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Abstract 
In this study serum samples were collected from 4 different groups of cattle, Group I (non-vaccinated Brucella 
infected group), Group II (Vaccinated Brucella infected group), Group III (Non-vaccinated Brucella free group) and 
Group IV (vaccinated Brucella free group). These samples were subjected to the different serological tests 
including Rose Bengal plate antigen test, Tube Agglutination test, Rivanol test, Indirect Enzyme Linked 
Immunosorbent Assay and Competitive Enzyme Linked Immunosorbent Assay. Statistical analysis of the obtained 
results in different cattle groups was carried out using Latent Class Analysis (Lem model). The prevalence of 
brucellosis was 6.4%, the sensitivity of RBPT was 96.1% while its specificity was 99.3%, the sensitivity of Rivanol 
test was 85% while its specificity was 100%, the sensitivity of Indirect Enzyme Linked Immunosorbent assay was 
100% while its specificity was 98.3 % and the sensitivity of Competitive Enzyme Linked Immunosorbent assay was 
97.1% while its specificity was 100%. The results proved that, the most sensitive test was Indirect Enzyme Linked 
Immunosorbent assay while the most specific test was Competitive Enzyme Linked Immunosorbent assay. This 
study therefore, recommends the use of Indirect Enzyme Linked Immunosorbent assay as a screening test and 
Competitive Enzyme Linked Immunosorbent assay as a confirmatory test. Bacteriological examination was carried 
out on supramammary lymph nodes and spleen of some slaughtered seropositive cattle, the rate of isolation was 
25% from non-vaccinated infected group and 10% from vaccinated infected group. Brucella melitensis biovar3 was 
recovered only from supramammary lymph nodes. 
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Introduction
Brucellosis is one of the important bacterial diseases 
affecting cattle, causing severe economic losses in 
the form of (abortion, loss of milk production and 
infertility); in addition it has severe zoonotic 
importance (Nielsen & Duncan, 1990). 
In Egypt, there is no clear well-established national 
policy for the disease control among cattle, this is 
partly because, most of cattle populations are raised 
in small numbers (2-3 cattle raised by a farmer) with 
some exceptions of large numbers of cattle kept in 
herds in organized farms which do not exceed 10% 
of cattle population. There is no mandatory 

vaccination against bovine brucellosis all over the 
country. Different vaccines as strain 19 and RB51 are 
used in individual bases in some farms and even 
both vaccines are used in the same farm. 
Brucella melitensis proved to be the endogenous 
strain in cattle, buffaloes, sheep and goats; this can 
be attributed to raising sheep and goats with cattle 
or buffaloes in villages. Most sheep or goat flocks in 
Egypt are mobile and movement of infected sheep 
or goats can contaminate pastures and spread 
brucellosis to other animals. Using of S19 Brucella 
abortus vaccine and occasional use of RB51 (rough
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strain of Brucella abortus vaccine) is the main cause 
of domination of Brucella melitensis rather than 
Brucella abortus among different animal species in 
Egypt (Alton et al., 1988; Corbel, 2006). 
Diagnosis of brucellosis depends on either direct 
diagnosis through isolation and identification of the 
causative microorganisms from infected animals 
showing abortion, stillbirth and retained placenta or 
indirect diagnosis through the using of serological 
tests such as [Rose Bengal (RBPT), Rivanol, Tube 
agglutination test (TAT), indirect Enzyme linked 
Immunosorbent Assay (iELISA) and competitive 
Enzyme linked Immunosorbent Assay (cELISA)]. The 
problem in diagnosis of brucellosis in Egypt is that, 
there is no clear data for most vaccinated herds, also 
the haphazard use of different vaccines in the same 
farm and overlapping between free and infected 
areas. 
In this study, Latent Class Analysis (LCA) used to 
evaluate the efficacy of different serological tests in 
absence of gold standard in different cattle groups in 
the form of determination of sensitivity and 
specificity of each serological test and also the 
prevalence of the disease. 

Materials and methods 
Four hundred adult dairy cattle age 3-6 years were 
used in the study. These cattle were classified into 4 
groups, Group I (non-vaccinated Brucella infected 
group), Group II (vaccinated Brucella infected group), 
Group III (non-vaccinated Brucella free group) and 
Group IV (vaccinated Brucella free group). A total of 
400 serum samples (100 samples from each group) 
were collected according to MacMillan (1990). 
Samples for bacteriological examination were 
obtained from spleen and supramammary lymph 
nodes of 26 slaughtered seropositive cattle. Antigens 
for Rose Bengal, Tube Agglutination and Rivanol 
tests were obtained from Veterinary Serum and 
Research Institute, Abassia, Cairo, Egypt. Reagents 
used for Indirect Enzyme Linked Immunosorbent 
Assay and Competitive Enzyme Linked 
Immunosorbent Assay were kindly obtained from 
Veterinary Laboratory Agency, New Haw, Addleston, 
Surrey KT15 3NB United Kingdom. 
Clinical examination was carried out to detect clinical 
findings suggestive for brucellosis in different cattle 
groups while serological diagnosis was carried out on 
serum samples using Rose Bengal test, Tube 
Agglutination Test and Rivanol test  according to 
Alton et al. (1988).  Indirect Enzyme Linked 
Immunosorbent Assay and Competitive Enzyme 
Linked Immunosorbent Assay according to OIE 

(2008). Bacterial isolation and identification was 
carried according to Alton et al. (1988) 
Statistical analysis was carried out using Latent Class 
Analysis (LCA) to determine the prevalence of the 
disease, sensitivity and specificity of each test used 
in the absence of gold standard. This was carried out 
by Lem Statistical Model according to Vermunt 
(1997). 
 
Result 
The rate of Brucella infection was shown in table 1. 
Group I examined serologically using RBPT as 
screening test revealed that 17% of the examined 
cattle were positive and 83% were negative, using 
TAT for confirmation of the for mentioned 
seropositive samples 16 animals out of 17 
seropositive samples were positive. The serologically 
positive cattle were subjected to bacteriological 
examination of samples obtained from spleen and 
supramamary lymph nodes. Brucella melitensis 
biovar3 was isolated only from supramamary lymph 
nodes of four cattle. Group II examined serologically 
using RBPT as screening test revealed that 10% of 
the examined cattle were positive and 90% were 
negative, using TAT for confirmation of the 
formentioned seropositive samples, all seropositive 
samples with RBPT were also positive with TAT. The 
serologically positive cattle were subjected to 
bacteriological examination 
Brucella melitensis biovar3 was isolated only from 
supramammary lymph node of only one cattle. 
Group III examined serologically using RBPT as 
screening test. All serum samples examined were 
negative for RBPT. Group IV examined serologically 
using RBPT as screening test. All serum samples 
examined were negative for RBPT. 
Table 2 showed that, out of the examined 400 serum 
samples collected from different cattle herds with or 
without history of brucellosis and/or not  vaccinated, 
27 samples were positive with RBPT (6.75%), 22 
samples were positive with Rivanol (5.5%), 32 
samples were positive with iELISA (8%)  and 26 
samples were positive with cELISA (6.5%). 
Statistical analysis of the obtained results in different 
cattle herds with or without history of brucellosis 
and/or not  vaccinated using latent class analysis  
(LEM model) table 3 showed that,  the prevalence of 
the disease was 6.4%, the sensitivity of  RBPT was 
96.1% while its specificity was 99.3%%, the 
sensitivity of  Rivanol test was 85 %  while its 
specificity was 100 %, the  sensitivity of  iELISA was 
100% while its specificity was 98.3 % and the 
sensitivity of  cELISA was 97.1 % while its specificity 
was 100 %. 
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Table 1: Rate of Brucella infection in different groups 

Clinical 
picture 

Group Number 
Vaccination 
status 

Serological status 
Bacteriological 
culture 

  RBPT TAT   

  Examined Positive Examined Positive Examined Positive 

Present I 100 
Non-
vaccinated 

100 17 17 16 16 4 

Present  II 100 Vaccinated  100 10 10 10 10 1 

Absent  III 100 
Non-
vaccinated 

100 0 - - - - 

Absent  IV 100 Vaccinated 100 0 - - - - 

 
Table 2: Results of different serological tests used for diagnosis of brucellosis in all serum samples examined from 
different cattle herds 

Test No. of examined cattle No. of positive % 

RBPT 400 27 6.8% 
Rivanol 400 22 5.5% 
iELISA 400 32 8.0 % 
cELISA 400 26 6.5 % 

 
Table 3: Results of sensitivity, specificity and prevalence of brucellosis using different serological tests in absence 
of gold standard in the examined herds 

Test Sensitivity Specificity 

RBPT  96.1% 99.3% 
Rivanol  85% 100% 
iELISA 100% 98.3% 
cELISA 97.1% 100% 

Prevalence of the disease  6.4% 
 
Discussion 
The efficacy of any diagnostic test is determined 
through estimation of the diagnostic sensitivity and 
specificity. The status of the disease is determined 
by the prevalence which means the frequency of the 
disease in a population (Thrusfield, 2003) 
Routine serological tests i.e RBPT as screening test 
and TAT as confirmatory test were carried out 
according to Stemshorn et al. (1985), MacMillan, 
(1990), Ibrahim et al. (1993) and Corbel (2006). The 
obtained results were confirmed by bacteriological 
examinations on supramammary lymph nodes and 
spleen collected from some slaughtered seropositive 
cattle.      
The rate of infection with brucellosis was higher in 
infected non-vaccinated group (16%) than that 
vaccinated infected group which reached 10%. 
Therefore, the study could conclude that, the 
reduced percentage of infection with brucellosis may 
be due to calfhood vaccination with S 19 Brucella 
abortus vaccine, and this agree with the results 
obtained by Alton et al. (1988); Corbel, (2006); 
Peniche et al. (2008). All Brucella isolates were 

recovered from supramammary lymph nodes which 
indicate that the most important site for isolation of 
brucellosis in cattle is the supramamary lymph 
nodes. That agrees with the results obtained by 
Alton et al. (1988), Mayfield et al. (1990) and Corbel 
(2006). Bacteriological examination of the samples 
obtained from supramammary lymph nodes  from 
group I revealed that out of 16 seropositive cattle 
only 4 (25%) samples were positive bacteriologically 
while in vaccinated infected group II out of 10 
seropositive cattle only one(10%) cattle was positive 
bacteriologically. We could conclude that 
bacteriological isolation of Brucella has low 
sensitivity for detection of infected animals which 
explained why some of the slaughtered seropositive 
animals failed to reveal any Brucella isolates. But 
Refai (2002), Samaha et al. (2008) and Gwida et al. 
(2010) have reported bacteriological isolation of 
Brucella to be highly specific. Negative 
bacteriological isolation for brucellosis doesn't mean 
that the animal is not infected and this may be 
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attributed to either the absence of the bacterium in the cultured tissues or insufficient numbers of the
microorganism, also the process of isolation is not 
always practicable especially in living animals and 
microbiological culture take long duration (days to 
weeks) to produce a result, making the process of 
isolation impractical for field testing or testing where 
livestock health authorities must make immediate 
decisions, (Alton et al., 1988; Refai, 2002; Samaha et 
al., 2008). All the isolated strains were Brucella 
melitensis biovar3 which is considered as an active 
Brucella infection in tested cattle.  These results 
revealed that the most common isolated strain from 
cattle was Brucella melitensis biovar3. This finding is 
consistent with reports of Brucella melitensis, 
particularly biovar3, being the main cause of 
brucellosis in animals and humans in many countries 
including Egypt, (Nielsen & Gall, 1998) and Samaha 
et al. (2008) who attributed that increased 
prevalence of Brucella melitensis biovar3 in cattle in 
Egypt is due to raising sheep and goats with cattle or 
buffaloes in villages, also most sheep and/or goat 
flocks in Egypt are mobile. Movement of infected 
sheep and/or goats can contaminate pastures and 
spread brucellosis to other animals (e.g., cattle or 
buffaloes) in other herds or areas. This movement is 
a major risk factor for failure of brucellosis 
eradication programs. Elimination or control of 
infection in sheep and goat flocks can reduce spread 
of the disease in cattle and buffaloes.  
Studying the evaluation of the efficacy of RBPT, 
Rivanol, iELISA and cELISA tests for diagnosis of 
brucellosis in different groups. Some animals gave 
negative results in the conventional screening test 
(RBPT) while it gave positive results with iELISA 
and/or cELISA tests. It was assumed to be false 
positive reactors where in fact it may be brucellosis 
in early stage of infection detected by ELISAs due to 
their higher sensitivities these were reported by 
Nielsen & Gall (1998). 
The traditional approaches for evaluation of 
sensitivity and specificity of diagnostic tests 
comprise presence of gold standard or the use of a 
reference test (test represented true disease status). 
The gold standard in diagnosis of brucellosis is the 
bacterial isolation which is often unsuccessful. This 
may be attributed to, the absence of the bacterium 
in the cultured tissues or insufficient numbers of the 
microorganism, also the process of isolation is not 
always practicable especially in living animals and 
the microbiological culture take long duration (days 
to weeks) to produce a result, making the process of 
isolation impractical for field testing, (Alton et al. 
1988; Refai, 2002; Corbel, 2006; Samaha, et al. 

2008). Therefore we used Latent Class Analysis (LCA) 
which is a mathematical technique that uses a 
statistical model to relate unobserved (latent) 
conditions to multiple diagnostic test results. LCA 
models the probability of each combination of test 
results conditionally on the latent class (infected or 
non-infected). From these probabilities, the 
sensitivity and specificity of all tests included in the 
model can be estimated (Boelaret et al., 1999; 
Goetghebeur, 2000; Bajani et al., 2003; Pepe & 
Janes, 2007; Engel et al., 2008).  
Statistical analysis of the obtained results in non-
vaccinated cattle with high rate of infection (group I) 
using LCA (Lem model). The higher sensitivity of 
iELISA test (100%) may be due to the using of 
polyclonal anti-bovine IgG (H&L) chain specificity 
conjugate which causes enhanced detection of both 
IgM and IgG antibodies as reported by Abalos et al. 
(1997) and Poester et al. (1997). The principal 
requirement of any screening assay is that it must be 
diagnostically sensitive as possible in order to ensure 
that all true serological reactors are detected.      The 
obtained results revealed that, iELISA test has higher 
sensitivity (100%) than the other tests (Rivanol, RBPT 
and cELISA), therefore we can recommended that 
iELISA test could be used as screening test for 
diagnosis of brucellosis in non-vaccinated herd with 
high rate of infection. This agrees with the results 
obtained by Saravi et al. (1995), Marino et al. (1997) 
and Nielsen and Yu (2010). The current British 
Brucellosis Surveillance Strategy  uses iELISA method 
to screen cattle herds "ELISAs are sensitive, detect 
all stages of the infection, easy to perform, to 
automate, produce objective results, rapidly lend 
themselves to Quality Assurance Programmes, and 
can cut the cost of staff training due to the 
universality of the ELISA method for different 
applications" (McGiven et al., 2003). The highest 
specificity in case of cELISA is due to using of specific 
monoclonal antibodies as a conjugate which has the 
ability to compete with other non specific antibodies 
and attach to certain specific epitopes on sLPS 
antigen (Philo & Edwards (2002); Godfroid et al., 
(2010); Nielsen & Yu (2010). The highest specificity in 
case of Rivanol test is due to precipitation of IgM 
antibodies using Rivanol solution to exclude the non 
specific reactors and detect only IgG antibodies 
(Alton et al., 1988). Due to high specificity of cELISA 
(100%) we could recommended it as confirmatory 
test on seropositive animals using iELISA as a 
screening test in order to exclude the non specific 
reactors and this agree with the results obtained by 
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Marino et al. (1997) and Nielsen and Yu (2010). 
cELISA has both high diagnostic specificity (100%) 
and sensitivity (98.8%) but Rivanol has high 
diagnostic specificity (100%) and low diagnostic 
sensitivity (86.47%). The confirmatory tests must 
demonstrate high level of diagnostic specificity and 
maintain effective diagnostic sensitivity in order to 
decrease the number of false positive reactors to the 
minimal levels (Saravi et al., 1995; Poester et al., 
1997). Therefore cELISA is more efficient than 
Rivanol test as a confirmatory test in diagnosis of 
brucellosis in cattle herds with high prevalence of 
infection.  
Studying the evaluation of the different serological 
tests used for diagnosis of brucellosis in vaccinated 
herd with high rate of infection (group II), Some 
animals gave positive results in the conventional test 
(RBPT) but were negative to iELISA and/or cELISA. It 
was assumed to be in fact that ELISA failed to 
diagnose brucellosis. This reaction could be due to 
the presence of residual antibodies from the use of 
Brucella abortus S19 vaccine, the same results 
obtained by Nielsen & Gall (1998). 
Statistical analysis of the obtained results in 
vaccinated cattle with high rate of infection (group 
II) using LCA  (Lem model). ELISA technique is a fast 
diagnostic method that enables a large number of 
samples to be tested at a relatively low cost. The 
higher sensitivity of ELISA tests may be due to the 
ability of ELISA to detect infected animals in early 
stages of infection and also the ability to detect 
lower antibody titers (Abalos et al., 1997; Peraza et 
al., 1997). cELISA gave negative results on some 
serum samples collected from vaccinated non 
infected cattle although these serum samples gave 
positive results by other serological tests (RBPT and 
iELISA). The positivity of other serological tests from 
our point of view can be attributed to the remaining 
of antibody titer against S19 Brucella abortus vaccine 
this result agree with the result obtained by Nielsen 
& Gall (1998), while the higher specificity of cELISA 
as mentioned by Philo & Edwards (2002) is due to 
cELISA is based on labeled mouse monoclonal 
antibodies  that differentially compete with 
antibodies against Strain 19 vaccination and field-

strain of B. abortus for a specific antigenic 
determinant on the outer cell wall of the bacterium.  
Antibodies produced in response to Strain 19 vaccine 
compete poorly with the monoclonal antibody; while 
antibodies produced following field strain B. abortus 
infection compete strongly with the monoclonal 
antibody. In the vaccinated infected group II with 
high prevalence of infection (9%), iELISA and cELISA 
showed high sensitivity, while cELISA showed also 
high specificity. This study therefore,  recommended 
the use of iELISA as screening test and cELISA as 
confirmatory test, the results agree with the results 
obtained by Saravi et al. (1995) who stated that, 
screening tests must be highly sensitive in order to 
reduce the number of false negative animals and 
confirmatory tests must demonstrate high level of 
diagnostic specificity and maintain effective 
diagnostic sensitivity in order to decrease the 
number of false positive reactors to the minimal 
levels.  
The results showed that, among sera collected from 
the different cattle herds with or without history of 
brucellosis and/or not  vaccinated represented in the 
4 previously mentioned groups,  the most sensitive 
test was the iELISA while the most specific test was 
cELISA.  
In conclusion, the study could conclude that, the use 
of iELISA to detect truly infected animals (sensitivity) 
and cELISA to exclude truly non infected (specificity) 
appeared to be of most importance. The absence of 
clear mandatory vaccination program against 
brucellosis and the use of different vaccines with 
different doses necessitates the use of these 2 tests 
together in Egyptian condition. 
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