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Abstract 
Introduction: Brucellosis is a major public health problem in Egypt. The Brucella IgM/IgG lateral flow assay was developed as a point-of-

care test for the diagnosis of human brucellosis. The aim of this study was to assess the diagnostic value of the lateral flow assay for use in 

Egypt.  

Methodology: Fifty samples of patients who presented with clinical suspicion of brucellosis over a one-year period were collected.  All 

samples were subjected to the Brucella IgM/IgG lateral flow assay, serum agglutination test (SAT), rose bengal RB Test (RB), 2- 

mercapteoethanol (2-ME), culture and PCR. SAT, 2- ME, culture and PCR were retested after the end of the treatment. 

Results: Culture and SAT confirmed the diagnosis of brucellosis in twenty patients.  While 90% of the samples were positive by SAT, only 

30% and 85% were positive by culture and PCR respectively. The sensitivity of the lateral flow assay calculated for the Brucella IgM/IgG 

was 95% and specificity was 97%.  

Conclusion: These data show that the lateral flow assay is more suitable for diagnosis of brucellosis in Egypt than culture and SAT.  

Application of the PCR on serum samples collected during follow-up revealed that the DNA of the pathogen was yet not completely cleared 

almost 60 days after the start of treatment with doxycycline and ciprofloxacin. 
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Introduction 
Brucellosis is a serious disease that primarily 

affects livestock and some wildlife animals, which 

act as reservoirs for human infection [1]. Brucella is 

one of the world's major zoonotic pathogens, and is 

responsible for considerable economic losses as well 

as human morbidity in endemic areas [2]. Human 

brucellosis remains endemic in the majority of 

Middle Eastern countries, accounting for tens of 

thousands of new cases each year despite continuous 

efforts to control the disease [3]. Brucellosis is a 

major public health problem in Egypt especially in 

the Nile Delta region [4,5]. The clinical features and 

presentation of human brucellosis overlap with many 

other infectious and non-infectious diseases [6]. A 

proper diagnosis is important, as therapeutic failure 

and relapse, a chronic course, and sometimes severe 

complications such as bone and joint involvement are 

characteristic of the disease [7]. The definite 

diagnosis of brucellosis is made by isolation of the 

organism from blood samples or other clinical 

specimens. However, the sensitivity of this technique 

strongly varies with the stage of illness [8]. 

Furthermore, culture does not provide a rapid result 

and many laboratories in endemic areas do not have 

culture facilities. Therefore, the diagnosis often relies 

on serologic testing [9]. 

Serological tests for the diagnosis of human 

brucellosis such as the rose bengal test (RB), the 

serum agglutination test (SAT), 2-mercaptoethanol 

(2-ME) and the enzyme-linked immunosorbent assay 

(ELISA) have been developed [7]. Due to different 

levels of exposure, different cut-off levels may apply 

in countries and areas with a different degree of 

endemicity. Furthermore, the level of sensitivity of 

the serological tests differs for the different stages of 

the disease and in particular a lower sensitivity 

applies very early in the infection and in patients with 

chronic disease or experiencing a relapse. Therefore, 
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the interpretation of test results may differ and assays 

require revalidation for use in different countries. 

These laboratory tests require skilled staff for the 

standardization of components, procedures, and 

reading of test results, and furthermore depend on a 

cool chain for the transportation and storage of 

reagents. Recently, a simple and rapid point-of-care 

test for the serodiagnosis of brucellosis, the Brucella 

IgM/IgG immunochromatographic lateral flow assay, 

was developed that requires no training, expensive or 

special equipment, or electricity and refrigeration. 

Therefore, this assay is most suitable for use outside 

the specialized laboratory and could be used at the 

bedside or in the field [10]. 

The optimal treatment regimen for brucellosis is 

still being debated [11]. Combination therapies 

consisting of doxycycline plus streptomycin or 

rifampicin are recommended by the WHO. However, 

therapeutic failure and the development of persistent 

diseases as well as the high relapse rate are of 

concern. Earlier studies using PCR have indicated 

that the pathogen may persist in the blood of the 

patient during and following treatment providing a 

plausible explanation for the suboptimal effect of 

current treatment regimens [12-14]. Other treatment 

regimens including treatment with doxycycline and 

ciprofloxacin have not been demonstrated to be more 

effective than the WHO recommended regimens [15]. 

This study was undertaken to evaluate the 

performances of culture, various serological tests, and 

PCR in the diagnosis of brucellosis and follow-up 

after treatment with doxycycline and ciprofloxacin.  

 

Methodology 
Subjects and clinical samples 

Between September 2008 and November 2009, 

fifty patients suspected with brucellosis (aged 21-65 

years old; 31 males and 19 females) were studied at 

the Department of Microbiology and Immunology of 

the Faculty of Medicine, Zagazig, Egypt. Written 

informed consent was obtained from each individual. 

The diagnosis of brucellosis was based on clinical 

findings confirmed by either a positive blood culture 

for Brucella or the presence of specific serum 

antibodies (SAT titre ≥ 1/160). The differential 

diagnosis for typhoid fever was ruled out by Widal 

test and blood culture techniques. The duration of 

signs and symptoms ranged from one to six weeks 

before hospitalization. Patients with laboratory-

confirmed brucellosis were treated with a 

combination of doxycycline (200 mg/day) and 

ciprofloxacin (500mg, two doses per day) for six 

weeks. Blood and serum samples were collected on 

admission and three months later. 

 

Laboratory testing 

For hemoculture, 5 ml of blood were added to 20 

ml of sterile distilled water and 1.5 ml of 4% sodium 

citrate. The contents were gently mixed, and the tube 

was centrifuged at 2,000 xg for 30 minutes. The 

supernatant was discarded, and the sediment was 

inoculated onto brain heart infusion agar plates and 

incubated at 37°C for 15 days with a 5% CO2 

atmosphere [16]. Brucella isolates were identified 

with Gram stain and conventional biochemical 

testing. 

For serology, the RB test was performed 

according to standard procedures [17] with antigen 

obtained from Spinreact, Girona, Spain. The SAT 

was performed on serial serum dilutions of 1/40 to 

1/1280 by using Brucella abortus antigen obtained 

from (Linear Chemicals, Barcelona, Spain). SAT was 

considered positive when a titre of ≥ 1/160 was 

obtained. The 2-ME test was performed in the same 

manner as SAT test except that sera were diluted in 

PBS containing 0.1 M 2-ME to eliminate 

agglutinating IgM antibodies by breaking the 

disulfide bonds and depolymerising of the IgM. The 

2-ME test was considered positive for IgM when a 

reduction in titre compared with SAT was observed 

and positive for IgG when a titre ≥ 1/180 was 

obtained [18]. 

For the lateral flow assay, 5 µl of serum followed 

by 130 µl of running fluid were added to the sample 

application pad in the sample well of the plastic assay 

device (Royal Tropical Institute, Amsterdam, The 

Netherlands) [19]. The assay was read after 10 to 15 

minutes by visual inspection for staining of the test 

and control lines in the assay window of the device. 

The test line may stain at different intensities and was 

subjectively rated 1+ when staining was weak, 2+ 

when staining was moderate, 3+ when staining was 

strong, and 4+ when staining was very strong. The 

test was scored negative when only staining of the 

control was observed. 

For PCR analysis, DNA was extracted from 200 

µl of blood using QIAamp DNA Blood Mini Kit 

(Qiagen, QIAGEN GmbH, Hilden, Germany) 

according to the manufacturer’s instructions. DNA 

was amplified using primers B4/B5 which amplified 

a 223-bp fragment present on a gene encoding a 31-

kDa B. abortus antigen [20]. The amplification was 

performed in a total volume of 25 µl by using Ready-

To-Go PCR beads (Pharmacia Biotech,  
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Buckinghamshire, UK). The concentration of each 

primer was 0.5 µM. After an initial denaturation step 

at 93°C for 5 minutes, 40 amplification cycles were 

performed as follows: denaturation at 90°C, 

annealing at 60°C and extension at 72°C (each for 1 

minute) and a final 10 minute extension step at 72°C.  

 

Statistics 

For statistical analysis we used the parametric paired 

single-sided Student’s t-test.  

The threshold below the calculated p-value was 

chosen at the 0.05 level for statistical significance. 

Assay sensitivity was calculated using hemoculture-

positive and/or SAT positive (titre ≥ 1/160) as the 

reference standard. 

 

Results 
Twenty patients (40%) were diagnosed with 

brucellosis. Six patients were diagnosed with 

brucellosis based on a positive blood culture and 14 

patients were diagnosed with brucellosis based on the 

presence of serum antibodies reactive in the (SAT 

titre ≥ 1/160). These brucellosis patients included 13 

males and 7 females and their mean age was 32.9 ± 

8.11 years; (range 21 to 63 years). Two of the 

patients with culture-proven brucellosis had an 

insignificant SAT titre of 1/80. The results of the 

various diagnostic assays for the samples collected at 

first diagnosis indicate a sensitivity of 100% for RB, 

90% for the SAT, 65% for the 2-ME, 95% for the 

lateral flow assay and 85% for the PCR (Table 1). 

The mean titre in the SAT was 1/320 and an average 

of 2.7-fold reduction in titre was observed in the 2-

ME test. Reactivity in the lateral flow assay for the  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

patients with confirmed brucellosis indicated the 

presence of only specific IgM antibodies in the serum 

of six cases, the presence of specific IgM and IgG 

antibodies in eight cases and the presence of only 

specific IgG antibodies in five cases. Twelve of the 

14 IgM flow assay positive patients showed a 

reduction in titre in the 2-ME test. Notably, two 

patients with culture-confirmed brucellosis with a 

non-significant SAT titre of 1/80 reacted positive in 

the IgM lateral flow assay and the PCR. 

 One of the samples from a patient with febrile 

syndrome involving a differential diagnosis with 

brucellosis that was culture negative for brucellosis 

and tested negative by the SAT (1/80) was positive 

by the RB, IgM and IgG lateral flow and PCR assays. 

Based on these results, the specificity of the RB, 

lateral flow and PCR assays were calculated to be 

97% (Table 1). This patient was diagnosed with 

typhoid fever. Another blood sample that was 

collected two months later showed a SAT titre of 

1/320 and positive blood culture for brucellosis. The 

possible explanation is that this patient experienced a 

relapse of past infection with Brucella. 

A follow-up sample collected six weeks after the 

conclusion of treatment was obtained from 13 

patients with confirmed brucellosis. Significant SAT 

titres ( ≥ 1/60) were measured in the follow-up serum 

of six patients (Table 2). A positive result in the PCR 

for the follow-up blood samples was obtained for 

four patients. At follow-up, SAT titre ( ≥ 1/60) was 

seen in 23% of the cases with 8% reduction 

compared with the baseline (Table 3). All patients 

with a positive PCR at follow-up tested seropositive 

in the SAT. In the two patients with initial PCR  

 

Assay No. of positive samples 

from patients with 

confirmed brucellosis 

(n=20) 

Sensitivity % 

(95% CI
1
) 

Specificity % 

(95% CI) 

RB 20 100 (86-100) 100 (86-100) 

SAT ≥1/160 18 90 (67-98) 100 (86-100) 

2-ME ≥1/80 13 65 (41-84) 100 (86-100) 

IgM flow 14 70 (46-87) 97 (81-100) 

IgG flow 13 65 (41-84) 97 (81-100) 

IgM + IgG flow 19 95 (73-100) 97 (81-100) 

PCR 17 85 (61-97) 97 (81-100) 

Table 1.  Diagnostic sensitivity and specificity of different serological tests for initial serum samples 

from patients with confirmed brucellosis  

 

1 CI = Confidence interval 
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negative samples, the post treatment sample was PCR 

negative as well. One patient for whom the PCR 

remained positive at the end of treatment had a 

confirmed relapse by a positive blood culture and had 

a significant SAT titre of 1/640. 

 

Discussion 
The Brucella IgM/IgG flow assay is a rapid test 

for the confirmation of brucellosis. The assay is user-

friendly and is easy to read. Furthermore, the assay 

components are individually wrapped and may be 

stored at ambient temperature without the need for 

refrigeration. The assay may be performed on a drop 

of blood collected by finger prick and may be used at 

the bedside or in the field. This could be an important 

aspect in countries such as Egypt where the disease is 

widely spread. Furthermore, our results are in 

agreement with the high sensitivity and specificity 

observed for the flow assay by earlier reports from 

Spain [19], Turkey [21,22], and Kazakhstan [21]. 

Therefore, in the absence of the laboratory support, 

the flow assay may be used for the confirmation of 

brucellosis in febrile patients with clinical suspicion 

of brucellosis by testing a drop of blood collected by 

finger prick. The results of the flow assay may also 

be used to determine the stages of the brucellosis. 

The detection of specific IgM in the flow assay is 

consistent with acute disease, while as the disease 

progresses to subacute and persistent stages, specific 

IgG antibodies become more abundant [21]. The 

results of the flow assay closely correlated with the 

differentiation between specific IgM and IgG 

antibodies in the 2-ME test. 

Two patients that showed a SAT of 1/80 had a 

positive blood culture and tested positive in the PCR 

and for specific IgM antibodies in the lateral flow 

assay. These data highlight the importance of using 

more than one test in diagnosis of brucellosis, 

 

 

 

 

 

 

especially in endemic areas where active brucellosis 

cannot be excluded in a patient with SAT lower than 

1/160 [24]. In addition, SAT suffers from high false 

negative rates in complicated and chronic cases [6]. 

Moreover, SAT false negative results may occur in 

patients with very recent infection or those who have 

blocking antibodies in their serum. The flow assays 

detected five out of six individuals that were 

hemoculture-positive. Of these five patients, two 

serum samples showed SAT of 1/80. This result 

agreed with that from a study from Turkey [21] 

which showed that several culture-confirmed patients 

with low SAT were clearly positive in the lateral flow 

assay. 

PCR confirmed the diagnosis of brucellosis in 

85% of the cases indicating that PCR could be an 

important adjunct for the diagnosis of brucellosis [25- 

27]. However, PCR requires a sophisticated 

laboratory and highly skilled staff. Therefore, the use 

of the RB, the flow assay, or a combination of the 

two tests appears a good choice for countries such as 

Egypt where brucellosis is endemic but laboratory 

support is not readily available. 

Treatment failure and relapsing disease are 

common in brucellosis. Earlier PCR studies indicated 

that the pathogen may persist in the blood of patients 

during and after the end of treatment with the 

standard combination therapies consisting of 

doxycycline with rifampicin and doxycycline with 

streptomycin, which have been recommended by the 

WHO [12-13,25]. In our study, we found that the 

pathogen persisted more than three months in patients 

treated with doxycyline and ciprofloxacine. 

Moreover, Brucella was isolated from the blood of 

one of these PCR positive patients while 

experiencing a relapse. In addition, the equal efficacy 

in terms of therapeutic response and relapse rate for 

the treatment of brucellosis with doxycycline plus 

Stage No. positive in the following assays (percentage positive) 

 SAT ≥1/160 PCR 

First diagnosis  12 (92%) 11 (85%) 

Follow up
1
 6 (46%) 4 (31%) 

SAT 1/40 1/80 1/160 1/320 1/640 1/1280 

First diagnosis   1 (8%) 4 (31%) 4 (31%) 2 (15%)  2 (15%) 

Follow up
1
 2 (15%) 5 (38%) 3 (23%) 2 (15%) 1 (8%)  

Table 2.  Assay results at baseline and at follow-up  

 

16 weeks after conclusion of treatment 

 
Table 3.  Evolution of SAT following treatment 

 

16 weeks after conclusion of treatment 
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rifampicin, doxycyline plus ciprofloxacin, or 

ciprofloxacin plus rifampicin was observed [15]. 

These observations support the view that better 

treatment protocols for brucellosis are still needed 

[11]. In our study, Brucella DNA was detected in 

three samples of clinically cured patients (negative 

blood culture and no significant SAT) during follow-

up. This means that clinical recovery does not relate 

to the clearance of the organism and stresses the point 

that the presence of DNA may not be denoting active 

disease that requires treatment.  

In conclusion, the flow assay showed concordant 

results with SAT and PCR tests and can be used 

reliably for the diagnosis of brucellosis. Moreover, 

the simplicity of the IgM /IgG flow assay makes it 

the most suitable complementary test for diagnosis of 

human brucellosis and may be used as a rapid 

diagnostic test in combination with the RB as a 

simple screening test. Finally, we demonstrated that 

relapse and persistent disease after treatment with 

doxycyline and ciproforxacin may be caused by 

persistence of the pathogen in the blood of the 

patient. Thus the detection of Brucella DNA by PCR 

in treated patients may not always indicate active 

infection but the persistence of the pathogen in the 

blood following treatment may increase the risk of 

relapse. 
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