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SYNOPSIS

The author describes a study, carried out in the Province of
C6rdoba, Spain, to test the efficacy of a live vaccine prepared from
the Rev I strain of Brucella melitensis against caprine brucellosis
and to determine the extent of natural infection in goats and humans
in the Province.

It was found that the vaccine significantly increased the resist-
ance of the goats to infection without inducing a carrier state of
the vaccine strain and that the immunity persisted for at least
15 months-the period of test.

Serum agglutination tests, milk ring tests, and milk culture
tests on goats showed that approximately 16-29% of the individual
animals examined would be considered infective on the basis of
one or other of the tests. Of the 1 8 herds tested, I I I were discovered
to be harbouring infected animals.

Serum agglutination tests on humans revealed that 25 of the
880 people tested (2.8%) had titres of 160 International Units
(IU) or above and that, on the basis of a diagnostic titre of 80 IU
or above, 7% of the population would be regarded as showing
evidence of a past or present infection.

Under an agreement between the Government of Spain and the World
Health Organization for a study of the brucellosis problem, an invitation
was accepted to carry out a small-scale study of the immunizing effective-
ness of the Rev I strain of Brucella melitensis in Spain at the laboratories
of the Instituto Provincial de Sanidad, Cordoba.

The purpose of this study was to determine the 50% infective dose
(IDr0) of a virulent challenge strain of Br. melitensis in immunized and
non-immunized goats in the Cordoba area.

Earlier studies on adult goats obtained from Texas demonstrated that
a single subcutaneous injection of the live vaccine strain Br. melitensis,
Rev I, prevented abortion and infection by a dose of the virulent challenge

* These studies were carried out in 1957-58 during the author's tenure of a John Simon Guggenheim
Fellowship and were supported in part by funds made available through an agreement between the Govern-
ment of Spain and the World Health Organization and in part by funds from grant E-22, National Institutes
of Health, USA.
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strain which induced abortion in 9 out of 12 and infection in 10 out of
12 non-immunized animals (Elberg & Faunce, 1957; Elberg& Meyer, 1958).
Confirmatory experiments were reported by Jones, Thomson & Alton
(1958), who found that the ID50 of goats immunized with Rev I strain was
62 times greater than that of non-immunized animals on the basis of one
or more colonies recovered from any tissue and 750 times greater on the
basis of generalized infection, i.e., one or more colonies recovered from any
tissue other than the atlantal, parotid, retropharyngeal and submaxillary
lymph-nodes-the so-called " regional " nodes draining the site of inocula-
tion. Unpublished data of Alton (1958) from an experiment with the Rev I
strain carried out in Malta further demonstrated the ability of the strain
to protect a highly significant number of goats against infection and abor-
tion under semi-field conditions.

Materials and Methods
Vaccine

The Rev I strain of Br. melitensis was employed in these studies. This
strain had been isolated as a streptomycin-independent mutant from a
population of streptomycin-dependent Br. melitensis cells and has been
fully described (Herzberg & Elberg, 1955; Elberg & Faunce, 1957).

The strain was cultivated on Albimi agar, and harvested in Zobell
solution (Zobell & Zobell, 1932). A viable plate count on Albimi agar was
performed on this suspension. While the plates were incubated at 37°C
for the 4-5 days necessary for growth of colonies of the vaccine strain,
the suspension was stored at 5°C. When the number of viable cells per ml
of suspension had been determined, the suspension was diluted in sterile
Zobell solution to contain 1 x 109 cells per ml. Each goat received 1 ml
of the diluted suspension subcutaneously in the suprascapular area.

Challenge strain
A suspension of Br. melitensis, strain 6015, was employed to establish

brucella infection in the animals. This strain has been in constant use for
this aspect of the work and its ID50 dose for Texas goats was 25 000 cells
when last determined. Inasmuch as its virulence for mice and guinea-pigs
has remained unchanged over the past several years it was assumed that the
virulence for the goat would also be unchanged.

Agglutination tests
The standard antigen of the Agricultural Research Service, United

States Department of Agriculture, was employed for all tests on the labo-
ratory experimental animals. It was used in a dilution which yielded a
titre of 1: 1000 with a sample of the International Standard Anti-Brucella
abortus Serum made available for this work by the Central Veterinary
Laboratory, Weybridge, England.

1034



IMMUNIZATION AGAINST BRUCELLA INFECTION

For agglutination tests on animal sera gathered from the various herds
in the Province of Cordoba, a portion of Br. melitensis antigen, commercially
available, was employed after standardizing it against the sample of the
International Standard. Thus all agglutination titres are expressed in terms
of the International Unit (IU).

Complement-fixation test
The modification of the Kolmer test designed by Pirosky (1941) was used

in the latter part of this study. The antigen was prepared by Dr Julio
G. Barrera Oro, Instituto Nacional de Microbiologia, Buenos Aires,
Argentina, and is essentially the Boivin-type fraction of the abortus and
melitensis species (Barrera Oro, Peroshi & Molinelli-unpublished data,
1957). Four units of complement were employed in the test, which was
read at its conclusion in terms of 100% haemolysis. The method used here
is very similar to the procedure of Renoux (1957), who uses two units of
complement but employs either a heated cell suspension or a soluble
antigen obtained by freezing and thawing brucellae.

Flocculation test
This test was performed according to the method of Hunter & Colbert

(1956) with antigen supplied by Dr C. A. Hunter, Kansas State Laboratories
of Public Health.

Milk ring test
The phenyltetrazolium reagent (Bendtsen, 1954) and the haematoxylin

reagent (Agricultural Research Service, USDA) were used in the amounts
recommended, i.e., 2 drops per 2 ml of milk sample. The tubes were
incubated at 37°C for various periods before being read.

Cutaneous hypersensitivity
The non-antigenic preparation described by Ottosen & Plum (1949,

1952) was employed. An intrapalpebral injection of 0.1 ml of this prepara-
tion was given and the reaction was read at 24 and 48 hours by measurement
of the increase in skin thickness.

Blood culture
Approximately 5 ml of venous blood was inoculated directly into

75 ml of Albimi broth, shaken vigorously and incubated at 37°C. At weekly
intervals subcultures were made on to Albimi agar. The broth cultures were
incubated for at least 3-4 weeks before being discarded as negative. All
cultures were identified as being Br. melitensis or not on the basis of colonial
appearance on Albimi agar, and slide agglutination with monospecific,
absorbed sera, tube agglutination with specific sera, and bacteriostatic
dye tests.
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Milk culture
Milk was tested within 4-5 hours of collection by plating the cream

and sediment obtained after centrifugation of the sample at 6000 revolutions
per minute in a refrigerated machine. The specimens were plated directly
on to Renoux's modification (1954b) of the Kuzdas & Morse (1953)
medium and on to Albimi agar. The plates were incubated for 10 days
before being discarded as negative.

Autopsy procedure
The animals were sacrificed by an intravenous injection of 1 ml of

"Buthanasia ". The following tissues and organs were examined for the
presence of the challenge strain of Br. melitensis by grinding portions
of the tissue or organ in sand, suspending in saline, and culturing on
Renoux's modification of the Kuzdas & Morse inhibitory medium: right
and left suprascapular, hepatic, iliac, right and left supramammary, right
and left precrural lymph-nodes, liver, lung, mammary gland, spleen, uterus
and heart blood. AU cultures suspected of being Br. melitensis were identified
by the series of tests described above.

Selection of animals
Out of 176 goats available, 96 were found to be negative to the agglutina-

tion and cutaneous hypersensitivity tests on at least 2-4 occasions before
immunization. The animals were obtained locally in the Province ofCordoba
and were 11-18 months old when used. A number of younger animals
(3-4 months old) were also vaccinated, but a severe winter and feeding
problems eliminated this group almost entirely by the time of autopsy,
leaving 54 adult animals for the final analysis.

Procedure
The animals were injected with 1 x 109 cells of the vaccine strain

subcutaneously in the left suprascapular area. After 12-14 weeks groups of
animals were challenged with graded doses of a virulent Br. melitensis strain
in the right suprascapular area. At the same time non-immunized animals
were also infected with graded doses of the challenge strain. During the
pre-challenge period the immunized animals were bled at weekly intervals
for blood culture and serological tests. Blood samples were taken from the
control-group animals as well, after the challenge infection had been
administered. Animals were classified as infected on the basis of a single
colony of brucellae isolated from a single lymph-node.

Results
Immunity studies

The number of infected goats in each challenge group is presented in
Tables 1 and 2. Although it is not possible to calculate the ID50 of the
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control animals, it is obviously less than 9.5 x 104. For the present purposes
it is reasonable to assume, on the basis of earlier studies of virulent strains
in goats, that it is about 2.5-5 x 104 cells. It is also reasonable to assume
that the accuracy of the measurements in the control group is at least
equal to that of those in the immunized animals. With these assumptions
the graphical method for calculating the ID50 (Bonet-Maury, Jude & Servant,
1954) indicates that the 50% infective dose of the challenge strain is 340.
12 000 times greater in the immunized than in the control animals. This
method of calculating the ID50 depends entirely on the line used to connect
the dose-response points. Since there were at least three different curves
which could be derived by the method, the ID50 has been calculated for each,
thus accounting for the range of the dose given above. The more accurate
method of probit analysis gives an ID50 of 6.14 x 108 (with 95 % fiducial
limits of 1.03 x 108 and 2.9 x 1022). By this method the ID50 of the
vaccinated animals is at least 2000 times that of the controls.'

TABLE 1. RESPONSE OF IMMUNIZED AND CONTROL GOATS
TO INFECTION WITH BR. MELITENSIS, STRAIN 6015

Challenge dose Number infected/Number in group
(number of cells) immunized control

9.5 x 104 7/10

9.5 x 10' 5/7

9.5 x 106 1/11 6/6

9.5 x 107 4/10

9.5 x 10' 5/10

The serum agglutination titres were regularly studied in both 0.85%
and 5 % saline. The difference in titres was such that the 5% saline diluent
yielded the higher titres, not only abolishing prozone or paradoxal pheno-
mena but also increasing the serum end-point in reactions where no such
phenomena were observed (see Renoux, 1954a; Venske & Strauch, 1956;
Schoop & Zettl, 1956; Jones, Bijlenga & Kaplan-unpublished data, 1958).
As others before have reported, the use of haemolysed sera contributed
strongly to the occurrence of incomplete agglutination. The action of 5 %
saline was, however, distinct in this regard. Although the use of this
concentration of saline did enhance the agglutination reaction in haemolysed
sera, it acted as well on non-haemolysed sera. However, in the vaccinated
and control series of animals relatively little additional information was
contributed by the test in 5% saline, other than to clarify an incompletely

'We are indebted to Dr S. Peto, Microbiological Research Establishment, Porton, England, for this
calculation.
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TABLE 2. DEGREE OF BR. MELITENSIS INFECTION IN TISSUES OF GOATS
A. Groups Inoculated with Rev I Br. melitensis Vaccine

Supra- Precrural
Anioal scapular Hepatic Iliac Mesent- Mainmmary Lung Liver Spleen Uterus

right left right left

Challenge dose 106 cells

55 4

58

74

48

37 _ _

23 --

88 --

49

89 -

76 - i I

Challenge dose: 10 cells

43 _ _ _ _ _ _

56 2

64 - 30 - -

71

84 --

96 --

21 1 0

31

75 --

Challenge dose:108 cells
53 - - - - - - - -

62 - -- - -

70 - >100 - - - - - -

79,' 2 0 - - - - - - - - - -

39

25 1 0

91 - - - 8 - - - - -

18 --

90 - - - - - 1 - 4 - 4 -
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TABLE 2. DEGREE OF BR. MELITENSIS INFECTION IN TISSUES OF GOATS (continued)

B. Non-immunized (Control) Goats

Su pra-
Animal scapular Mesent- Precrural Mammary Lung Liver Spleen Uterus

No. _______Hepatic Iic
eric node

L n ie pe n Ueu

right left right Ileft
Challenge dose 104 cells

42 10 _ 2 - 2 - 4 3 1 2 -

54 10 - - 5 2 6 - 4 - - 2

63 4 4 4 5 3 -

24 7 - - 21 - - 1 - 15 -

80 6

82 15

35 - - -

61 - - - -

27 100 - - - - 9 - - - - - -

14

Challenge dose: 101 cells

46 3 - - - -- - 10 1 8 8 2

57 - - - 1 3 -1 2 2 1 -

66 - - - 5 - - - 6 2

32 2 - 4 17 - - - 5 - - 25 2

40 - --

28 >1000 - - - - - - - - - - -

15 ---

Challenge dose: 106 cells

52 -- 7 6 2

67 - - 1 2 1 - - 29 1 5 10 -

73 4 - 4 - 5 - - 8 - - -

95 - - 1 - 2 - - 4 - 7 - -

38 3

17 2

agglutinating serum or to raise by one or two dilutions the titre of an
occasional specimen.

In a field survey for serum reactors, studies on 203 goats showed a strong
correlation in the number of antibody units between the two salt concentra-
tions (the actual value of the correlation was 0.6 and was highly significant
statistically). On the whole there was a tendency for the number of antibody
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TABLE 3. CORRELATION BETWEEN TWO SALT SOLUTIONS FOR EFFECT
ON SERUM

A. Agglutination Titres

Number of antibody units, 5% salt
Number of 0 10 20 40 80 160 320
0.85% salt (1) (2) (3) (4) (5) (6) (7)

0 (1) 42 9 1 1

10 (2) 23 18 1

20 (3) 13 21 6 1

40 (4) 11 6 8 4 2 1

80 (5) 9 1 3 7 1 4

160 (6) 1 1 1

320 (7) 1 1 5

The figures in parentheses represent the rank numbers.

B. Analysis of Data

Difference between Number of pairs of obser-
rank 5% and rank 0.85% vations, each pair made on

the same serum

-5 1

-4 9

-3 13

-2 24

-1 59

0 75

1 14

2 5

3 1

4 0

5 2

The mean difference was 0.74. This is significantly
different from zero, P<0.01. The standard error of the
mean difference was 0.10.

units to be greater with the 0.85% than with the 5 % salt solution. In
Table 3A it can be seen that there were a total of 106 cases where the number
of antibody units was greater with the 0.85 % salt solution and only 22 cases
where the number of antibody units was greater with the 5% salt solution.
If one used the rank technique, renaming the various levels as 1,2,... 6,7,
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instead of using the number of units, and considered the difference between
the antibody ranks of the sera, subtracting the 0.85% rank from the 5% rank,
the average of the differences was significantly negative.

To examine the relationship between infection status and serum titre
and utilizing all the information available on laboratory goats, a frequency
table was made of agglutination titres in 5 % saline according to infection
status at autopsy. The hypothesis that the titre is independent of the infec-
tion status was rejected at the 0.5 % level of significance. On the other hand,
it is apparent from Table 4 that no agglutination titre is very efficient in
discriminating between infected and non-infected animals. Thus 5 of the
22 goats with zero titres were positive at autopsy, while 24 of the 54 with
titres of 320 or over were found to be negative.

TABLE 4. FREQUENCY DISTRIBUTIONS OF SERUM TITRES AND PRESENCE OF
BRUCELLAE IN TISSUES

Status at autopsy
Agglutination titre Total

negative positive

0 17 5 22

10-80 9 7 16

100-160 3 14 17

200 7 5 12

320-400 22 19 41

>800 2 11 13

Total . . 60 61 121

x'= 20.5
x'(P = 0.005) 16.75

A study of the relation between the 5 % saline agglutination titre and
the complement-fixation test yielded a correlation coefficient of 0.538 for
the data in Table 5, indicating a strong relationship between agglutination
and complement-fixation titres. A critical value of 0.345 is sufficient for
a sample of this size to reject the hypothesis of a zero correlation at the
0.1 % level of significance.

The lack of a correlation between the complement-fixation titre and the
0.85 % saline agglutinin titre recalled the observation of Foz & Garriga
(1954), who described for human sera a phenomenon wherein the com-
plement-fixing titre paralleled the Coombs test antibody.

No evidence of species specificity was observed in the complement-
fixation test when the abortus and melitensis antigens were studied in
parallel.
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TABLE 5. FREQUENCY DISTRIBUTION OF COMPLEMENT-FIXING AND AGGLUTININ
REACTIONS

The Hunter & Colbert slide flocculation test paralleled the agglutination
test results but the tube flocculation was not as useful in our hands.

The cutaneous hypersensitivity test was exceedingly useful in the screen-

ing of goats to be selected for immunization. A very small number of
goats seemed to be unable to develop a cutaneous hypersensitivity to the
Ottosen & Plum reagent in the presence of high agglutinating and com-

plement-fixing antibodies, but such animals were quite rare.

The duration of immunity, the effect of booster doses, and the response

of young kids to the vaccine were studied in the author's laboratory in
Berkeley, Calif., USA, by Mr Kenneth Faunce, jr, during the period of work
covered in this paper.

Seven animals which had received a single injection of 2 x 109 cells of
the vaccine strain and which had been bred successfully a year earlier were

challenged 13-15 months after the immunizing injection with 7.35 x 105
cells of the virulent strain of Br. melitensis, 6015, 3-5 weeks after their
second breeding. All animals delivered 1-3 kids each. The adult females
were sacrificed about one month after delivery. All animals were free from
infection. Twice-weekly blood cultures throughout the 4-month challenge
period were all negative. One animal yielded one colony of brucellae in
the first milk after delivery and none thereafter. None of the vaginal
swabs during the post-partum period yielded brucellae.

Of a total of 12 kids delivered at term, one was born dead and one

died within a few days; at autopsy both were free from infection. When
the remaining ten were studied at autopsy one month later, one was infected
in the left suprascapular node with a strain of brucella having the colonial
characteristics of the vaccine strain. The remaining nine kids were all free

Comple- Agglutination titre
ent- -T otal

fixation 0 10 20 40 80 160 320
titre 1

4 2 1 1 2 1 7

8 2 1 1 1 5

16 1 2 2 4 2 11

32 1 5 1 5 7 19

64 1 1 2 1 15 20

128 2 1 22 25

256 1 1

Total 3 1 5 10 - 8 12 [ 49 8
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from brucella infection. Thus none of the 12 kids resulting from this
experiment were infected with the challenge strain at the time of autopsy.

It is clear that the immunity conferred on the adult animals by a single
injection of the vaccine strain was still able 13-15 months later to protect
completely these animals through a second gestation, which was induced
3-5 weeks before administration of a dose ofvirulent Br. melitensis sufficient to
induce abortion and generalized infection in each of the three control ani-
mals. If the immunity conferred by this vaccine strain acts in a similar way
to that conferred by the bovine vaccine strain, and there is no evidence yet
that the melitensis vaccine strain is different in potency, it is probable that
the immunity will last longer than 15 months. This is in process of study.

The agglutination titres induced by the vaccine strain were persistent;
of the 12 animals studied for the persistence of immunity, 8 retained titres
ranging from 1:100 to 1:400 over a period of 150-390 days.

The effect of a booster dose of vaccine months after the first injection
was studied in another group of five animals. These animals had been bred
a year earlier and had at that time delivered healthy kids. The first dose of
vaccine had been administered to them during a period extending from two
months before to one month after breeding. All animals had delivered
successfully. This group of adult goats received a second injection of the'
vaccine strain 13-15 months later. They were then bred 24 weeks later.
The animals were challenged with 7.35 x 105 cells of Br. melitensis, strain
6015, four weeks later. One of this group failed to conceive, developed a
non-brucellar infection in the uterus and was removed from the group.
The remaining four animals delivered healthy kids; all adults and kids
were free from brucella infection when autopsied about 4-5 weeks later.
Cultures of the blood at twice-weekly intervals during the challenge period
were all negative. Milk samples during the month following delivery, as
well as vaginal swabs, also failed to yield brucellae at any time.

In view of the observations recorded on the duration of immunity it
is not possible to state whether the booster dose had the intended effect,
because the immunity was equally effective against the particular dose of
challenge strain whether or not a booster dose was employed. Obviously
in such a situation, in order to obtain a precise answer to this question,
sufficient test animals are required to allow one to determine the actual
ID50 dose of the challenge strain in revaccinated and non-revaccinated
animals.

Vaccination of 6 goats at 3-4 months of age and of 4 goats at 6-8 months
of age was carried out to determine the persistence of the vaccine strain
in young animals. The results on both groups showed that the strain
disappears from the tissues of these age-groups in the same period, three
months, at which it characteristically is sterilized by the tissues of adult
animals. Within the period of three months the vaccine induced a strong
rise in agglutination titre in all the animals.
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Twice-weekly cultures of the blood of the 3-4-month-old animals
revealed the presence of brucellae once in two animals and twice in one

animal of the six studied. Three of the four 6-8-month-old animals each
yielded cultures of brucellae from 5 twice-weekly blood specimens obtained
during the first month only. Although the two groups are small, it appears
that the appearance and persistence of organisms in the blood are prevented
more effectively in the younger animals.

TABLE 6. SERUM AGGLUTINATION TESTS CARRIED OUT ON GOATS IN THE
PROVINCE OF C65RDOBA DURING THE PERIOD OCTOBER 1957 TO JULY 1958

*The antigen used was standardized with the International Standard Anti-Brucella abortus
Serum. All titres may be expressed directly in International Units. Thus 10 = 1: 10 serum dilu-
tion = 10 IU.

Reciprocal of serum titre * Number of
Site o 1 20 40 80 ! 160 ! 320 exanimals

________________ - 0 110 1 20 140 180 j 160 1320 examined

C6rdoba City 80 11 5 -2 0 0 3 101

Bujalance 22 7 13 17 12 8 18 97

Montilla 111 29 23 12 12 3 19 209

La Rambla 70 4 10 5 3 11 103

Puente Genil 67 7 11 5 4 7 101

Castro del Rio 16 10 13 13 9 61

Villa del Rio 30 22 23 16 1 1 93

Adamuz 93 4 4 3 3 1 2 110

Montoro 36 21 34 7 5 1 9 113

Pedro Abad 16 10 6 3 4 0 7 46

Posadas 17 16 20 8 1 62

Almod6var 31 19 17 3 5 75

Lucena 30 12 14 20 16 5 7 104

El Carpio 10 4 11 13 5 1 6 50

Villafranca 19 13 26 9 1 1 1 70

Luque 5 1 25 48 44 7 1 131

Villaviciosa 37 17 12 8 2 76

Villaharta 15 10 8 5 1 1 40

Espiel 52 11 14 21 2 100

Villanueva de C6rdoba 14 8 33 35 18 1 109

Total number 771 232 316 258 150 32 92 1 851

Percentage 41.6% 12.5% 17.1% 13.9% 8.1% 1.7% 5.0%
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Studies intended to answer the question of the feasibility of kidhood
vaccination remain to be carried out with significant numbers of animals.

Survey studies

In all, 1851 animals in the Province of Cordoba were studied by the serum
agglutination test, and 1538 of these provided milk samples for culture
and ring tests. The data presented in Tables 6 and 7 indicate the frequency

TABLE 7. MILK RING TESTS (WITH HAEMATOXYLIN-STAINED ANTIGEN) ON
GOATS IN THE PROVINCE OF C6RDOBA DURING THE PERIOD OCTOBER 1957 TO

JULY 1958

Bujalance 7 37 5 14 63 3/3

Montilla 28 81 17 126 6/6

La Rambla 45 8 4 18 75 1/1

Puente Genil 33 35 11 8 87 11/13

Castro del Rio 59 21 4 8 92 8/10

Villa del Rio 39 39 10 11 99 4/4

Adamuz 49 45 16 4 114 10/10

Montoro 12 73 12 16 113 11/11

Pedro Abad 11 22 6 7 46 4/4

Posadas 30 38 3 71 4/4

Almod6var 29 52 2 83 7/8

Lucena 45 34 10 17 106 17/17

El Carpio Samples lost

Villafranca Samples lost

Luque 20 68 30 13 131 13/13

Villaviciosa 35 44 1 80 3/3

Villaharta 29 10 1 40 2/2

Espiel 25 75 100 2/2

Villanueva de C6rdoba 68 42 1 1 112 5/7

Total number 564 724 116 134 1538 111/118

* 0 = no change In colour or dispersal of antigen during the incubation period of 6 hours at
37°C.

1 = slight degree of agglutination as sediment.
2= stronger agglutination with or without decolourization.
3 = coloured ring formation in cream layer or heavy sediment of agglutinated antigen.
** Herds containing animals with a serum titre of 40 IU per ml or above.

Strength of ring test reaction * Number of Number of
Site animals positive

0 1 2 3 examined herds **
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distributions of the reactions. Excluding the city of Cordoba itself, 1 8
herds were represented in the sample for both tests.

On the basis of studies by Renoux (1958) and of the report of the Joint
FAO/WHO Expert Committee on Brucellosis (1958), an animal is regarded
as infected if its blood titre is equal to 50 IU per ml. By the technique
used in the present study, using 40 IU per ml, and above, 28.7% of the goat
samples would be regarded as infected. These were distributed over 111 of
the 118 herds tested. This may be contrasted with the milk ring test data
(where 16.3% of the same animals gave a moderate to strong reaction),
although no criteria have been established for the milk ring tests in terms
of the International Standard Anti-Brucella abortus Serum.

It was determined that the milk ring test in our hands could detect
one part of " positive " milk in nine parts of " negative " milk, with decreas-
ing amounts of cream added to make up for any deficiency in this quality
among the animals being tested. The greatest sensitivity for the test was
achieved with incubation at 37°C for 4-6 hours; a shorter time increased the
false negative results, while longer periods increased the risk of missing
a positive milk with a strong potential for reducing the dye. Although it
was not possible at the time to examine the point further, the milk ring
test observations gave a distinct impression that negative tests on goat
milk do not inspire confidence in their uniformity.

A study of several hundred samples indicated clearly that no precautions
other than the use of sterile collecting-bottles were required. Simple
sedimentation of the antigen is quite easily distinguished from agglutination
of the antigen and causes no difficulty in the reading of those tests in which,
as is common in goats' milk, ring formation itself does not occur. In cases

TABLE 8. COMPARISON BETWEEN RESULTS OF MILK RING TESTS AND SERUM
AGGLUTINATION TESTS ON GOATS IN THE PROVINCE OF C6RDOBA

Serum titre Strength of ring test reaction * Number of
(IU) 0 1 2 animals examined

0 212 199 52 18 481

10 46 66 14 3 129

20 48 84 16 8 156

40 35 28 17 9 89

80 12 17 14 14 57

160 2 5 3 11 21

320 3 8 7 49 67

Total number 358 407 123 112 1000

* For explanation, see Table 7.
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where a strong reaction occurs, the stained antigen is almost quantitatively
agglutinated within an hour at 37°C. (See Renoux, 1952; Alivisatos & Edi-
pides, 1953.)

Performance of the ring test in 10% and 20% sodium chloride solutions,
as suggested by Trilenko (1954), did not alter the results of the test in
goats' milk as it apparently does in sheep's milk.

An analysis of the correlation between serum titres and milk ring
test reactions, presented in Table 8, was made on 1000 goats. The hypothesis
was made that the results of the two tests bear no relation to each other.
The chi-square test strongly rejected the hypothesis of independence:
the X2 value obtained was 387, whereas the 0.5 % critical value is 33.
Animals with a serum titre of 160 or over and showing the strongest ring
test reaction contributed more than 60% of the total X2 value.

The hypothesis of a zero correlation coefficient was rejected in favour
of the alternative hypothesis that the correlation between the two variables
is significantly greater than zero. A correlation of 0.493 was obtained,
whereas the critical value at the 0.05 % level of significance is 0.104. There
is therefore a strong correlation between the milk ring test and the serum
agglutination test results, especially when the ring test reaction is of grade
3 and the serum titre is 160 or above. But insufficient autopsy data exist
to show whether the tests can be used to discriminate between infected and
non-infected animals.

If the assumption is made that goats with a milk ring test reaction of
grade 3 would also be found positive for infection at autopsy, then one could
make the hypothesis that the frequency distribution of agglutination titres
will be the same for animals with a grade-3 reaction as it is for animals
found positive at autopsy. If the findings do not reject such a hypothesis
the assumption of a relationship between the milk ring test reactions and
autopsy findings is justified.

To test this hypothesis a frequency distribution of agglutination titres
was made for (a) animals found positive at autopsy and (b) animals with
a milk ring reaction of grade 3.
A x2 value of 18.4 was found and the hypothesis was rejected, since

it exceeds the critical value of 12.84 for a probability of 0.5 %.
It might be concluded that goats with a milk ring reaction of grade

3 are not necessarily infected, but it would be just as valid to conclude that
laboratory infected goats and naturally infected goats do not have the same
distribution of agglutination titres; in fact, the latter conclusion would
appear to be the more probable.

Attempts to culture brucellae from the cream and milk sediment were
successful in only 8 of the 1538 samples and all of the cultures were obtained
from the sediment. The samples from which the brucellae were isolated
were all strongly positive both in the milk ring test and in the serum agglutina-
tion test.
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Agglutination titres and milk ring tests were determined on the same
goats (41 to 51 in number) on three occasions. The second series of tests
was performed 11 days after the first, and the third series approximately
one month after the second. For each series a frequency distribution was
made according to (a) agglutination titre and (b) milk ring test reaction.
The hypotheses were made that the frequency distributions of the results
obtained for each kind of test are the same on each date of testing.

The hypothesis was strongly rejected in each case. For the agglutination
titre a x2 value of 62.2 was obtained. For the milk ring test the X2 value
was 48.7. Both of these are well above the appropriate critical values for
a probability of 0.5% (25.2 and 18.6, respectively).

On the basis of this sample, it would appear that antibody levels change
significantly during the above intervals between testing. On the other hand,
some part of this variability is probably inherent in the tests themselves.
Data on repeated tests made on the same specimen might permit of a more
precise statement concerning the variability due to changes in antibody
levels alone.

Questioning of goat owners and others involved in the problems of
animal diseases elicited the estimate that approximately 10% of the animals
abort annually. It is assumed that these animals are undergoing their
first gestation in an infected state. Observation of the natural conditions
under which goats are maintained, however, suggested that little awareness
existed of the degree to which aborted foetuses and placentas had been
consumed by other animals in the herd. This may well be subject to test,
since aborting goats will often not show a positive serum test until some
days after the act of abortion. This is also reported by Thomsen (1935)
to be true in swine brucellosis. One might postulate that in this situation
the tissues are in the stage of antigen excess. With the expulsion of the mass
of antigenic material through the act of abortion the release of what would
have been bound antibody becomes detectable in the peripheral blood.

The over-all prevalence rate of human infection in the Province of
Cordoba, taking 80 units as the diagnostic titre of a positive reaction in'
the agglutination test, was found to be 7% (Table 9). The prevalence
of the reactions was of course greatest in the areas where goat infection
was most prevalent. One could not avoid the impression that an intensive
survey of the febrile diseases by blood culture as well as by agglutination
tests would greatly improve the quality of available information on human
brucellosis.

Discussion

Although the goal of a precise determination of the effective dose of
virulent brucellae required to infect 50% of the immunized and non-
immunized animals was not attained because of the size of the actual
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TABLE 9. AGGLUTINATION TESTS ON HUMAN SERA IN THE PROVINCE
OF C6RDOBA *

Reciprocal of serum titre ** Number
Site -of sera

1O 10 20 40 80 1 160 1 320 examined

C6rdoba City 406 24 41 41 14 2 2 530

Cafnete de las Torres 18 2 1 1 22

Espejo 13 1 2 2 3 1 4 26

Fernan Nuhez 15 5 9 9 2 40

Villanueva del Duque 4 3 1 8

Almedinilla 13 2 5 3 3 2 28

Ovejo 1 1

Baena 6 8 2 1 17

Bujalance 6 1 3 2 3 1 2 18

Montemayor 1 1

Priego 7 5 3 15

Guadalcazar 5 7 2 14

Moriles 4 2 1 7

E. Reales 24 2 3 1 1 31

Hinojosa del Duque 22 1 3 1 2 29

Z0h6ros 21 3 6 2 32

Ballesteros 1 1 1 3

Penarroya 9 1 1 11

Alcaracejos 10 1 11

Dora Mencia 3 1 2 6 1 13

Dos Torres 1 1

Adamuz 5 3 1 9

Belmez 2 2

Lucena 4 2 1 1 3 11

Total number 599 42 94 83 37 7 18 880

* Blood was contributed for this survey by healthy blood donors, by apparently healthy persons
in charge of goats and cattle, by persons with or without a history of brucellosis (of the latter not
more than 10 in all) visiting doctors' consulting-rooms for various reasons, and by wives and other
relatives of the volunteers.

** For explanation, see Table 6.

doses employed on the control group, the protection afforded by the live
vaccine is clear cut. Depending upon the line drawn between the three
points on the dose-response curve for the immunized animal, calculation
of the ID50 doses suggests that their resistance is increased 340-12 000 times
if one assumes, reasonably on the basis of work at our own and at other labo-
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ratories, that the ID50 of the challenge strain in non-immunized animals is
about 50 000 bacilli.

Perhaps more significant, however, is the question of the duration of
the immunity conferred. From the data presented here, 15 months appears
to be a minimum period. Furthermore, within this period it was not possible
from the experimental design to show any beneficial effect of a booster
dose of vaccine.

Although the results of the experiment designed to study a live vaccine
strain of Br. melitensis clearly show that the vaccine is effective and that
the immunity induced thereby persists for at least 15 months, certain ques-
tions raised by the observations recorded here require some comment.

First, is there evidence that the vaccine strain can establish itself in
foci which are on a direct line of transmission from one animal to another
or to the environment at large? The answer to this question appears to
be largely in the negative. Exhaustive examination of all cultures at autopsy
and during the post-challenge period failed to reveal either in the blood,
vaginal swabs, or tissues any evidence of the persistence of the vaccine
strain in this and earlier experiments. However, an occasional milk sample
has been reported to have yielded a few colonies, and an occasional node
has retained one to two recoverable vaccine-strain cells up to 5 months.

A second question-more susceptible of direct inquiry-concerns the
ability of the vaccine strain to mutate towards a restoration of full parental
strain virulence by animal passage. Experiments are in progress on deliberate
serial passage of the vaccine strain from one pregnant animal to another
without the intermediacy of in vitro culture. These experiments will be
reported subsequently.

The third question concerns the ability of the usual ancillary tests
(i.e., other than the isolation of brucellae) to indicate the infection status
of an animal. What evidence does indicate an infected goat? There are
two distinct problems here, both of which concern the recency or age of
the infection. On the experimental side, where a challenge infection is
given at a known date, the interpretation of the agglutination titre is not
difficult in the great majority of cases where it is uncomplicated by the use
of an agglutinogenic vaccine preparation and where it seems to correlate
well with the presence of the brucellae. But evidence here and from other
laboratories does not justify confidence in ancillary tests on more than a
suggestive basis.

With respect to the other side of the same problem, i.e., the usefulness
of the ancillary tests in detecting a past infection in animals whose subsequent
history is unknown, one is again forced to conclude that the tests are of
value only in appraising the probable status of a group of animals, and
not that of a particular animal, when serum agglutination titres are high,
i.e., above 1: 80, and milk test reactions with stained antigen are strongly
positive. This clearly avoids the central issue-namely, the meaning of
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the data on a single animal. Much more precise autopsy data are needed in
naturally infected herds to clarify this problem. Repeated tests on the
same animal do not clarify the problem as might be expected, owing to
the considerable inherent variability in the tests. (See Meyer & Eddie, 1935;
Renoux, 1958.)
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RESUME

Une etude a e entreprise dans la province de Cordoba, Espagne, A la suite d'un
accord entre le Gouvernement espagnol et 1'OMS, en vue d'evaluer l'efficacite d'un
vaccin antibrucellique vivant contre la brucellose des caprins. Le vaccin etait prepare avec
la souche Rev I de Brucella melitensis. On devait estimer en outre la frequence de la maladie
humaine et caprine dans cette province.

Le vaccin a eleve de fagon significative la resistance a l'infection, sans que pour autant,
semble-t-il, les animaux vaccines soient devenus porteurs de germes. Apres 15 mois, terme
de l'epreuve, l'immunite persistait encore. Les troupeaux ont e soumis A des tests d'infec-
tion (epreuve de l'anneau, culture du lait, sero-agglutination). I1 apparut que 16-19% des
animaux examines individuellement etaient infectes, etant positifs a l'un ou l'autre test.
Dans Ill sur 118 troupeaux on a decele des animaux infectes. D'apres le test de sero-
agglutination effectue sur 880 sujets humains, 2,8 % de ces derniers avaient des titres
de 160 unites internationales ou plus. Si l'on considere un titre de 80 UI comme
indice de l'infection, 7% de la population est - ou a e - atteinte de brucellose.

Bien que l'utilisation de solute salin A 5% dans le test d'agglutination ait clarifie le
phenomene de zone, il existe un rapport etroit entre les resultats obtenus avec le solute A
5 % et A 0,85 %. Une concordance etroite existe entre les resultats du test de fixation
du complement et le test d'agglutination, avec le solute salin A 5 %.
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