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Abstract 
Brucellosis is a zoonotic disease of economic importance. The clinical manife-
stations vary in humans; therefore a good diagnostic test is required to con-
firm the disease. The serum tube agglutination (SA) test, though still the most 
widely test used, can be problematic for the diagnosis of chronic infections. 
The other supplementary tests, such as the complement fixation (CF) test and 
ELISA, require special equipment, reagents and trained personnel. The Rose 
Bengal plate (RBP) test has shown potential as a good rapid diagnostic test. 
This is a report of serum samples from suspected cases of brucellosis that were 
tested using the RBP, SA and CF tests. The RBP test was shown to have a bet-
ter relative sensitivity and as good specificity as the SA when compared with 
the CF test, and may be a useful initial diagnostic test for hospitals in remote 
rural areas if properly conducted with well stored antigen. 
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1. Introduction 

Brucellosis, caused by the bacteria of Brucella genus, is an important zoonotic 
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disease with economic and public health implications almost all over the world 
[1]. Clinical manifestations of brucellosis in humans vary since predominating 
signs may be related to complications affecting either gastrointestinal, respirato-
ry, osteoarticular, cardiovascular or neurologic systems [2] [3] [4]. This can lead 
to misdiagnosis of the disease [5]. The most accurate diagnosis of brucellosis is 
by isolating the organism from infected individuals, but these isolations are in-
frequent due to the overuse of antibiotics prior to obtaining test material and the 
lack of facilities and personnel to perform these isolations [6] [7]. Blood culture, 
the standard method of diagnosis, is only effective during the acute stage of the 
disease and in practice, the isolation and confirmation of the Brucella organism 
is difficult and time consuming [8] [9]. Newer techniques that detect either the 
antigen or the DNA of the Brucella organisms are showing promising results 
however, they are not commonly used and require further evaluation [10] [11]. 
Presently, brucellosis is diagnosed by a combination of serological tests, such as 
the serum agglutination (SA) test, which is still used widely, but has a drawback 
in that only acute brucellosis with a high or rising antibody titer can be con-
firmed. In many chronic cases where the SA test gives an equivocal result, either 
the complement fixation (CF) or the anti-human gamma globulin test (AHG/ 
Coombs) tests may be more informative. Several countries have adopted the en-
zyme-linked immunoassay (ELISA) for the serologic diagnosis of the disease in 
humans and other species. Since isotypes of immunoglobulins induced can be 
measured, ELISA is useful in indicating the status of infections. Immunoblot 
that detects antibodies to selected cytoplasmic proteins of Brucella may be useful 
in differentiating active from past or sub clinical infection. However, both these 
tests require equipment, reagents and experienced personnel, which may be un-
available in developing countries. Many developing countries, including Kenya, 
are in an economic flux, which has led to a decline in the laboratory diagnostic 
services. The Rose Bengal plate (RBP) test is an affordable, quick, simple and ef-
ficient screening test [12] [13]. The card test variation of the RBP test was found 
efficient in diagnosis of the acute human brucellosis and has been suggested for 
use in the diagnosis of chronic cases [14] [15]. In this paper, we compare the re-
sults of the RBP test with that of SA and CF tests on sera obtained from individ-
uals with suspected brucellosis or with pyrexia of unknown origin (PUO). 

2. Materials and Methods 
2.1. Sources of Sera 

Samples were collected between 1972 and 1980 by clinics and hospitals in speci-
fied parts of Kenya (Figure 1). Serum samples were obtained from 965 patients 
that reported at Machakos General Hospital (MKS) with either one major sign 
or PUO, hepato-splenomegaly and arthritis, or two minor signs of sweating, 
headache or extreme weakness. A total of 152 serum samples obtained from 
individuals attending Siyapei Dispensary, Narok (NAR), with complaints of 
PUO, joint and back pains were sent to the Veterinary Research Laboratory,  
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Figure 1. Map of Kenya. Machakos (MKS), Narok (NAR), Nairobi (NBI) and Garissa 
(GAR) marked with   . Other (OTH) sources marked with   . Names from top (left 
to right): Marsabit (OTH); Wajir (OTH); Kapenguria (OTH); Kitale, Baringo, Maralal 
(OTH); Eldoret, Isiolo (OTH); Meru (OTH); Kericho, Nakuru (OTH); Garissa; Kisii 
(OTH); Narok (NAR), Nairobi (NBI), Machakos (MKS); Kajiado (OTH); Mariakani 
(OTH). 
 
Kabete, where they were tested with RBP, SA and CF tests. A clinician in a 
community in Garissa (GAR) sent seventy serum samples from patients with 
suspected brucellosis based on clinical signs. Over a period of 2 months, a pri-
vate laboratory in Nairobi (NBI) collected 146 sera from individuals with PUO. 
The remaining samples (OTH) were from either laboratory personnel routinely 
tested for brucellosis, veterinarians or individuals with PUO from parts of the 
country (some of these sites are marked in Figure 1) not included in the above 
regions. 

2.2. Serological Tests 

The SA, CF and RBP tests were done as described previously [12]. The SA test 
was interpreted as positive if the titer was >100 international units, with the CF 
test, if the titer was >1/10 and with the RBP test if agglutination was observed.  
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2.3. Statistical Analysis 

The results were set in a 2 × 2 contingency table to compare the sensitivity 
(probability of false negative) and the specificity (probability of false positive) of 
the RBP and CF tests relative to the standard SA test [16]. The χ2 values for cor-
related proportions that are not independent were calculated using McNemar’s 
test [17] to determine the significance of the paired values [18].  

3. Results 

Out of 965 samples submitted from MKS, 200 were not tested in RBP test but 
only tested in SA and CF tests. The rest, 765 samples, were tested in all the three 
tests with 79 samples showing a positive reaction in the RBP test (Table 1). Sixty 
five of these were positive with SA test, of which 47 were also positive with CF 
test. Two samples positive with CF test were negative with the SA test. Twelve 
RBP test reactors were negative with these 2 tests. Five samples each were posi-
tive with either the SA or CF tests out of 686 samples that had negative reactions 
with the RBP test.  

A total of 118 of 152 samples tested from NAR were positive with the RBP 
test. Seventy-eight samples of the 118 samples were also positive with both the 
SA and CF tests. Sixteen samples were positive with SA test and 17 with CF test. 
Seven of the RBP test positive samples were negative with the SA and CF tests. A 
total of 33 samples were negative with all the three tests.  

Twenty of 70 samples from GAR were positive with RBP test. Only 10 of these 
were positive with both the SA and CF tests. Five samples of RBP test positive 
were negative with SA and CF tests. Three of the 20 RBP test positive were posi-
tive with CF test but not with SA test, whereas 2 were positive with SA test only. 
Fifty samples were negative with all the three tests.  

From Nairobi, 131 of the 137 samples were negative with the RBP test. Two of 
these were positive with the CF test and 3 were positive with the SA test. Four of 
the 6 samples positive with the RBP test were positive with the CF test only and 
the other 2 were positive with the CF test and the SA test. One of the 2 samples 
 
Table 1. Comparison of Rose Bengal plate (RBP) test positive and RBP test negative sera 
with serum agglutination (SA) and complement fixation (CF) tests. 

RBP positive RBP negative  

Source* MKS NAR GAR NBI OTH ST MKS NAR GAR NBI OTH ST GT 

Test              

SA−/CF− 12 7 5 1 5 30 676 33 50 126 155 1041 1071 

SA−/CF+ 2 17 3 2 3 27 5 1 0 2 1 8 35 

SA+/CF− 18 16 2 1 7 44 5 0 0 3 1 9 53 

SA+/CF+ 47 78 10 2 17 154 0 0 0 0 0 0 154 

TOTAL 79 118 20 6 32 255 686 34 50 131 157 1058 1313 

*MKS-Machakos; NAR-Narok, Gar-Garissa, NBI-Nairobi, OTH-Others (see Figure 1). 
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that were negative with the CF test was positive with the SA test.  
Thirty two samples out of 189 samples from the other (OTH) sources were 

positive with the RBP test. Seventeen of these 32 samples were positive with the 
SA test as well as the CF test. Seven positive with the SA test were negative with 
the CF test, and 3 positive with the CF test were negative with the SA test. Of the 
157 negative with the RBP test, one sample each was positive with either the SA 
test or the CF test.  

The results of 1313 serum samples were used for the analysis of relative sensi-
tivity and specificity of the RBP, SA and CF tests. Out of the 255 samples positive 
with the RBP test, 154 were positive with both the SA and the CF tests. Thirty of 
the RBP positives were negative with the SA test as well as the CF test. Twen-
ty-seven were positive with the CF test but negative with the SA test, whereas 44 
were positive with the SA test but negative with the CF test. One thousand fifty 
eight samples were negative with the RBP test, of which 1041 were also negative 
with the SA and CF tests. Eight and nine samples were positive with either the 
CF test or the SA test, respectively. 

The agreement between the 255 RBP test positive sera was 77.6% and 71.2% 
for SA and CF tests respectively. The agreement to the SA test results varied 
from 50% for samples from NBI to 82.3% for samples from MKS. For the CF 
test, the agreement ranged from 66.7% for samples from NBI to 80.5% for sam-
ples from NAR.  

The agreement between 1058 RBP test negative sera was 99.1% and 98.4% for 
the SA and CF tests respectively. The agreement for the SA test ranged from 
98.5% for sera from NBI to 100% for samples from NAR and GAR. The agree-
ment for the CF test ranged from 97.7% for NBI samples to 100% for NAR and 
GAR samples. 

The agreement between SA and CF tests for RBP test positives was 91.4% 
(ranging from 75.4% for MKS to 100% for NBI) and for RBP test negatives was 
99.2% (ranging from 99.3% for MKS to 100% for NAR, NBI and GAR).  

The relative sensitivities (RSe) and the relative specificities (RSp) of the RBP 
and CF tests, calculated from Table 1 results, were compared with the results of 
the SA test, and are shown in Table 2. 

The RBP test had a higher RSe (95.6%) compared to the RSe of the CF test 
(74.4%) in relation to the results of SA test. The RSe for the RBP test ranged 
from 50% for the NBI samples to 100% for the NAR and GAR samples. Howev-
er, RSp of the RBP test was lower (94.8%) than the CF test (96.8%), and ranged 
from 58.6% for NAR to ~97% for samples from MKS and NBI. Except for the 
samples from NBI, the correlation was significantly different between RBP test 
and SA test (p <0.05 to p <0.01). There was better correlation between CF and 
SA tests except for the samples from MKS (p <0.01). The RSe and RSp of the 
RBP test to CF test was 95.8% and 93.4% respectively but there was a significant 
difference in correlation between the results of these two tests (p <0.5 to p 
<0.01), except for NBI samples (Table 3).  
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4. Discussion 

Clinicians have to rely on serological tests to confirm the diagnosis of brucellosis 
in humans since the disease manifests with a variety of symptoms. The SA test is 
the most used assay, however its results can be confusing where the person does 
not have the disease but has been repeatedly exposed to an infectious source. 
Frequently the test is negative or inconclusive during the incubation stage or in 
the late chronic stage of the disease, since following an infection the IgM de-
clines more rapidly than IgG levels, and in chronic stages of the disease the pre-
dominant immunoglobulin present is IgG [14]. The use of anti-human gamma 
globulin serum (AHG) in the test was found to be more reliable and sensitive in 
detecting such non-agglutinating antibodies [19]. The CF test has also been 
found to be more reliable in diagnosing brucellosis. Kerr et al. [20] considered 
the CF test as a valuable test in detecting antibodies directly associated with the 
activity of the infection. A good correlation exists between the results of AHG 
and CF tests [20] and between the results of AHG, CF and RBP tests [14]. How-
ever, Oomen and Waghela [12] found the RBP test to give more false positives 
than the CF test. Araj et al. [21] found that the RBP test, positive in 98% of the 
patients with acute brucellosis and in 64% with chronic brucellosis, and was 
more sensitive than the SA test, positive in 51% and 27% of acute and chronic 
 
Table 2. Relative sensitivity (RSe) and Relative specificity (RSp) of the Rose Bengal plate 
(RBP) and the Complement fixation (CF) tests in relation to the Serum Agglutination 
(SA) test. 

 RBP CF 

Source* RSe% RSp% χ2 RSe% RSp% χ2 

MKS 
NAR 
GAR 
NBI 
OTH 

92.9 
100.0 
100.0 
50.0 
96.0 

97.9 
58.6 
86.2 
97.7 
95.1 

4.26 
23.04 
7.12 
0.00 
5.44 

67.1 
83.0 
83.3 
33.3 
68.0 

98.9 
70.7 
94.8 
96.9 
97.6 

8.53 
0.03 
0.20 
0.12 
1.33 

TOTAL 95.6 94.8 34.90 74.4 96.8 3.68 

*MKS-Machakos; NAR-Narok, Gar-Garissa, NBI-Nairobi, OTH-Others (see Figure 1). Tabulated (df = 1) 
χ2: p <0.1 = 2.707; p <0.05 = 3.841; p <0.01 = 6.635. 

 
Table 3. RSe and RSp of the RBPT compared to CFT. 

 RBP 

Source RSe% RSp% χ2 

MKS 
NAR 
GAR 
NBI 
OTH 

90.7 
98.9 

100.0 
66.7 
95.2 

95.8 
57.9 
87.7 
98.5 
92.9 

17.86 
21.16 
6.13 
0.00 
9.30 

TOTAL 95.8 93.4 53.12 

*MKS-Machakos; NAR-Narok, Gar-Garissa, NBI-Nairobi, OTH-Others (see Figure 1). Tabulated (df = 1) 
χ2: p <0.1 = 2.707; p <0.05 = 3.841; p <0.01 = 6.635. 
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cases, respectively. The RBP test results were comparable to 98% of acute and 
60% of chronic cases positive at a serum dilution of >1:80 obtained with the 
ELISA. However, ELISA was found to be positive in 2% of all the serum samples 
tested from normal subjects and patients with other infectious diseases whereas 
the RBP and SA tests were negative in such individuals [21]. Sirmatel et al. [22] 
sampled sera of 184 humans diagnosed clinically with either acute or chronic 
brucellosis and found the SA test with a higher rate of positivity (83.7%) com-
pared to 61.9% for both the RBP test and the IgG detecting ELISA. In the sera 
from healthy control individuals, the RBP test was positive in 25% of the indi-
viduals negative with both the SA test and the ELISA. In patients with Brucella 
bacteremia, the sensitivity of ELISA in detecting either IgM or IgG was lower 
than with the SA test, however, when the results of ELISAs measuring IgM and 
IgG were combined, the test had similar sensitivity and specificity to the SA test 
[23]. Non-specific activity is considered a problem with the interpretation of 
ELISA results especially in uninfected individuals who are at risk for Brucella 
infections [24]. Merta et al. [25] tested, with SA and RBP tests, serum samples 
from 310 patients with clinical signs, which would evoke a differential diagnosis 
including brucellosis. Both the tests showed a 100% specificity and sensitivity 
compared with culture positive individuals. The RBP test is considered highly 
sensitive and specific, but it remains positive for long periods of time in patients 
who have received treatment for brucellosis [15] [26]. Lucero and Bolpe [27] 
found that the SA test was less sensitive than the RBP test relative to the CF test 
in 142 individuals with suspected brucellosis, and was less specific in the 307 se-
rum samples from asymptomatic or urban populations since one sample was 
positive with the SA test while all were negative with the RBP and CF tests. In 
another study the RBP test detected all the culture positive as well as all the SA 
test positive individuals. The RBP test had a comparable specificity since none of 
the 97 individuals which were negative with the SA test was positive with the 
RBP test. Contrary to this, the RBP test was positive in 7 samples, which were 
either negative or equivocal with the SA test [28]. In the present study, there was 
a close agreement between the SA test (99.1%) and the CF test (98.4%) in the se-
ra negative with the RBP test. Relative to the diagnosis with the SA test, the RBP 
test had a higher sensitivity compared with the CF test. The RSe was higher for 
the samples from individuals who were suspected of having brucellosis or may 
have been in contact with animals (MKS, NAR, GAR and OTH) compared to 
the samples from persons with PUO in the urban areas (NBI). However, the RSp 
of the RBP test with the SA test as reference was lower than RSp of CF test. The 
source of the serum samples did not affect the specificity of the RBP test. There 
is a high significant difference in correlation when all the RBP test results are 
compared to the SA test results (χ2 values = 34.90, p < 0.01). However, this dif-
ference in correlation decreases if individual sources of sera are considered (χ2 
values = 0.0 to 22.4, 0.0 <p <0.01). The significant difference in correlation be-
tween the SA and CF tests is less when individual source results (χ2 values = 0.0 
to 1.33, p >0.1) are compared, except for the samples from NAR (χ2 values = 3.43,  
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p <0.05). Thus, the significant difference in correlation is due to the NAR sam-
ples. The RSp of RBP test and the CF test is equal to that to the SA test. Howev-
er, its sensitivity was comparatively lower, 71% to CF test versus 76% to the SA 
test. Clavijo et al. [29] reported that all 87 individuals that had acute (<3 
months) disease were positive on culture for Brucella, whereas only 23 of 46 that 
had chronic (>3 months) disease were positive. The RBP test was more sensitive, 
since out of 133 patients, 128 patients were positive with RBP test compared to 
120 and 90 with the SA and IgM detecting ELISA tests, respectively. Dabdoob 
and Abdulla [30] found the RBP test can be adapted to a titration method, and 
with one source of RBP antigen the results were not significantly different from 
the SA test results. The performance of ELISA and CF tests requires facilities, 
special reagents, equipment and trained personnel. Also, the CF test may detect 
IgG, indicative of chronic disease and suffers from anti-complementary activity, 
which reduces the specificity [31]. In our study, we regarded any serum sample 
with anti-complementary activity as negative. If we removed all 179 such sam-
ples from analysis, the RSe of the CF test improved to 88.3% but did not match 
that of RBP test (data not shown). The RBP test offers an inexpensive and prac-
tical rapid test, which is simple to perform without requiring special equipment, 
even when compared to the SA test. It is a useful test for hospitals and clinics in 
areas, which do not have skilled personnel and where the patients cannot come 
in for repeat exams. Maichomo et al. [32] found discrepancy in the results of 
RBP test conducted on 488 serum samples at a field dispensary to the results of 
the RBP test on sera. Nonetheless, there was good agreement between the SA, CF 
test and RBP tests conducted at the central laboratory. In the present study, 102 
of the 118 sera positive in the RBP test performed at a remote clinic in Narok 
district of Kenya were positive on repeat test at the central laboratory in Kabete 
(data not shown). However, a recent study demonstrates a good agreement be-
tween RBP test and SA test [33]. The RBP test may be an initial test of choice, if 
adequate standards of performance of the RBP test and the reagent quality are 
maintained, in rural hospitals and clinics. This is especially true for developing 
countries where the population is at a greater risk of infection and clinics are not 
properly equipped for performing ELISA or CF test [12] [32] [33]. Our study 
shows that RBP test, a comparatively rapid test, has good sensitivity and speci-
ficity relative to the routinely used SA test supporting the finding of Yohannes et 
al. [34], who recommended use of at least two tests coupled with clinical history 
of the patient to confirm the diagnosis of brucellosis.   
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