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Abstract
Brucellosis, a prevalent zoonotic disease in India, causes nonspecific symptoms. Humans contract 
it via infected animals or by consuming unpasteurized dairy products. This study evaluates the 
effectiveness of ELISA, Rose Bengal Plate Test (RBPT), and SAT in diagnosing brucellosis from clinical 
samples. A prospective study was conducted involving 218 patients with unknown fever, arthritis, 
and neurological symptoms. A detailed history was collected using a pre-designed questionnaire. 
This study aims to evaluate the clinical diagnostic efficacy of widely used serological assays for human 
brucellosis, focusing on their sensitivity, specificity, and applicability in clinical settings. Out of 218 
clinical samples from suspected brucellosis patients, 129 tested positive for Brucella by either of the 
serological tests. Male:Female ratio was 1.04:1, and 60% of the patients had a clear history of exposure 
to cows, buffalo, and goats. ELISA IgG showed the highest positivity rates, identifying 64 (49.6%) cases; 
ELISA IgM detected 43 (33.3%) cases; the Serum Agglutination Test (SAT) identified 30 (23.2%) cases; 
RBPT detected 33 (25.5%) cases, and only 14 (10.8%) cases tested positive for ELISA IgG + ELISA IgM. 
The sensitivities of the ELISA IgG, ELISA IgM, RBPT, SAT, and ELISA IgG + ELISA IgM detection were 
69.57%, 46.74%, 35.87%, 32.61%, and 15.22%, respectively while the specificities were 100%, 100%, 
75.40%, 84.92%, and 100%, respectively. ELISA can be used to diagnose human brucellosis reliably and 
is more sensitive than the SAT and RBPT.
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INTRODUCTION

	 Brucellosis is a neglected zoonotic 
disease that occurs worldwide. It is caused by 
Brucella, a small, non-motile, non-spore-forming, 
slow-growing, and Gram-negative coccobacillus 
belonging to the Brucellaceae family.1,2 This disease 
is primarily transmitted from infected animals to 
humans through direct contact, consumption of 
unpasteurized dairy products, or inhalation of 
aerosols containing the pathogen. Brucellosis is 
endemic, especially in underdeveloped nations 
where animal husbandry is common.3,4 The 
disease affects both human health and animal 
productivity, with significant economic and public 
health implications.5

	 The clinical signs of human brucellosis 
are often similar to those of other bacterial 
illnesses, which leads to its frequent neglect or 
misdiagnosis. Key symptoms in affected individuals 
include recurrent fever, unintentional weight loss, 
and excessive night sweats. Other symptoms that 
are frequently described include fatigue, scrotal 
soreness and swelling, tiredness, chills, appetite 
loss, joint and muscle pain, headaches, back pain, 
malaise, anorexia, nervous disorder, endocarditis, 
and confusion.6

	 Various methods are available for 
brucellosis diagnosis, including molecular, 
serological, and culture tests. Among them, 
serological methods are widely employed for the 
diagnosis of brucellosis because they are relatively 
cost-effective, easy to perform, and suitable for 
use in resource-constrained settings, such as the 
Serum Agglutination Test (SAT), Enzyme-Linked 
Immunosorbent Assay (ELISA), and Rose Bengal 
Plate Test (RBPT). Among these, ELISA is recognized 
for its high sensitivity and specificity, particularly in 
detecting different classes of antibodies (IgM and 
IgG), which can provide insights into the stage of 
the disease.7

	 This study aims to evaluate the clinical 
diagnostic efficacy of widely used serological 
assays for human brucellosis, focusing on their 
sensitivity, specificity, and applicability in clinical 
settings.

MATERIALS AND METHODS

Patients and samples
	 A total of 218 blood specimens were 
obtained from OPD/IPD patients aged 14-86 years 
presenting with clinical symptoms of brucellosis 
from April 2023 to December 2024. The serum 
was extracted from 5 ml of blood drawn from 
each person and stored in a refrigerator at -20 °C 
for future use. Additionally, demographic details 
were gathered using a pre-designed questionnaire.
	 According to our study, any sample that 
tests positive for brucellosis by identifying either 
IgG or IgM antibodies using ELISA (Enzyme-
Linked Immunosorbent Assay) is considered to 
be a true positive, indicating a recent or previous 
infection. These samples demonstrate indications 
of an immunological response. Meanwhile, a true 
negative is any sample that tests negative for both 
IgG and IgM antibodies in the ELISA test, so these 
findings suggest that a true negative is any sample 
that tests negative for both IgG and IgM antibodies 
in the ELISA test, indicating the absence of an 
immune response to Brucella infection.

SAT (Serum Agglutination Test)
	 The SAT was performed to detect anti-
Brucella antibodies. Serum samples were diluted 
serially in normal saline, and Brucella antigen was 
added to each dilution. The tubes were incubated 
at 37 °C for 24 hours, and agglutination was 
recorded by observing the sedimentation pattern. 
Titres of more than 1:160 were considered positive 
based on standard diagnostic criteria8,9 as shown 
in Figure 1a.

RBPT (Rose Bengal Plate Test)
	 RBPT (Rose Bengal Plate Test) is a rapid 
slide agglutination test to detect antibodies 
of Brucella. The test was performed using a 
commercially available antigen procured from the 
IVRI, Izatnagar, Bareilly. Briefly, 30 µL of serum was 
mixed with an equal volume of RBPT antigen on 
a clean glass slide using a disposable applicator 
stick. The mixture was mixed gently for 4 minutes, 
and agglutination was observed visually.10 Results 
were recorded as positive or negative based on 
the presence or absence of visible agglutination, 
as seen in Figure 1b.
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ELISA (Enzyme-linked Immunosorbent Assay)
	 The ELISA IgG and IgM tests were 
conducted using commercially available kits 
(CALBIOTECH) following the manufacturer’s 
instructions. Briefly, serum samples were diluted 
as required and added to antigen-coated wells. 
After incubation at room temperature, wells were 
washed, and the conjugate was added. Following 
further incubation, a substrate solution was 
added, and the reaction was stopped using a stop 
solution. The optical density (OD) was measured 
at 450 nm and 655 nm using a microplate reader. 
Cut-off values were determined according to the 
kit manufacturer’s instructions. Samples with OD 
values above the cut-off were considered positive 
for IgG or IgM antibodies.

Data analysis
	 The collected data was coded, entered 
into a personal computer, and analyzed using SPSS 

for Windows, version 11.0. Statistical analyses 
included the Chi-square test and Fisher’s exact. 
Positive Predictive Value (PPV) and Negative 
Predictive Value (NPV) were calculated using 
diagnostic test evaluation tools available on 
MedCalc.

RESULTS

	 Out of 218 clinical samples from suspected 
brucellosis patients, 129 (59.2%) tested positive for 
Brucella by either of the serological tests. The male 
and female sex ratio of Brucella-positive patients 
was 1.04:1. 
	 As seen in Figure 2, 64 (49.6%) patients 
were positive for ELISA IgG, 43 (33.3%) for ELISA 
IgM, 30 (23.2%) for SAT, 33 (25.5%) for RBPT, 
and 14 (10.8%) were positive for both ELISA IgG 
and ELISA IgM. Since patients could test positive 

Table 1. Risk factors evaluation of Brucellosis-positive patients (N = 129)

Risk Factor	 Category	 Patients response 
		  data

Area of Residence	 Urban	 54 (41.8%)
	 Semi-urban	 3 (2.3%)
	 Rural	 72 (55.8%)
Gender	 Male	 66 (51%)
	 Female	 63 (49%)
Socio-economic status	 Poor	 72 (55.8%)
	 Middle	 57 (44%)
Duration of illness	 Acute phase	 79 (61.2%)
	 Chronic phase	 50 (38.7%)
Recent travel 	 Yes	 24 (18.6%)
	 No	 105 (81.3%)
Close contact with animals	 Yes	 82 (63.5%)
	 No	 47 (36.4%)
Raw dairy consumption	 Yes	 50 (38.7%)
	 No	 79 (61.2%)
Consume undercooked meat	 Yes	 14 (10.8%)
	 No	 115 (89.2%)
Share water source with animals	 Yes	 22 (17%)
	 No	 107 (82.9%)
Assist animals during labour	 Yes	 10 (7.7%)
	 No	 119 (92.2%)
Wear gloves while handling animal products	 Yes	 9 (7%)
	 No	 120 (93%)
Vaccinate animal	 Yes	 11 (8.5%)
	 No	 118 (91.4%)
Sleeping area near the animal	 Yes	 28 (21.8%)
	 No	 101 (78.2%)
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Figure 1. (a) A serologically positive titre of 1:160 dilution, and negative control; (b) RBPT antigen showing 
agglutination in test sample 

Figure 2. Distribution of diagnostic test positivity among brucellosis-positive clinical patients (N = 129)

Figure 3. Distribution of clinical symptoms among Brucella-positive patients (N = 129)
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by more than one diagnostic method, these 
categories were not mutually exclusive.
	 As seen in Figure 3, fever was the main 
symptom present in 64.3 % of the Brucella-positive 
patients, followed by body aches (51.1%), joint/
body pain (39.5%), weakness (37.9%), muscle pain 
(35.6%), and headache (34.8%).
	 Table 1 shows the majority of the risk 
factors associated with Brucella-positive patients 
had a history of close contact with the animals 
(63.5%) and belonged to rural areas, and only 
18.6% of individuals had a history of recent travel. 
8.5% of patients vaccinated their animals, 7.7% 
of individuals have assisting their animals during 
labour, and only 7% used gloves while handling 
the animal. Also, 21.8% kept animals near sleeping 
areas, and 17% shared water sources with their 
animals. Also, 38.7% and 10.8% of Brucella-
positive patients had a history of consumption 
of raw dairy products and undercooked meat, 
respectively.
	 As shown in Table 2, and Figure 4, the 
sensitivities of the ELISA IgG, ELISA IgM, RBPT, SAT, 
and ELISA IgG + ELISA IgM detection were 69.57%, 
46.74%, 35.87%, 32.61%, and 15.22%, respectively. 
In comparison, the specificities were 100%, 100%, 
75.40%, 84.92%, and 100%, respectively. The 
positive predictive values were 51.56% for RBPT, 
61.22% for SAT, and 100% for ELISA IgG, ELISA 
IgM, and ELISA IgG + IgM, and negative predictive 
values were specific for every test, as 61.69% for 
RBPT, 63.31% for SAT, 81.82% for ELISA IgG, 72% 
for ELISA IgM, and 61.76% for ELISA IgG + ELISA 
IgM.

DISCUSSION

	 Brucellosis is still a serious public health 
issue worldwide, especially in rural areas where 
animal husbandry is common.11,12 Multiple 
research studies have revealed varying prevalence 
rates of Brucella. According to a study, the global 
seroprevalence of human brucellosis differs 
significantly among populations and geographical 
areas. A comprehensive review and meta-analysis 
estimated the global seroprevalence to be 
approximately 15.53%.13 Research conducted by 
Yousaf et al.14 in Pakistan in 2021 found that the 
RBPT seroprevalence was 17%. Another study 
by Xu et al.15 showed that 74.42%, 98.84%, and 
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98.84% of the samples in China tested positive for 
SAT, IgM ELISA, and IgG ELISA, respectively. One 
more study carried out by Eltayeb et al.16 in Sudan 
indicated that the RBPT and SAT seroprevalence 
were 8.8% and 13.8%, respectively. In India, a 
study by Pathak et al.17 reported that 4.25%, 
3.54%, and 4.96% of the samples in the Goa 
region tested positive by RBPT, SAT, and IgG ELISA, 
respectively. A study from North India found the 
overall seroprevalence of brucellosis was 4.96%.18 
A similar investigation was conducted by Shukla et 
al.19 in 2022, revealing a seroprevalence of human 
brucellosis was 11.37% in Meghalaya, Northeast 
India. A study by Mantur et al.20 reported 1.6% 
seroprevalence by serum agglutination test in 
Karnataka. In Punjab, RBPT and ELISA showed a 
3.9% and 3.3% seroprevalence, respectively.21 The 
overall prevalence of human brucellosis among 
patients in this study was 59.1%, in which 15.1% 
tested positive for RBPT, 13.7% positive for SAT, 
19.7% positive for ELISA IgM, and 29.3% positive 
by ELISA IgG.
	 The diagnosis of human brucellosis is 
challenging due to the wide range of clinical 
symptoms. According to our study, the most 
common clinical symptoms of brucellosis were 
fever (64.3%), followed by body aches (51.1%), 
joint pain (39.5%), weakness (37.9%), muscle pain 
(35.6%), and headache (34.8%). These results are 
similar to the previous studies conducted by Xu 
et al.15 and Wu et al.,22 in which they found that 

fever was present in more than 92% of Brucellosis-
positive cases, followed by joint pain. Pappas et 
al.23 also found that fever was present in more 
than 90% of cases, followed by malaise, arthralgia, 
hepatomegaly, and splenomegaly present in 26%, 
26%, 17%, and 16% of the total cases, respectively. 
According to a meta-analysis by Dean et al.,24 
the most common symptoms among brucellosis 
patients globally were fever and joint pain, and 
the percentages of patients who had headaches, 
chills, sweating, fatigue, and malaise were 
estimated to be substantially lower. The latest 
study by Xu et al.,25 showed that fever was the most 
common symptom present in 82.6% of Brucellosis-
positive patients, followed by arthralgia, fatigue, 
back pain, headache, hepatosplenomegaly was 
present in 43%, 40.7%, 34.9%, 25.6%, and 18.6% 
of the cases. Brucellosis can cause a wide range 
of clinical symptoms and potential problems if 
it is not diagnosed properly. Complications of 
brucellosis, as reported by various studies, are 
arthritis, spondylitis, meningitis, CNS and cardiac 
manifestations.24,26 In this study arthritis reported 
in 39.5% patients, 22.4% patients presented with 
CNS manifestations and one case was present with 
endocarditis manifestation, as reported in a case 
report.27

	 Several risk factors are associated with 
Brucellosis. A recent study showed that two of the 
main risk factors for having Brucellosis infection 
include consumption of animal products and 

Figure 4. Graphical representation of the diagnostic performance of ELISA (IgG, IgM, and IgG+IgM), SAT, and RBPT
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close contact with animals.28 However, another 
study done by Arif et al.29 demonstrated that 
the majority of the farmers’ families (66%) were 
found to consume raw milk and its components, 
49% to share housing with animals, and 74% did 
not wear gloves when handling animals, similarly 
another study performed by Ducrotoy et al.30 
showed unpasteurized dairy intake is a major risk 
factor in endemic areas. In research by Teshome 
et al.,31 the major risk factors included people who 
slaughter animals at home, followed by people 
who consume raw milk, are exposed to waste 
from animals, and are in contact with an aborted 
animal foetus. Aligning with these findings, our 
study found several  risk factors for brucellosis, 
such as close contact with animals (63.5%), intake 
of unpasteurized dairy products (38.7%), sleeping 
area near the animal (21.8%), sharing water 
source with animals (17%), and consumption of 
undercooked meat (10.8%).
	 The evaluation of serological diagnostic 
techniques in our study revealed that ELISA IgG 
had the best sensitivity (69.57%) and specificity 
(100%), followed by ELISA IgM (46.74%, 100%), 
RBPT (35.87%, 75.40%), and SAT (32.61%, 84.92%), 
this result ensures that the ELISA is the correct 
diagnosis assay which reduces the risk of false-
positive results. Another research conducted by 
Husain et al.32 described ELISA IgG, and ELISA IgM 
sensitivity of 45.6% and 79.1%, respectively, and 
specificity of 97.1% and 100%, respectively, which 
are different from our findings. Other research 
conducted by Bakir et al.33 revealed an overall 
sensitivity of 85.09%, and a specificity of 85.38% 
for ELISA IgG, These findings are opposite from our 
study, as in our study, IgG sensitivity was lower, and 
specificity was higher. Similarly, when compared 
to the Kumari et al. research, we found that the 
sensitivity of ELISA IgM, and IgG was 100% and 
62.5%, respectively, and specificity was 92.7% and 
53.1%, respectively.28

	 There could be several reasons that ELISA 
IgG and IgM showed better specificity and poorer 
sensitivity in this investigation. It may be due to the 
ELISA cut-off values and the stage of the disease 
at the time of sampling. Furthermore, low area 
endemicity might have helped to raise specificity 
by lowering background antibody levels. However, 
a prior study that reported higher sensitivity and 
lower specificity might have utilised ELISA kits with 

lower threshold values, included more acute cases, 
or used more comprehensive diagnostic criteria, all 
of which could have affected the test performance 
that was seen.
	 Rather than specificity and sensitivity, the 
positive predictive value and negative predictive 
value of the disease play an important role in 
the performance and result of the test.34 In our 
study, ELISA IgG, ELISA IgM, and combined ELISA 
IgG + IgM revealed a PPV of 100%, which means 
that those who tested positive for ELISA were 
accurately diagnosed with Brucellosis. The PPVs 
for SAT and RBPT were 61.22% and 51.56%, 
respectively, which indicates a little lower ability 
to confirm genuine positives. The NPV of 81.82% 
for ELISA IgG indicates that it is quite trustworthy 
in detecting Brucellosis, whereas the NPVs of 
72%, 61.76%, 63.31%, and 61.69% for ELISA IgM, 
combined ELISA IgG + IgM, SAT, and RBPT indicate 
that they are somewhat less efficient in confirming 
negative cases. Another study also demonstrated 
that ELISA is a good technique for the quick 
screening of endemic populations because of its 
excellent sensitivity (98.84%) and NPV (98.15%).25

	 To enhance early  detect ion and 
management, our findings support the inclusion 
of ELISA as a standard serological test in endemic 
areas, demonstrating its superiority for brucellosis 
diagnosis.

CONCLUSION

	 Based on the findings, ELISA for IgG and 
IgM antibodies emerged as the most reliable 
serological method for diagnosing human 
brucellosis in this study. Its high sensitivity 
and specificity, combined with the ability to 
differentiate between acute and chronic infections, 
make it superior to RBPT and SAT. While RBPT 
and SAT remain valuable in specific contexts, 
particularly for screening and initial diagnosis, 
ELISA should be prioritised as the confirmatory 
method in laboratories. The integration of ELISA 
into diagnostic workflows has the potential to 
improve the early detection and management 
of brucellosis, ultimately reducing the burden of 
this zoonotic disease. Future studies integrating 
molecular diagnostics with serological methods 
may enhance diagnostic accuracy and guide 
effective public health interventions.
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