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A STUDY OF THz INTINSITY OF CROSS
AND TYPS IMMUNITY IN BRUCZLLOSIS

/Following is 2 translation of an article by

P.A, Versnilova and D.S. Xurdina of the Institute
of Zpidemiology and kicrobiology imeni Gamaleya of
the Academy of kedical Sciences of the USSR in the

Russiuan-language periodical Zhurnal mikrobiologii
epidemiologii i immurobiologii (Journal of
wicroolology, zpiaemiology, and Immunobiology),

No 8, 1963, pages 34~-39. The article was submitted

on 1% March 1962.7

4 large number of works, especially by Soviet
authors, which huve been devoted to the study of the
rature of imxunity in the case of brucellosis have confirrced
the existence of cross immunity between types of Brucella
organisms. This concept was decisive in selecting the
cattle-type strain for vaccinating people against the
inZection caused by Br. melitensis. However, at the
present time this question is undergzoing a reexamination,
Taus, tre American researchers Herzberg, Sloerg, ieyer,
etc. (1vy53, 1¥55, 1v58), while not uenying the presence
oI cross immunity in brucellosis, consiaer that the type
i.zunity has the greatest effect with respect to each type
o2 3rucella orgunisms.

—— o

In our laboratory we 2ave conaucted work for rany
vesrs in stuaying the properties and zachanisms of immunity -
=n. the case of brucellosis; therefore, we felt it necessary

~eriors additional research in order to study the type
cross immunity produced by vaccine cultures,
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Tests were conducted on guinea pigs with the following
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aspects under consiaeration. In the expsriuantal study

0f the puthogenesis of brucellosis in aniuwals of aifterent
kinds (sheep, cows, radbbits, guinea pigs, white mice,

and rats) it wus established that there is a species
resistance to various Brucella types (kr. melitensis,
abortus,suis). For exunple, ithe resistan-e of sheep to
inrection by cultures of Br, abortus and suis is imown.

In order to p.oduce infections in them with these types

of Brucella organisms it is nscessary vo give considerably
larger doses thun when infecting with Br. melitensis,

The species inertness of the organism to the given Brucella
type with lowered virulence, i.e., to the vaccine strains,
is found even more clearly than we observed in testing the
vaccinution of white mice with live Br. abortus culture
(1954). Therefore, in ocder to study the type specificity
of immunity upon vaccination with live vaccines it was
necessury to use wunimals which were aighly sensitive to all
Brucella types. fThe guinea pig answered this requirement.

The tests were made orn guinea pigs of one sex (males)
and of the sawe weight (350-400 gramsg. Tne animals were

immunized subcutaneously ana weres also inrected sub-

cutaneously in the right inguinal area. The infecting was
conducted 45 days after vaccination; an autopsy was done

50 days after intecting. <:>

¥or the bacteriological investigaution lymph nodes
were taken from each guinea pig (inguinal, paraaortal,
neck, submaxillary); the same was done with the spleen,
liver, bone marrow, blood, and urine. The immunological
reactions were studied before infection anc before tha
autopsy of the guinea pigs.

For the immunization laboratory vaccine cultures
Br. abortus No 19-BA anda 1O4-M and also Br. melitensis
Rev. 1 obtuined by Elberg (1Y55) were used. The
immunogenic properties of the latter culture were studied
by Elberg <t al. in laborutory animals, monkeys, goats,
and sheep. In our laboratory this strain was studied in
detail by Kurdina (1v6l).

The typical antigenicity of the vaccine strains
was cetermined using monospecific sera prepared in our
laboratory unaer the control of internationally recognized
brucellosis strains. Strains Br. abortus No 19-BA and 104-}f
anu Br. melitensis were agglutinated with homological
sera to 4 titer and were not agglutinated by heterological
sera,
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For thz infection of vaccinated guinea pigs we
used strains Br. melitensis Ko 565, Br. suis No 1%30,
and sr. abortus 1lOL which were agglutinated by homological
monospecific sera to a titer.

P

Initially we intended to datermine the intensity
9f cross immunity produced by strains of the type 3r.
abortus with various resiaual virulence (No lv-Ea,
and 104-M).

Test 1 was performec on 240 guinea pigs. ‘'he guinea
pigs of the first group (120) were vaccinuted wizh culture
Br. abortus No 19-BA of 48-hour growth which was adrinistered
in an armount of one tillion microviul cells (accoraing to
an enteric standard of turbidity); the guinea pims of
the second group (12C animals) reccived the san2 dose of
culture B. abortus lO4=-}M. The large qose of vaccine strain
104=-M was taken for immunization in order to provide equal
test conaitions, although it is known that this strain
provides immunity of a high intensity with a swmaller
dose.,

| At 45 days after vaccination the guinea pigs of

the first ana secona groups were divided into two sub groups;
| <> some were infected with the highly virulent culture Br.
| melitensis while others were inrected with Br. suis.
: The infection of the guinea pigs was performed with 2, 5,
i ¢5, and 250 infecting doses (ID). There were 15 guinea pigs
; for each dose. One infecting dose for strain Br. melitansis
h was equal to 10-12 colonies grogn in agar upon sowing
i 0.1 rl fror the dilution of 1l07™° of a suspension of a
i density of one billion (with respect to standara turbidity).
: ¥For the strain Br. suis the corresponding dose was equal
to 5=7 colonies produced in agar undaer the same conditions.
In accordance with our determination, one infecting dose
upon subcutaneous infection and opening the guinea pigs
after 30 days caused a generalized infection with a
sermination coefficient with Brucella orgunisms for the
organs of the animal within a range of 60-80 and higher.

isespite the relative reliability of the figures
for the small number of test animuls, it was nevertheless
rossible to see (Table 1) that strain Br. abortus 1l04-M
produced imounity in guinea pigs to Br. melitensis and suis
of & hisher intensity than did strain No 19-BA. This
cifference could not be established only in the infecting
o the animals with 2 infecting coses of culture Br.
melitensis. The resistance of the vaccinated guinea pigs
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of both groups to infection by 25 ana 250 infecting doses
of Br. suis was lower than with respect to infection by
Br. melitensis, despite the fact that Br. suis No 1330 is
Bot dixrgront in its entigenic structure from Br. abortus.
¢ explain the lesser resistunce of the guinea pigs to
strain Br. suis No 1330 as being the result of its high
toxigenicity and the suppression of defensive mechanisms
in the vacciiuted animal,

Table 1

The intenaity of cross immunity in guines
pigs immunized with Br. abortus

Number of uninfected
%xineg igs, where
Vaccine | Strain of va: ou: nﬁ;ﬁg;!‘%:
strain iofection - {infecting doses

! :
; 2 s l % f 250

|
.

8

Br. melitensis . . . ..} 74
Br. atortus i

& 19-BA

s |39

-3
°

Bosuis ......0 7 0 13

! B4

©
(=]

Br. melitensis. . . .

29

8
e
3

It should be noted that the defense of the organism
of mguinea pigs vaccinuted with Br. abortus No 104-M was
accorplished at 84-95% (ty groups) non-sterile immunity,
i.e., at the moment of opening (75 days after vaccination)
the vaccine culture was isoluted from the guinea pigs in
the incicated percent. Guinea pigs vaccinated with
strain No 19-BA at this time had sterile immunity for 87-100%.
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Thus, the aata of Test I showeu thas iic :.-
the imnurity causea by live vaccine of type 3o, nov .. .
with respect to virulent cultures of Br. melitersi. .
suls was determined Dy ihe strength of antigeris ;E-
and, in the given case, by the auration ana inters:<-
the settlement of the vaccine culvure in the orcans 5 - .
animral. - ot

Test II wus devotea TOo a study of tihe irntens.wy ss
ty,@ ana c¢ross immunity produced by vaccine strains which
adiffer in their antigenic structure =-- B3r. abortus lio 1C4-'
and Br. melitensis Rev. 1. ”

The scheme anu the method o the test were the saze
as for Test I. The guinez pigs of the first zroup were i
i vaccinated with culture No 104-) with a dose of 100,000 '
microbial cells; the wguinea pigs of the secona group (168) f
- - received the same size dose of culture kev. 1. At 45 ' i4
days after vaccination the uzinals were dividea into three
equal groups and were infectea with 2, 5, 25, and 250
infectinz aoses of sr. melitensis No 565, bBr. suis No
15%0, and Br. abortus 1lOL (one infectiny dose of strain
10L was equal to 10-12 colonies grown in agar under the
above inaicated conditions). At 30 days after infection
o the guinea pigs were opened ana 3 bacteriological stuay
was made of the animals (Tables £ and 3).

The differentiation of the cultures isolated upon
bacteriological investigation of puinea pigs vaccinated
with Br. abortus No 104-M and infected with a culture of
the same type of 10L was performed based on the formation
of hydrogen sulfide. Strain No 104=} does not form ‘ k
hyurogen sulfide upon growing in agar, while strain 10L
dischurges it actively., Cultures isolated from guinea
pigs vaccinated with Br. melitensis Rev. 1 and infected
with »r. celitensis were differentiated according to

- aniline ayes. The reaucinj capacity (fuchsin ana thionine)
of culture Rev. 1 was very weak.

+ Bt

Th: percent ralationship of the positive secretions
froin th2: organs to the total amount of secretion procuced
from the entire <roup of 3zuinea pims was sxpressed by the
grouvp coefficient of infectivity of the organs of test
zuinea pigs wilich rhuu been examined ducteriolozically
aiter infection. From each guinea pij 1% objects were
examined. At the moment of investisation there were 13-
16 zuinea pigs in eacn group. Conse uszily, fron the
coefficiernt infectivity it was possible to compile a
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suffieiently correct concept of the immunity of the vaccinated guinea

pigs.

Table 2

The intensity of type and cross immunity ia guinea pigs
vaccinated with Br. abortus No 104-M and Br. melitensis

| Mumber of uninfected guinea

e

Vaceine Infecting pigs upon administering vari-
strain strain ous numbers of infecting doses
to them
! l »
i 2 [T 2% 250,
i i
Br, melitensis . . . . . b oo ‘ 3,3 81,3 56,3
/ = ‘
Br. abortus 2o 104-M 1Be quis . . ... ... L 63 i 78,8 §2%‘§. 57,2
. i igate
Br. atortus . .. . .. | o3 8.6 | 62 | 642
; !
Br. melitensis . . . . . 100 0 | 75 50
S ] :
Be. melitensls Rev. lige aic . . ... ... Lo100 Q| s 32
Br.alostus . .. ... 100 ) ! 04 59

However, the numerical data which we obtained was
subjected to aaditional statistical processing according
to the formula for the avercge error of the proportional
and we cualculated the limits

index 100-5
/n fK%:—f 7

of the fluctuations of the calculated coefficients according

/-

to the formula

Lo = F1-F2
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Table 3

Coefficient of the infectivity of the organs of
guinea pigs by Brucclla organisms where the
guinea pigs have been vaccinated with Br. abortus
No 104-M and Br. melitensis Rov.
with various doses of Br. melitensis, suis and
abortus

l and infected

Coefficient of infectivity upon infection

with various doses

T
Br. !
Xumber melitensis| Br. suis Br. abortus
of in- |Vaccine
fecting |atrain Test Con- | Test |Con~|Test! Control
doses trol frol
H l i H H . :
Ne10+M ! 0.5 i 1.7 0.7 | .
2 —= 30 73 64
Rev 1 0 ! 50 : 0. | i 0 ‘! *
1 } \ \
Ne10aM | ‘ 9 P2 X
—_— i—— 80 IR 80
5 Rev 1 [ l 4.4 : Lo
: ! !
7
N 104-M 2,4 igated K
2 2 9 |—— 76
. Rev 1 2 | 8 t s 1% [Tos
' z ;
' ! . | 5 | Not
PN 104|113 2| | 8.5 ot
=0 Rev 1 16,2 & ll 19,3 & <1 investigated
: l

(28

sased on the results of Test I and II we feel thuat
T is possiblz to wake a series of conclusions.

Thus, vaccine strains Br. melitensis Rev, 1 and

abortus No 104-M are close with respect to residual virulence
(KXurcina, 1961); they troduced imnmunity of ecqual force.
“he vaccinated guinea pigs uisplayea less resistance

to infection by the highly virulent culture B

~

suis than
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t0 infection by strains Br. meliternsis and abortus.
Consequently, the immunity produced by strain Br. abortus
Fo 104=M which was close in its entigenic structure to
3r, suis did not have an aavantage.

{ross iumunity proauced by live va-cines when
tested for its intensity in the non-steri_.e phase was not
inferior to tyre immunity. Datu on the study of the
intensity of type ana cross immunity in the sterile phase
will be presented by us in a subsequent work.

ZThus, tae results of our present and past works
{(Vershilova, 19Y6l) proviae a basis for thne utilization
of Brucellu strains oI various types for vaccinating
hum.n beings and animals. lowever, if we consider the
different species se¢nsitivity or tha orzanism to eguivalent
srucella types, as we see it the selection of vaccine
strains s:oula be performed with cuasideration fur the
following basic concepts. In vaccirnating sheep or goats
one should employ cattle-type vaccine strains with higher
resigual virulence than the strains used in vaccinating
cattle. This is necessdary in order to overcom2 the species
immunological inertness of the organism of sheep to Brucella
organisms of the cattle~-type. roof or this is found
in the tests by Abakin, zamakhayeva, and Chernysheva (1y62)
who worked with sheep. The authors showed that strain
Br. acortus No 1lO4-} with its nigher residual wirulence
provided better immunity with respect to Br. melitensis
thun strain No 19-BA. If we turn %o the question of
selecting a strain for the vaccinaution of human beings,
then it is necessary to consider the fact that man is less
resistant to infection by strains of the type Br. abortus
than are sheep ana goats. . Consequently, in selecting the
strains for vaccinating humar beings with live vaccine,
it is necessary first of all to select a strain which would
be safe and would not cause the aisease, but would be
hignly immunogenic and provide protection for the organism
against Brucella organisms of the goat-sheep type. with
respect to the necessity oI finding Brucella vaccine

" gtrains of the melitensis type for vaccinating human beings

and sheep, this problem has been posed for solution.

.e nave not given detailed information on the study
of immunolozical reactions, inasmuch as they 4o not
permit a deterpination of the intensity of immunity. Iet
us only mention thuat the immunological rebuilding at 45
days after vaccination was more expressed in guinea pigs
which had been vaccinated with Br. abortus No 104-M
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(Test II). The titer of the «iglutinuticn rezction in
these zuinea pilgs wias -4 Times hi,

s
‘ sher than in zuinea
Pigs vaccinated with strain Rev. 1; the ullergic skin
test was positive in 77% ¢Ii the cdses whereas with guinea
rigs which were vaccinated with xev. 1 it was positive

in 6%. of the cases.

Conclusions

laT{Investigations whlch were zale with suirea
Pigs o test.che intensity of tyre &nd cross irmunity
proauced ty iiva vuccines oI tie type Br, atortus
(No 10&4-N, 0 ly-BA) and melitensis (Zlterz's strain
Rev. 1) with respect to infection by hiznly virulent
cultures of 3r., meliveansis (No 565), Br. suis {(No 1330),
and Br, abortus (10L) do not provice & dasis for in-
dicating that cross inmunity is weaxer than typ.e inmunity
in the case of brucellosis.

2. In a comparative stuay of the iznunogenicity
of vaccine strains of the cattle and sheep tyres under
conditions of testing the intensity of immurisy by various
doses of highly virulent cultures oI 5r. melitensis, suis
and abortus, it was estublished that strain Rev. 1 has
a high inmunogenicity which is not inferior to that of
Br. abortus No 104-i,

3. Strain Br. abortus No 1lO04=M upon subcutaneous
vaccination produced.immunity in guinea pigs to cultures
of Br. abortus, suis, and melitensis which were more

intense than was the case with strain Br. abortus No 19-BA. / .
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