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ABSTRACT

Brucellosis is a zoonotic disease in humans with its public health importance. Laboratory diagnostic methods targeting brucellosis
are not performed in hospital settings across Ghana. Very little is known about the comparative diagnostic abilities of the
various tests available presently. The aim of this study therefore was to evaluate and compare diagnostic performances of Rose
Bengal Plate Test (RBPT), Enzyme Linked Immunosorbent Assay (ELISA) and Polymerase Chain Reaction (PCR) employed in
diagnosing Brucella infection. Two hundred and twenty Abattoir workers were randomly selected in Kumasi, Ghana. Blood
samples were collected, serum extracted and tested for the presence of anti-Brucella antibodies and compared among three
different techniques, using ELISA, RBPT and PCR. From the 220 participants tested for antibodies against Brucella spp., 3
(1.4%), 4 (1.8%) and 21 (9.6%) were positive for Rose Bengal Plate test, anti-Brucella ELISA IgM and anti-Brucella ELISA
IgG respectively. A total of 98 (44.5%) participants tested positive by PCR. The sensitivity, specificity, positive predictive value,
negative predictive values and Kappa value for Rose Bengal in comparison with PCR were 66.7%, 55.8%, 2.0%, 100% and 0.013
respectively while that for ELISA IgG in comparison with PCR were 85.7%, 71.3%, 18.4%, 98.5% and 0.212 respectively. PCR
yielded the highest sensitivity and specificity among the three diagnostic methods in this study and should be considered for use
at strategic reference laboratories to augment existing routine serological tests for brucella performed in laboratories in Ghana.
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1. INTRODUCTION and through ingestion of infected animal products.?!

Globally, brucellosis still remains a neglected disease in live-
stock with serious zoonotic implications to humans.!"! There
are six identified Brucella species, with three known for caus-
ing zoonotic infection. These are B. abortus, B. melitensis
and B. suis. Transmission of Brucella from infected livestock
to humans is caused by direct contact with infected material

About 500,000 new cases of brucellosis are reported every
year!!=3! though this figure is underestimated due to lack of
appropriate investigative techniques as stated by the World
Health Organization suggests. Consequently, brucellosis is
a public health disease in livestock and humans in many
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African countries. A study carried out in Uganda observed
up to 10% of human participants in three sub-counties in
Kiruhura district being positive to the Brucella infection.*!
A recent similar work undertaken in Sudan reported a sero-
prevalence of 9.5%, 15.3%, 24.4% and 26.5% in veterinari-
ans, meat inspectors, abattoir workers and animal handlers
respectively.’! A study carried out in Libya recorded a sero-
prevalence of 40% among high-risk groups.!®

Clinical diagnosis of human brucellosis is hindered by the
difficulty in differentiating it from other febrile-like infec-
tious diseases such as malaria that is prevalent in sub-Saharan
Africa.l’l Laboratory testing therefore, is the only approach
to true diagnosis of human brucellosis.l”! This is achieved
either through blood culture, serology and/or Polymerase
Chain Reaction (PCR). The blood culture method is reported
to be successful in only 60% cases.””! This is because the
slow growing nature of Brucella can take up to 45 days to
grow.? Moreover, the required biosafety level,!”! which is
appropriate to handle Brucella spp, pathogenic organisms,
are not usually available in most developing countries.

In the case of serology, the major antigens of Brucella
used are the smooth lipopolysaccharide (smooth-S LPS)
and internal-cytosolic proteins.'®! Brucella LPS is a strong
immunogen but its epitopes cross-reacts with other Gram-
negative bacteria especially Yersinia enterocolitica O:9, Vib-
rio cholerae O:1, Escherichia coli O:157, Salmonella O:30,
Francisella tularensis, etc., thereby increasing the rate of
false positivity.> 10!

The Enzyme-linked immunosorbent assay (ELISA) measures
immunoglobulin G, immunoglobulin M, and immunoglobu-
lin A, which is sensitive and allows for a better interpretation
of the clinical situation.[''! ELISA can detect antibody titers
for every class of antibody separately, making this method
useful for Brucella determination.!''~!*! The ELISA diag-
nostic method has a higher sensitivity in comparison with
other serological methods such as Rose Bengal and standard
agglutination tests!'3! and is an excellent diagnostic method
especially for sero-surveys.!'!16]

Application of PCR is the quickest method for detection of
Brucella infection by amplification of bacterial genome in
blood sample, bone marrow, mucus or cerebrospinal fluid
(CSF).l'7-211 Molecular diagnosis has been known to mini-
mize the risk associated with handling this potentially infec-
tious specimen.!!'8! The advantages of PCR are numerous
and independent of the disease stage, it is more sensitive than
blood cultures and more specific than serological tests.[822]
Studies have also shown that PCR increases the sensitivity,
specificity and speed of testing,?*! although some studies
have reported only moderate sensitivity of 50%.[2+ 23]

Published by Sciedu Press

Genus-specific PCR assays are generally adequate for the
molecular diagnosis of human brucellosis.!*?! The besp31
gene, coding for a 31-kDa immunogenic outer membrane
protein conserved among all Brucella spp. is the most com-
mon molecular target in clinical applications.l'”! Such a
genus-specific PCR can help to avoid false-negative results
in patients infected with unusual species and biovars.[!?]

Queipo-Ortuno and others found 100% sensitivity and 98.3%
specificity by using a B4/B5 primer (B4 is (TGG CTC GGT
TGC CAA TAT CAA) and B5 (CGC GCT TGC CTT TCA
GGT CTG)) and amplifying a 223-bp fragment of the besp31
gene compared with 70% constituents of blood culture.”®! A
study carried out by Sulima and Co confirmed that RBPT de-
tected 4.6%, culture detected 5.9% while PCR detected 7.4%
Brucella infection among high risk group in India.”*’! Also,
Khozravi and Co reported sensitivities of cultures and PCR
as 26.6% and 93.3% respectively in detecting Brucella melin-
tensis among clinically confirmed brucellosis patients.?®!
In the meantime, data on comparative analysis of different
tests within one sample population are scarse, although the
superiority of PCR remains unequivocal.

The aim of this study therefore, was to help identify what pro-
portion of cases could be potentially missed out on routine
use of serological methods (Rose Bengal Test and ELISA
Method) and to help situate the role of PCR in improving the
case detection and control of Brucella in Ghana.

2. METHODS

2.1 Design, setting and sampling

This was a cross sectional study conducted at the Kumasi
Abattoir, a slaughterhouse located in Kaase, a suburb of Ku-
masi. The Kumasi Abattoir was established in 1997 with
grants from the Government of Ghana and the Canadian In-
ternational Development Agency (CIDA). It commenced op-
erations in 1998. Livestock to be slaughtered at the Kumasi
Abattoir are mainly transported from the Brong Ahafo and
Northern Regions of Ghana. Some animals are transported
from neighboring Burkina Faso, Mali and Niger. There is a
cattle market at the abattoir premises. At the cattle market
are kraals, which are used to house the animals for sale. A
total of 250 cattle and 150 sheep and goats and 100 pigs are
slaughtered daily at the abattoir. After slaughter and dressing,
the carcasses are distributed to meat shops and cold stores in
and around Kumasi (Frimpong et al., 2011). An estimated
340 people work in the abattoir.

We then estimated the sample size of participants for the
study assuming a 95% CI and if 50% of the workers would
have been infected, a default study power of 80%, and an
alpha of 5% and a non-response rate of 15% and allowing
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an error rate of 10%, then we would require approximately
220 workers for the current study. The study was conducted
between May and August 2013.

2.2 Sample collection and laboratory analysis

We sought permission from all workers and the authorities
at the abattoir before data collection began. We explained to
participants the study objectives in the local dialect. After
obtaining informed consent from participants, four milliliters
of blood was drawn from their upper arm and stored in plain
tubes. Blood samples were transported in an ice chest with
cooling elements to the laboratories of Kumasi Centre for
Collaborative Research in Tropical Medicine (KCCR), for
analysis.

We centrifuged blood samples to extract the sera. The sera
were stored at 20°C and later tested for Brucella spp. using
Rose Bengal Test and ELISA diagnostic assays. Each serum
was tested for Brucella using the following assays.

2.2.1 Rose bengal plate test
For Rose Bengal, the presence of agglutination indicates the
presence of anti-Brucella IgG in human sera.

2.2.2 ELISA method

ELISA test for anti-Brucella IgM and IgG antibodies were
used to analyze the sera. For IgM antibodies, indices indicat-
ing values of < 15U/ml was considered as negative; 15-20
U/ml as borderline and > 20 U/ml as positive. While for IgG
antibodies, indices of < 20 U/ml were considered negative;
20-30 U/ml were borderline and > 30 U/ml were positive.

2.2.3 Polymerase Chain Reaction (PCR)

DNA extraction: DNA was extracted from the serum sam-
ples by following the Genotype DNA Isolation Kit protocol
(Hain Lifescience GmbH, Nehren, Germany).

Amplification and detection: PCR assay amplified a 223bp
sequence gene encoding an immunogenic outer membrane
protein of 31 kDa Brucella abortus antigen conserved in all
Brucella species making use of Primers B4 (TGG CTC GGT
TGC CAA TAT CAA) and B5 (CGC GCT TGC CTT TCA
GGT CTG). We performed a master mix scheme of 50 pul re-
action. The reaction volume contained 10 ;1 DNA template,
5 pl 10x Buffer, 3.5 ul MgCls (25 mM), 1.5 ul deoxynucleo-
side triphosphate (ANTP), a 1 pl of the primer B4 (10 pmol)

and 1 pl of the primer B5 (8 pmol), 0.5 ul of Hotstar Taq
polymerase and 27.5 pl of RNAse free water. PCR cycling
conditions used consisted of an initial 15 min incubation step
at 95°C, followed by 38 cycles of denaturation at 94°C for 1
min, annealing at 57°C for 1 min, and extension at 72°C for
1 min, with a final incubation step at 72°C for 10 min.

Following amplification, we visualized the amplified prod-
ucts by fluorescence after electrophoresis using a 2% agarose
gel stained with ethidium bromide (1 pg/ml) under Ultra
Violet light. Positive control (Brucella melitensis 16 M) and
negative control (RNAse free water) were added to validate
the test.

2.3 Data analysis

Data were entered into Epi Info version 3.4.3 and analyzed
using STATA version 12.0 (STATACORP, USA). Descriptive
statistics of the variables were analysed and presented in the
form of tables and graphs and proportions using Microsoft
Excel 2007. Using PCR, proportions for the various diag-
nostic methods were compared for Rose Bengal Test, ELISA
IgM and IgG and are presented as percentages. Positive and
Negative predictive values (PPV and NPV) for each test was
calculated. The sensitivity, specificity, positive predictive
value, and negative predictive value for each of the serolog-
ical tests in comparison with PCR method were calculated
using Stata version 12.0 (STATACORP, USA).

2.4 Ethical considerations

The Committee on Human Research Publication and Ethics
of the Kwame Nkrumah University of Science and Technol-
ogy, Kumasi-Ghana approved for the study to be carried out
(Ref No. CHRPE/AP/123/13).

3. RESULTS

3.1 Brucella Rose Bengal test, ELISA and PCR results
A total of 220 participants were recruited for the study of
which 218 (99.1%) were males. Of these, 126 (57.3%) tested
positive by any of the diagnostic methodologies. A total 98
(44.5%) tested positive by PCR. Of the positive detections,
3 (1.4%) were by Rose Bengal Plate test, 4 (1.8%) by anti-
Brucella ELISA IgM, 21 (9.6%) for anti-Brucella ELISA
IgG (see Table 1).

Table 1. Results of ELISA IgM, ELISA IgG, Rose Bengal and PCR Tests

ELISA
Test/Result Rose Bengal IgMS 196 PCR
Positive (%) 3 (1.4%) 4 (1.8%) 21 (9.6%) 98 (44.5%)
Negative (%) 217 (98.6%) 216 (98.2%) 199 (90.4%) 122 (55.5%)
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Table 2. Comparison of PCR results with Rose Bengal, ELISA IgM and ELISA IgG results for the diagnosis of Brucella

infection
ROSE BENGAL ELISA IgM ELISA IgG
Test/Result
Neg. Pos. Neg. Pos. Neg. Pos.
Neg. 121 122 119 3
PCR
Pos. 96 94 4 80 18
TOTAL 217 216 199 21

Table 3. Positive Correlation between the diagnostic methods used in detecting Brucella infection

Test Types No of positives Test Type No of Positives
Rose Bengal/lgM 1 Rose Bengal/lgG/PCR 1

Rose Bengal/lgG 3 Rose Bengal/lgM/PCR 0

Rose Bengal/PCR 2 IgM/IgG/PCR 3

Rose Bengal/lgM/1gG 0 Roser Bengal/lgM/1gG/PCR 1

IgM/IgG 3 1gG/PCR 19

Two out of the 3 sera that were positive in the Rose Bengal
Plate test, were also positive for PCR. All the four sera that
were positive in the ELISA IgM were also positive by PCR.
When PCR was used as the gold standard for comparison,
a total of 85.7% (19/21) was positive for ELISA IgG were
also positive by PCR. Three (3) tested positive for IgM, IgG
and PCR while only one person tested positive for all the

gave a sensitivity of 85% (18/21*100) and a specificity of
59.8% (119/199*%100). Thus, the PPV and NPV of ELISA
IgG is 18.4% (18/98*100) and 98.5% (199/202*100) respec-
tively (see Table 4).

Table 5. Distribution of ages to positive cases among the
various methods analyzed

methods used (see Table 2). Ages Total 53(32;3 engal :ggs) :gg S) (PFE: OR;)
Table 4. Comparison of the Sensitivity, Specificity, Positive =~ >30Yrs 52 0 0 1 25
and Negative Predictive Values for Rose Bengal, ELISA 30-39yrs 84 1 4 10 34
IgM and IgG with PCR as the gold standard 40-49yrs 57 1 0 7 25
Rose Bengal ELISA IgM ELISA IgG 50+ yrs 27 1 0 14
Sensitivity 66.7% 100% 85.7%
Specificity 55.8% 56.8% 59.8% Ages 30-39 showed the highest rate of positivity for PCR
PPV 2.0% 4.1% 18.4% (34), ELISA 1gM (4) and IgG (10) whiles ages 50 and above
NPV 99.2% 100% 98.5% showed the lowest rate of positivity for PCR (14), ELISA
Kappa Value ~ 0.013 0.045 0.212 IgM (0) and IgG (3) (see Table 5).

3.2 Rose Bengal and ELISA tests compared with PCR
When PCR is used as the gold standard with comparison
with Rose Bengal test, Rose Bengal test gave a sensitivity of
66.7% (2/3*100) and a specificity of 55.8% (121/217%100).
Thus, the positive predictive value (PPV) and negative pre-
dictive value (NPV) of Rose Bengal is 2.0% (2/98*100) and
99.2% (121/122*100) respectively (see Table 4).

When PCR was compared with ELISA IgM, ELISA IgM
gave a sensitivity of 100% (4/4*%100) and a specificity of
56.8% (122/216*100). Thus, the PPV and NPV of ELISA
IgM is 4.1% (4/98*100) and 100% (122/122*100) respec-
tively (see Table 4).

Also when PCR was compared with ELISA IgG, ELISA IgG

Published by Sciedu Press

4. DISCUSSION

Brucellosis is an occupational disease placing abattoir work-
ers, veterinarians, butchers, cattle rearers, farmers etc. at
higher risk of acquiring this infection.””®! Our study indi-
cates that of the three tests, PCR had the highest positivity
of 44.5% and the Rose Bengal test the lowest for detecting
Brucella infection with a positivity of 1.4%.

A study carried out by Ruiz-Mesa and Co reported a low
performance by Rose Bengal test for those who had been ex-
posed repeatedly to Brucella infection as compared to those
who have no exposure to or history of brucellosis. A similar
study in Ghana,"*"! reported a 0% prevalence of human Bru-
cella infection in selected risk groups in the Akwapim South
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district using the Rose Bengal test. However, they did not
compare their results with any of the other diagnostic meth-
ods. This may be the result of poor sensitivity of the RBT.
Therefore the use of Rose Bengal in diagnosing Brucella
infection among high-risk group should be carefully consid-
ered and perhaps supplemented at strategic laboratories with
PCR.

The ELISA method, which was used to detect anti-Brucella
IgM (recent infection) while anti-Brucella IgG (past infec-
tion) gave prevalence of 1.8% and 9.6% respectively. In
Nigeria,['3 9.8% prevalence was reported among abattoir
workers making use of the ELISA method. An Iranian study
among slaughterhouse workers who also used the ELISA
IgM method,®! recorded a prevalence of 6.9% which was
higher than our estimated 1.8%.

The indication of PCR’s performance in this study contrasts
with findings from Hajia and Rahbar where higher preva-
lence of 48.9% compared to 84% for ELISA in Iran®*'! was
reported. Their study however was cohort; targeting hu-
man patients suspected of having Brucellosis and has been
referred to a hospital in Iran. Amirzargar and others also
reported a prevalence of 50% when they employed PCR in
assessing Brucella infection among hospitalized patients in
Iran.3!

Germechu and others, however reported a lower prevalence
of 7% for PCR in a study they carried out in India.l*?! Elfaki
and others detected Brucella infection of 40% and 70% by
culture and PCR respectively. They concluded that detection
of antibody against Brucella spp. is not always related to
disease condition and that it has to be followed up by either
culture or PCR.3*1 95 (43.1%), 94 (42.7%) and 77 (34.9%)
of participants were missed for Rose Bengal and ELISA IgM
and IgG, respectively when compared with the PCR method.
Brucella spp is antigen encoded which enters a host cell and
induces an immune response leading to a rise in antibodies
production therefore being easily identified by serological
testing while PCR detects the presence of the DNA in a host
cell. This is so for serological methods because most of the
subject may be in their “window period” where the foreign
body needs to stimulate the production of antibodies, which
take some time to occur. This has made evaluation more
difficult leading to a false negative results.”’

From this study, there were missed diagnosis with Rose Ben-
gal, ELISA IgM and IgG. These missed diagnosis if not
confirmed by a highly sensitive test like PCR would lead to
the patient being treated for other febrile like diseases like
malaria, thereby worsen the prognosis of the infection.?!
Also, patients with active disease cannot be easily differen-
tiated from people with past brucellosis by serologic test
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results. On the one hand, the sole detection of anti-Brucella
antibodies does not provide evidence for the presence of the
pathogen.!?! Missed cases can end up in complications of bru-
cellosis such as Epididymo-ochitis,'** neurobrucellosis!®*/
and abortion in pregnant women.®!

Nineteen (19) tested positive for both IgG and PCR, giving
us a higher number when using these two methods in diag-
nosing Brucella infection are compared to other combined
method. This may be suggestive of the cases where PCR
is not available, the ELISA IgG method can be used. This
finding was also supported by Osoba et al., who confirmed
from their study that ELISA IgG was an effective method in
diagnosing Brucella infection.!®”)

From this study, a sensitivity of 66.7%, specificity of 55.8%,
Positive Predictive Value of 2.0% and Negative Predictive
value of 99.2% for Rose Bengal in comparison with PCR
tests and the sensitivity of 85.7%, specificity of 59.8%, Pos-
itive Predictive value of 18.4% and a Negative Predictive
value of 98.5% for ELISA IgG in comparison with PCR was
reported. The higher Negative Predictive values for Rose
Bengal test and ELISA IgG indicate that these tests were
highly specific.

Kappa values of 0.013 and 0.045 for Rose Bengal Plate Test
and ELISA IgM respectively indicate that these methods are
poor in diagnosing Brucella infection, although these high-
risk groups have repeated chances of exposure. Kappa value
of 0.212 indicates that ELISA IgG is fairly good in diagnos-
ing Brucella infection, therefore, a better alternative in cases
where PCR is not available. These findings are consistent
with reports from other studies making PCR a gold standard
in diagnosing Brucella infection.!'%38 Queipo-Ortuno and
others also made use of the same primers, B4/B5 primer,
amplifying a 223-bp fragment of the besp31 gene and found
100% sensitivity and 98.3% specificity as compared with
70% constituents of blood culture.”® PCR has a higher
sensitivity and specificity than serological tests and is able
to detect as little as 30 femtograms (fg) of Brucella DNA,
therefore a useful tool in confirming Brucella infection.[**3!

The higher sero-positivity among the age group 30-39 years
could be due to the fact that the majority of the active work-
force at the abattoir falls within this age group. Other studies
reported an average age of 34.4 years in Kuwait,** 33.8
years in Saudi Arabial*>! and 31.6 years in Djibouti.l*¢! The
higher sero-positivity is observed in this age group due to
them having been exposed longer to risk factors related to
their occupation with majority working in close contact with
animal fluids as compared to the older ages.

Unfortunately, WHO does not recommend the use PCR rou-
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tinely due to associated cost implications, especially in re-
source poor countries. It must be noted that even though PCR
has a disadvantage of being expensive and requires highly
skilled personnel to deliver the service as compared with that
of serological methods, some level of emphasis should be
placed on it at least at referral laboratories to help improve
case detection. Also one must compare the cost of PCR with
the cost of having Brucella detection and the consequences
of not knowing one’s status.

5. CONCLUSION

This study has shown that a substantial number of Brucella
cases are missed when Rose Bengal and ELISA is used in de-
tecting Brucella infection among the study population while
molecular techniques show superiority in diagnosis and over-
whelmingly improved case detection. A total 95 (43.1%), 94
(42.7%) and 77 (34.9%) of participants were missed when
Rose Bengal and ELISA IgM and IgG diagnostic assays were
used, respectively. Our study recommends the establishment
of a local quality control system at the institutional level to
provide reliability of serological methods and the establish-
ment of a PCR “buffer system” at designated places to help

supplement serological methods.
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