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Abstract

USE OF NON-CONVENTIONAL TESTS FOR THE DIAGNOSIS OF BRUCELLOSIS.
A number of non-conventional tests to complement traditional diagnostic methods for Brucellosis were

established and assessed in order to verify whether the adoption of a' panel of methods combined to alternative sampling
strategies would increase the possibility of detecting low levels of Brucella spp. antibodies or microrganisms. The diagnostic
performance of each test was established by means of reference standards and compared with conventional screening and
confirmatory tests under field conditions. Non-conventional tests assessed for detecting Brucella organisms included: an
agglutination method using a monoclonal antibody for an early and specific detection of Brucella spp. from colonies,
polymerase chain reaction (PCR) for detection of Brucella spp in raw milk. Methods for detecting Brucella spp. antibodies
included an ELISA test applied to cow milk, evaluation of milk-ELISA test through repeated sampling and ELISA in milk
for the diagnosis of ovine brucellosis. The adopted strategy of repeated milk testing in dairy cows using ELISA increased the
chance of identification of positive animals.

1. INTRODUCTION

Following the eradication strategy for brucellosis adopted by the EU countries, prevalences
of infection in cattle, sheep and goat populations are expected to decrease to very low levels. The
percentage of false positive results of any test increases considerably with the decrease in the
prevalence of the disease [1]. Likewise, when prevalence of brucellosis decreases, the predictive
value of a positive test result decreases as well. The acceptable prevalence of infection established by
the EU for a country to be considered officially free of brucellosis is 0.2%. Consequently, a test
having a specificity of >99.8% should be adopted. Unfortunately, most of the tests commonly
employed for the surveillance of brucellosis do not reach such degree of reliability [2,3,4]. A possible
strategy to overcome the analytical limitation of individual tests could be the adoption of a panel of
complementary tests and a multiple testing scheme at herd/flock level.

In this report results on the establishment and validation of a number of non-conventional
tests for brucellosis are shown and the advantages of a multiple testing strategy applied to a dairy herd
with known prevalence of infection are evaluated.

2. MATERIAL AND METHODS

2.1. Direct tests

2.1,1. A rapid and direct method for identification of Brucella spp. using monoclonal antibodies
A rapid and simple method to perform colony agglutination assay using a monoclonal

antibody was developed for a specific and early identification of Brucella species from colonies, thus
reducing the time usually required for identification of isolates from pathologic materials [5].
Immunization of BALB c mice with inactivated whole Brucella permitted the derivation of a
collection of hybridomas among which one IgM MAb (HI IB) could be isolated.

The brucella strains examined, obtained from CVL, Weybridge, U.K. are listed in Table I.
The Mab proved capable of producing a fast and strong agglutination with a number of Brucella
smooth biovars tested and expressing A and M epitopes at different ratios, while it failed to recognize
B. ovis naturally occurring under rough phase. The Mab was tested with a number of other organisms
likely to share common epitopes with Brucella spp. Strains of Escherichia coli, Yersinia
enterocolitica, Salmonella urbana, Salmonella enteritidis, Salmonella thyphimurium, Campylobacter
foetus, Vibrio chlerae suis, Proteus mirabilis from our collection of domestic isolates, were tested for
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cross-reactivity with the Mab as shown in Table II. Only Yersinia enterocolitica evoked a weak
agglutination within 60 Min..

The agglutination method developed in this study was validated under field conditions using
8 plates from pathologic materials and organs and containing Brucella spp. in mixed or contaminated
cultures. Colonies from all plates produced strong agglutination within 30 Min. with Mab HUB
regardless of the purity of the cultures tested.

TABLE I. PANEL OF BRUCELLA STRAINS TESTED FOR AGGLUTINATION WITH MAB
HUB

Type of Bateria
B. abortus
B. abortus
B. abortus
B. abortus
B. abortus
B. abortus

B. mellitensis
B. mellitensis
B. mellitensis
B, mellitensis

B.suis

B. ovis

Biovar
1
1
1
2
3
6

1
1
2

1

Strain Form
99W
544
S19

86/8/59 S
Tulya
B70

16M
Revl
63/9
Ether

1330

63/290

Colony
S
S
S
S
S

s
s
s
s
s

s

R

Agglutination
+++(10 Min.)
+++(10 Min.)
+++(10 Min.)
+++(10 Min.)
+++(10 Min.)
+++(10 Min.)

+++(10 Min.)
+++(10 Min.)
+++(10 Min.)
+++(10 Min.)

+++(10 Min.)

-

TABLE II. PANEL OF OTHER BACTERIA TESTED FOR CROSS-REACTION WITH MAB HI IB

Type of Bacteria Strain Agglutination
Y. enterocolitica
E. coli
Salmonella urbana
Salmonella enteritidis (pt 4)
Salmonella typhymurium
Campylobacter jejuni
Campylobacter foetus
Vibrio cholerae
Proteus mirabilis

O9(C1)
0157-H7

(60 Min.)

Because of its unique reactivity in agglutination assay, the developed Mab was found to be
useful for the rapid and preliminary detection of Brucella spp. in culture plates and it was adopted
within the scheme of bacteriological tests for Brucellosis in our laboratories.

2.1.2. Detection of Brucella spp. in raw milk by PCR
Milk is the foremost source of Brucella infection in humans and its testing by

bacteriological culture is made difficult by the low analytical test sensitivity as well as by the erratic
shedding of the organism. Therefore, there is a need for the development of more accurate and
sensitive tests capable of detecting lower number of Brucella organisms in infected milk. Molecular
reagents like a DNA probe, made from the whole genomic DNA, which are able to detect B. abortus
genomes at 10/5 organisms/g of spiked tissue and 10/7 organisms/g of tissue in experimentally
infected mice have been described [6,7,8].
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In this study a number of PCR systems were tested on milk [9]. All sets of primers used
were specific but showed different analytical sensitivities ranging from 20 to 7000 microrganisms.
Some of the primers proved unable to detect brucella organisms in milk. No system of primers alone
could detect and differentiate all Brucella spp. and biovars used in the study. Only one system using
the primers B4/B5 (Baily) showed enough analytical sensitivity for application as diagnostic tool for
the presence of brucella organisms in milk. Groups of primers used were: AMOS/IS711 , provided by
B. Bricker [7] B4/B5, provided by G.G. Baily [8] 1,2 and 3 provided by G. Adams (Texas A&M
University, USA)

All sets of primers used were specific but showed different analytical sensitivities ranging
from 20 to 7000 microrganisms (Table III). Some of the primers proved unable to detect Brucella
organisms in milk. No system of primers alone could detect and differentiate all Brucella spp. and
biovars used in the study. Only one system using the primers B4/B5 (Baily) showed enough analytical
sensitivity for application as diagnostic tool for the presence of brucella organisms in milk.

TABLE III. COMPARISON BETWEEN PCR (BP)

Brucella spp.

B. abortus bv. 1
B. abortus bv. 2
B. abortus bv. 3
B. abortus bv. 4
B. abortus bv. 5
B. abortus bv. 6
B. abortus bv. 7
B. abortus bv. 9
B. melitensis bv. 1
B. melitensis bv. 2
B. melitensis bv. 3
B. ovis
B. suis bv. 1

AMOS/
IS711
PCR
498
498
np

498
np
np
np
np
731
731
731
976
285

Adams
(expected)

PCR
800
n
n
n

940
n
n
n

940*
n
n

440
440

Pstl
500, 300

—
--
—

400, 300, 200
—
—
~

700, 200
—
—
—
-

Adams
(Teramo)

PCR
800
800
n
n

940
940
n
n

940
940
n
n
n

Pst l
500,300
500, 300

—
—

400, 300, 200
400,300, 200

~
--

700, 200
400,300, 200

—
—
—

bv not specified
np no product
n unknown data

15 field isolates were tested and 11 were identified as belonging to B. melitensis, 2 as
belonging to B. abortus and 2 as belonging to Brucella spp. in accordance with AMOS/IS711
primers. Using B4/B5 primers, all positive samples produced, after amplification, DNA fragments of
the expected length. Primers provided by Adams allowed us to distinguish between B. abortus bvl
(800bp), B. abortus bv.5 (949 bp), B. melitensis bv 1 and 2 (940 bp). B. abortus bv5 could be
distinguished from B. melitensis through enzyme restriction analysis. The primers B4/B5 were tested
with a standard B. melitensis and the conditions optimized for use with whole inactivated organisms.
About 20 Brucella organisms could be detected.

TABLE IV. COMPARISON BETWEEN PCR DETECTION AND BACTERIOLOGICAL
ISOLATION

Result Serology Bacteriology PCR
Positive 90 9 18
Negative 47 0 0
Total 137 9 18
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All the standard strains and the field isolates produced the expected band with the optimized
PCR. The test was compared with the bacteriological culture on 137 sheep milks 90 of which were
from sero-positive animals. Relative to the bacterial culture, an increased sensitivity (50%) was
recorded using this method (Table IV).

2.2. Indirect tests

2.2.1. An ELISA method for detection ofBrucella antibodies in cow milk
In this study an indirect ELISA method, using a sLPS antigen, was developed for detection

ofBrucella antibodies in cow milk (milk-ELISA) and compared to MRT for relative performance and
to CFT for diagnostic performance [10]. Parameters established included: reference positive and
negative standards, study of the effect of milk fat globules on test performance, positive/negative
threshold by using the end point titration of a reference sample and by verifying the signal to noise
ratio calculated over a statistically relevant number of milk samples from dairy cow populations from
herds officially free from brucellosis.

Reference positive standards were constructed using a national znti-brucella standard serum
having 1.000 CFT I.U. and dilute 1:50 to 1:51.200 into negative milk. Strong (100%), medium (30%)
and empirical negative (10%) standards were established. Thirthy-five measurements of the OD of
the selected reference standards were performed to determine mean values and standard deviations.
Such numbers of measurements allowed the estimate of the mean values for each standard with a 95%
confidence interval of ± 0.33OD units or a 99% conficidence interval of ± 0.44 SD units. A pool of
24 milks from 5 brucellosis-free dairy herds was taken for a preliminary establishment of the
positive/negative ratio. Thirthy-five measurements of the OD of the pool were performed to
determine its mean value and standard deviation. Such numbers of measurements allowed the
estimate of the mean values with a 95% confidence interval of ± 0.34OD units or a 99% confidence
interval of ± 0.45 SD units.

The ELISA cut-off value for the situation under study was assessed by testing a total of 826
field milks from 35 unvaccinated and brucellosis-free herds. Field milks were classified as negative
when their OD was lower than the 90% upper limit of the sample distribution of ODs plus 3SD of the
reference negative standard. The expected number of false-positives following the adoption of the
above defined threshold was 0.5%. Statistically, a sample of 826 milks should be able to detect a
percentage of false-positive milks of 0.5% with 95% confidence limits of ± 0.48%.

The mean value of the field milks OD was 0.056 (standard error =0.001) and its SD was
0.032. Minimum and maximum measured values were 0.00 and 0.18 respectively. Using the threshold
value based on the negative reference standard OD distribution, 822 out of 826 field milk samples
(99.5%) were correctly classified while 4 milks (0.5%) were misclassified. The observed rate of
correct classification fell within the expected values since 0.5% is the area under 99% upper tail of
the frequency distribution of ODs for negative milks (Fig. 1).

A total of 36 milk samples from CFT positive cows were tested with ELISA to establish the
diagnostic sensitivity of the test. Samples were considered positive when their OD was greater then
the established cut-off OD. Relative to CFT in serum, the sensitivity of ELISA in milk was 94.4%.
Results of 34 animals were in agreement while 2 milk samples gave ELISA negative.

ELISA and MRT elicited different performance characteristics relative to each as shown in
Table V. MRT titers ranged from 1:5 to 1:80 while ELISA titers ranged from 1:200 to 1:600.
Therefore, ELISA appeared to be 20 to 80 times more sensitive than MRT.

The cut-off values established with the reference standard were not truly representative for
the negative dairy cow population under study. For diagnostic purposes and in order to reduce as far
as possible the range of false positive results without affecting the test sensitivity, the original cut-off
value had to be adjusted. By means of such adjustment 100% of the negative samples were correctly
classified.
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FIG. 1. Frequency distribution of 826 milk samples from brucella-free herds.

TABLE V. COMPARISON OF MRT AND ELISA TITERS ON INDIVIDUAL POSITIVE MILK
SAMPLES

Cow No. MRT Milk-ELISA
IS62
IS58
IS31
AV1288
PE29/1
IS42
IS43
PE29/2
MRT control (Mab)

5
10
10
20
20
20
40
80
160

400
200
400
400
400
800
800
1600

The reference positive and negative values established were still reproducible even when
milk samples with different fat content were used as diluent. It means that undiluted milk samples can
be used in our system during mass screening and field surveillance without affecting sensitivity and
specificity of the test. Preliminary tedious and time consuming steps required for skimming or
prediluting milk samples can be avoided, hense reducing the degree of risk to the operator when
handling samples from infected herds.

The expected higher sensitivity of the milk-ELISA over the MRT may be accounted for by
the physiological dominance of IgGl over IgA and IgM in mature milk as well as by the analytical
higher sensitivity of the test. Relatively low titers provided by the MRT pose once again the question
as to whether a MRT run on large tank-milk can still detect weak-positive samples. Milk-ELISA
showed a final 99.5% diagnostic specificity and only a 94.4% sensitivity relative to 36 CFT positive
animals. It can be speculated that a test having such degree of sensitivity is likely to be a poor
predictor of infection in a situation of low prevalence. On the other hand the advantage of testing milk
for Brucella antibodies in dairy herds to meet requirements for frequent testing for maintenance of
brucellosis-free status at herd level.
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2.2.2. Evaluation of a milk-ELISA test for Brucellosis through repeated sampling on an infected-
dairy herd

The aim of the study was:
• to evaluate the ability of milk-ELISA to detect infected animals in comparison to RBPT,

CFT, and MRT
• to estimate the probability of milk-ELISA and MRT to detect infected animals in three

susbsequent sampling and testing in relation to directives 64/432/EEC and 91/499/EEC
regarding application of MRT and milk-ELISA respectively and stating that countries,
which have been declared to be free from Brucella during the last four years, serological
tests may be substituted by three milk-ELISA or three MRT.

Applied tests:
RBPT, CFT, MRT and milk-ELISA. The milk-ELISA was standardized to have a specificity of
99.5%.

Rationale:
Case definition: any animal from an infected herd that proved positive in at least one of the four tests
performed or culture in at least one of the four samplings performed.
Herd: a herd of 77 cows where 3 abortions were reported and B. melitensis biotype 2 was isolated
from aborted material.
Sampling: all animals were bleed and milk sampled at the start of the study. Remaining cows after
culling of the CFT reactors were tested every 45 days for a period of 135 days.

The initial prevalence of infection was 57.1% (44 infected cows, 30 of which were CFT
positive) on the basis of the adopted case definition (Table VI).

TABLE VI. SENSITIVITY (%) OF EACH TEST RELATIVE TO THE CASE DEFINITION

Total number of
infected animals
71

RBT
Pos. Se.
50 70,4

Pos.
36

CFT
Se.

50,7

MRT
Pos.
32

(*)
Se.

68,1
Pos.
63

m-EIA(*)
Se.

96,9

(*) based on a lower number of tested animals

As a whole, 71 cows fulfilled the case definition during the whole study period. The
sensitivites recorded for each test were: RBPT= 59.0%, CFT= 36.0%, MRT on individual samples=
47.5%, milk-ELISA on individual samples= 92.3% (Table VII).

TABLE VII. TOTAL NUMBER OF POSITIVES PER SAMPLING

Sam-
pling

I
II
in
IV

Infected

No

44
37
18
1

(*)
%

57,1
78,7
42,9
2,4

Pos.

35
19
4
1

RBT

Exam

77
47
42
41

%

45,5
40,4
9,5
2,4

Pos.

30
5
0
1

CFT

Exam

77
47
42
40

%

39,0
10,6
0,0
2,5

Pos.

19
1
6
—

MRT

Exa
m
73
45
31
—

%

26,0
2,2
19,4

Pos.

36
32
15
~

m-EIA

Exam

72
43
36
—

%

50,0
74,4
41,7

(*) According to case definition

Regarding the use of the test on bulk milk, MRT was able to detect infected milk diluted up
to 1:80 in negative milk, milk-ELISA was able to detect infected milk diluted 1:1600 in negative
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milk. The sensitivities established after repeated samplings were: RBPT= 70.4% (4 samplings), CFT=
50.7% (4 samplings), MRT= 68.1% (3 samplings) and milk-ELISA= 96.9% (3 samplings)
(TableVIII).

TABLE VIII. SENSITIVITY OF MILK-ELISA AND MRT RELATIVE TO THE NUMBER OF
TESTING ROUNDS

Test Number of testing rounds
1 2 3

m-EIA 92,3% 96,8% 96,9%
MRT 47,5% 51,9% 68,1%

Sensitivity of RBPT and CFT in the case study was lower than the values normally reported
in the literature [11.12]. Likewise, the sensitivity of MRT was lower than the values normally
observed in infected herds [13]. The milk-ELISA was the most sensitive test when performed on
individual milks. Based on the test sensitivities estimated in this study and on tests specificity
reported in the literature [11,12,13], the expected predictive value for positive results of the adopted
case definition would have been 94.6% (equivalent to 2 false positives) after the first sampling and
the predictive value for negative results would have been 99.2% (equivalent to 0 false negatives). The
use of CFT as confirmatory test implies a predictive value for positivie results of 98.4% (equivalent
to 1 false positive) and a predictive value for negative results of 60.1% (equivalent to 13 false
positives). In fact, 6 more animals positive to CFT have been detected in the following samplings.
The higher sensitivity of milk-ELISA in three subsequent samplings (96.9%) and its ability to detect
positive milk diluted up to 1:1600 indicates that the testing of bulk milk as indicated in EEC
directives is a valid and inexpensive method to detect the infection. Conversely, the lower sensitivity
of MRT and its ability to detect positive milk diluted 1:5/1:80 only, indicates that the use of MRT, as
indicated in EEC directives may be useful only in the case of small sized dairy herds. Repeated milk
testing by milk-ELISA would certainly increase the chance of identification of positive animals.

2.2.3. Assessment of an Indirect ELISA in Milk for the Diagnosis of Ovine Brucellosis

The possibility of using an ELISA for the diagnosis of ovine brucellosis in milk was
investigated. The aim of the study was to establish whether the specificity and sensitivity of milk-
ELISA would be high enough to detect low levels of brucella antibodies in ewe milk. The diagnostic
performances of the test under study were established by means of reference standard and compared
with conventional screening and confirmatory tests under field conditions (Table LX).

TABLE IX. ESTIMATES OF MILK-ELISA DIAGNOSTIC SENSITIVITY RELATIVE TO
DIFFERENT TESTS ESTABLISHED ON 48 ANIMALS FROM AN INFECTED FLOCK

Test Positive Negative
Culture 13 (27%) 35 (73%)
RBT 43 (89,5%) 5 (10,5%)
CFT 35 (73%) 13 (27%)
M-ELISA 29 (60%) 19 (40%)

The diagnostic specificity of the milk-ELISA established on a number of samples from
brucella-free flocks was 100% while relative to RBPT and CFT positive reactors the milk-ELISA
demonstrated sensitivity of 65% and 83% respectively. No linear correlation was appreciated between
titers expressed by CFT and milk-ELISA (Table X). Its sensitivity relative to culture positive animals
was 92%.
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The course of brucella antibodies in milk of positive sheep was evaluated in colostrum and
in mature milk for a period of 30 days after delivery and it appeared that concentration of
immunoglobulins in milk tend to sharply decrease soon after parturition while in blood serum these
remain constantly high.

TABLE X. COMPARISON OF CFT AND MILK-ELISA TITERS

CFT
>851.2 +I1M
425.6 + +
212.8 +++
106.4 ++
50.0
25.0 +++++ +
20.0 +
<20.0 +++++

J_0 20 40 80 160 320 640
Milk-ELISA

It was concluded that the milk-ELISA for brucella antibodies in ewe milk can be regarded
as a useful complementary diagnostic tool for individual testing but it is poorly viable as a screening
test applied to pooled flock milks (15).
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