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Abstract

Background: Brucellosis is an important zoonotic bacterial disease of global health importance affecting different animals 
and man. Brucellosis control and eradication procedures are highly depending on accurate diagnostic tools and effective and safe 
vaccination programs.  Indirect ELISA, complement fixation tests, Buffered Acidified Plate Agglutination and the Rose Bengal plate 
agglutination are usually used for testing animals against bovine brucellosis.

The aim of the work is to evaluate and validate the diagnostic efficacy of in-house prepared S-LPS as an IELISA coating antigen 
in comparison to commercial ELISA kit used for diagnosis of bovine brucellosis.

Materials and methods: an Indirect Enzyme Linked Immunosorbent Assay (I-ELISA) was developed using in house produced 
and titrated Smooth Lipopolysaccharide (S-LPS) as coating antigen and compared with the commercial kit using 115 negative and 
positive bovine sera. The performance parameters for each test were estimated using Complement Fixation Test (CFT) as a gold 
standard test.

Results:  the diagnostic performance characteristics for both ELISA tests were estimated to evaluate the diagnostic efficacy of 
in-house S-LPS. Brucella antibodies were detected in 88 (76.52%), 90 (78.26%) and 76 (66.09%), by in house i-ELISA, commercial 
i-ELISA and CFT, respectively. agreement for the positive result between the developed and commercial I-ELISA was in 14 positive 
sample and in 23 negative samples.  Relative sensitivity was (97.37%) for both ELISA assay, while the specificity was 64.1% and 
58.97% for developed I-ELISA and commercial ELISA kit respectively. 

Conclusion: Results revealed that in house prepared, titrated, and validated S-LPS can be used as a coating antigen for IELISA 
test for bovine brucellosis diagnosis as a sensitive test. On other hand- in house test is cheaper than commercially available kits and 
so, it could be used for wide surveillance program 
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Introduction
Brucellosis is a worldwide bacterial zoonotic disease of global 

importance affecting different mammals including man, cattle,  

 
camels, buffaloes, sheep, goats, swine, many species of wild animals, 
rodents, and marine mammals. The disease primarily affects 
the reproductive system of farm animals with significant loss of 
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productivity (milk production) and re-productivity (fetal deaths) 
of affected animals. In human, the symptoms characterized by 
recurrent febrile episodes called undulant fever causing economic 
and public health importance. Due to lack of effective vaccines for 
man and the severity of human brucellosis, Brucella as an important 
agent for bioterrorism and eradication of human brucellosis has 
been largely dependent on the eradication of the disease in animals 
[1,2,3]. Control and eradication of animal’s brucellosis depend 
mainly on comprehensive vaccination, surveillance, and quarantine 
programs. Surveillance system depends mainly on an efficient, 
accurate and sensitive diagnostic tool especially serological test 
[4]. Serological tests used for diagnosis of bovine brucellosis 
such as Indirect enzyme-linked immunosorbent assay (IELISA) 
and slide agglutination tests are usually dependent on smooth 
lipopolysaccharides (S-LPS) as a diagnostic antigen [5,6,7] So, the 
aim of the work is to evaluate and validate the in-house prepared 
S-LPS as a IELISA coating antigen in comparison to commercial 
ELISA kit used for diagnosis of bovine brucellosis in bovine serum 
samples collected from brucellosis infected flock.

Material And Methods
Serum: Randomized bovine serum samples: 115 bovine 

sera collected from non-vaccinated animals of infected flocks. 
Brucellosis positive and negative sera were determined using 
conventional rose Bengal test as a screening pilot test for bovine 
brucellosis diagnosis [1,8,9].

In house prepared S-LPS: smooth lipopolysaccharide spleens 
(S-LPS, Hot Saline Extract) were prepared according to [9,10] and 
titrated to be used as a coating antigen using checkerboard method 
according to [9].

In house Indirect Enzyme-Linked Immunosorbent Assay 
(I-ELISA): was performed on a flat shaped microplate according to 
procedure described by [1,9] using in house prepared S-LPS and 
validated ELISA buffer.

Commercial-Validated ELISA: Commercial ELISA was done 
using Brucella abortus antibody test kit (IDEXX)

Complement Fixation test (CFT): Complement and hemolysin 
were prepared and preserved according to [9] and coping with 
[11] Stowell, personal communication, November 22, 2010). Sheep 
RBCs were collected on Alsever’s solution from an adult healthy 
ram serologically negative to brucellosis. These were standardized 
to 2% suspension in Veronal buffered saline (VBS). The proper test 
was performed according to the current American SOP by [12]. 
Warm fixation of complement at 37°C was adopted as cold fixation 
was unacceptably slow. The positive cutoff point for CFT was ≥ 
20 ICFTU/ml. Quality control and quality assurance were fulfilled 

according to the requirements of the ISO/IEC 17025:2017 and the 
OIE guidelines [1]. With respect of CFT as a gold standard test [13] 
evaluation of performance of both i-ELISA tests in this study was 
carried out by calculating sensitivity, accuracy, positive predictive 
value or precision, negative predictive value, relative sensitivity, 
relative specificity, false positive rate, and false negative rate in 
addition to likelihood ratio of positive results and likelihood ratio 
of negative results.  All above mentioned analysis were conducted 
using (http://vassarstats.net/clin1.html, https://ebmtools.
knowledgetranslation.net/calculator/diagnostic/ and http://
onlineconfusionmatrix.com/). Receiver Operating Characteristics 
(ROC) graph was plotted for cut off selection at its best accuracy. 
ROC was conducted using the statistical software MEDCALC.

Results And Discussion
Indirect ELISA and complement fixation tests, Buffered Acidified 

Plate Agglutination test and the Rose Bengal plate agglutination 
test are usually used for testing animals against brucellosis. 
The complement fixation test is the only test recommended for 
confirmation and international trade, but other tests as I-ELISA, 
competitive ELISA and Agar Gel Precipitation tests are used for 
confirmation purposes. S-LPS had been considered the most 
efficient diagnostic antigen for brucellosis (all species including 
human) during immune response and are the most important 
target for many immunological and serological research and 
studies. LPS can be easily extracted, standardized, and quantified as 
compared to other antigens. Isolation and identification of Brucella 
is performed as the gold standard for diagnosis of brucellosis [14].

The optimal working dilutions of S-LPS coating antigen was 
estimated with checkerboard titrations. In the present study, 115 
bovine sera samples tested by commercial and developed IELISA 
and CFT. In house S-LPS have been successfully produced. This 
study differs from other performed research [15-18] in that the 
buffer used with in-house made ELISA was not in house prepared 
but it is commercially prepared and validated buffers, so, this 
study evaluated and validated the coating antigen S-LPS used for 
ELISA. Considering CFT as a gold standard test, evaluation of S-LPS 
antigen depend on measuring the performance of ELISA test using 
various performance parameters as  sensitivity, relative sensitivity 
and specificity which were calculated using (http://vassarstats.
net/clin1.html, https://ebm-tools.knowledgetranslation.net/
calculator/diagnostic/, http://onlineconfusionmatrix.com/ and 
statistical software MEDCALC). 

Out of 115 bovine serum samples, 88 (76.52%) (95%-CI: 67.52-
0.8371%), 90 (78.26%) (95%-CI: 69.4-85.19%) and 76 (66.09%) 
(95%-CI: 56.59-74.49%) were found positive for Brucella antibodies 
by in house i-ELISA, commercial i-ELISA and CFT, respectively 
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(Table 1). *sensitivity %= positive animals/total number of tested 
animals X 100. A Venn diagram (Figure 1) expressed in detail the 
agreement of positive results among all serological tests. There was 
not a single positive case detected only by CFT, where at least one 
of two ELISA assays could identify CFT positive samples, also there 
was not a single positive case detected only by developed i-ELISA, 
where at least one of two other assays could identify in house 

i-ELISA positive samples. CFT, in house ELISA and commercial 
ELISA shared 72 positive samples where the total agreement 
between the three tests (positive samples+ negative samples) was 
in 95 samples. Various performance parameters were collectively 
measured and analyzed for diagnostic validation of serological test 
(Table 2 and 3).

Figure 1: Venn diagram simply representing in detail the agreement of positive cattle results among serological tests and CFT.
A= CFT
B= in house ELISA
C= commercial ELISA
S= sample size

Table 1: Sensitivity of commercial and in-house I-ELISA and CFT tests for diagnosis of bovine brucellosis.

Tests Number of positive/negative animals *Sensitivity %

in-house I-ELISA 88/27 (76.52% / 23.48%) 76.52

commercial I-ELISA 90/25 (78.26% / 21.74%) 0.7826

CFT 76/39 (66.09% / 33.91%) 66.09

*sensitivity %= positive animals/total number of tested animals X 100

Table 2: Sensitivity of in-house and commercial I-ELISA tests against CFT as a Gold Standard test.

Tests  
CFT

+ve -ve

in-house I-ELISA +ve 74 14

-ve 2 25

Commercial I-ELISA +ve 74 16

-ve 2 23

Table 3: Diagnostic performance characteristics of in house i-ELISA and commercial i-ELISA tests.

Diagnostic performance parameters In house i-ELISA Commercial i-ELISA

Sensitivity 76.52 78.26%

Relative sensitivity 97.37% 97.37%

Relative specificity 64.10% 58.97%

True positive (Positive predictive value or precision) 84.09% 82.22%
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False positive rate 15.91% 17.78%

True negative (Negative predictive value) 92.59% 92%

False negative rate 7.41% 8%

Accuracy 86.09% 84.35%

Mathew correlation coefficient (MCC) 0.6866 0.6467

Likelihood ratio of positive results (LR+) 2.713 2.376

Likelihood ratio of negative results (LR-) 0.041 0.044

Each performance parameter was compared among all 
immunoassays to detect which assay behaved the best. In house 
ELISA was superior in 8 diagnostic parameters which were 
relative specificity, true positive, false positive rate, True negative, 
false negative rate, accuracy, Mathew correlation coefficient and 
Likelihood ratio of positive results while commercial ELISA scored 
the best superior in only three parameter which were Sensitivity, 
Relative sensitivity, and Likelihood Ratio of negative results (LR). 
The relative sensitivity of developed I-ELISA was comparable and 
equal with commercial I-ELISA (97.37%) whereas the specificity 
was a little bit compromised (64.1% and 58.97% respectively).  
Many serological and diagnostics tests are performed with different 
specificity and sensitivity, but they must be used in accordance with 
strict standardization rules and meet the requirements laid down 
by the OIE. For bovine brucellosis the OIE recommends i-ELISA 
(Sensitivity 97.2%, Specificity 97.1-99.8%) and CFT (Sensitivity 90-
91.8%, Specificity 99.7-99.9%) [19]. Evaluation of the two ELISA 

tests indicates that both had a valid sensitivity with approximately 
same degrees.

Receiver Operating Characteristics (ROC) graph for the 
comparison of home developed and commercial I-ELISA for 
detection of Brucella antibodies in bovine serum is shown in 
(Figure 2). The ROC curve showed the behavior of the sensitivity 
and specificity of both ELISA assay by using different cut-off points 
considering CFT as gold standard. This curve expresses the Area 
Under the Curve (AUC) which represent accuracy. The area under 
ROC curve (AUC) were 0.807 and 0.782 for in house i-ELISA and 
commercial i-ELISA respectively. The closer the curve follows the 
left-hand border and then the top border of the ROC space, the more 
accurate the test and the closer the curve comes to the 45-degree 
diagonal of the ROC space, the less accurate the test. Based on the 
ROC curve and difference between the two AUC (0.0256), result 
revealed that in house i-ELISA has better accuracy than that of test.

Figure 2: Receiver Operating Characteristics (ROC) graph for the comparison of homemade developed and commercial I-ELISA for detection 
of Brucella antibodies in bovine sera.

Difference in accuracy between two tests is not significant. 
In case of diseases control like brucellosis, it is preferable that 
the pilot or screening test is cheap, reliable and has sensitivity 
to detects almost all positive cases in a herd. Using i-ELISA, the 
high percentage of positivity was due to the ability of this test to 
detect very low levels of antibodies present in the early stage of 
infection, while RBPT and SAT cannot detect it [20]. The use of 
smooth LPS as antigen in the I-ELISA might be one of the reasons 

for higher sensitivity as the stronger immune responses are elicited 
against LPS in infected animals. Most bovine brucellosis ELISA kits 
available in market is very expensive and cannot used for national 
surveillance program especially in developing countries like Egypt. 
So, this developed test can be used for this wide surveillance as it 
cheaper than commercial ones and reliable with approximately 
same sensitivity as that of commercial kit.
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Conclusion
The results of this study revealed that the sensitivity of 

developed I-ELISA proved to be equal to the sensitivity of 
commercial I-ELISA kit. The standardized developed I-ELISA could 
be easily available and developed, useful and cheap diagnostic test 
for detection of Brucella antibodies in bovine sera in comparison 
with the commercial kit especially where wider surveillance of 
large animals’ population is needed which economically impossible 
using commercial kits and particularly useful for a region where 
little epidemiological information is available about this disease 
and where surveillances is needed.
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