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TABLE 4
EFFECT OF FREQUENCY OF EGG COLLECTIONS

ON EGG PRODUCTION

Interval Volume of eggs (ml)
between

e collections On oviposition On water
(days) sites containers Total

1 23 1.2 24.2

2 23.1 1.3 24.4

3 8.5 8.2 16.7

4 7.1 9.8 16.9

oviposition sites are available at least every second
day than if less frequently. Under these conditions a
far greater proportion of the eggs are laid in the

containers provided for the purpose, with only
5.3% of the total eggs being wasted. In comparison
with collections made on alternate days, there is no
significant increase in fecundity or percentage of
eggs laid in oviposition sites when daily collections
are made; therefore, the former is more efficient in
that it involves only half the labour.

Conclusions

High fecundities, equal to or better than those
obtained on milk-based diets, have been achieved
with yeast pastes. Provision of protein in this form
considerably reduces the labour required for house-
fly maintenance.
Egg collection on alternate days was found to be

optimal. The density of adults in these experiments
was approximately one fly per cubic inch.

The Relationship between the Antigenic Structure of the Pomona
Serogroup of Leptospiral Serotypes and their Circulation in Particular
Species of Animals in the USSR*

by Ju. G. CERNUHA and I. L. KOKOVIN, WHO Leptospirosis Reference Laboratory,
Gamaleja Institute of Epidemiology and Microbiology, Academy of Medical Sciences, Moscow, USSR

In the modem serological classification parasitic
leptospires are represented by 114 independent sero-
types (in 1966). In view of the large number of
types in this group of organisms the question arises
how serological types are formed among them.
Gsell a put forward the hypothesis that new sero-
types of leptospires may be formed by adaptation
to a new species of animal host. Anan'in b also
suggests that the adaptation of leptospires to various
species of animals leads to a change in their anti-
genic structure. Roth et al.c explain the antigenic

* The information reported in this article was given in a
paper read at the Ninth International Congress on Micro-
biology, Moscow, 24-30 July 1966.

a Gsell, 0. (1949) Rev. mid. Suisse rom., 69, 613.
b Anan'in, V. V. (1964). In: Discussion, Second Interna-

tional Symposium on Leptospirae and Leptospirosis in Man
and Animals, Lublin 1962, Warsaw, Part I, p. 159.

c Roth, E. E., Moore, M., Greer, B., Newman, K.,
Adams, W. A. & Sanford, G. E. (1963) Zoonoses Res., 2,
91-104.

differences of leptospiral strains in the Tarassovi
serogroup,d isolated from opossums, as due to the
presence in vivo of an antigenic mutation directed
towards the formation of an independent sero-
type.

It should be emphasized that as long ago as 1945
Terskih e drew attention to a difference in biological
properties among the causal agents of leptospiroses
belonging to one and the same serotype. In particu-
lar, leptospires of the grippotyphosa serotype circu-
lating in cattle in the south of the European part
of the USSR are more pathogenic (causing severe
disease in human beings with manifestations of
jaundice) than leptospires of the same serotype cir-

d Previously called the Hyos serogroup, and renamed
Tarassovi by the Taxonomic Subcommittee on Leptospira
of the International Committee of Bacterial Nomenclature,
after S. I. Tarassov, who first isolated a leptospiral strain in
this group in 1938.

e Terskih, V. 1. (1945) [Leptospiral diseases ofhumans and
animals], Moscow, Medgiz.
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culating in human beings with benign disease in the
central European part of the USSR. Kiktenko,f on
the basis of sharp differences in clinical features
and epidemiology and despite the identical sero-
logical properties of these agents, characterizes the
diseases they cause as two different nosological
entities.

According to the theories mentioned above it
would be reasonable to suppose that particular
leptospiral serotypes belonging to a single sero-
logical group could be isolated from pat ticular
species of animal hosts.

Materials and methods

Forty leptospiral strains belonging to the Pomona
serogroup were investigated. They differed in the
source, place and time of isolation of the subculture.
Twenty-three of them were isolated by the authors
of this present paper, while the rest were obtained
from other laboratories. The cultures were isolated
from 7 human beings and also from the following
species of animal: 9 from cattle, 6 from pigs, 6 from
rats (Rattus norvegicus), 10 from striped field-mice
(Apodemus agrarius), 1 from the pine vole (Micro-
tus majori), and 1 from the common field-mouse
(Apodemus sylvaticus) (Table 1).
The Ivancenko, T-8021 and T-5 strains were

isolated respectively from a human being and 2 calves
infected in natural foci. The gagrov and gustrov
strains were isolated from human beings who had
bathed in bodies of water polluted in the one case
by cattle and in the other by pigs. Antibodies to
leptospires of the Pomona serogroup were discovered
in the blood of the animals in titres up to 1: 10 000.
The rats from which leptospiral cultures were
obtained were trapped on pig farms. Leptospiruria
was found in 3 pigs on those farms and the blood
of 68% of the stock contained antibodies to lepto-
spires in the Pomona serogroup in titres of from
1: 200 to 1: 10 000.
The antigenic properties of the test cultures were

studied by the agglutinin-absorption technique.9
Comparisons were made with the reference strains
Pomona, Monjakov and 5621 (serotype mozdok)
from the Pomona serogroup. Subcultures of the
Mus 171 and Pomona strains were in the hookless
form. Twenty-two strains were compared with all

f Kiktenko, V. S. (1954) [Human leptospiroses], Moscow,
Medgiz.

g Wolff, J. W. (1954) The laboratory diagnosis of lepto-
spirosis, Springfield, I11., Thomas; Oxford, Blackwell.

the reference strains mentioned. Since 18 other
strains in the first experiments proved to be iden-
tical with one of the standard strains, no further
identification was undertaken.

Results
In cross agglutinin-absorption tests the Sagrov,

Sali, Sarpinskij, Giacint, Kazanskij 15, K-No. 1,
K-No. 2, K-No. 3 and CB cultures proved to be
identical in serological properties with the Australian
Pomona strains. Leptospiral strains gustrov, Svin-
jina, Magamedtajivor, Belozerskic, Porosenok-2,
Moldavskij 631, Primanicskij, Vega-i, Vega-2, DRV,
Rattus 27, Rattus 33, Rattus 196, Rattus 618, Rattus
619 and Rattus 223 showed properties identical
with those of the Monjakov strain in similar inves-
tigations. Another group of cultures, consisting
of Ivancenko, T-5, T-8021, Mus 171, Mus 70,
Mus 80, Mus 480, Mus 497, Mus 499, Mus 666,
Mus 24, Mus 881, Vorones, Mus 915 and 2613,
proved to be antigenically analogous to strain 5621
(Table 2).

It should be noted that in agglutinin-absorption
tests, residual antibodies to homologous leptospires
were generally found to the extent of 1% and some-
times as much as 3 %.

Discussion
It was established by means of the cross-absorption

test that the 40 strains of leptospires in the Pomona
serogroup that were studied can be divided into
3 subgroups. One group of 9 cultures (7 of them
isolated from cattle and 2 from humans-i infected
in a focus where the main sources of causal agents
were cattle, and the other in a man-made focus)
was found to be of the pomona serotype. A group
of strains isolated from 6 pigs, 6 rats and 4 humans
was of the monjakov serotype. All the human beings
had probably been infected in man-made foci;
and in one of the cases it was established that
there had also been contact with a body of water
polluted by pigs carrying leptospires. A third group
of strains isolated from 10 striped field-mice, 1 com-
mon field-mouse, 1 pine vole, 2 calves and 1 man
infected in natural foci was found to be of the
mozdok serotype.
The strains investigated were isolated in various

widely separated geographical regions. The series of
cultures of the pomona serotype were isolated from
animals in 8 different places, as were the leptospires
of the monjakov serotype, while those of the mozdok
serotype came from 5 different places.



ANTIGENIC STRUCTURE AND HOST SPECIFICITY OF POMONA LEPTOSPIE

TABLE 1. SOURCE OF THE STRAINS OF THE POMONA SEROGROUP INVESTIGATED

Serotype Strain Host Region Year

pomona SaIi Man Ce6eno Ingu§ ASSR 1958

Sagrov Man North Ossetian ASSR 1961

Giacint Caftle Moscow region 1946

Sarpinskii Cattle Volgograd 1951

K-No. 1 Cattle Tumen region 1963

K-No. 2 Cattle Tumen region 1963

K-No. 3 Cattle Tumen region 1963

Kazanskij 15 Cattle Kazan' 1965

CB Cattle USA 1952

Svinjina

Magamedtagirov

Belozerskih

Sustrov
Porosenok-2

Moldavskij 631

Primanitskij

Vega-1

Vega-2

DRV

Rattus 223

Rattus 27

Rattus 33

Rattus 169

Rattus 618

Rattus 619

Ivantenko

T-8021

T-5

Mus 171

Mus 70

Mus 80

Mus 480

Mus 497

Mus 499

Mus 666

Mus 24

Mus 881

Vorone§

2613

Mus 915

Man

Man

Man

Man

Pig

Pig

Pig

Pig

Pig

Pig

Rattus norvegicus

Rattus norvegicus

Rattus norvegicus

Rattus norvegicus

Rattus norvegicus

Rattus norvegicus

Man

Cattle

Cattle

Apodemus agrarius

Apodemus agrarius

Apodemus agrarius

Apodemus agrarius

Apodemus agrarius

Apodemus agrarius

Apodemus agrarius

Apodemus agrarius

Apodemus agrarius

Apodemus agrarius

Microtus majori

Apodemus sylvaticus

Cedeno Ingu§ ASSR

Cedeno Ingu§ ASSR

Ce?eno Ingut ASSR

North Osetian ASSR

Moscow region

Moldavian SSR

Rostov region

Kazan'

Kazan'

North Viet-Nam

Leningrad

tedeno Ingu§ ASSR

Ceteno Ingu§ ASSR

Cedeno Ingu§ ASSR

Ce6eno Ingut ASSR

Cedeno Ingu§ ASSR

North Ossetian ASSR

North Ossetian ASSR

Ce6eno Ingu§ ASSR

Moscow region

Moscow region

Moscow region

te6eno Ingu§ ASSR

Ce6eno Ingu§ ASSR

Cedeno Ingut ASSR

Cedeno Ingu§ ASSR

Cedeno Ingu§ ASSR

tedeno Ingu§ ASSR

Vorone§ region

Krasnodar region

Cedeno Ingu§ ASSR

1958

1958

1958

1962

1940

1962

1963

1965

1965

1965

1955

1959

1959

1959

1959

1958

1961

1961

1959

1955

1958

1958

1959

1959

1959

1959

1960

1958

1965

1961

1958

monJakov

mozdok
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TABLE 2. RESULTS OF AGGLUTININ-ABSORPTION TESTS WITH STRAINS OF THE POMONA SEROGROUP a

No. Antiserum

1 tali
pomona

2 sagrov
pomona

3 giacint
pomona

4 sarpinskij
pomona

5 kazanskij 15
pomona

6 k-No. 1
pomona

7 k-No. 2
pomona

8 k-No. 3
pomona

9 cb
pomona

10 tustrov
monjakov

11 svinjina
monjakov

12 magamedtagirov
monjakov

13 belozerskih
monjakov

14 porosenok-2
monjakov

15 moldavskij 631
monjakov

16 vega-I
monjakov

17 vega-2
monjakov

18 drv
monjakov

19 primani6skij
monjakov

20 rattusJ27
monjakov

Absorbed
with
strain

Pomona
gali

Pomona
Sagrov
Pomona
Giacint

Pomona
Sarpinskij

Pomona
Kazanskij 15

Pomona
K-No. 1

Pomona
K-No. 2

Pomona
K-No. 3

Pomona
CB

Monjakov
gustrov

Monjakov
Svinjina

Monjakov
Magamedtagirov

Monjakov
Belozerski h

Monjakov
Porosenok-2

Monjakov
Moldavskij 631

Monjakov
Vega-1

Monjakov
Vega-2

Monjakov
DRV

Monjakov
Primanikskij

Monjakov
Rattus 27

Titre against strain a

00

>-"

a0 EL LO

0 o o

0

O O O

0 11 0 1 00 0 0

0 0 0

0 0

0 0 0 01 10 1 1 1O

0 0 0

10 0 0

0 0

0 1 1

010 0

0 0 0

0 0

,0 3 1 1

0 0 0

0 0

0 0 0

1

1 0 0

0 0 0 0

1 1 0 0

0 0

3 0 0

0 0 0 0

1 0

0 0 0

1 0

'0 0 0 0

3 0

0 0 0 0

0 0 0

3 0

0 0 0

0 0 0
0 0 1

0 0 0

0 1

No.

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

Antiserum

rattus 33
monjakov

rattus 169
monjakov

rattus 618
monjakov

rattus 619
monjakov

rattus 223
monjakov

ivan6enko
5621

t-8021
5621

t-5
5621

mus 70
5621

mus 80
5621

mus 171
5621

mus 24
5621

mus 480
5621

mus 497
5621

mus 499
5621

mus 666
5621

mus 881
5621

voronet
5621

2613
5621

Mus 915
5621

Titre against strain a

Absorbed )with w

strain .2 c
0 *

O)rb E o c>- 0 0 0J

Monjakov 0 0 0 0
Rattus 33 0 0 0 0

Monjakov 1 0 0 0
Rattus 169 0 0 0 0

Monjakov 0 0 0 0
Rattus 618 0 0 0 0

Monjakov 1 1 0 0
Rattus 619 0 0 0 0

Monjakov 3 10 0 3
Rattus 223 0 3 3 0

5621 3 0
lvan6enko 0 1 1 1

5621 1 3 1 0
T-8021 0 1

5621 1 1 1 0
T-5 0 0 0 0

5621 0 10 0 0
Mus 70 0 1 1 3

5621 3 10 0 0
Mus 80 0 0 0 1

5621 3 3 0 0
Mus 171 0 0 0 0

5621 1 1 1 0
Mus 24 0 0 0 0

5621 0 0 0 0
Mus 480 0 1 1 0

5621 0 0 0 0
Mus 497 0 0 0 0

5621 0 1 1 0
Mus 499 0 0 1 0

5621 0 0 1 0
Mus 666 0 0 0 0

5621 0 0 3 0
Mus 881 0 0 0 0

5621 1 1 1 0
Voronet 0 1 1 1

5621 1 0 1 0
2613 0 0 1 3

5621 0 0 1 0
Mus 915 0 0 1 0

a Titres are expressed as percentages of the titre of the non-absorbed serum against the same strain; 0 = less than 1%.
The strains for which the results are shown in italics are homologous with the antiserum used.
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Thus the findings (obtained by study of a set of
strains belonging to the Pomona serogroup) evid-
ently indicate that each individual leptospiral sero-
type circulates predominantly in a particular species
of animal: pomona in cattle, monjakov in pigs and
rats (Rattus norvegicus) and mozdok in field-mice.
It may be assumed that as a result of the circulation
of the leptospires of this serogroup in particular
species of animal new variants have arisen, which
can be defined as independent serotypes based on
antigenic properties by means of modem classifica-
tory tests. This process may well be largely due to
the effect on leptospires of mutagenic factors such
as physicochemical factors in the habitat, the
presence of leptospirosis antibodies in the organ-
ism, etc. When a susceptible species of animal is
present in sufficiently large and stable numbers in an
environment favourable to the transmission of the
infection ha the leptospiral variant which arises be-
comes established in nature.'
The repeated isolation in various geographical

areas of cultures of leptospires of the sejroe sero-
type from house-mice,1' k of the hardjo 1, m sero-
type from cattle, of the bratislava serotype from
hedgehogs,'n 0 of the canicola serotype from
dogs,Pr q and so on is an indication of the capacity
of leptospiral serotypes, once established, to cir-
culate in particular species of animal.

It seems probable that the abundance of animal
species in a biotope in which leptospires are cir-

h Smith, G. C., Turner, L. H., Harrison, J. L. & Broom,
J. C. (1961) Bull. Wld Hith Org., 24, 5-21.

i Broom, J. C. (1952) Global significance of the lepto-
spiroses. In: Symposium on the Leptospiroses, Washington,
D.C., US Government Printing Office, p. 3 (Medical
Science Publication No. 1).

i Anan'in, V. V. & Semenova, L. P. (1964) 2. Mikrobiol.
(Mosk.), 5, 93-95.

ic ternuha, Ju. G., Kokovin, I. L., Karaseva, E. V. &
Tagi-Zade, T. A. (1963) [Natural foci of leptospiroses of the
lora (australis group), sejroe (hebdomadis group) and
grippotyphosa serotypes in Transcaucasia]. In: Trudy
Instituta medicinskoj parazitologii i tropi6eskoj mediciny
Azerbajdfanskoj SSR, Baku, 179-181.

1 Roth, E. E. & Galton, M. M. (1960) Amer. J. vet. Res.,
21, 422-427.
m Kraminskaja, N. N. (1965) [Differences between causal

agents of leptospirosis pomona and ussuri in laboratory
diagnosis]. In: [Fourth Conference on Leptospirosis], Moscow,
Medicina, 13-14.

n Anan'in, V. V. (1954) Zool. 2., 33, 331-340.
0 Kmety, E. (1954) Cs. Hyg. Epidem., 3, 41-43.
P Klarenbeek, A. & Schuffner, W. (1933) Ned. T.

Geneesk., 77, 4271.
q Bezdeneznyh, I. S. & Saferstejn, D. L. (1955) i.

Mikrobiol. (Mosk.), 3, 102-105.

culating affects the possibility of serotypes being
formed. In this sense conditions in tropical countries
can be considered as the most favourable. In parti-
cular in such countries as Indonesia,g Australia,r
Malaya,"8 Puerto Rico I and Panama,u a very
high number of leptospiral serotypes have been iso-
lated, although many of them seem to be rarely
encountered. Their rarity is obviously due to the
formation of variants adapted to the local fauna.
On the other hand leptospiral serotypes such as
pomona and monjakov that circulate mainly in cos-
mopolitan species of domestic animal (cattle and
pigs) are extremely widely distributed throughout
the world and play a more significant role in infec-
tious pathology.

Thus, the formation of leptospiral serotypes from
the Pomona serogroup and possibly from other
serogroups is due both to the ability of a particular
variant to affect in the main a particular species of
animal and to the properties of those animals that
make them susceptible to the variants concerned.
This is in agreement with the experimental data,
which indicate differences in the susceptibility and
sensitivity of various species of animal in relation to
a single leptospiral strain and differences in the
biological properties of various strains of leptospires
in relation to a single species of animal.v, w
The data quoted indicate that investigations of

the antigenic structure of leptospiral strains belonging
to the Pomona serogroup but isolated from different
species of animal may help to throw light on some
aspects of the interrelationships between those
micro-organisms and their hosts at the serotype level.
However, when such experiments are conducted
allowance must be made for the existence of strains
occupying an intermediate position within the sero-
group. Furthermore, the findings can be extrapoled
only for conditions similar to those in the biotope in
which the leptospires being studied are circulating.
The dependence of the antigenic structure of the

Pomona group of leptospiral serotypes on their

r Emmanuel, M. L., MacKerras, J. M. & Smith, D. J.
W. (1964) J. Hyg. (Lond.), 62, 451-484.

8 Alexander, A. D., Evans, L., Toussain, A., Marcho-
wici, R. & McClumb, F. (1957) Amer. J. trop. Med. Hyg.,
6, 871-889.

t Alexander, A. D. et al. (1963) Zoonoses Res., 2, 152-
227.

u Gale, N. B., Alexander, A. D., Evans, L. B., Yager, R.
H. & Matheney, R. G. (1966) Amer. J. trop. Med. Hyg.,
15, 64-70.

v Walch-Sorgdrager, B. & Schuffner, W. (1938) Zbl.
Bakt., I. Abt. Orig., 141, 97-109.
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circulation in particular species of animal was made
clear by study of strains isolated mainly in the Soviet
Union. However, further tests of strains, parti-
cularly from the United States of America where
pomona infection is found among cattle,w could
enhance the possible epidemiological and epizoo-
tiological significance of the data we have obtained.
In our opinion, favourable conditions for similar
experiments exist in Denmark on the islands of

w Stalheim, 0. H. V. (1965) 69th ann. Proc. US Livestock
sanit. Ass., 170-174.

Laaland and Falster, the only places in that country
where field-mice carrying leptospires of the Pomona
serogroup are found.x

In conclusion, it may be said that only the accu-
mulation of data, particularly those obtained by
investigation of the antigenic system of leptospires of
varying provenance from other groups, can show
the correctness of selecting this method for settling
the problem under discussion.

Z Borg-Petersen, C. & Fennestad, K. L. (1956) J. Amer.
vet. med. Ass., 128, 204-205.



Transliteration
from Cyrillic characters

The " International System for the Trans-
literation of Cyrillic Characters ", set out in
Recommendation ISO/R9-1954 (E) of the Inter-
national Organization for Standardization, is
normally used in the Bulletin of the World Health
Organization for personal names, titles of publi-
cations, etc. However, papers accepted for
publication may contain names transliterated
differently, and if the original Cyrillic spelling is
not recognizable inconsistencies may occur.

For convenience the transliteration from
Russian according to ISO/R9 is given below:

Translitteration
des Caracteres cyrilliques

Le < Systeme international pour la translitte-
ration des caracteres cyrilliques >> presente dans
la Recommandation ISO/R9-1954 (F) de l'Orga-
nisation internationale de Normalisation est
generalement utilise dans le Bulletin de l'Organi-
sation mondiale de la Sante pour les noms de
personnes, les titres de publications, etc. Cepen-
dant des articles acceptes pour publication
peuvent contenir des noms translitteres diff&-
remment et si l'orthographe cyrillique originale
n'est pas reconnaissable un manque d'unifor-
mite peut s'ensuivre.
A toutes fins utiles, la translitteration du russe

selon la recommandation ISO/R9 est indiquee
ci-apres:

Trans- Trans-
Cyilc literation literationCyilc from Cyrillic from

character Russian Examples and remarks character Russian Examples and remarks
Caractere Trans- Exemples et observations Caract&re Trans- Exemples et observations
cyrillique litt6ration cyrillique litt6ration

du russe du russe

A, a a Aaipec = Adres Y, y u YTpo = Utro

6, 6 b Ea6a = Baba cP, ) f (PI13l4Ka = Fizika

B, B v BbI = Vy X, x h XHMHUeCKRH1 = Himiceskij

r, r g rnIaBa = Glava LI, II c QIeHTpaJbHbdl = Central'nyj
ronosa = Golova q4 q c acbl = Casy

Ll, R d ,Aa = Da W, in s WlRona = Skola
E, e (a) e (e) Ewe = Esce L, uI sc LLeKa = keka
W, W z CWypHan = -urnal (medial, #or" In modern Russian, where

3, 3 z 3Be3,Ra = Zvezda m6dial) 'ou" sometimes replaces medial 'b,
.4 H "Jill Ili

transliteration is still ".14, H i HJ1l= Ili b, b En russe moderne, o'u le ' rem-

-blii_H, -oti = place quelquefois le b m6dial, la
t tl, u |i [ -lu, -uu, -ou = Yj, -ii, -oi translitteration reste

K, K k K{aK = Kak (final) (Not

JI, n 1 .Jlio6HTb = Ljubit' literatsed.

M,YM m Mync = Muz Non trans-
H, H n HIHMHU = Niznij litt6re.)
0, 0 o 066tecTTo = Obsestvo bl, bi y EbuJ = Byl

n, n p flepBbli = Pervyj b, b 'or' 'oul MaJieHbKHhI = Malen'kij
P, P r Pbi6a = Ryba 3,3 e 3To - Eto
C, c s CecTpa = Sestra 10, in ju 0>OKHbIi = Ju2nyj
T, T t ToBapuHA = Tovari1c 5 , sq ja 5Iiko = Jajco

I Cyrillic e to be transliterated by e only when the diacritical appears in the original. Le e cyrillique ne doit 6tre translitt6r6
par e que lorsque la diacritique apparatt dans l'original.


