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Abstract 

To elucidate controversial issue about variances between heterologous (B. abortus) and its counterpart 

homologous (B. melitensis) antigens used in serological examination of brucellosis in sheep and goats, sera of 

250 sheep and 160 goats from seven Egyptian governorates were examined using both antigens in microplate 

serum agglutination (MAT) and complement fixation tests (CFT). The usefulness of melitensis antigen for 

diagnosis of small ruminant brucellosis was evaluated using a panel of selected immunoassays (BAPA, modified 

RB 8%, RB 3%, MAT and CFT with both abortus and melitensis antigens). The diagnostic sensitivity (D-se) and 

diagnostic specificity (D-sp) of such immunoassays were estimated. The significance and interaction of animal 

species, test categories as factors affecting results were assessed and results discussed. Kappa agreement 

between both antigens was substantial. No significant differences (p > 0.05) between groups of sheep and goats 

in MAT were found. Contrariwise, CFT showed significant difference (p < 0.05) between different groups of 

sheep and goats except between (sheep CFT melitensis and goat CFT abortus).  
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1. Introduction 

Brucellosis is wide-spread zoonotic infection in 

the developing as well as developed countries [21] 

It poses a major threat to human health and animal 

agriculture [2 Goats are the classic natural host of 

B. melitensis and together with sheep, are the 

preferred hosts [13]. At present, eleven species of 

Brucella are recognized [42] including three species 

that have been reported in Egypt [27]. It has been 

almost 3 decades of implementation of control 

program, yet brucellosis remains endemic among 

ruminants and humans in Egypt [24]. 

A precise diagnosis of Brucella spp. infection is 

important for the control of the disease in animals 

[30, 37] Clinical diagnosis is based usually on the 

history of reproductive failures in livestock, but it is 

a presumptive diagnosis that must be confirmed by 

laboratorial methods[36]. There are about 30 

different serological tests for the diagnosis of 

brucellosis[5,30,33]. There is no single test that can 

correctly identify all infected cases in a single 

examination. The diagnosis of brucellosis is usually 

performed by a combination of methods. It is 

striking that no specific serological tests for B. 

melitensis infection of sheep have been developed. 

Instead, it is widely expected that the serological 

tests used for B. abortus in cattle are also suitable 

for the diagnosis of B. melitensis infection in small 

ruminants[4,18,25,15]. What makes this problem 

worse, is the absence of International Standard anti-

Brucella melitensis serum (ISaBmS) till 2011 [26] 

.As both species carry a smooth-type 

lipopolysaccharide (LPS) with O chain variations 

[35] . All Brucella species are genetically related to 

each other [40]. Seeking for a better immunoassay 

in both sheep and goats is the major goal. 

Considering CFT, the classic gold standard and the 

reference test recommended by the [33] this study 

compares the performance of both B. abortus and B. 

melitensis antigens for the diagnosis of brucellosis 

in small ruminants using MAT and CFT tests to 

provide information for suitable tests in every 

species. 

 

2. Material and methods 

2.1 Samples  

A total of 410 serum samples (250 sheep and 

160 goat) were selected from the serum collection 

received for routine testing by the Department of 

Brucellosis Research, Animal Health Research 

Institute, from seven Egyptian governorates 

namely Alexandria, Dakahlia, Gharbyia, Minufyia, 

Sharquia, Beni-Suef and Luxor. 

 

2.2 Serological examination 

Buffered acidified plate antigen (BAPA), 

modified Rose Bengal plate (m RB 8%) and Rose 

Bengal (RB 3%) tests were used. Antigens for 

these immunoassays were obtained from the 

National Veterinary Services Laboratories (NVSL), 

Ames, Iowa, USA.  

Buffered acidified plate antigen was performed 

according to [6] , m RB 8% according to [8] 

whereas RB 3% was done according to [28] . 

Microplate serum agglutination (MAT) and 

complement fixation tests (CFT) were performed 

using B. abortus antigen obtained from the APHA 

Scientific (formally AHVLA Scientific) and B. 

melitensis antigen that was from the (NVSL, 

Ames, Iowa, USA).  

The procedure of MAT was performed as 

described by [9] with a modification considering 

shaking incubation at 37°C for 90 minutes, 

centrifugation at 300 g for one minute then final 

reading [23] with addition of safranin as performed 

by [7]The used antigen was standardized to give 
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50% agglutination at 1/650 of the national 

Egyptian serum equivalent to the OIEISS 

international serum. A titer corresponding to 80 IU 

or more was considered positive, while a titer 

corresponding to 40-80 IU was considered 

suspicious and less than 40 IU interpreted as 

negative.  

CFT was applied according to [5] and results of 

CFT were converted to ICFTU/ml and interpreted 

as positive at > 20 ICFTU/ml. 

 

2.3 Statistical analysis   

By using SPSS® Statistics, Version 20, IBM®.  

The data were statistically tested for the normal 

distribution using SPSS. Unfortunately, the 

assumption was violated (right Skewed) as 

indicated by SPSS Shapiro-Wilk test at value of p 

< 0.05. Titers of MAT and CFT were converted to 

IU /ml of serum then data were transformed to 

follow normal distribution. One-way ANOVA with 

post hoc using Games-Howell test were used to 

study the statistical significant between the means 

of serological tests categories and their effect on 

serological test results. Determination of Kappa 

agreement (κ) between both antigens in the both 

tests MAT and CFT. In addition to measuring 

diagnostic sensitivity and specificity for each test 

considering the CFT with abortus antigen as the 

gold standard. 

 

3. Results  

A total 410 serum samples from sheep and goats 

had history of abortion were examined serologically 

to detect Brucella antibodies using different 

serological tests. The true positive results were 243 

and 130 out of 250 and 160 serum samples in sheep 

and goats, respectively regarding to CFT a as the 

gold standard test. The obtained results showed 

higher percentage of true positives 242 in BAPA 

test, 241 in both m RB 8% and RB 3% tests, 239 in 

CFT m and nearly similar obtained results in MAT 

a and MAT m were (234) and (233) in sheep out of 

243 serum samples as shown in Table (1) Unlike 

sheep, goats' results elucidated different percentages 

of true positives being in descending order BAPA 

(129), m RB 8% (129), RB 3% (128), MAT a (124), 

MAT m (121), and CFT m (108) respectively out of 

130 serum samples Table (1) . The Diagnostic 

sensitivity (D-se) of CFT m was the highest all over 

applied immunoassays scored 100% on the expanse 

of specificity that recorded 83.1% in goats. 

Regarding to D-se, that was nearly similar in MAT 

m (96.3%) and MAT a (95.8%) in sheep but in 

goats, MAT a achieved little higher rate 95.3% than 

93% in MAT m Table (2) . As a result of high 

agreement between the CFT m and the gold 

standard (CFT a), the recorded diagnostic 

specificity (D-sp) of CFT m was the highest among 

other applied immunoassays (98.3%) in sheep while 

both MAT a and MAT m had the same D-sp 

(71.4%) in sheep and (60%) in goats Table (2) 

Kappa test revealed substantial agreement between 

homologous and heterologous antigens applied in 

MAT and CFT as showed in table (3) .  

Results of one-way ANOVA test and multiple 

comparisons using Games-Howell post hoc test in 

both CFT and MAT were shown in Tables (4,5) 

illustrated that there was significant difference 

between groups of the test (sheep CFT a, sheep 

CFT m, goats CFT a, goats CFT m) at the value of 

p < 0.05 except in interaction within one group 

(sheep CFT m and goats CFT a) that showed no 

significant difference at p > 0.05. Whilst within 

groups in MAT (sheep MAT a, sheep MAT m, 

goats MAT a, goats MAT m) the p value close to be 

non-significant at p = 0.046 that proved by post hoc 

multiple comparisons that showed no significant 

difference between groups of MAT at p > 0.05. 

 

4. Discussion 

After more than a century, no major country has 

been able to eradicate brucellosis following its 

widespread establishment [29] . Diagnosis of 

brucellosis in any species is not a trivial matter and 

the serological investigation is the mainstay of 

diagnosis relatively fast, non-hazardous, cheap, 

available and more sensitive and therefore 

preferred in routine clinical practice [36] The 

highest true positives in sheep and goats were 

recorded in BAPA which is an excellent qualitative 

presumptive test to start with in order to exclude 

negative cases from supplementary testing. The 

results were in agreement with [19] and [1] .  As 

antigen acidification (3.70± 0.03) prevents IgM 

binding, favoring agglutination with IgG, and thus 

increasing the specificity for detection of Brucella 

species infection [36]. 

Both versions of Rose Bengal (m RB 8% and 

RB 3
1
%) detected high proportion of true positives 

which comes in accordance with [ 28,14] who 

described the 3% RB to be an appropriate 

screening test. The recommended modification (m 

RB 8%) increases sensitivity of RB and minimizes 

the discrepancies between RB and CFT results [8]  

that agree with results in the research. Regarding 

MAT, it was developed as a simpler and more 

efficient test than the tube serum agglutination 

(SAT) [7] These tests depend on B. abortus antigen 

[32] .The present study compares between using of 

B. abortus and B. melitensis antigen in MAT. The 

obtained true positive results were nearly similar in 

sheep and goats. The new technique of MAT used 
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in this investigation [23]  shows that hasten time of 

incubation with shaking (90 minutes) followed by 

centrifugation at 300 g for 1 minute leads to fast 

reading of results that was close to that of 

overnight incubation although it requires good 

practice to get correct reading. Safranin-O stain 

provided contrast to agglutination reaction, and 

also the dye improved visualization and allowed 

clearer positive/ negative demarcation [16] . 

Previous studies about sensitivity of SAT varies 

from 29.1 to 100% and specificity from 99.2 to 100 

[15,36,19] recorded the mean of sensitivities of 

SAT (75.9%), CFT (89.0%). 

The CFT is considered to be the most effective 

test for diagnosing brucellosis in small ruminants 

[17] and the classic gold standard and the reference 

test recommended by the OIE[33] . As regards, 

CFT m differs greatly in both species recording 

239 (97.2%) in sheep and 108 (81.25%) in goats 

that clarify dissimilarity against B. melitensis 

antigen in both species.  

 

The prior studies of heterologous and 

homologous antigens in SAT by [39] agreed 

with [5] who recorded higher titers by using 

homologous antigen in SAT but these 

findings contrast what obtained by [22] who 

found higher titers by using heterologous
2
 

antigen. While [41] compared heterologous 

antigen S99 with the homologous M antigen 

in CFT and they declared no significant 

differences were detected among the various 

used antigens (B. abortus S99, B. melitensis 

M1, M2 and M3 antigens) either in terms of 

sensitivity or antibody kinetics; which support 

finding of the research. 

Concerning D-se and D-sp of MAT using dual 

antigens in (table, 2) revealed that D-se were nearly 

similar in sheep (95.8% A / 96.3% M) and bit 

discrepancy in results of goats (95.3% A/ 93% M). 

Meanwhile, by using both antigens same recorded 

D-sp in sheep (71.4%) and in goats (60%). [3,41] 

reported similar sensitivities for homologous and 

heterologous antigens. 

MAT is performed at a near neutral pH, which 

makes it more efficient in detecting IgM antibody. 

Hence, it is best used to detect acute infections. It 

is less effective for IgG, resulting in low assay 

specificity[11,31] . Due to this fact, the MAT, 

despite being sensitive, is generally not used as a 

single test, but rather it is used in combination with 

other tests. Other short comings of the test include 

false positive and false negative results[36] . 

Excess of antibodies resulting in false negative 

                                                           
 

reaction due to prozone effect [2] the test wasn’t 

recommended[33] .  Regarding CFT m in sheep 

and goats D-se and D-sp were the higher among all 

over immunoassays due to high agreement between 

the CFT m and the gold standard CFT a. 

Regardless of the antigen, the levels of antibodies 

were lower in goats than in sheep [3] . 

The kappa (κ) agreement in sheep and goats 

between both examined antigens in MAT and CFT 

were interpreted as substantial. The results agree 

with [41] who declared no significant differences 

were detected among the various antigens used (B. 

abortus S99, B. melitensis M1, M2 and M3 

antigens) in CFT either in terms of sensitivity or 

antibody kinetics.  The homologous antigens did 

not give a more sensitive result than that obtained 

using the standard antigen (S99) for detecting B. 

melitensis infections in sheep. Furthermore, they 

do not appear capable of detecting infections 

earlier, thus contradicting the findings of earlier 

authors[5,12,10] . There was significant difference 

between groups in MAT at p < 0.05 in ANOVA 

(table, 4). The actual difference in mean scores 

between groups has small effect 0.012. In contrary 

the results of post-hoc (table, 5) comparison 

between each two groups, showed no significant 

difference at p > 0.05. As titers of each group were 

fluctuated in both antigens and species and due to 

violations of the ANOVA assumptions that push 

me to choose the result of post-hoc rather than 

ANOVA in the final conclusion of significance 

difference. Finally, there was no significant 

difference between heterologous and homologous 

antigens in MAT. That may be explained by 

studies of [34] who have found such high 

homology within the genus and have proposed that 

all Brucella were actually one species. B. abortus 

and B. melitensis were the most closely related 

species. 

Otherwise ANOVA in CFT at first glance 

reflected conspicuous significant differences 

between groups p < 0.05 and confirmed by post-

hoc results that revealed all pairwise comparison 

attain significant differences except between sheep 

CFT m and goat CFT a. The actual difference in 

mean scores between groups was medium effect 

0.09. An explanation of this result is what reported 

by[26] , at least for the moment, the CFT will 

continue to be standardized by the Second 

International standard for B. abortus antiserum 

(OIEISS) alone because it was impossible to set 

criteria for the complement fixation test even by 

using International Standard anti-Brucella 

melitensis Serum (ISaBmS). As there are 

difficulties in the harmonization of this technically 

demanding test. 
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Table (1) Results of different immunoassays applied on examined sheep and goats in relation to CFT with abortus antigen 

CFT with abortus antigen  
BAPA modified RBT 8% RBT 3% MAT a MAT m CFT m 

+ - + - + - + - + - + - 

Sheep 
+ 243 242 1 241 2 241 1 233 10 234 9 239 1 

- 7 2 5 2 5 2 6 2 5 2 5 4 6 

Goats 
+ 130 129 1 129 1 128 2 124 6 121 9 108 22 

- 30 10 20 12 18 12 18 12 18 12 18 0 30 

Total animals 
+ 373 371 2 370 3 369 13 357 16 355 18 347 23 

- 37 12 25 14 23 4 24 14 23 14 23 4 36 

MAT a: Micro-agglutination serumagglutination test with B. abortus antigen 

MAT m: Micro-agglutination serum agglutination test with B. melitensis antigen 

CFT m: Complement fixation test with B. melitensis antigen 

 

Table (2) Estimation of Diagnostic sensitivity/ specificity of MAT and CFT m tests using homologous and heterologous antigens  

Species True positives/ true negatives Diagnostic sensitivity/ specificity MATa MAT m CFT m 

sheep 243 Sensitivity% 95.8 96.3 85.7 

7 Specificity% 71.4 71.4 98.4 

Goats 130 Sensitivity% 95.3 93 100 

30 Specificity% 60 60 83.1 

 

Table (3) Results of observed agreement in both heterologous and homologous antigens in MAT and CFT with Kappa values 

 CFT a versus CFT m MAT a versus MAT m 

Both tests 

positive 

Both tests 

negative 

Dis-agreement Kappa 

Agreement (κ) 

Both tests 

positive 

Both tests 

suspicious 

Both tests 

negative 

Dis-agreement Kappa 

Agreement (κ) 

Sheep (250) 239 

95.6% 

6 

2.4% 

5 

2% 

0.696 ± 0.129 193 

77.2 % 

19 

7.6 % 

10 

4 % 

28 

11.2% 

0.641±0.059 

Goats (160) 108 

67.5% 

30 

18.75% 

22 

13.75% 

0.648 ± 0.065 103 

64.375 % 

11 

6.875 % 

23 

14.375 % 

23 

14.375% 

0.686±0.059 

Overall 

agreement 

0.693 ± 0.055 

Substantial agreement 

0.668 ± 0.042 

Substantial agreement 
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Table (4) Results of one-way ANOVA test in both CFT and MAT  

 Anova in CFT  Anova in MAT 

df F Sig.p value df F Sig.p value 

Between groups 3 21.046 0.000 Between groups 3 2.677 0.046 

Within groups 636   Within groups 636   

Total 639   Total 639   

df: degree of freedom  *: significant at the level of 0.05 

 

Table (5) Multiple comparisons using Games-Howell post hoc test 

Games-Howell post hoc  Games-Howell post hoc  

(I) CFT (J) CFT *Sig.(p value) (I) MAT (J) MAT *Sig. (p value) 

s_CFT a 

s_CFT m 0.020 

s_MAT a 

s_MAT m 0.994 

g_CFT a 0.004 g_MAT a 0.628 

g_CFT m 0.000 g_MAT m 0.111 

s_CFT m 

s_CFT a 0.020 

s_MAT m 

s_MAT a 0.994 

g_CFT a 0.774 g_MAT a 0.462 

g_CFT m 0.000 g_MAT m 0.054 

g_CFT a 

s_CFT a 0.004 

g_MAT a 

s_MAT a 0.628 

s_CFT m 0.774 s_MAT m 0.462 

g CFT m 0.001 g_MAT m 0.784 

g_CFT m 

s_CFT a 0.000 

g_MAT m 

s_MAT a 0.111 

s_CFT m 0.000 s_MAT m 0.054 

g_CFT a 0.001 g_MAT a 0.784 

s: sheep            g: goats      a: abortus antigen m: melitensis antigen 

*: significant at the level of 0.05 

 

5. Conclusion 

There is no statistical difference between 

heterologous and homologous antigens in MAT (p 

> 0.05), while in CFT there was significant 

difference (p < 0.05) with medium effect between 

both antigens with exception between sheep CFT m 

and goat CFT a (show no significant difference). 

Both antigens were nearly similar at the level of 

specificity and sensitivity. A panel of 

immunoassays must be performed to improve 

diagnostic situation especially in sheep and goats to 

avoid false results. 
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