoxin Bl (AFB1) causing induction of prophage in lyso-
genic strain of Pseudomonas aeruginosa SM was studied. Reduction of culture turbidity was
determined at various concentrations of toxin. The effect of the toxin was also studied on deo-
xyribonucleic acid (DNA), ribonucleic acid (RNA) and protein synthesis. AFB1 at the concen-
tration of 50 pg/ml reduced initial turbidity to approximately 90% in 4 h. DNA synthesis
stopped completely in the first hour but reappeared due to induction of the temperate phage.
Soon after induction both RNA and protein synthesis continued but later little or no net syn-
thesis of these macromolecules occurred. Plaque forming units (pfu) were increased approxi-
mately 90 times at 2 h as compared to the control. Testing of the effect of AFB1 on the non-
lysogenic, sensitive strain demonstrated that although there was no significant decrease in cul-
ture turbidity at 50 /fg/ml concentration of AFB1, DNA synthesis stopped completely within
1h, while RNA and protein synthesis were increasing throughout the test interval. It has been
concluded that the liver microsomal fraction of AFB1 caused induction of prophage in lysogenic
cells and inhibited DNA synthesis significantly in non-lysogenic cells.

Most Pseudomonas strains are known to harbour a variety of latent
particles ranging in complexity from temperate phages [1, 2] to pyocin [3-5].

Several physical and chemical agents induce bacteriophage development
in lysogenic bacteria. The induction ability attributed to a particular substance
has been related to carcinogenic, carcinostatic, or mutagenic properties of the
agent [6, 7]. Aflatoxin (AFB1) has been regarded as the most potent hepato-
carcinogen, a powerful mutagen and also a teratogen [8, 9]. Several reports
have described procedures involving production of infective phage from lyso-
genic bacteria as a screening mechanism for compounds that cause tumours
or mutation, or are tumouricidal [10-12]. AFB1 has been shown to induce
phage production in lysogenic bacteria [13, 14]. The present work described
the effect of rat liver microsomal metabolite of AFB1 on lysogenic and non-
lysogenic P. aeruginosa, and especially DNA, RNA and protein synthesis in
both systems.
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Materials and methods

Bacterial strains. The lysogenic strain of P. aeruginosa SM was obtained from Dr. Shrini-
was, AILMS, New Delhi, India; and the indicator P. aeruginosa PAO1 was a kind gift from
Dr. B. W. Holloway, Monash University, Clayton, Victoria, Australia.

Culture media. Basic medium was tryptic soy broth (TSB, Difco). Plates and overlays
contained 1.5 and 0.7% (w/v) agar, respectively.

Chemicals. Aflatoxin Bl (Sigma Chemical Co., USA), NADP (Sigma Chemical Co., USA),
glucose-6-phosphate (Sigma Chemical Co., USA), dimethyl sulfoxide (Sarabhai M. Chemicals,
India) and magnesium chloride (Sarabhai M. Chemicals, India).

Liver homogenatefraction and the metabolizing mixture. Rat liver homogenate fraction S-9
(AFB1) prepared by the method of Garner et al. [15] was obtained from Dr. J. K. Buch, Depart-
ment of Microbiology, M. S. University of Baroda, Baroda, India. The metabolizing mixture of
the carcinogen consisted of 1 volume of the post-mitochondrial fraction and 6 volumes of
NADPH generating system consisting of 150 mu phosphate buffer pH 7.5,3Tm NADP, 10 T™
glucose 6-phosphate and 12 Tm MgCl.,, sterilized by filtration and stored at 4 °C. The final con-
centration of AFB1 in the above metabolizing mixture ranged from 1-50 ftg/ml and was dis-
solved in dimethyl sulfoxide (DMSO). AFB1 means liver microsomal metabolite of AFB1
throughout the text.

Turbidity determination. Different concentrations of AFB1 dissolved in DMSO containing
NADPH generating system was added to 50 ml of the exponentially growing bacteria 5X 108
cells/ml (Lysogenic as well as non-lysogenic). The flasks were incubated at 37 °C on a rotary
shaker (150 r.p.m.). Growth was measured at 550 nm at various intervals.

Induction oflysis. Plaque forming units (pfu) were determined at 2 h and 3 h after induc-
tion with AFB1. Cellular components were cleared by centrifugation. 0.1 ml of appropriately
diluted supernatant was added to 0.9 ml of indicator bacteria (5 X 10s cells/ml) followed by
incubation at 37 °C for 30 min and subsequently plated on TSB agar plates. The number of pfu
were determined after 18 h incubation at 37 °C.

DNA, RNA andprotein determinations. The DNA of the cells was determined by a com-
bination of DNA extraction as described by Sekiguchi and Takagi [16] and the diphenylamine
reaction described by Burton [17].

KNA was determined using the procedure of Mejbaum [18]. Protein was determined
using the Folin-phenol method of Lowry et al. [19].

The amounts of DNA, RNA and protein were calculated from standard curves.

Results

AFB1 induced lysis of the lysogenic P. aeruginosa SM, as shown by
turbidity variation of the growth medium containing various levels of AFB1
and NADPH generating system (Fig. 1).

At 25 Lg8nl of AFB1 a decrease of approximately 70% was observed
but a dramatic decrease in turbidity occurred only at 50 pg/ml concentration
of AFB1. At this concentration the growth of lysogenic bacteria was inhibited
to approximately 90% after 4 h exposure.

Turbidity curves indicated that bacterial lysis in the presence of AFB1
caused induction of phage development in the lysogenic strain. This was
examined by plating the supernatants of 2 and 3 h cultures of the indicator
strain (Table I). The bacterial lysate obtained after 2h exposure to 10 pg/ml
contained 54x10° pfu/ml, as compared to 5x10° infectious centres in the
control. Although growth determination (Fig. 1) of the lysogenic strain in
10 pg/ml of AFB1 displayed no reduction as compared to the initial level,
plaque count showed a toxin-induced release of plaque forming units from
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Fig. 1. Turbidometric determination of the effect of aflatoxin B1 on the development of a lyso-
genic strain of P. aeruginosa SM

lysogenic bacteria. Incubation for 2 h in 50 /tg/ml| of AFB1 increased the yield
of infectious centres 90 times, whereas a 3 h culture at the same concentration
of toxin increased the plaque forming units about 120 times.

Tlic effect of AFB1 on the non-lysogenic indicator strain P. aeruginosa
PAOI is presented in Fig. 2. Although 10 fig/ml of AFB1 modified the growth
only slightly, 25 and 50 fig of toxin per ml inhibited development to about 50
and 70%, respectively, after 4 h of incubation. No plaque forming unit was
observed in the supernatant of cells when grown even in the presence of 50 fig
of AFB1 per ml.

The effect of AFB1 on DNA, RNA and protein synthesis in lysogenic
and in non-lysogenic bacteria are presented in Table Il. After addition of
AFB1 at a concentration of 50 /rg/ml, the synthesis of host DNA was inhibited

Table 1

Aflatoxin Bl (Liver microsomalfraction) induction ofplaqueforming units in
P. aeruginosa SM

Aflatoxin Bl Pluque forming units/ml
lig/ml 2h ah
0 5.0x10" Ixio7
1 5.2x10" Ixio7
5 100x 10« 3.0 X107
10 s4.0 X1o= 15 X 107
25 30.0x10" 74 X107

50 450 X 10 120 X107
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Fig. 2. Turbidometric determination of the effect of aflatoxin B1 on development of the indi-
cator strain P. aeruginosa PAOI

completely for a period of 1 h, which was then followed by a sudden rise in
the lysogenic bacteria, while in the non-lysogenic indicator bacteria DNA
synthesis was inhibited completely in the first hour and failed to reappear
thereafter. In contrast, after the addition of AFB1 neither RNA nor protein
synthesis was markedly affected until 90 min and 120 min, respectively, and
after that time they remained at a constant level. On the other hand in non-
lysogenic bacteria RNA and protein synthesis continued to increase throughout
the test interval (Table I1).

Table 11

Effect of Aflatoxin Bl (Liver microsomalfraction) on DNA,RNA and protein synthesis in lysogenic
P. aeruginosa SM and nonlysogenic P. aeruginosa PAOI

Lysogenic culture Non-lysogenic culture Control0
i aflatoxin Bl aflatoxin Bl
Time, Hours (50 figiml) 50 ng/ml) none
DNAa RNAa Protein** DNA RNA Protein DNA RNA Protein
0 35 60 120 26 57 123 38 63 130
1 32 78 220 22 73 246 45 76 255
15 48 97 342 23 98 385 60 103 410
69 101 425 25 119 535 78 123 576
3 90 98 470 22 138 597 97 139 605
4 110 99 485 21 150 680 108 163 695

aDNA and RNA, given in /xg per 10 ml of cells

b Protein was estimated as pg per one ml of cells

0Since no significant difference was found in the levels of DNA, RNA and protein syn-
thesis in either lysogenic or nonlysogenic cells, the control was kept with nonlysogenic cells
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Discussion

Many agents which affect DNA synthesis have been shown to have the
ability to induce lysogenic bacteria [20]. As reviewed by Magee [21], carcino-
gens are known to require metabolic activation to transform the inactive
molecules into mutagenic and/or carcinogenic species. In vivo studies do not
demonstrate clearly the metabolic requirement for aflatoxins, hut microsomal
enzyme activation is an absolute requirement for mutagenicity [22]. Although
not explicitly mentioned, AFB1 can induce lysogenic bacteria to enter the
replicative stage [13, 14]. At the present moment the mechanism of prophage
induction by AFB1 is obscure. Decent evidence suggests that in bacteria
treated with AFB1, the DNA lesion, which persists after pyrimidine dimer
excision repair, induces a metabolic pathway leading to mutagenesis, lysis
induction and cell filamentation [22].

Measurement of turbidity, both in lysogenic and non-lysogenic bacteria
indicates that it decreases markedly at 50 /ig/ml concentration of AFB1 in
lysogenic bacteria, nearly inhibiting 90% of cells within 4 h of incubation.
The decrease in non-lysogenic bacteria is 20% less, indicating that lysogenic
bacteria are more sensitive to AFB1 and that the dramatic decrease in turbidity
is attributed to the induction of prophage.

Determination of DNA, BNA and protein synthesis in lysogenic bacteria
after the addition of AFB1 (50 pg/ml) indicates that both BNA and protein
synthesis increases up to 90 and 120 min, respectively, hut then remain at a
constant level. DNA synthesis is almost completely inhibited within 1 h but
increases rapidly thereafter. This increase is due to the synthesis of new phage
DNA which is not inhibited by AFB1 at the concentration used.

Determination of DNA, RNA and protein synthesis in non-lysogenic
bacteria after the addition of 50 pg/ml AFB1 indicates that DNA synthesis
stops completely in the first hour and does not increase thereafter, thus con-
firming that the rise of the DNA level in lysogenic bacteria after 1 h is due to
phage DNA synthesis. In contrast, both RNA and protein synthesis continue
to increase during the test interval. This observation in P. aeruginosa coincides
with an earlier observation made by Lillehoj and Ciegler [23] in Flavobacterium
aurantiacum. No significant increase in RNA and protein synthesis occurred
after 90 and 120 min in lysogenic bacteria. This would indicate either their
partial inhibition by 50 pg/ml of AFB1, or it might be due to a partial involve-
ment of both in the synthesis of phage components.

Previous reports indicates that aflatoxin reacts with DNA in vitro and
this reaction has been suggested to he responsible for the toxin-induced inhibi-
tion of RNA synthesis in liver cells [24, 25]. Since RNA synthesis in P. aerugi-
nosa seems to he less sensitive to aflatoxin, the toxin may not he initiating the
same process in bacterial and liver cells. Besides induction of the prophage by
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AFB1, studies are being continued to elucidate the mode of action of aflatoxin

on

lysogenic and non-lysogenic bacterial systems.
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CELLULAR AND HUMORAL CYTOTOXICITY IN
PATIENTS WITH LEUKAEMIA AND
PRELEUKAEMIA

II. ONCOVIRUS SPECIFICITY OK THE REACTION

B. Szabs, F. D. Toeth, L. Vaczi, A. Rethy, A. Kiss and K. Rak

Institute of Microbiology, and Second Department of Medicine, University Medical School,
Debrecen
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Cytotoxic activities of lymphocytes and antibodies against autologous tumour cells
detected by S5ICr release technique were frequent in patients with chronic granulocytic leukae-
mia, but infrequent in patients with blastosis of acute myeloid leukaemia. Among subjects with
potentially preleukaemic haematological disorders autologous cytotoxic activity was observed
only in cases of cytopenia, while samples from patients with polycythaemia vera proved to be
devoid of cellular and humoral cytotoxicity. In the majority of cases the cytotoxic activity of
lymphocytes and antibodies could be blocked by gp70 antigens of baboon endogenous virus
(BaEV) and gibbon ape leukaemia virus (GaLV). pI5(E) antigens of BaEV and GaLV showed
blocking activity less frequently. Digestion by glycosidase of the carbohydrate of gp70 antigens
reduced their blocking activity.

There have been reports on the isolation from cultured human cells of
viruses very similar to primate C-type viruses [1 —4] and certain nucleic acids
and proteins related to these viruses have been found in human myeloid
leukaemic cells [5, 6]. Other laboratories succeeded in detecting immune
reactivity to animal oncovirus glycoproteins [7-9].

We have assumed that expression of oncovirus antigens during leukaemo-
genesis in humans might lead to a similar immune response. In a previous
report it was shown that lymphocytes and blood plasma samples from patients
with myeloproliferative disorders exhibited a cytotoxic effect against auto-
logous tumour cells [10], and the cytotoxicity of lymphocytes and antibodies
was inhibited by the envelope glycoprotein (gp70) of primate C-type viruses.
It is, however, difficult to interpret the virus-specificity of these reactions,
because lymphocytes and antibodies reactive with the viral gp70-s may be
directed against carbohydrate determinants specified by both viral genes and
the host cell [11, 12].
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The presence of antibodies reactive with pl5 (E), a polypeptide envelope
antigen of C-type oncoviruses, has not been examined in humans. The present
studies were undertaken in an effort to detect cytotoxic lymphocytes and
antibodies reacting with native and carbohydrate-free gp70 and pl5 (E) anti-
gens in samples from healthy humans, and patients with myeloid leukaemias
and potentially preleukaemic disorders.

Materials and methods

Separation of cellsfrom human blood. Separation of cells from heparinized blood samples
was carried out by Ficoll-Urumiro medium (Flow Laboratories Ltd., Irvine, U. K.) in siliconised
glass centrifuge tubes as described by Boyum [13]. After layering the diluted blood sample
above the separation medium, samples were centrifuged for 30 min at 400 g at room tempera-
ture. After centrifugation, the lymphocytes formed a layer grey in colour at the interface of the
supernatant blood plasma and the separating medium. The pathological myeloid elements
and/or granulocytes were suspended in the separating medium while the erythrocytes formed
a pellet at the bottom of the tube. Blood plasma, lymphocytes and myeloid elements were
separately aspirated by Pasteur pipettes. Then the cells were washed three times with PBS of
pH 7.2. The content of samples taken from each fraction was checked after May—Griinwald-
Giemsa staining. The purity of cell fractions proved to be 95-100% as revealed by haematolog-
ical investigation.

Cytotoxicity test. For study of cell-mediated and complement-dependent antibody cyto-
toxicity, the 5,Cr-release technique [14] was used [10]. The per cent cytotoxicity for each sample
was then calculated as described by Oren et al. [15].

Purification ofgp70 and p i5 antigens. The baboon endogenous virus (BaEV) propagated
on A 204 cells (Lot No 990A) was from the Frederick Cancer Research Center (Frederick, MD,
USA) and the gibbon ape leukaemia virus (GaLV) Propagated on NC 37 cells (Lot No 18-76)
was from the Pfizer Laboratory (Maywood, NJ, USA). Both viruses were provided in purified
form through the Office of Resources and Logistics, N. C. I. (Bethesda, MD, USA).

A method for isolating pure viral envelopes from C-type RNA viruses [16] was combined
with methods for preparation of envelope glycoproteins from Rauscher virus [17, 18] and from
endogenous primate retroviruses [19].

Sodium dodecyl sulphate (SDS) 200 pg was added to 10 ml of virus suspension containing
20 mg of GaLV in TNE buffer (10 inM Tris-HCI pH 7.4, 100 T NaCl, and 1 T™m EDTA).
After incubation at 4 °C for 5 min, 2 volumes of cold ether were added and the suspension was
shaken for 10 min. The aqueous phase was centrifuged at 110 000 g for 90 min in a SW 27 rotor
(Beckman) and the supernatant was then dialysed against TNE buffer. Solubilized gp70 and
pl5(E) were isolated by chromatography on 1.5x6 cm phosphocellulose (Whatman P-11)
columns under conditions described by Strand and August [17].

The gp70 fractions dialysed against Con-A buffer containing 0.05 m NaCl, 1 Tm CaCL,
1Tm MgCI2 1T™m mercaptoethanol and 2Tm Tris-HCI pH 7.4 were further purified by affinity
chromatography on 0.9 X 10 cm Con-A Sepharose column [19]. The absorbed glycoproteins were
eluted with 0.1 m alpha-methyl mannoside. Molecular weight of gp70 and pI5(E) was determin-
ed by SDS-PAGE [20]. Gels were stained for protein with Coomassie brilliant blue and for car-
bohydrate by the PAS procedure [21]. Protein quantitation was according to Lowry et al. [22].

Purification of BaEV gp70 and pI5(E) was essentially that described for GaLV antigens
exceptthatthe glycoprotein was further purified on Lens culinaris Sepharose column and eluted
with 1 m alpha-methyl-mannoside [19].

Glycosidase treatment of viral gp70-s. The procedure described by Ohno et al. [23] was
followed: 40 pg of a glycosidase mixture (Miles, Frankfurt, FRG) was added to 400 pg of BaEV
or GaLV gp70in 50 Tm sodium citrate buffer pH 4.0. The efficacy of glycosidase treatment was
controlled by SDS-PAGE; the glycosidase treated antigens proved to be free of carbohydrate.

Inhibition of cytotoxic reactions by oncoviral envelope antigens. Before adding to target
cells, lymphocyte of plasma samples were incubated with 20 pg of appropriate native and glyco-
sidase treated gp70 as well as pI5(E) antigens at 37 °C for 30 min. The degree of inhibition was
expressed as per cent of total cytotoxic activity (cpm) measured in the absence of antigens.
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Results

Data of 18 patients in the quiescent phase of ehronic granulocytic leu-
kaemia (CGL) are presented in Table I. Both cellular and humoral cytotoxicity
could he demonstrated in 6 patients. In 8 patients only cellular cytotoxicity,
and in 4 patients only humoral cytotoxicity was found. The native gp70
antigen of GaLV and BaEV inhibited both cellular and humoral cytotoxicity
in each case. The glycosidase-treated gp70 antigens, free of carbohydrate,
showed a weak inhibitory activity as compared to that of the native gp70
antigens. In the last four patients the humoral cytotoxicity to BaEV gp70-like
antigens could not be blocked by previous incubation with glycosidase-treated
gp70 antigen of BaEV. Blocking activity of pl5 (E) antigens Tvas less frequent
than of native or glycosidase-treated gp70 antigens. Such activities were found
approximately in half of the cases.

All patients listed in Table Il were in the blastoid phase of acute myeloid
leukaemia (AML) at the time of investigation. Cytotoxic effect of lymphocytes

Table 1
Autologous cytotoxicity in patients in the quiescent phase of CGL

Cytotoxic activity

CcMC CDA
Batient per cent inhibition per cent inhibition
No. Der GaLV BaEV per cent GaLV BaEV
R cytoto-
ity gp0 g xicity 470 gP70
native glyc. native gtyc. native glyc. native glyc.

| 55 80 67 8 78 70 60 40 100 100 40 35 30 8

2 80 75 60 7 60 62 10 29 100 100 8 90 38 7

3 78 95 80 16 70 48 50 30 89 75 15 41 40 15

4 58 75 48 40 70 25 10 55 40 36 10 50 36 0

5 60 85 50 40 48 20 0 50 85 60 10 50 30 0

6 48 68 45 10 98 47 0 61 48 30 11 38 34 0

7 52 88 40 15 100 58 20 0 — — — — — _

8 80 45 40 10 100 45 0 0 — — — — — —

9 78 70 52 42 98 15 0 0 — — — — — —
10 55 82 40 15 100 25 0 0 — — — — — —
11 48 55 12 0 88 26 0 0 — — — — — —
12 62 85 88 0 95 17 0 0 — - — — — —
13 48 62 18 0 100 80 0 0 — — — — — —
14 52 18 10 0 98 75 0 0 — — — — — —_
15 0 — — — — — — 58 40 12 12 48 0 0
16 0 — — — — — — 63 34 15 0 18 0 0
17 0 — — — — — — 22 85 30 0 16 0 0
18 0 — — — — — — 28 36 20 0 12 0 0

CMC — cell mediated cytotoxicity
CDA = complement-dependent antibody cytotoxicity
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Patient
No.

~N o u

©

10

11

Table 11

Cellular and humoral cytotoxicity in patients in the blasloid phase of acute myeloid

Leiukocyte

Diagnosis
on e
cent xicity gP70
native
AML 12.8 42 15 35
AML 0.9 80 75 0
AML 7.4 80 7 0
AML 8 75 0 -
AML 9 48 0 —
AML 6.2 25 0 —
AML 20 25 0 —
AML 6 25 0 —
AML 2 42 0 —
AMMoL 7 22 0 —
AMMoL 9.3 49 0 —

CMC = cellmediated cytotoxicity

CDA =

AML = acute myeloid leukaemia

AMMoL = acute myelomonocytic leukaemia

GaLV

glyc.

89

CcMC

pt5(E)

80

complement-dependent antibody cytotoxicity

per cent inhibition
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51

Cytotoxic activity
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Table 111

Cytotoxicity of lymphocytes and antibodies against autologous granulocytes in patients with potentially preleukaemic disorders

Cytotoxic activity

cMC CDA
Iatient per cent inhibition per cent inhibition
No per cent GaLV BaEV per cent GaLV BaEV
ot o o -
native glyc. n15E native glyc. FI5(E) native glyc. HISE) native glyc.

1 Irsa 18 97 50 30 80 77 45 22 70 65 15 19 16
2 IRSA 50 40 35 27 20 20 18 0 — — — — —
3 Pancytopenia 45 22 20 0 40 31 0 35 29 10 0 19 14
4  Pancytopenia 30 42 38 0 50 41 0 0 — — - . -
5 Pancytopenia 18 92 70 0 80 37 0 0
6 PV 0 0 B )
7 PV 0 0 - . .
8 rv 0 0
9 PV 0 0

10 PV 0 - - 0 - - -

11 PV 0 . . . . 0 _ -

12 PV 0 0

1RSA idiopathic refractory sideroblastic anaemia
CMC = cell mediated cytotoxicity

PY = polycythaemia vera

CDA = complement-dependent antibody cytotoxicity
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and antibodies against autologous tumour cells was detected in 3 patients.
Blocking effect of envelope antigens of C-type viruses could be observed only
in patient No. 1.

Table 11l shows the results of studies on 12 patients with potentially
preleukaemic haematological disorders. Cytotoxic activity of lymphocytes or
antibodies against autologous granulocytes was detected only in patients with
cytopcnia, whereas those with polycythaemia vera proved negative for the
presence of cytotoxic lymphocytes and antibodies. Cellular cytotoxicity was
found in each cytopenic patient, while humoral cytotoxicity could only be
detected in two of them. The cellular and humoral cytotoxicity could be
inhibited by native or glycosidase-treated gp70 antigens in each case. On the
contrary, blocking activity of pI5 (E) antigens was observed less frequently.
Cellular cytotoxicity was blocked in 2 cases while blocking of humoral cyto-
toxicity was detected only in 1 case.

In 9 patients with non-preleukaemic cytopcnia and in 5 with eosinophilia,
cytotoxic activity of lymphocytes or antibodies against autologous granulo-
cytes was not found. Studies of 20 healthy humans gave similarly negative
results.

Discussion

Results showed that lymphocytes and antibodies cytotoxic against auto-
logous tumour cells were detected frequently in patients with the quiescent
phase of CGL but rarely in those being in the blastoid phase of AML. In patients
with potentially preleukaemic haematological diseases cytotoxic activity was
found only in those with cytopenia, but not in patients with polycythaemia
vera. The presence of cytotoxic lymphocytes or antibodies may be connected
with a favourable prognosis, due to the elimination of tumour cells and virus-
infected ones. Results of testing of patients with AML and potential preleukae-
mia suggested a prognostically favourable role of the presence of antibodies
reacting with envelope glycoproteins of oncoviruses [24, 25]. This seems to be
supported by the low frequency or absence of autologous cytotoxic activity in
patients with the hlastoid phase of AML and potentially preleukaemic dis-
orders, respectively. On the other hand, a relationship was found between
the expression of oncoviral genome and the development of overt leukaemic
disease in preleukaemic children [26]. The presence of C-type particles in bone
marrow smears of preleukaemic patients was connected with development of
leukaemia and malignant histiocytosis [27]. The biological significance of anti-
oncoviral immune response detected in our studies is not clear, but one has
to keep in mind that such lymphocytes and antibodies may possess both virus
neutralizing [28] and cytotoxic [29] activity.
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Blocking of cytotoxic activity by the native envelope glycoproteins of
BaEV and GaLV could be observed in a considerable part of cases while the
inhibitory effect of pI5 (E) envelope polypeptides was found rarely. Digestion
of the carbohydrate part of gp70 antigens did not result in disappearance of
the blocking activity, but glycosidase treatment caused a weakening of the
inhibitory effect. The immune response raised against the carbohydrate part
of gp70-s may have a Forssman-like character, while the virus-specific nature
of lymphocytes and antibodies reactive with polypeptide epitopes of carbo-
hydrate-free gp70 and pl5(E) antigens cannot be excluded. Their virus-
specificity is supported by the presence of antigens closely related to structural
polypeptides of primate C-type viruses in human cells [30]. The results of
Hehlmann et al. [31] seem further to strengthen this assumption as they have
succeeded in detecting antigens cross-reactive with gp70 of primate C-type
viruses in the sera of leukaemic patients. The reaction was not due to recogni-
tion of carbohydrate moieties as demonstrated by prior treatment with
glycosidases.

The present results indicate that the virus specific cytotoxic activity of
lymphocytes and antibodies may be quite different in different groups of
patients. Though those activities might have a prognostic importance, their
biological significance is not clear. Further cytotoxic studies are done in our
laboratory to compare the active and remission phase of AML as well as the
quiescent and blastoid phase of CGL.
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IN VITRO CULTIVATION OF MYCOBACTERIUM X
FROM MYCOBACTERIUM LEPRAE INFECTED
TISSUES IN PROPANE-TETRADECANE MEDIUM

(1 PRELIMINARY COMMUNICATION)

L. Kato

The Salvation Army Catherine Booth Hospital Centre, Montreal.,, Canada

(Received July 22, 1983)

Host grown Mycobacterium leprae and cultures of Mycobacterium X, cultivated from
M. leprae infected armadillo and human specimens, were inoculated into propane and propane-
tetradecane media. The media contained in one litre distilled water KH*"PO,, 7 g; Na2H P04,
0.5 9; (NH4)2S04, 2 g; MgS04, 0.1 g; ferric ammonium citrate, 20 mg and yeast extract (Difco),
0.1 g. Twenty ml media, distributed into each of 50 ml screw cap tubes, were inoculated with
the bacilli and bubbled aseptically for 10 s with 99% purity propane gas. Tetradecane-propane
media were prepared by adding 0.1 ml tetradecane to each of the tubes containing 20 ml pro-
pane medium. When incubated at 32 °C a logarithmic growth rate was counted in the propane—
tetradecane media follow ing a one to two week latency period. The time of division was estimat-
ed at seven days. In the propane-tetradecane medium, grow th occurred at the interface of the
tetradecane oil and water as a thin veil developing into a 1to 3 mm thick emulsion in two to
three months. No growth occurred in the propane medium and growth was extremely slow
in the tetradecane medium. When added to the tetradecane medium, propane considerably
shortened the latency period and the generation time, resulting in increased bacterial yield.
Bacilli were strongly acid-fast; the culture did not grow on Ldwenstein-Jensen or in Dubos
media, but produced the localized disease typical of M. leprae in the foot pads of mice.

Mycobacterium X was cultivable from human and armadillo M. leprae
infected tissues in media containing tetradecane [1-3]. The growth was
extremely slow and difficult to quantitate. Mycobacterium X was the first
strain cultivable from M. leprae infected tissues which did not grow on Léwen-
stein Jensen or in Dubos media, hut produced the disease typical of M. leprae
in the foot pads of mice.

The terminal methyl bindings of tetradecane and other medium length
straight chain hydrocarbons are known carbon and energy sources for in vitro
growth of most species of mycobacteria [3-7]. Propane, a short chain mater
soluble hydrocarbon gas, served as sole source of carbon and energy for a few
saprophytic strains of mycobacteria [4, 7]. As an attempt to replace the oily
tetradecane in the medium, water soluble propane was an obvious candidate
to support growth or improve yield of Mycobacterium X.

Cultivation of Mycobacterium X in liquid media containing dissolved
propane gas will be reported in this communication.

Laszlo Kato

The Salvation Army Catherine Booth Hospital Centre
4375 Montclair Avenue, Montreal, Canada H4B 215
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Materials and methods

All containers, pipettes, centrifuge tubes and syringes were made of glass, because hydro-
carbons react with plastic materials.

Basal medium. KH2P 04, 7.0 g, Na2HP04, 0.5 g, (NH4)2S04, 2 g, MgS04, 0.1 g and yeast
extract (Difco), 0.1 g were dissolved in one litre distilled water. The pH was 5.8. Twenty ml of
basal medium was distributed into each of the 50 ml screw cap tubes and autoclaved for 40 min.

Propane-letradecane. Ten ml tetradecane (USP grade) in a 50 ml screw' cap tube was
autoclaved for 40 min. This was bubbled with 99% purity propane gas for one minute under
one Ib/in2 pressure at room temperature through a one ml serological pipette under aseptic
conditions. (Propane gas is highly soluble in tetradecane).

Propane media. Two kinds of propane media were used. All operations were performed
under aseptic conditions.

(a) Basal medium — propane: Compressed propane gas in a one liter container was of
99% purity grade and was purchased from Union Carbide Ltd., Canada. According to the sup-
plier, the impurities contained ethane and methane. The container was provided with a safety
valve with two manometers attached, one measuring gas pressure and another measuring the
gas flow. A further valve served to open the gas flow into the outlet tube. To this an inter-
changeable sterile cotton packed glass tube was attached by connecting Nalgene tubes. Dispos-
able 1 ml sterile pipettes were used to introduce the propane gas into the bottom of the liquid
basal medium in the screw cap tube. The pipette outlet was 0.5 mm in diameter. Separate
pipettes were used for each tube of culture medium.

Propane gas was introduced into the media after they were inoculated with the bacilli.
The gas outflow was adjusted to approximately 1 1b/in2pressure. The medium was bubbled for
10 s. Propane was added to the cultures at 3 week intervals.

Following gassing of the inoculated media, the screw cap tubes were tightly closed. It is
known that 6.5% propane gas is dissolved in water. Propane is heavier than air. An unquanti-
fied but adequate supply of propane was therefore ensured for the bacilli in the above experi-
mental conditions.

(b) Basal medium — propane-tetradecane: by adding autoclaved 0.1 ml propane-tetra-
decane to each of the screw' cap tubes containing 20 ml basal medium. The inoculated cultures
were again bubbled with propane for 10 s.

Sources of M. leprae. Armadillo spleen specimens were received from Melbourne, Florida.
The animals were killed 12 to 18 months following intravenous injection with M. leprae suspen-
sions isolated from skin biopsies of human lepromatous leprosy cases. The spleens were heavily
infected with acid-fast bacilli. The tissue specimens were transported without refrigeration in
the basal medium. Each specimen was washed with distilled water and cut with scissors into
small pieces. These were homogenized in a Potter-Elvehjem liomogenizer to obtain a 10% (w/v)
suspension in the basal solution. The suspension was diluted with an equal volume of 4% NaOH
solution and kept for 20 min at 37 °C. The suspension was centrifuged for two minutes at 1000
rpm and the sediment was discarded. The supernatant was centrifuged for 10 min at 6000 rpm.
The obtained sediment was washed twice with 30 ml basal medium. The sediment so obtained
was used without further purification for inoculation of the media.

Mycobacterium X strains were previously cultivated [3] from M. leprae infected armadil-
lo spleens or from human lepromata. The strains were transferred at three month intervals into
acetone—DM SO-tetradecane medium. The fifth subculture was diluted 1:1v/v with acetone,
shaken for 10 s with aVortex homogenizer and centrifuged for 20 min at 10 000 rpm. The sedi-
ment was washed three times with 20 ml basal medium.

Inoculation of the media. The obtained sediments were suspended in the basal medium,
to contain 5X 107 acid-fast rods per one ml suspension; 0.4 ml was added to each of the tubes
containing 20 ml medium. A 2 mm loopful of the sediment was spread on the surface of the
Lowenstein-Jensen medium. Five ml Dubos liquid medium was inoculated with 0.2 ml suspen-
sion containing 5X 107m| acid-fast rods.

Incubation and estimation of growth. The cultures were incubated at 32 °C. They were
shaken manually twice weekly. All cultures were observed during at least two months ofincuba-
tion. Multiplication of acid-fast bacilli in the cultures was taken as the criterion of growth.

The multiplication of acid-fast bacilli in some of the media was so obvious that actual
counting of bacilli was not necessary. However, counting of acid-fast bacilli was carried out to
estimate the relative growth rate of cellsin the cultures. It was necessary to dilute the cultures
with acetone 1:1v/v in order to obtain a homogeneous suspension for counting. A 5 mm dia-
meter loopful of culture or its dilution was spread evenly on a 2 cm2surface of siliconized slides.
The smears on the slides were allowed to dry overnight. Fixation was achieved over flame from
a gas burner. The preparations were stained by the Ziehl-Neelsen method.

Acta Microbiologica Hungarica 31, 1984



CULTIVATION OF MYCOBACTERIUM X 375

The number of cells was counted in twenty Ix | cm microscopic fields using a Zeiss net
micrometer under 1000 x magnification. The average number of acid-fast rods per microscopic
field was multiplied by the dilution factor of the cultures when serial dilutions of the cultures
were necessary for counting.

Results

Primary cultures in the propane medium from M. leprae-infected armadillo
spleen. Turbidity of inoculated media did not increase after a latency period
of one to two months. Microscopic examination showed no evidence of multipli-
cation of cells in the cultures.

Growth in the propane tetradecane medium. The inoculated bacilli accu-
mulated within a few days at the interface of the tetradecane oil floating on the
water phase of the medium. Within a week or two this became increasingly
visible as a whitish veil floating at the interface of the oil in water system.
Then the veil thickened, developing into a disklike dense emulsion one to
three mm high. Complete homogenization was not achieved even after vigor-
ous shaking with the Vortex homogenizer. Maximal growth developed in one
to three months, depending on the size of the inoculum. Microscopic examina-
tion of the described growth left no doubt that the veil, which was growing
progressively in size, consisted of masses of acid-fast bacilli.

The growth characteristics were the same whether media were inoculated
with host grown M. leprae or with any of the four Mycobacterium X cultures.

Subcultures in the propane tetradecane media. The primary cultures were
transferred into the propane-tetradecane medium when the disklike growth
was one to two millimeters thick. It was not possible to transfer a uniform size
of transfer inoculum, since uniform homogenization was not fessible. After the
cultures were shaken for 15 s with the Vortex homogenizer, 2 ml culture was
transferred into 20 ml sterile medium. After the transfer, bubbling with propane
gas was performed. Growth characteristics in the subcultures were the same
as in the primary cultures. It seemed that the latency growth period was con-
siderably shorter in the subcultures. All cultures are now regularly transferred
at two to three month intervals.

Evidence of growth in the propane-tetradecane medium. Figure 1 shows
logarithmic rate of multiplication plotted against time in weeks of one of the
primary cultures as well as the fourth subculture in the propane-tetradecane
medium. Theoretical latency periods of growth were estimated by extrapolating
the logarithmic line to the level of inoculated cells per ml at tuof incubation.
The latency period was twelve to seventeen days for the four primary cultures
as shown in Table I. The latency period was considerably shorter in the sub-
cultures as compared to the primary cultures.

Table | also shows the rate of multiplication expressed as generation time.
This was calculated at the level of half the time of the logarithmic growth pe-
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riod. The time of division in the propane-tetradecane medium was close to
seven days in the primary cultures and subcultures.

Table | also shows that generation time was approximately twice as long
in the tetradecane medium as compared to the same parameter in the propane-
tetradecane media.

Fig. 1. Logarithmic rate of multiplication plotted against time in weeks of a primary culture

(1°) and the fourth subculture (4°) of Mycobacterium X in propane-tetradecane medium. Num -

ber of cell- is expressed as average number of acid-fast rods in 1 cm2field of a net micrometer
eyepiece

Table |

Latency period and generation time in days offour strains of Mycobacterium X grown in propane
tetradecane medium from M. leprae infected armadillo spleens

Latency period in days Generation time (cell division) in days
Mycobacterium X

primary culture  4th subculture  primary culture  4th subculture

In propane-tetradecane

medium
1 12 5 5 6
2 17 9 6 8
3 14 9 7 7
4 16 6 7 6
In tetradecane medium
1 17 15
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Adaptation to propane in subcultures. Four Mycobycterium X cultures [3]
grown in acetone-DM SO-tetradecane medium, obtained from subcutaneous
human lepromata or from the spleens of M. leprae infected armadillos, were
transferred (1 : 10 v/v) into fresh homologous media at three month intervals.
The three months old subcultures were transferred (1 : 10/v/v) into propane-

Fig. 2. Growth of Mycobacterium X in tetradecane medium (a) and adaptation of Mycobacte-

rium X grown on tetradecane medium to propane-tetradecane medium. The logarithmic growth

rate is indistinguishable in the 1°, 2° and 4° subcultures, but the latency period is progressively
shortened. Evidence of cell multiplication as in Fig. 1

tetradecane media. After a 10 to 12 day latency period bacilli multiplied at
a logarithmic rate. Figure 2 shows that in the first subculture in the propane-
tetradecane medium there was already a shortened latency period of growth
and practically no measurable latency period in the fourth in vitro subculture
inthe propane media. Only one ofthe propane grown cultures is shown in Fig. 2.
The growth rate of two cultures isolated from human tissues and oftwo cultures
from armadillo M. leprae infected tissues was practically indistinguishable.

Léwenstein Jensen and Dubos media. M. leprae suspensions from armadillo
spleen and the Mycobacterium X cultures grown in acetone-DM SO -tetradecane,
as well as Mycobacterium X grown in propane tetradecane medium, were ino-
culated into LOwenstein Jensen and Duhos media. These were incubated at
37 °C. No growth was observed in any of the inoculated cultures during a 12
week incubation period.
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The number of acid-fast rods did not increase in the propane-tetradecane
media when inoculated with in vitro or in vivo grown but heat killed cells
(autoclaved one hour) when incubated for 12 weeks at 32 and 37 °C, respec-
tively.

Animal inoculation. Three of the four cultures grown in the propane-
tetradecane media were injected into the foot pads of mice. In each case the
fourth subculture was diluted with equal volumes of acetone, centrifuged and
the sediment was suspended in physiological saline solution to obtain 5x 10s
acid-fast bacilli per 0.05 ml. Using a tuberculine syringe, this amount was
injected from each culture respectively into the hind foot pads of 10 Swiss albino
mice. Five mice were killed four months later and the surviving mice were
killed six months after infection. The number of acid-fast rods was counted
in the pooled homogenized foot pad connective tissues. Depending on the
strains, the number of acid-fast bacilli in the foot pads increased from 5X 103
to 1.2 to 2.1 x 104in four months and to 1.4 to 3.2 X 105in six months.

Discussion

Most strains of mycobacteria grow on medium length straight chain liquid
hydrocarbons as the sole source of carbon and energy (3-7). Identical strains
of acid-fast cultures, tentatively named Mycobacterium X, werecultivated from
human and armadillo M. leprae infected tissues in a liquid medium containing
an oily liquid hydrocarbon, tetradecane [1-3]. The slow growing cultures did
not grow on LOwenstein-Jensen or in Dubos medium. Attempts were made to
improve the cultivation techniques, increase bacterial yield, avoid use of the
disadvantageous two —phase growth system, thus permitting accurate mea-
surements of growth and facilitate separation of bacilli from the cultures. A sim-
plified one-phase system medium, using a water soluble carbon and energy
source, was also expected to permit to obtain easily reproducible results.

These expectations were only partly realized. Bacilli did not grow in the
one phase propane medium; the oily tetradecane was necessary for growth.
However, propane considerably shortened the latency period and the generation
time, thus leading to increased bacterial yield.

W hile nearly all species of mycobacteria grow on liquid oily hydrocarbons,
there are only a very few which utilize water soluble hydrocarbon gases for
multiplication. Lukins and Foster [7] reported that among many cultures of
mycobacteria tested, one strain of Mycobacterium smegmatis and three strains
of Mycobacterium rhodochrous were the only organisms to grow abundantly at
30 °C at the expense of propane. The strains are saprophytic and also grow on
Léwenstein-Jensen medium.
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Mycobacterium X, cultivated from M. leprae infected tissues, is so far
the only known strain of mycobacteria which grows in propane—tetradecane
media as the sole source of carbon, does not grow on Ldwenstein Jensen or
in Dubos media, but produces disease in the foot pads of mice. It is known that
bacteria utilizing hydrocarbon gas oxidize propane to n-propanone, or propionic
acid and acetone, which are the oxygenated products of the bacterial oxidation
of propane [5]. It was reported previously that acetone, an enzymatic oxidation
product of propane, was a growth-promoting nutrient for Mycobacterium X [3].

Lukins showed that a M. smegmatis strain grown at the expense of pro-
pane did not grow on methane or ethane. The propane gas used to cultivate
Mycobacterium X contained 1% methane and ethane as impurities. In the light
of the results of Lukins [6], it is safe to assume that for the observed effect on
growth of Mycobacterium X propane was the factor responsible rather than the
minute amounts of methane and ethane impurities.

The strains of mycobacteria which were grown on propane also grow on
tetradecane, as reported by Lukins and Foster [7]. Mycobacterium X grows pre-
ferentially on tetradecane enriched with propane.

Lukins and Foster [7] stated that “the evidence is overwhelming that
an affinity for hydrocarbons is a generic property of the mycobacteria regard-
less of origin or cultivation history”. The cultivation of Mycobacterium X from
M. leprae infected tissues in a medium enriched with propane and tetradecane
is further experimental evidence regarding the special appetite of mycobacteria
for hydrocarbons.

Several strains of mycobacteria which grow on hydrocarbons also grow
autotrophically on H2and CO., [7]. Host grown M. leprae also has some auto-
trophic characteristics, although not an autotroph per se [8].

It is known that growth of bacteria occurs in mineral salt solutions in the
presence of minute concentrations of gaseous hydrocarbons. For practical pur-
poses the exact concentration of propane dissolved in the propane medium was
not estimated in the experiments presented. The propane concentration was,
however, sufficient to stimulate growth of Mycobacterium X. Results not pre-
sented in this communication have shown that for cultivation of Mycobacterium
X in the subcultures simple commercial “propane” fuel containing over 15%
impurities can be used just as well as the 99% pure propane gas.

Since the discovery of the leprosy bacillus a great number of strains of
mycobacteria have been cultivated from leprosy specimens. Without exception
all of them grow on Ldwenstein Jensen and in Dubos media. Mycobacterium X
is the only one that does not grow on media which support growth of cultivable
mycobacteria. Although Mycobacterium X was cultivated from leprosy infected
tissues in special media and under special physical conditions, and the cultures
produce disease identical to M. leprae in the foot pads of mice, the results are
not convincing enough to claim the successful cultivation of M. leprae.
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PROPANE AND TETRADECANE AS CARBON
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Three strains of host grown Mycobacterium lepraemurium and five strains of Mycobacte-
rium lepraemurium, grown on egg yolk medium, were inoculated into propane-tetradecane
media. The media contained in one litre distilled water: KELPO,, 7g, Na2HPO04, 0.5 g,
(NH#4)2504, 2 g, MgS04, 0.1 g, ferric ammonium citrate, 20 mg, and yeast extract (Difco), 0.1 g.
Tetradecane 0.1 ml was added to each tube containing 20 ml of the medium. Media were steriliz-
ed in the autoclave. Following inoculation with the bacilli, the cultures were bubbled aseptically
with 99% purity propane gas for 10 s. When incubated at 32 °C, logarithmic growth rate was
counted in the cultures. Bacilli were strongly acid-fast. Growth occurred at the interface of
the tetradecane oil and water as a thin weil, developing into a one to three millimeter thick
emulsion in two to three months. Cultures were transferred into fresh media at two to three
month intervals. Growth pattern in the subcultures were indistinguishable from the growth
in the primary cultures. The cultures did not grow on Ldwenstein Jensen or in Dubos media,
but produced the characteristic disease of murine leprosy when injected subcutaneously into
mice. Bacilli isolated from the subcutaneous lepromas of mice were again cultivable in the pro-
pane-tetradecane medium, but not on Lowenstein Jensen or in Dubos.

Ogawa and Motoinura [1] reported the cultivation of Mycobacterium
lepraemurium on egg yolk medium. This finding was confirmed by Koseki et al.
[2], Mori [3], Kato et al. [4] and by Pattyn and Portaels [5]. Attempts were
made to cultivate M. lepraemurium in a chemically well-defined medium.
Cultivation of M. lepraemurium in a liquid medium containing propane and
tetradecane will he reported in this paper.

Materials and methods

Microorganisms. The following in vivo grown M. lepraemurium strains were used: 1. the
Hawaiian strain was obtained from Dr. O. K. Skinsnes, University of Hawaii; 2. the Kurume
strain and 3. the Odessa strain were obtained from Dr. K. Kohsaka, Osaka University, Japan.

These were maintained by serial transmission in Swiss albino mice. The aseptically
removed subcutaneous leproma was washed in distilled water and homogenized in a Potter-
Elvehjem homogenizer to obtain a 10% (w/v) suspension. This was centrifuged for one minute
at 1000 rpm. The sediment was discarded. The supernatant was centrifuged for 10 min at 6000
rpm. The supernatant was discarded and the sediment was diluted with the basal medium to
obtain 5x 107 acid-fast bacilli per one ml suspension.

Laszlo Kato

The Salvation Army Catherine Booth Hospital Centre
4373 Montclair Avenue, Montreal, Canada H4B 2J5
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The following in vitro grown strains of M. lepraemurium were used: 1. the Kurume strain
3rd subculture; 2. the Odessa strain 7th subculture; 3. the Manitoba eat strain 7th subculture;
1-3 were cultivated in our laboratory on Ogawa egg yolk medium from subcutaneous murine
lepromata from mice; 4. Hawaiian strain 5th subculture; 5. Fukuoka strain 23th subculture;
4-5 were obtained from Dr. K. Kohsaka on egg yolk medium.

A loopful of the four-month-old heavy growth was removed from the surface of the egg
yolk medium and homogenized with a Potter-Elvehjem homogenizer in the basal medium.
The suspension was diluted with the same medium to contain 5X 107cells per one ml suspension.

Culture media. A liquid medium containing dissolved propane gas and tetradecane was
used. Preparation of the medium and estimation of growth were described in a previous com-
munication [6].

Incubation and criteriafor grotvth. Each tube containing 20 ml media was inoculated with
0.5 ml of the suspension containing in vivo or in vitro grown M. lepraemurium, respectively.
Léwenstein-Jensen and Dubos media were similarly inoculated. Cultures were incubated at
32 °C. Cultures in liquid media were shaken with a Vortex homogenized for 10 s twice weekly.

Multiplication of acid-fast bacilli in the cultures was taken as the criterion of growth.
Smears on siliconized slides were dried at least 20 h. Fixation was achieved over flame. Prepara-
tions were stained by the Ziehl-Neelsen method.

Animal inoculation. Adult female Swiss albino mice weighing 25 g were inoculated sub-
cutaneously with suspensions of in vitro grown cultures. Each mouse received 106 acid-fast cells

in 0.5 ml basal medium.
Results

Primary cultures in the propane-tetradecane medium. The in vivo grown
M. lepraemurium bacilli, inoculated into the liquid propane-tetradecane media,
accumulated within a few' days at the surface of the medium. W ithin one to
three weeks a whitish veil developed close to the surface of the medium, giving
the impression of a fine emulsion with the small amount of tetradecane floating
on the surface. With the progression of the age of the cultures, this whitish veil
increased in volume into a disklike dense emulsion reaching maximal growth
in one to three months. Complete homogenization of the surface grow th was not
achieved even after vigorous shaking with the Vortex homogenizer. Microscopic
examination ofthe cultures confirmed that the progressively advancing surface
growth consisted of masses of acid-fast bacilli. Figure 1 shows evidence of
growth in the primary cultures ofthe Fokuoka, Kurume, Ogawa and Hawaiian
strains of M. lepraemurium in propane-tetradecane medium. As previously
described, a simplified counting method was used, showing number of cells per
square millimeter of microscopic field. After a latency period of less than eight
days, the growth rate of multiplication was logarithmic.

There were slight differences in the latency period and growth rate of the
different strains. It did not, however, become evident whether this was due to
the percentage of viability of the inoculated cells or a genetic characteristic
of the different strains.

Figure 1 shows that the fastest growth rate was counted with the
Hawaiian strain, w'hile the Fokuoka strain showed a considerably slower growth
rate with the Odessa and Kurume strains in order of increasing growth rate.
No counting was performed with the Manitoba cat leprosy strain because of
heavy clumping of the cells with growing cultures.
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Subcultures in the propane-tetradecane media. In two to three months,
the surface growth of the primary cultures reached a thickness of 1 to 2 mm.
At this time the primary cultures were transferred into fresh propane—tetra-

Fig. 1. Growth of primary cultures of the Fokuoka, Kurume, Ogawa and the Hawaiian strains
of M. lepraemurium in propane-tetradecane medium. Number of cells is expressed as average
number of acid-fast bacilli in a 1 cm2field of a Zeiss net micrometer eyepiece

decane medium. The primary cultures were shaken for 15 s with the Vortex
homogenizer, then 2 ml of the culture was transferred into 20 ml of fresh sterile
medium. After the transfer bubbling with propane gas was performed. The
growth characteristics in the subcultures were the same as in the primary cul-
tures; however, the latency growth period was considerably shorter in the sub-
cultures. Figure 2 illustrates the growth rate of the primary and fourth sub-
cultures of the Hawaiian strain of M. lepraemurium. It seems that with adapta-
tion to the propane-tetradecane medium the growth rate of the fourth sub-
culture is somewhat faster than of the primary culture.

Differences in the gowtli rate of the in vitro grown M. lepraemurium
strains remained characteristically different for the four in vitro grown strains
in which counting was made. All strains enumerated in the Materials section
are notv regularly transferred at two to three month intervals.
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Adaptation from eggyolk medium topropane—tetradecane medium. The five
in vitro grown M. lepraemurium cultures were transferred from the Ogawa egg
yolk media into the propane-tetradecane media as described in the Materials

Weeks

Fig. 2. Logarithmic growth rate of the primary (#) and the fourth (m) subcultures plotted
against time in weeks of the Hawaiian strain of V2 lepraemurium in propane-tetradecane
medium

section. As in the cultures obtained from in vivo grown bacilli, growth devel-
oped on the surface of the propane-tetradecane media when bacilli were trans-
ferred from egg yolk media into the liquid propane-tetradecane medium”
Depending on the strains, the latéi cy period ranged from one to two weeks and
variations occurred in the growth rats. The Ogawa grown cultures, adapted to
the propane-tetradecane medium, are now transferred at two to three month
intervals into fresh propane-tetradecane media. The growth characteristics
remained constant in the fifth subcultures, which are now being growm.

No growth in the control cultures. None of the primary cultures or subcul-
tures grew on LoOw”enstein-Jensen or Dubos media during the three-month
incubation period at 32 ° or 37 °C. No growth was observed in propane-tetra-
decane media inoculated with heat-killed bacilli.
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Animal inoculations. One month after subcutaneous inoculation with
suspensions of 10° acid-fast bacilli prepared from the fifth subculture of the
Hawaiian strain, a small growth was palpable at the site of the inoculation.
This increased in size and reached an average of 12X 12X 6 mm in nine out of
ten mice, when removed at necropsy three months following inoculation. Micro-
scopic examination of the granuloma showed histiocytic invasion, loaded with
acid-fast bacilli. Few acid-fast bacilli were found in the liver, spleen and adja-
cent lymph nodes. The host response to the injected culture was indistinguish-
able from the changes observed following injection of M. lepraemurium trans-
ferred from mice to mice. Bacilli separated by partial purification from mice
at necropsy were inoculated on LoOwenstein-Jensen and in Dubos media.
No growth was observed during two months of incubation at 37 °C. In the
propane-tetradecane media the bacilli separated from mice multiplied at 32 °C
at a rate comparable to those shown in Fig. 1.

Discussion

The special appetite of mycobacteria for hydrocarbons [7-9] and the theo-
retical background of the experiments presented in this communication has
been described recently [6, 10-12]. Propane was incorporated into the medium
used for cultivation of M. lepraemurium because Lukins and Foster [9] have
shown that some mycobacteria grow on propane as sole source of carbon.
Further, it was found that in media containing propane, strains of mycobacteria
were regularly cultivable from M. leprae infected human and armadillo tis-
sues [6].

The following experimental evidence is offered to support the designation
of the cultivated strains as M. lepraemurium.

From host-grown and authentic in vitro grown suspensions of M. leprae-
murium cultures of identical growth pattern were obtained in a chemically
well-defined liquid medium. A special medium with the dimethylated carbon
sources propane and tetradecane, was required to achieve logarithmic multipli-
cation of the inoculated cells. The cultures did not grow on Ldwenstein-Jensen
or in Dubos media. Three months after subcutaneous inoculation of a late sub-
culture, mice developed lesions which were identical to those obtained originally
from the host-grown and in vitro grown suspensions of M. lepraemurium.
Bacilli separated from the murine lepromata were again cultivable in propane-
tetradecane media, but not on Lowenstein or in Dubos media.

Acknowledgements. Thanks are due for financial assistance to Le Secours aux Lépreux
Canada) Inc., and the German Leprosy Relief Association.
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NATURAL ANTIBODIES TO SIMIAN TYPE-C
VIRUSES AND HUMAN RETROVIRUS HTLV IN
PATIENTS WITH LYMPHOID MALIGNANCIES

F. D. Toth, B. Szabes, L. Vaczi, A. Kiss, |. Kovacs, K. Rak, Cs. Kiss and
R. C. Gallo

Institute of Microbiology, Second Department of Medicine, and Department of Paediatrics,
University Medical School, Debrecen, Hungary, and Laboratory of Tumor Cell Biology,
National Cancer Institute, Belhesda, MD, USA
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Blood plasma samples from adult patients and children with malignant lymphopro it-
erative diseases were studied for presence of antibodies to primate type-C viruses by membrane
immunofluorescence. Antibodies to baboon endogenous virus could be detected in various types
of lymphoid leukaemias and lymphomas. Gibbon ape leukaemia virus-specific antibodies were
mainly found in B- and O-cell leukaemias and lymphomas. Anti-HTLV antibodies could be
detected o.dy in <few cases of T-cell malignancy. There was no evidence of a horizontal trans-
mission of such viruses.

The recent development of continuously growing cell lines from patients
with leukaemia and lymphoma has led to reports on the occurrence of retro-
viruses in some of them [1-3]. Most of these isolates were closely related to
previously isolated type-C primate viruses [1, 2]. However, retrovirus particles
detected from cell lines from patients with histiocytic lymphoma [3] and type-C
simian viruses showed significant differences [4]. Human T-cell leukaemia/lyin-
phoma virus (HTLV) was the first retrovirus consistently to he isolated from
patients with a specific disease [5, 6]. HTLV is not related to any of the known
animal retroviruses by antigenic test of structural proteins [7] or by nucleotide
sequence homology [8]. HTLV is an exogenous retrovirus, hut serum antibodies
apparently directed against HTLV have been demonstrated in normal subjects
in the endemic regions [9, 10].

In the present work we report the results of a serological study on the
presence and distribution of antibodies directed to simian type-C viruses and
HTLV in Hungarian patients with malignant lymphoproliférative disease.
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Materials and methods

Cell cultures and their maintenance. The cell cultures used originated from the following
sources. The established human cell line NC-37 and the NC-37 cells infected with gibbon ape
leukaemia virus (GaLV), the human cell line A-204 and the A-204 cells infected with the M7
strain of baboon endogenous virus (BaEV) were kindly supplied by the Office of Logistics and
Besources of the National Cancer Institute (Bethesda, MD, USA). The HTLY-producing
HLT102 cell line [5] has been established in the Laboratory of Tumor Cell Biology (National
Cancer Institute, Bethesda, MD, T3SA). The cell cullures were maintained in RPM1 1640 medi-
um containing 10% fetal calf serum (Gibco Bio-Cult. Ltd., Paisley, Scotland). The suspended
cultures were incubated at 37 °C in an atmosphere containing 5% CO02at 80% relative humidity.

Blood plasma samples. Fresh heparinized blood was centrifuged and the plasma decanted
and stored at —70 GC until used.

Indirect membrane immunofluorescence. The cell suspension to be used contained at least
90% viable cells, as determined by the trypan blue exclusion test. Astarget cells, BaEV-infected
A-204, GaLV-infected NC-37 and HLT 102 cells were used. The uninfected A-204 and NC-37
cells and con-A stimulated normal human T lymphocytes [11] were used as controls. For the
assay, 50 pi of each plasma sample diluted in PBS were incubated with 106 target cells. After
incubation at 37 °C for 30 min the cells were washed three times with PBS. 50 p\ of goat anti-
human IgG conjugated with FITC (Hyland, Costa Mesa, CA, USA) and appropriately diluted
in PBS were added and the cells were incubated again at 37 °C for 30 min. The cells were washed
three times in PBS and suspended in 50 pi of PBS for microscopic examination. Titres reflect
the plasma dilution at which 50% of target cells fluoresced markedly.

Results

1. Antibodies to BaEV, GaLV and HTLV in plasma samples of adults with
acute lymphoid leukaemia (ALL). Plasma samples from 18 patients with pro-
gressive stage ALL were tested (Table I). Anti-BaEV antibodies could be dem-
onstrated in samples of seven patients with T-cell ALL and of one patient with
O-cell ALL. Anti-GaLY antibodies were present in the plasma of one patient
with T-cell ALL and oftwo patients with O-cell ALL. Antibodies to FITLY were
found in one sample from a patient with T-cell ALL.

2. Anti-BaEV, anti-GaLV and anti-HTLV antibodies in plasma samples
from adults with chronic lymphoid leukaemia (CLL) or lymphoma. The results
for 4 patients with CLL and 8 patients with lymphoma are summarized in
Table Il. All the patients were in the progressive stage of the disease at the time
of investigation. In four lymphoma patients tumour cells have appeared in the
peripheral blood, while in the others such cells were absent. Anti-BaEV anti-
bodies could not be detected in any ofthe patients. Anti-GaLV antibodies were
demonstrated in the plasma of two patients with CLL and of one patient with
B -cell lymphoma. Anti-HTLV antibodies were found in one patient with T-cell
lymphoma.

In the control group of 87 healthy adults antibodies to BaEV were detect-
ed in two cases, in very low (1 :4) titre while antibodies to GaLV and HTLV
were not found in any. Plasma samples from close family members of 5 patients
with lymphoid leukaemia or lymphoma proved to be consequently negative for
presence of antibodies to simian oncoviruses and HTLV. Control samples with
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uninfected A-204 and NC-37 cells and con-A stimulated normal human T lym-

phocytes also gave negative results.

3. Antibodies to BaEV, GaLV and HTLV in plasma samples of children
with progressive stage ALL or lymphoma. Table 11l shows the results for 16
children. Among those with ALL, antibodies to BaEV were found in two chil-

Table |

Anti-BaEV, anti-GaLV and anti-HTLV antibodies in the blood plasma of adult patients with
acute lymphoid leukaemia

Patient Peripheral leukocytes Antibody titre
No. age (yrs) 0/1 blast % anti-BaEV anti-GaLV anti-HTLV
| 19 T 3.7 0 0 0 0
2 29 T 4.3 0 8 0 0
3 34 T 4.7 4 0 16 0
4 25 T 3.8 0 8 0 0
5 16 T 300 95 32 0 0
6 18 T 16 24 0 0 0
7 14 T 3.6 0 0 0 32
8 29 T 100 0 32 0 0
9 47 T 25 96 16 0 0
lo 38 T 18 A 8 0 0
11 42 T 3.2 0 0 0 0
12 52 T 34 78 0 0 0
13 42 T 12 2 0 0 0
14 16 1’ 4.8 14 16 0 0
15 16 0 100 89 32 16 0
16 32 0 25 43 0 0 0
17 17 0 18 80 0 0 0
13 32 0 32 64 0 16 0
Table 11

Anti-BaEV, anti-GaLV and anti-HTLV antibodies in the blood plasma of adult patients with
chronic lymphoid leukaemia (CLL) and lymphoma

Patient Peripheral leukocytes Antibody titre
Diagnosis Cell type
No (’;t’;’) o/l blast % anti-BaEV ~ ant-GaLV  anti-HTLV
1 76 CLL 3 46 | 0 16 0
2 56 CLL 13 30 15 0 8 0
3 78 CLL B 52 2 0 0 0
4 61 CLL B 39 3 0 0 0
5 49 lymphoma B normal 0 0 0
6 46 lymphoma T 3.5 0 0 0 32
7 48 lymphoma 3 normal 0 0 0
8 52 lymphoma B normal 0 0 0
9 50 lymphoma B 4.8 1 0 0 0
10 55  lymphoma  Lennert 6 14 0 0 0
11 46 lymphoma B 5.6 0 0 8 0
12 47 lyni])hoina  Hodgkin normal 0 0 0
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Table 111

Anti-BaEV, anti-GaLV and anti-HTLV antibodies in the blood plasma of children with progressive
stage acute lymphoid leukaemia (ALL) and lymphoma

Patient Peripheral leukocytes Antibody titre
Diagnosis Cell type
No. age G/l blast % anti-BaEV  anti-GaLV  anti-HTLV
(yrs)
| 8 ALL T 4.5 0 4 0 16
2 5 ALL T 245 90 0 0 0
3 12 ALL T 5.6 34 8 0 0
4 7 ALL 0 2.8 10 0 0 0
5 5 ALL 0 1.8 2 8 0 0
6 9 ALL 0 5.6 34 8 4 0
7 9 ALL 0 4.3 15 0 8 0
8 1 ALL 0 26.4 96 0 0 0
9 14 ALL 0 4.8 30 0 0 0
10 13 ALL 0 1.6 0 0 0 0
11 5 ALL 0 5 2 0 0 0
12 12 ALL 0 4 0 16 4 0
13 7 NHL n.c. 3.4 0 0 0 0
14 10 NHL B 3 0 16 8 0
15 4 HL — 45 0 0 0 0
16 12 HL —_ 5.2 0 0 0 0
NHL = non-Hodgkin lymphoma
HL = Hodgkin lymphoma
n.c. = not characterized

Table IV

Anti-BaEV, anti-GaLV and anti-HTLV antibodies in the blood plasma of children in remission of
acute lymphoid leukaemia and lymphoma

Patient Peripheral leukocytes Antibody titre
Diagnosis Cel\ type
No. age G/l blast % anti-BaEV  anti-GaLV  anti-HTLV
(yrs)
| 4 ALL T 45 0 0 0 8
2 3 ALL T 4.8 0 0 0 0
3 5 ALL T 3 0 0 0 0
4 4 ALL 0 3 0 0 4 0
5 15 ALL 0 7.4 0 4 0 0
6 10 NHL n.c. 5.6 0 8 0 0
7 14 HL - 8 0 4 0 0
NHL = non-Hodgkin lymphoma
HL = Hodgkin lymphoma
n.c. not characterized

Acta Microbiologica Hungarica 31, 1984



ANTIBODIES TO VIRUSES 391

(Iren with T-cell ALL and three with O-cell ALL. The plasma of three children
\vith 0 -cell ALL contained anti-GaLV antibodies. Antibodies to HTLV could
be detected in a single of T-cell ALL. The plasma sample of one child with
B-cell lymphoma contained antibodies to both BaEV and GalLV.

4. Anti-BaEV, anti-GaLV and anti-HTLV antibodies in plasma samples
of children in remission of ALL or lymphoma. Antibodies to BaEV were found
in one case of O-cell ALL and in two cases of lymphoma (Table 1V). The plasma
sample of one child with O-cell ALL contained anti-GaLV antibodies. Anti-
HTLV antibodies could be detected in the plasma of one child suffering from
T-cell ALL.

Plasma samples from 24 healthy children and close family members of
3 children with malignant lymphoproliférative disease did not contain anti-
bodies to BaEV, GaLV or HTLV. Control samples proved to he negative.

Discussion

The present results indicate that antibodies to type-C primate retroviruses
may he present in the blood plasma of patients with lymphoid malignancy.
There was, however, a difference between the different cell types in the specif-
icity of antibodies. Antibodies to BaEV could he detected in various types of
lymphoid leukaemia, lymphoma and rarely in healthy subjects. GaLV-specific
antibodies were found mainly in B- and O-cell leukaemia and lymphoma. Anti-
HTLV antibodies were detected only in a few cases of T-cell malignancy.
Reliable judgement of the frequency of antibodies in progression versus remis-
sion would have required to study more patients in remission.

Interpretation of immunological and biochemical markers of animal
retroviruses found in human neoplastic tissues and sera has some difficulties
[12, 13]. Recently nucleic acid sequences related to the proviruses of AKR
murine leukaemia virus and BaEV have been detected in preparations ofhuman
DNA fragments, by a highly sensitive and specific method [14]. Presence of
antigens cross-reacting with p30 and carbohydrate-frce gp70 of BaEV and
simian sarcoma virus was demonstrated in human leukaemias by the ELISA
technique [15]. These results are supported by the present findings from another
point of view, viz. many plasma samples exhibited a strong precipitating activ-
ity on pl5 and carbohydrate-free gp70 of BaEV and GalLV [16]. High-titre
antibodies were detected especially in patients with potentially preleukaemic
disorders.

HTLV has been isolated from several cases of cutaneous T-cell lymphoma
and leukaemia in the United Sates [5, 6] and subsequently from several cases of
adult T-cell leukaemia in Japan [9, 17]. Nucleic acid hybridization studies have
identified HTLV-related sequences in the DNA of fresh lymphoblasts from a
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child with T-cell ALL [18]. Anti-HTLV antibodies were found in patients with
T-cell lymphoma and leukaemia and in normal subjects in the virus-endemic
areas [9, 10]. In a survey of normal donors from other regions, only two sera
reacted positively with HTLV. Both of them were close relatives of patients
positive for HTLV [19. 20]. Our finding of HTLV antibodies in some T-cell
malignancies suggests that HTLV infection may be associated with the occur-
rence of leukaemias and lymphomas. Normal donors and close family members
of patients had no antibodies to HTLV. We suspect that future seroepidemio-
logic studies by highly sensitive radioimmunologie methods will clarify the
origin of these HTLV infections.
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TAKE AND GROWTH OF THE TRANSPLANTABLE
MC29 HEPATOMA IN ALLOGENEIC AND
XENOGENEIC HOSTS

J. Minarovits, Agnes Gyuris and |. Faldes

Microbiological Research Group, National Institute of Hygiene, Budapest

(Received October 6, 1983)

We report here the unexpected biological behaviour of the transplantable MC29 virus-
induced hepatoma. This neoplasm, originating from an inbred white Leghorn (Duke) chicken,
is maintained in our laboratory by serial in vivo passages in Hunnia hybrid chickens allogeneic
to the original host. More than 80% of the tumours developing after subcutaneous inoculation
of 3 X106 hepatoma cells into newly hatched chickens grew progressively, while after injection
of the same number of cells into 7 days old birds regressive tumour growth was observed.
Transplantation from the allogeneic hosts into 7 days old inbred white Leghorn (Duke) chickens
also resulted in regression of tumours in the great majority of cases. After inoculation to xeno-
geneic Japanese quails, progressor tumours developed in both two weeks old and adult birds
with a dramatic increase of the frequency of liver métastasés. Transplantation to another xeno-
geneic host, the turkey, revealed an age-related resistance similar to that of Hunnia hybrid
chickens.

According to the genetic theory of transplantation formulated by Little
and Strong, the outcome of animal-to-animal tumour transplantation depends
upon the degree of genetic similarity between the grafted tissue and the host [1].
Although the genetic rules of transplantation are well-established, there are
some exceptions: allogeneic as well as xenogeneic tumour transplants can he
successful under certain conditions. Implantation to the chorioallantoic mem-
brane of chick embryos, inoculation into immunologically incompetent (fetus,
newborn) or immune-depressed, immune-deficient, immune-tolerant animals,
as well as injection into immunologically privileged sites (brain, anterior cham -
ber of eye, hamster cheek pouch, etc.) may also allow the growth of transplants
[2] . We report here on the progressive growth of a chicken hepatoma of viral
origin in xenogeneic Japanese quails not affected by any immunological manip-
ulation. The factors permitting this unusual biological behaviour are unknown
at present.

Materials and methods

The transplantable, MC29 virus-induced chicken hepatoma established by Langlois et al.
[3] was maintained by serial in vivo passages in Hunnia hybrid chickens.

The aseptically removed tumours were homogenized with Potter in PBS and the number
of cells was counted in a haemocytometer. 3x10s cells were inoculated under the skin of the
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neck or into the wing web of newly hatched and 7 days old chickens. White Leghorn (Duke)
chickens originating from an inbred line established at Duke University Medical Center and
randomly bred Japanese quails and turkeys were transplanted similarly.

Tumour development was monitored by palpation twice weekly. The time taken for
palpable growth to appear determined the latency period. The tumours were measured in two
dimensions with calipers. Growth rates are expressed as the increase of the mean tumour dia-
meter per week.

Birds were examined post mortem for overt métastasés. Suspected metastatic foci were
further examined histologically.

Results

Results are summarized in Tables | and Il. Inoculation of 3x 10r MC29
hepatoma cells into newly hatched Hunnia hybrid chickens (allogeneic hosts)
resulted in a 95% take after 7 days latency and 86.4% of the tumours grew
progressively. A rapid local growth (mean growth rate: 32 mm per week),
development of large necrotic tumours and a short mean survival time (12 days)
could he observed.

The course of the disease was profoundly altered if 7 days old Hunnia
hybrid chickens were inoculated with the same number of MC29 hepatoma
cells. After a 7 days period of latency the take was 78%, hut the mean growth
rate (6.7 mm per week) was significantly slower than that of the tumours of
chickens inoculated on the day of hatching. The tumours regressed as fastly as
they had developed.

Table |
Growth characteristics of MC29 hepatoma transplanted from Hunnia hybrid chickens into various
hosts
Mean
Latency, growth Course of the Mean Frequency
Host Take days rate disease survival of liver
(mm/week) time, days métastasés
1 day old Hunnia hybrid 22/23 7 32 19 progressor 12 2/22
chickens (95%) 3 regressor (990)
7 days old Hunnia hybrid 18/23 7 6.7 18 regressor — —
chickens (78%)
7 days old white Leghorn 17/20 7 4.3 1 progressor 19
(Duke) chickens (85%) 16 regressor -
4 days old Duke chickens 11/11 7 16 9 progressor — —
2 regressor
14 days old Japanese 38/45 17 11.6 38 progressor 39 20/38
quails (84%) (52.6%)
1 year old Japanese 13/17 10 3.2 6 progressor 35 2/6
quails (76.4%) 7 regressor (33%)
1 day old turkeys 10/10 7 13.8 5 progressor 12 —
(100%) 5 regressor
7 days old turkeys 0/5 — — — — —
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A similar take (85%) and course could be observed in the great majority
of cases after inoculation of 7 day old inbred white Leghorn (Duke) chickens,
assumed to be the closest to the MC29 hepatoma genetically. Progressor tumour
developed only in one out of the 20 inoculated birds.

Inoculation of 14 days old Japanese quails (xenogeneic hosts) resulted
in a 84.4% take after a prolonged latency period (17 days). The mean growth
(11.6 mm per week) was slower than that of the progressor tumours developing
in Hunnia hybrid chickens inoculated on the day of hatching, but faster than
the growth of regressor Hunnia hybrid tumours. The mean survival time was
39 days and a marked increase in the frequency of liver métastasés (52.6%)
compared to the allogeneic hosts (9%) could be registered.

Transplantation of MC29 hepatoma from Hunnia hybrid chickens to 17
adult (1 year old) Japanese quails resulted in 7 regressor tumours and 6 slowly
growing progressor tumours.

Inoculation into another xenogeneic host, the turkey, revealed an age-
related resistance similar to that observed in Hunnia hybrid chickens. Progres-
sor tumours developed in 5 out of 10 turkeys transplanted on the first day after
hatching, while in 7 day old birds the tumour did not take. The histological
picture of regressor MC29 hepatomas in Hunnia hybrid chickens and turkeys
resembled that of the regressor line 1 guinea pig hepatocarcinoma described
by Dvorak et al. [4]. Necrotic tumour masses were surrounded by connective
tissue consisting mostly of fibroblasts. At the periphery of the tumours hepa-
toma cell islands were interspersed in the fibrous stroma.

Table Il shows the results of transplantation to various hosts of MC29
hepatoma grown in xenogeneic birds. Inoculation of 1 day old Hunnia hybrid

Tabic Il
Growth characteristics of MC29 hepatoma transplanted from Japanese quails or turkeys into varion s
hosts
Mean Mean Fre-
Source of trans- Latency,  growth Course of the survival ~ quency
planted cells Host Take days rate, disease lime, of liver
mm/week days méta-
stasés
Sc. tumour of a 1 day old Hun-
Japanese quail nia hybrid
chickens 0/16
Liver metastasis 1 day old Hun-
of a Japenese nia hybrid 0/5 — — - — -
quail chickens
Sc. tumour of a 2 weeks old 13/18 12 8.2 13 progressor 25 8/13
Japanese Japanese (61.5%)
quail quails
Sc. tumour of a 1 day old Hun-  15/15 7 24 15 progressor 18 0/14
turkey nia hybrid (100%)
chickens
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chickens with 3x KO6cells of MC29 hepatoma grown in the neck of a Japanese
quail, or with the same number of cells from the liver metastasis of another
MC29 hepatoma bearing Japanese quail failed to take. If, however, the hepa-
tomas developing at the site of inoculation in Japanese quails were transplanted
into two week old Japanese quails, progressor tumours developed after 12 days
latency in 72.2% of the birds, with a high frequency (61.5%) of liver métas-
tasés.

Retransplantation of turkey-grown hepatoma cells to 1 day old Hunnia
hybrid chickens produced progressor tumours in 15 out of 15 cases.

Discussion

After transplantation of virus-producing transformed cells, the tumour
developing at the site of inoculation may grow by the multiplication of trans-
planted cells and/or by growth of the host cells transformed by the oncogenic
virus released by the grafted neoplasm. Thus, several amphibian lymphoid
tumours proved to he readily transferable to adults of a number of different
amphibian species, both urodele and anuran. The tumours resulting from inter-
order grafts were, however, composed of transformed host cells [4]. Such a
mechanism did not operate in case of the MC29 virus-producer chicken hepa-
toma investigated in this study, as inoculation of MC29 virus per se in the wing
web or intramuscularly did not induce rapid-growing tumours [3], and accord-
ing to the histological picture the tumours developing at the site of inoculation
in chickens, Japanese quails and turkeys were composed of hepatoma cells.
Still, secondary infection by MC29 virus released from the tumour cells may
have contributed to the spread of the disease into the liver.

The factors permitting progressive growth of MC29 hepatoma in xeno-
geneic hosts are unknown. Immunological immaturity or deficiency can be
excluded in the Japanese quail. Assuming a tumour-induced immunodépression
and/or loss of various antigens from the hepatoma cells, the age-related resis-
tance of Hunnia hybrid chickens and turkeys remains unexplained. Further-
more, the subcutis of the neck and the wing web are not immunologically
privileged sites. Development of immunological tolerance is a possible explana-
tion, but why should some adult quails he tolerant and others resistant ? One
may suppose the existence of some para-immunological defence mechanisms
recognizing neoplastic cells by markers other than classical surface antigenic
determinants, developing soon after hatching in chickens and turkeys but slow-
ly maturing and less efficient against the MC29 hepatoma cells in Japanese
quails. Such a mechanism could account for the data summarized in Table I.
Cook et al. 16] demonstrated that the capability of SV40 transformed hamster
cells to induce tumours in histoincompatible hamsters is due to their resistance
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to macrophage-mediated cytolysis. Macrophages were postulated to play a sur-
veillance function against transformed cells [7], and monocytes collaborating
with immune T cells inhibit the growth of carcinogen-induced chicken fibro-
sarcoma [8j. Besides, natural killer (NK) cells and thrombocytes should also
he considered as potential antitumour effector cells. Since NK activity occurs
only sporadically in the spleen of 1-3 week old chickens [9], NK cells cannot
play a significant role in the development of the age-related resistance of chick-
ens and turkeys against the MC29 hepatoma. The avian thrombocyte is a phago-
cytic cell and responds to lymphokines [10], but there are no data about its
interaction with tumour cells.

Inoculation of MC29 hepatoma grown in xenogeneic Japanese quails or
turkeys into newly hatched Hunnia hybrid chickens led to fundamentally dif-
ferent residts (see Table I1). In the former case no tumour growth could be
observed, though progresser tumours arose after transferring tumour cells from
quails to quails. Back-inoculation of turkey-grown hepatoma cells to 1 day old
Hunnia hybrid chickens produced progressor tumours in 15 out of 15 cases.

These results suggest that the chicken hepatoma cells selected or adapted
to grow in the Japanese quail hav echanged irreversibly, or cannot reaccommo-
date quickly enough to the chicken microenvironment. On the contrary, the
milieu provided by turkeys for the MC29 hepatoma cells seems to be similar
to ihat of Hunnia hybrid chickens.

Microenvironmental signals induce reversible shifts in tumour cell pheno-
types and influence the in vivo behaviour of neoplastic cells [11 13]. Inductive
interactions may result in irreversible changes of gene expression [14]. It would
he difficult to distinguish this latter mechanism from the selection of newly
mutated cells by various host microenvironments. Characterization of the
mechanism permitting or inhibiting the growth of MC29 hepatoma in various
hosts would help to explain the unexpected biological behaviour of the investi-
gated tumour.

REFERENCES

. Little, C. C, Strong, I.. C.: J Exp Zool 41, 93 (1924).
. Friedman, M., Moldovanu, G., Moore, A. E., Miller, D. G.: Progr Exp Tumor Res 10, I
(1968).

3. Langlois, A. J., lLapis, K., Ishizaki, R., Beard, J. W., Bolognesi, D. P.: Cancer Res 34,
1457 (1974).

4. Dvorak, IL F., Dvorak, A. M., Manseau, E. .)., Wiberg, L., Churchill, \Y. IL: 1 Nat Cancer
Inst 69, 1459 (1979).

5. Balls, M,, Ruben, L. N.: Progr Exp Tumor Res 10, 238 (1968).

6. Cook, J. L., Hibbs, J. B., Lewis, A. M.: Proc Natl Acad Sei USA 77, 6773 (1980).

7

8

N

. Adams, D. 0., Snyderman, R.: 1 Nat Cancer Inst 62, 1341 (1979).
. Palladino, M. A., Thorbecke, G. Cell Immunol 38, 350 (1978).
9. Sharma, J. M., Coulson, B. D.: J Nat Cancer Inst 63, 527 (1979).
10. Stinson, R. S., Mashaly, M. M., Click, B.: Immunology 36, 769 (1979).
11. Diamandopoulos, G. T.: Proc Natl Acad Sei USA 76, 6456 (1979).
12. Schirrmacher, V.: Immunobiology 157, 89 (1980).
13. Portis, J. L.: J Nat Cancer Inst 62, 61 1 (1979).
14. Solter, D., Shevinsky, L., Knowles, IL B., Strickland, S.: Develop Biol 70, 515 (1979).

-Icla Microbiologica Hungarica 31, 19114






Acta Microbiologica Hungarica 31 (4), pp. 399 -404 (1984)
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CEPHALOSPORINS: NUCLEOPHILIC ATTACK ON
RETA-LACTAM STRUCTURES
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(Received January 2, 1984)

Cephalosporins are not degraded by hydroxylamine (NH,,OH) in neutral and acidic
solutions. Their reaction with NH20H in slightly alkaline solutions leads to microbiological
inactivation which seems to be a structure dependent phenomenon. In these experiments the
mandelic acid-type compounds appear to be quite stable to the effect of NH20II, whereas,
eefazolin is gradually degraded and the straight chain-containing cephalosporins are variably
inactivated. The phenylglycine-type oral cephalosporins were generally sensitive to the alkaline
conditions used in these tests and apparently are not inactivated by NH.OH. On the contrary,
the phenylglycine-type cephalosporins seem to be somewhat stabilized in the presence of
NH.OH.

Hydroxylamine, a nucleophilic reagent, rapidly reacts with penicillins
with the formation of the microbiologically inactive hydroxamic acid |1, 2]
which forms a purple complex Mith ferric ion. This well-studied reaction is
usually pH dependent, proceeds more readily in alkaline medium and is the
hasis of colorimetric determination of penicillins. Although the penicillin and
cephalosporin molecules are similar, they show striking differences in their
chemical and biological behaviour. Therefore, it was undertaken in this experi-
ment to study the reaction of cephalosporins with NH20H. Hydroxylamine
itself (NH20H) and many oxime (=C =NOMH) derivatives are used, in addition
to the above mentioned color-reaction formation, in research and therapy as
enzyme-reactivators or restorators. Recently NH.20H is used in the study of
the ultimate mode of action of beta-lactam antibiotics.

Materials and methods

The concentration of cephalosporins or penicillins selected for assay was 4 /tg/ml,
and for cephalexin and SKF 60524 with poorer intrinsic in vitro activity, it was 8 /ig/ml
(Table I). All antibiotics were dissolved in deionized water. The final concentrations of NH20H,
sodium bicarbonate (NaHCO03) or citric acid, as used in these tests alone or in combination
with antibiotics, were 100 /tg/ml. These concentrations of chemicals did not produce inhibi-
tion zones in the hioassay procedure used throughout this experiment. The compounds were
examined for their NH.OH sensitivity in neutral, acidic (pH ~ 3-4, with citric acid) and
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Table |

Effect of hydroxylamine on the degradation of cephalosporins with diverse structures in neutral, acidic and alkaline solutions

i Mean diameters (mm) of inhibition zones with added reagents
Substituents at

Name and/or SK & F number

(drug concentration) ne, h Dist. + NaHCOj + Citric acid
7-position 3-position 1120 NH ,011 NaHCOj Citric acid
NH.OH NH”OH

Cephaloglycin 0 26 28 12 zh 27 28
(4 fig/m1) 3 25 28 0 0 28 28
5 23 28 0 0 28 27

24 10 26 0 0 25 26

Cephalexin 0 19 18 16 17 19 20
(8 /ig/ml) 3 19 18 0 17 20 20
5 19 18 0 17 20 20

24 19 18 0 0 20 19

60524 0 17 17 0 12 18 18
(8 ligiml) 3 17 17 0 17 17
5 17 18 0 9 17 17

24 15 16 0 0 17 16

44065 0 23 25 18 20 26 26
(4 fig/ml) 3 21 25 13 17 26 26
5 16 24 4_ 17 26 26

24 0 24 0 0 20 21

59589 0 23 24 21 22 24 24
(4 lig/iml) 3 2 24 16 19 24 24
5 21 24 14 18 24 24

24 9 22 0 0 23 23

46029 0 24 27 14 12 27 28
(4 fig/ml) 3 22 26 0 a 27 28
5 18 27 0 + 28 27

24 0 26 0 0 26 28

(0[0]7

N
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60701
(4 llg/ml

60222
(4 lig/ml)

Cefatrizine (60771)
(4 /lg/ml)

58891
(4 lig/ml)

60542
(4 lig/m1)

Cefamandole (46028)
(4 /lgIml)

42669
(4 llg/ml

59667
(4 lig/ml)
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Name and/or SK & F number
(drug concentration)

Cefazaflur
(59962)
(4 /ig/ml)

60451

Cefazolin

Benzyl-Penicillin

Ampicillin

Substituents at

7-position

CFiSCH;j-

nCjM-SOjCH,—

N —N
| )} —CH.-
N=CH

6-|)osition

3-position

6-APA

6-APA

Sampling
time,
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N N
M owo
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Table I (continued)

Mean diameters (mm) of inhibition zones with added reagents

Dist.
H2

27
27
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26

nh2h

=
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NaHCO03

27
27
27
21

NaHCOs3

NH20H
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oo oo

Citric acid

27
25
16
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21

Citric acid
+

NH.OH

21
21
21
18
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nlkaline (pH B, with NaHCO03) solutions. The solutions and/or reaction mixtures were kept
at 37 °€ and samples were taken at 0. 3, 5 and 24 h for microbiological assay. The antibiotic
activity was determined by the disc agar-diffusion method with Bacillus subtilis ATCC 6633 as
indicator organism using unbuffered Trypticase soy agar [3]. The discs absorb about 20 /il of
the solutions; consequently, the antibiotic concentrations were approx. 0.1 //g or 0.2 /ig per
discs, respectively. On all assays 3 discs were used and the inhibition zone diameters in Table |
represent the average values of the three discs [4].

The names and/or Smith Kline and French Laboratories (SK & F) designations, as well as
the structural features of the cephalosporins and penicillins employed in the study are shown
in Table I. The cephalosporins are grouped according to their chemical structures, particularly
substituents at 7-position of the aminocephalosporin molecule. Eleven phenylglycine or sub-
stituted phenylglycine-type cephalosporins, three of them, cephaloglycin, cephalexin and
cefatrizine, are commercially available, are followed by three mandelic acid-type preparations,
of which cefamandole is a marketed drug, and two compounds containing straight chains at
7-position were included in the study. In addition, cefazolin with a quite different chemical
structure was also included. Penicillins examined to date behaved similarly, therefore, results
obtained with two representative ones, namely benzyl-penicillin and ampicillin, are presented
in Table I.

Results and discussion

The nucleophilic attack of NH20H on the sensitive penicillin nucleus and
the subsequent molecular rearrangement is depicted in Fig. 1

Cephalosporins, while still prone to react with most of the nucleophilic
reagents and other beta-lactam degrading agents [5-8], are not as readily at-
tacked by NH20H as are penicillins under the described experimental condi-
tions. Some cephalosporins appear to be attacked only slightly and after a latent
period. The reason for this may be that the primary degradation product of
cephalosporins corresponding to penicilloic acid apparently is short-lived, most
probably because of its instability [2].

It can clearly be seen from the data of Table | that the nucleophilic attack
by NH20H on the semisynthetic cephalosporins as measured by the loss of
microbiologie activity is strongly structure, time and pH dependent. The man-
delic acid-type compounds are rather stable to NH..OH attack at neutral, acidic
and alkaline milieu. The phenylglycine-type compounds not only resist to the
nucleophilic attack by NH20H, but even are stabilized by it in alkaline reac-
tion, where usually they tend to decompose with loss of biological activity.
Cefazolin and the straight chain-containing cephalosporins behave variably.
Penicillins, as expected, are sensitive to the attack by INH2DH especially in
neutral and alkaline solutions.

ROOHN /S ./ Chs RCOHN___
ra xh 3 +nh2oh-
COONa
00 ( H

I'ig. 1. Nucleophilic attack of NH.OH on the penicillin beta-lactam ring (left) and the sub-
sequent molecular rearrangement into hydroxamic acid (right)

6 Acta Microbiologica Hungarica 31, 1984



404 nw

From the results of these experiments, a number ofimportant conclusions
can be drawn. They supply additional confirmative material to the knowl-
edge that the two fused beta-lactam-rings (beta-lactam-thiazolidine and
beta-lactam-dihydrothiazine), despite their similarities, are quite different.
They behave differently not only to the nucleophilic attack by NH..OH, but
also they are variably sensitive to beta-lactamases of diverse origin and the
cephems are more resistant to the ambient acidity or alkalinity. The differ-
ences can even further be emphasized by the versatile possibilities offered
for substitutions of the beta-lactam-dihydrothiazine ring system (positions 7
and 3 and others). Our observations as to the influence of NH20H attack
on semisynthetic cephalosporins should be borne in mind whenever the hy-
droxylamine method [9-12] is to be adopted as a method for determination
of cephalosporins in solutions and/or body fluids [13]. It is also important when
examining the role of the nucleophilic properties of NH2H in the beta-lactam
release reactions related to the binding of beta-lactam antibiotics to the penicil-
lin-binding membrane proteins of bacteria [14].
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Three-thousand hybridoma clones were produced using crystallized hexon of human
adenovirus type 1 for immunization. ELISA revealed 69 homospecific antibody producing
clones. The monoclonals were reactive with both crystallized and non-crystallized purified
soluble hexon preparations, as well as with the hexons derived from purified virions. Hexon
preparations of 10 different human adenovirus species (members of 4 different subgenera) were
used for the characterization of 33 monoclonal antibodies. ELISA and passive haemagglutina-
tion (HA) tests revealed 6 and 15 distinct reactivity patterns (RP)i.e. intertype cross-reaction
of a given antibody with the panel of test-antigens, respectively. Four of these RP-s tvere
identical by both techniques. Significant quantitative differences existed between extinction
values in ELISA and HA-titres. The results indicate the presence of identical epitopes as well as
epitypic relationships among the hexons. The common epitopes and the epitypic relationship
seem to be characterized by 16 different interspecies specificities under the experimental con-
ditions, which are independent of subgenus boundaries and are demonstrable in different com-
binations on the hexons of adenovirus species belonging either to the same or to different sub-
genera.

Antiviral immune sera are essential tools in the study of the antigenic
structure of viruses and of individual viral components. Since viruses and viral
protein components are often antigenically complex, the use of multireacting
antisera limits the appropriate antigenic analysis to considerations of the total
antigenicity of a complex viral protein and precludes the characterization of
individual epitopes of a protein. The introduction of the use of monoclonal
antibodies has added a powerful tool for the antigenic analysis of the antigeni-
cally complex viral proteins [1-4].

The capsomeric form of the adenovirus hexon is a trimer which consists
of three identical polypeptide subunits of 105 000-120 000 Mr each [5 8].
The hexon is known to contain both species-specific (type-specific) and genus-
specific antigenic determinants (epitopes) [8-10]. By absorption of antihexon
sera with purified heterologous hexons and with the help of monoclonal anti-
bodies, subgenus- and intersubgenus antigenic specificities have been demon-
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strated [8, 9, 11, 12], but actual distinctions in antibody populations have not
yet been demonstrated [8].

In the presentstudy, by employing monoclonal antibodies against crystal-
lized hexons of human adenovirus type 1, we were able to discriminate —in the
form of various types of cross-reactions — 16 determinants that were expressed
on a various number of heterologous hexons in different combinations.

Materials and methods

Hybridoma-production. Animals and immunizations. Conventionally bred, 8-12 weeks old
Balb/c female mice were used for immunization. The animals were injected twice intraperito-
neally with 5fig of Alum-precipitated antigen, three weeks apart. Four weeks after the last im-
munization and three days prior to the fusion, spleen cell donors received an intravenous injec-
tion of 20 fig antigen in PBS.

Antigen-preparation for the hybridoma. Hexons from HEp-2 cells infected with human
adenovirus type 1 were separated and purified as described earlier [13]. The highly purified and
concentrated hexon preparation was crystallized according to the method described by Adém
and N4&sz [14], then the crystals were sedimented with 2000 r.p.m. The crystals were washed
by centrifugation in acetate buffer two times, then dissolved in 0.01 m (pH 7) phosphate buffer.
To dissolve the crystals, the phosphate buffer was slightly alkalized by the addition of Na2C03.
The redissolved material from the crystals was used for immunization of the spleen cell donor
mice.

Cells, media and culture conditions. All cell lines used for producing hybridomas were
cultured in RPM1 1640 (Flow Laboratories), supplemented with 10% fetal calf serum (FCS).
Culturing was carried out at 37 °C, in 5% CO02 The nonsecreting parental cell line, Sp2/0 origi-
nated from G. Koéhler [15].

Cellfusion, selection and cloning ofhybrids. Cell fusion procedure was carried out at room
temperature. The donor lymphocyte preparation was washed by centrifugation in PBS. Paral-
lel, the myeloma cells (at exponential growth phase) were spun out of their culture medium
and washed with PBS. The washed lymphocytes and myeloma cells were counted, mixed at
aratio of 5:1-10 : 1 and were spun down together. The cell pellet was resuspended in 0.5-1 ml
of 50% (v/v) PEG-6000 (Fluka). After incubation for one minute, the cell suspension was
gradually filled up with serum-free RPM1 to 20 ml, the cells were spun down and gently resus-
pended in FCS-supplemented RPMI to give a final concentration of 0.4 to 2 X106 lympho-
cytes/ml. Then 0.1 ml aliquots of the cell suspension were distributed to 96-well flat-bottom
tissue culture plates (Nunc). The day after the fusion, approximately half of the cell supernatants
was sucked off and the wells were refilled with RPM 1 containing hypoxanthine (13.6 fig/m\),
aminoptérine (0.186 fig/m1) and thymidine (15.5 pg/m\) (HAT). Feeding of cells with halfvolume
of the HAT medium was repeated 2-3 times, depending on cell growth.

The culture fluid of individual cultures was tested by ELISA for the presence of anti-
bodies (positive clones).

Positive clones were transferred to 24-well flat-bottom tissue culture plates (Nunc),
cultured to appropriate cell density, cryopreserved at —192 °C and cloned.

Cloning of hybrid cell lines was performed by the limiting dilution procedure, mouse
peritoneal exsudate cells were used as filler cells (109ml) in 96-well plates.

Antigen-production for the analysis of monoclonal antibodies. In order to produce purified
hexon antigens, HEp-2 cells were infected with the following adenovirus species: type 1, 2,
5and 6 (subgenus C), type 8,9, 10 and 13 (subgenus D), type 7 (subgenus B) and type 12 (subge-
nus A). All the virus strains used were the prototype strains except type 7 and 8. The type 7
strain was the Pinkney isolate [16]; the type 8 strain has been isolated and characterized in
detail by us [17, 18]. The maintenance and infection of the cells and purification of hexon pro-
teins by chromatography were carried out according to the method described earlier [13, 18, 19].

ELISA procedure. Wells of 96-well flat-bottomed polystyrene plates (Falcon Micro Test
Il T.C. Plates) were coated with 50 //1 hexon dilution of the different adenovirus types in car-
bonate-bicarbonate buffer (pH 9.6) at 10 fig/mi final concentration. The plates were incubated
overnight at 4 °C and after washing two times with PBS containing 0.5% Tween 20 they were
covered with 100//1 of PBS containing 0.5 m NaCl and 0.5% BSA. After 1 hincubation at 37 °C,
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the wells were washed twice and then 50 //1 of hybridoma supernatant were added per well and
incubated at 37 °C for 2 h. Thereafter the washing procedure was repeated four times, and 50 //1
of anti-mouse 1gG peroxidase conjugate (Human) were added to each well in 1:500 dilution.
Following incubation for 1 h at 37 °C, the washing procedure was repeated and 50 /N1 of freshly
prepared substrate (o-phenylene diamine) were added to each well and incubated for 30 to 35
min at room temperature. The colour reaction was stopped by the addition of 50 /14 m H2SO,.
The absorbance was determined using a Titertek Multiscan photometer equipped with a 492 nm
wavelength filter. Polyclonal serum of mice immunized with the purified hexon of adenovirus
type 1 and the culture media used for the hybridoma cells were applied as positive and negative
controls, respectively. Hybridoma supernatants displaying at least the double absorbance of
negative controls were considered to be positive.

Haemagglutination (I1A). According to the method of Ross and Ginsberg [20], a 2.5%
suspension of washed sheep red blood cells (SRBC) was prepared in phosphate-buffered saline
(pH 7.2) and an equal volume of tannic acid, 1 : 20 000 in the same buffered saline was added.
The suspension was incubated for 10 min at 37 °C, then centrifuged and washed in the above
solution. The SRBC were then resuspended as a 5% suspension in the solution of purified adeno-
virus hexon preparation containing 150-200 /ig protein in phosphate-buffered (pH 6.4) saline.
After 30 min incubation, the SRBC were washed twice and resuspended as 0.5% suspension
in the same buffered saline containing 1:400 bovine serum albumin (Fluka). HA test was car-
ried out in Takatsy’s microtitrator. Agglutination patterns were read after 1 h incubation at
37 °C. Antibodies were tested from a 1:50 or 1:30 dilution and the resulting titres are
expressed as logox 10 2

Results

Spleen cells of Balb/c mice immunized with crystallized human adenovirus
type 1 hexon were fused with Sp2/0 myeloma cells. The supernatant of 3000
hybridoma clones were examined by ELISA and 69 clones were found to pro-
duce specific monoclonal antibodies when tested with adenovirus type 1 hexon.
The monoclonal antibodies were reactive both with the crystallized and non-
crystallized purified soluble hexon preparations as well as with hexons derived
from purified complete virions.

In order to examine the antigenic relationship among different hexons,
33 monoclonal antibodies were tested by both ELISA and passive haemagglu-
tination methods with hexon preparations of 10 different human adeno-
virus species (serological types) belonging to 4 different subgenera. Table |
shows the results of the ELISA experiments with the 10 different purified
hexons, among which the A and B subgenera are each represented by one, the
D subgenus is represented by four virus types. As the antisera were produced
against type 1 hexon, belonging to subgenus C, all four members of this sub-
genus were included in the experiments [11]. The sections of Table | separated
by horizontal intermissions indicated distinct reactivity patterns (RP), i.e. type
of cross-reaction of a given hybridoma antibody with the panel of the test anti-
gens. The number of reactive hexon types giving positive results varied between
five and ten. These belonged mainly to members of subgenus C and to types 8
and 9 of subgenus D. Only 3 to 24% of the antibodies reacted with the hexons
of other types. One hybridoma antibody (32D3) did not react with type 2 of
subgenus C, and one single antibody (31 A3) reacted with hexons of all ten types
examined.
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Table |
ELISA reactions of 33 monoclonal antibodies tested with adenovirus hexons

Human adenovirus types according to subgenera
Designation of

hybridoma A B C D
antibody

12 7 1 2 5 6 8 9 10 13

31A3 + + + + + + + + -f- +
32C2 + + + + + + + -
2H12 + + + + + + —
2A10 + + + + + + + + -
32A1 - + + + + + + + + -
32A6 - + + + + + + + + -
32D6 - + + + + + + + + —
2E3 — + + + + + + + + —
32A4 + - + + + - -
32A3 + — + + + + + + —
31D3 + — + + + + + + — —
31B5 — — + + + + + + - -
32C4 — — + + + + + + — —
31C5 — — + + + + + + — —
31A2 — + + + + + + — —
32A5 — — + + + + + + — —
32C3 — — + + + + + + — —
31A5 — — + + + + + + — —
31A4 — — + + + + + + — —
31A6 — — + + + + + + — —
31D4 — — + + + + + + — —
32 HI — — + + + + + + — —
32B2 — — + + + + + + — —
32B3 — — + + + -i- + + — —
32B5 — —_— + + ! 1- + + —_ —
32C1 — — + + + + + + — —
32D4 — — + + + + + + — —
32C5 — — + + + + + + — —
32C6 — — + + + + + + — —
32D1 — — + + + + + + — —
32D2 — — + + + + + + — —
32A2 — — + + + + + + — —

32D3 — — + — + + + - - -

Number of

positives 7 8 33 32 33 33 33 33 8 1

HA titres of the hybridoma supernatants are summarized in Table II.
The number of reactive hexon types varied between four and ten. These also
belonged mainly to members of subgenus C and to types 8 and 9 of subgenus D.
In HA test only 21 to 42% of the samples reacted with other types. Also in HA,
only one single hybridoma antibody failed to react with type 2 of subgenus C;
this one, however, was not identical with the antibody which did not react with
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Table 11
Haemagglutination litres of 33 monoclonal antibodies with adenovirus hexons*

Human atlerfovirus types according to subg<inéra
Designation of

* %

hybridoma A B C D
12 7 1 2 5 6 8 9 10 13
31A3 7 7 9 2 10 9 10 7 6 9
32C2 7 4 7 2 7 6 6 4 5 7
21112 4 6 6 3 7 4 2 2 4 1
2A10 3 1 5 3 6 4 3 4 3 —
32A1 — 2 7 3 7 6 1 1 1 1
32A6 — 2 7 1 7 6 1 1 1 1
32D6 — 3 7 2 7 7 2 2 3 3
32A4 3 - 6 3 7 6 2 3 1 3
32A3 1 — 6 6 6 6 0.3 1 — 1
2E3 - 1 6 3 6 4 1 1 2 —
31B5 — — 7 5 6 5 0.3 0.3 3 1
32C4 — — 5 0.3 7 5 0.3 3 3 1
321)3 - 2 6 1 7 6 0.3 0.3 — —
31C5 - - 4 3 6 3 0.3 0.3 3 —
3112 — — 7 6 7 3 4 2 — 1
32A5 — — 6 2 7 6 0.3 1 — 1
32C3 — — 7 3 7 5 1 3 — 1
311)3 0.3 — 6 6 6 6 - 0.3 — —
31A5 - — 7 — 7 7 1 1 — 1
31A4 — — 6 5 7 5 0.3 1 — —
31A6 — — 6 2 7 4 1 1 — —
31D4 — — 6 3 5 4 0.3 1 — —
32B1 — — 6 3 7 5 0.3 1 — —
32B2 — — 7 3 7 6 1 2 — —
321)4 — — 6 3 6 4 0.3 1 — —
32B3 — — 6 0.3 7 6 1 0.3 — —
32B5 — — 7 0.3 7 6 0.3 1 — —
32C1 — 5 0.3 6 3 0.3 0.3 — _
32C5 _ — 4 3 6 4 — 1 — —
32C6 — — 4 3 6 4 — 1 — —
32D1 — — 4 2 4 3 — 0.3 — —
32D2 — — 4 3 4 3 — 2 — —
32A2 - — 3 3 4 3 - — - _
Number of
positives 7 9 33 32 33 33 28 32 12 14
Mean titre 3.7 3.1 5.9 2.8 6.5 5.0 1.6 1.6 2.9 2.3
*log,X 10**

** < 03 (< 1:120)
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Table 111

Reactivity patterns of 33 monoclonal antibodies and their frequency tested by ELISA and
haemagglutination

Human adenovirus types according to subgcnera

Number of hybridoma
antibodies showing identical A B ( D
reactivity pattern

12 7 1 2 5 6 8 9 10 13
ELISA 1 + + + + + + + 1
3 + + + + + + + + + —
4 — + + + + + + + + —
3 — + + + + + + — —
21 — — + + + + + + — —
1 — — + — + + + + — —
Haemagglutination 3 . . . . . . . . -
1 + + + + + + + + + —
3 — + + + + + + + + +
1 + — + + + + + + + +
1 J_ — + + + + + + - +
1 — + + + + + + + —
2 — — + + + + + + +
1 - + + + + + + + - —
1 - - + + + + + + + -
3 — — + + + + + + — +
1 + - + + + + - + - -
1 - - + - + + + + +
9 - - + + + + + + -
4 - - + + + + - + - -
1 — — + + + + — — — —

type 2 in ELISA. Three antibodies reacted with all ten types in HA, and one of
these (31A3) was the same which displayed general positivity in ELISA. One
hybridoma antibody (32A2) reacted only with the four members of subgenus C
and not with types of other subgenera. The highest HA titres were obtained
with type 5 hexon. Only two antibodies exhibited titres below the values ob-
tained with the homologous type 1, while a considerable part of the antibodies
exceeded these values and the geometric mean titre was even higher than that
of type 1. With type 6, which belongs to the same subgenus as type 1, titres,
approximated the values with the homologous type, while in the case of the
fourth member of subgenus C, type 2, the titres of only a few antibodies were
at similar levels and the geometric mean titre remained below the values ob-
tained even with types 12 and 7 of subgenus A and B, respectively. The lowest
incidence of positive results was found with type 12 and type 7 hexons, however,
the geometric mean titre with these types surpassed that with types belonging
to subgenus D.

The reactivity patterns of the 33 antibodies and their frequency in the
two assay systems are demonstrated in Table Ill. Six RPs were observed with
ELISA and fifteen ones with HA. Four RPs were identical in the two assays.
The same RP was recorded usually for only one or a few hybridoma antibodies.
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Table IV
Cumulated results obtained by haemagglutination (H) and ELISA (E) for the 33 antibodies

Human adenovirus types according to subgenera

Designation of hybridoma A B [} D

antibodies © 7 1 2 5 6 8 3 0 13

HE HE HE HE HE HE HE HE HE HE

3LA3 + o+ S U
32C2, 21112 U
2n10 o T T T
32A1, 32N16, 32D6 — kAt o+ 4 4+ 4—
32A4 + o+ — + o+ + o+ + 4+ + o+ + + + o+ H— + -
32A3 + o+ — - + o+ + o+ o+ o+ + o+ — + -
2E3 — U A —
31B5, 32C4 — — e N A
32D3 — B S TS — —
31C5 — — R e
31A2. 32A3, 32C3 — — e T — H—
31D3 + + — + + + + o+ + + + -+ + + — —
31AS — — S + -

31A4, 31A6, 31D4, 32B1,
32B2, 32B3, 32B5, 32C1,

32D4 R T T T T S

32C5. 32C6. 321)1, 32D2 — — S+ 44+ 4 4+ o+ o+ — —
32A2 — — + 4+ 4+ + 4+ -4 -+ — —
The most frequent pattern shown in the fifth line of Table 111, was character-

istic of 21 clones in ELISA, whereas in HA 9 clones displayed a similar activity.

Combining the results of the two methods (Table 1V), 16 different RPs
have been distinguished. Twelve RPs represented by 21 antibodies were
characterized with certain hexon types by divergent results between HA and
ELISA. With two types 5 RPs, and with one type 7 RPs exhibited positive
HA and negative ELISA tests or vice versa. Considering the individual types
of hexons, it may he summarized that each clone reacted similarly by the two
methods with types 1, 5 and 6 of subgenus C and with type 12 of subgenus A.
W ith the hexon of the fourth member of subgenus C, type 2, two clones while
with type 7 of subgenus B, one clone reacted differently. Diverse results be-
tween the two methods were the most frequent for members of subgenus D.
Different reactions were recorded with one antibody for type 9, four antibodies
for type 10, six antibodies for type 8 and thirteen antibodies for type 13.
In about one third of the sixteen different interspecies specificities one or two
clones exhibited the same reactivity pattern; in nearly two-third of the clones,
however, 3-4 or even 9 clones displayed identical patterns.
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Discussion

The number of antibodies giving positive or negative ELISA and haemag-
glutination results with distinct hexon types, and the values of the HA titres
may indicate different degrees of relationship between the hexons, provided
that the concentration of the purified hexon preparations used as test antigen
is the same. On this basis, the presence of identical epitopes as well as epitypic
relationships [1] can lie assumed among the different hexons. In the case of
the species examined in this work, antigenic relationship seems to be charac-
terized by 16 distinct interspecies specificities, which are independent of sub-
genus boundaries and are demonstrable, in different combinations on the
hexons of adenovirus species belonging to either the same or different sub-
genera. Only one monoclonal antibody (32A2) and only with one ofthe methods
(HA) showed a subgenus specificity. However, increasing the number of the
different test antigens, i.e. the different hexon types, this antibody may give
a positive reaction with hexons of one or more species belonging to other sub-
genera; the more it is probable because antibody 32A2 definitely reacted in
ELISA with hexons of two species belonging to an other subgenus. Considering
the grouping of the 16 different interspecies specificities, the closest antigenic
relationship seems to exist among types 1, 5 and 6 belonging to subgenus C.
Hexons of type 2 of subgenus C and of types 8 and 9 of subgenus D join with
this group in a somewhat looser degree of relationship. An even lower degree
of antigenic connection can be assumed for hexons of the other species.
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