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ABSTRACT

Background: Brucellosis is the most common zoonotic diseases worldwide. The aim of this study was to develop
and evaluate the diagnostic performance of an indirect-ELISA (I-ELISA) method based on whole cell Brucella
abortus S99 lysates for detection of IgM anti-Brucella antibodies in a human serum.

Materials and methods: The study was conducted in two species-rich endemic areas of Iran (Tehran and Lorestan
provinces). Serum samples of 102 patients and 150 healthy individuals were tested by the new kit and the
commercial Vircell kit for the presence of anti-Brucella IgM antibodies. The disease status was confirmed by
Wright agglutination test. The difference in the mean optical densities (OD) recorded by the new and the Vircell
kits for patients and healthy individuals were tested using Two-tailed Student t-test. Sensitivity, specificity,
positive predictive value (PPV), and negative predictive value (NPV) of the new kit were informed using
Receiver operating curve analysis. The results were used to guide the choice of cutoff. Agreements in ODs
recorded by the new and the Vircell kit was visually inspected using Bland-Altman plot.

Results: The new I-ELISA showed excellent diagnostic performance (sensitivity and PPV = 95.7%, specificity and
NPV = 97.8%) for the diagnosis of brucellosis. The cut-off area for the antibody index (AI) was determined to be
8-10, where Als less than 8 and greater than 10 were considered Brucella-negative and -positive, respectively.
Als of 8-10 show equivocal results, requiring re-testing. The Vircell kit showed low (36.8%) sensitivity and
perfect (100%) specificity on the same samples. The Bland-Altman plot showed low agreement between both
tests in recording the OD values for the same individuals.

Conclusion: The new I-ELISA based on whole cell Brucella abortus S99 showed a good performance for the de-
tection of Brucella spp. Lack of agreement between the new and the Vircell kit suggest that the performance of
ELISA kits might be dependent on the geographical area under study. Hence, validation of the new and the
Vircell kits is recommended prior to their implementation in other geographical areas.

1. Introduction

many parts of the worlds, including the Mediterranean region, western
Asia, Africa, and Latin America [5].

Brucellosis is a worldwide re-emerging zoonosis, which mainly in-
fects domestic animals including cattle, swine, goats, sheep, and dogs
[1]. Humans generally acquire the disease through eating or drinking
contaminated animal products (e.g., milk and meat), or by inhaling
airborne agents. Animal infection imposes great direct and indirect
economic burden on the livestock industry through reduction of milk
and meat and increases in the abortion rate of animals [2-4]. Among
humans, brucellosis also remains a major public health problem in

The causing pathogen of brucellosis is a gram-negative, motionless,
intracellular and acapsular coccobacilli belonging to the Brucella genus
[6]. Four types of Brucella bacteria cause the majority of brucellosis
infections in humans including Brucella melitensis, Brucella suis, Bru-
cella abortus and Brucella canis. Brucella melitensis found in sheep and
goats is the main pathogen responsible for human brucellosis, followed
by Brucella abortus and Brucella suis [2].

The gold standard for brucellosis diagnosis is the isolation of
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bacterium from body fluids such as blood, bone marrow and CSF [7].
Bone marrow cultures may provide higher sensitivity while yielding
faster culture times and may be superior to blood culture techniques in
the detection of Brucella spp. [8]. However, bacterial culture requires
strict biosafety measures (biosafety level 3 facilities) and skilled la-
boratory personnel. Therefore, alternative methods such as serological
and molecular tests should be developed for routine clinical diagnosis
and surveillance programs [8].

Indirect enzyme-linked immunosorbent assay (I-ELISA) has been
acknowledged for its better performance in Brucella diagnosis over
other methods such as rose bengal plate test (RBPT), microagglutina-
tion test, and polymerase chain reaction (PCR) [9,10]. The reason is
believed to be the sensitivity of the primary binding assays which is
higher for I-ELISA rather than RBPT and the complement fixation test
(CFT) [11].

Brucella has a complex antigenic structure. The outer membrane of
the cytoplasm contains two main classes of antigens: outer membrane
proteins (Omps) and lipopolysaccharide (LPS) [12]. Omps include
Omp28 [13], Omp22 [14] and Omp16 [15]. Structurally, the LPS can
be either smooth (S) or rough (R) depending on the Brucella spp. The S-
LPS is found in wild-type strains of all classical Brucella spp. but not in
B. ovis and B. canis, which carry an R-LPS. O-polysaccharide (OPS) is an
epitope shared among major Brucella spp, including B. abortus, B. suis
and B. melitensis. Therefore, it can be used for diagnostic purposes
[15]. In addition, almost all common epitopes of Brucella spp. are
present in B. abortus, which makes this species a good candidate for
extraction of OPS antigens [16]. Moreover, due to various yet complex
antigenic nature of Brucella spp., serological tests based on whole cell
antigens might have the potential to detect a wider range of Brucella
biovars. However, to the best of our knowledge, few attempts have been
done in this regard.

Keeping this view in mind, the present work is undertaken to de-
velop and evaluate the diagnostic performance of an Indirect ELISA (I-
ELISA) system based on whole cell extracts of B. abortus S99 for de-
tection of IgM anti-Brucella antibodies in human serum.

2. Materials and methods
2.1. Selection of a suitable strain

According to other studies, a lyophilized strain of B. abortus S-99
(biovar 1) was purchased from the bacteria collection of Pasteur
Institute of Iran and considered for the preparation of antigen [6,17].

2.2. Antigen preparation procedure

For the preparation of whole cell lysate antigens, we modified the
procedure described by Manley, et al. [18]. To do this, bacteria were
grown overnight in Brucella broth (Sigma-Aldrich, B3051) supple-
mented with 5% defibrinated bovine blood (SBA) at 37 °C with 5% CO2.
More than 10 McFarland bacteria were obtained prior to heating at
90 °C. Pellets from centrifuges (at 4000 rpm for 10 min) were stored in
the phosphate-buffered saline (PBS buffer). After measuring the antigen
concentration by spectroscopy, serial dilutions were made, and con-
centrations were assessed by Bradford protein assay (Bio-Rad, Hercules,
California). The best amount of antigenic dilution for coating process in
microplates (polystyrene) was identified with 7 pg/ml. One hundred pl
of the 7 ug/ml dilution was placed in wells and incubated for 24 h at
4°C and then, contents of the well were removed and washed with the
PBS 1X buffer. To facilitate bonding process of the antigen to flat-
bottom 96-well immunoplates (Maxisorp; Nunc, Roskilde, Denmark),
the coating buffer (Bicarbonate/carbonate coating buffer, pH 9.6 at
25 °C) was used (Passive adsorption). Moreover, to prevent non-specific
binding between antigen and antibody, microplates were washed twice
with PBS followed by incubation for 2h at 37 °C with blocking buffer
(3% bovine serum albumin (BSA), 0.1% fish skin gelatin, 0.1% Triton X-
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100, 0.05% Tween-20) with 2% goat serum (Sigma, St. Louis, MO).
Then, the buffer was removed and wells were freeze-dried in upside-
down form for 6 to 7 h at 4 °C and stored in sealed bags with a silica gel
packet.

2.3. Serum sample collection

A total of 252 sera samples originating from different medical
centers and hospitals in Tehran and Lorestan provinces of Iran were
collected over a period of 16 months for the validation of this assay
(102 and 150 random serum samples with positive and negative Wright
tube tests, respectively). Clinical diagnosis was made by the physicians
based on the presence of compatible signs and symptoms with the de-
monstration of specific antibodies at significant titer (Wright test
titer > 1:160). A questionnaire was completed for each subject at the
time of sampling to record relevant information such as age, sex, and
contact history with animals. Minimum sample size in Brucella-positive
and Brucella-negative groups was allocated considering a minimum
sensitivity of 80%, a minimum prevalence of 20%, and a type I error of
0.05, using the sample size table recommended by Bujang and Adnan
[19]. All serum samples were evaluated in terms of the potential and
common pathogens including HBsAg, anti—HCV, anti-HTLV-1/2 and
anti-HIV-1/2.

2.4. Increasing antibody stability in control samples

BioStab antibody stabilizer reagent (Sigma-55514, St. Louis, MO,
USA) was used to prevent the reduction of antibody titers in control
samples. The best ratio to increase the longevity and stability of the
antibody, as well as prevent the reduction of antibody dilution was
evaluated, and a volume of antibody stabilizing reagent and three vo-
lumes of control were mixed.

2.5. Eliminating interference factors

The presence of Rheumatoid Factor (RF) in serum causes a false
positive result by forming a complex with IgG. On the other hand, IgG
can degrade IgM and causes a false negative response. So, to remove
these two interacting factors, the Goat Anti-Human IgG-Fc Fragment
(Bethyl, Montgomery, TX, US) was purchased and the ratio of 1/5000
was used.

2.6. Individual components

A Secondary antibody: Goat anti-Human IgM Antibody HRP
Conjugated (Bethyl Co, Catalog No. A80-100 P) diluted 1/100,000
in a red-colored Proclin-containing buffer (antibody stabilizer).

B Substrate/chromogen: 15 ml of substrate solution containing tetra-
methylbenzidine (TMB) (BioLegend Co, Catalog No. 421,101) stored
in an amber vial.

C Stop solution: 15 ml of stopping solution (0.5M or 1 N H2SO4) was
made.

D Sodium azide: NaN3 (Merck Co, Germany, catalog No. 822,335) was
purchased as a preservative and antifungal compound and added to
the antigenic suspensions, controls, washing solution and serum
diluents solutions in the standard proportions.

E Washing solution 20x and Serum Diluent 1x: were made based on
existing protocols [20] and evaluated. 50 ml of 20x washing solu-
tion: a phosphate buffer containing TweenR-20 and Proclin per the
Vircell standard kit protocol was used for all wash steps and as the
sample diluent; 25ml of serum dilution solution: a blue colored
phosphate buffer containing protein stabilizers and Proclin.

F Serum controls: 500 ul of positive, cut off and negative control
serums were lyophilized at 1:100 containing proclin.
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2.7. Cross-reactivity with samples from other infections

Freshly prepared kits were assayed for cross-reactivity to IgM from
Brucellosis patients using eight known high Brucellosis IgM-positive
sera from primary infections. In addition, eight Yersinia enterocolitica
IgM-positive, eight salmonella typhi IgM-positive and eight malaria-
positive samples were assayed for cross-reactivity in the new Kkit.

2.8. Determination of assay cut off and accuracy

For the accuracy and precision studies, Wright agglutination test
was used as the reference standard. Individuals, whose Wright test re-
sults were positive, were considered as Brucella infected, while those
with negative Wright test were considered uninfected. Positive and
negative samples were tested with the new kit as well as commercial
Brucella ELISA IgM assays (Vircell SL, Spain) to check for its perfor-
mance measures. The recorded optical densities (OD) were summarized
with descriptive statistics, including OD values’ mean, standard devia-
tion, median, and interquartile range. To assess if the new kit can
properly discriminate infected from uninfected individuals, the differ-
ence in the mean OD values recorded for the two groups was tested
using the Two-tailed Student t-test. Performance measures (i.e., sensi-
tivity, specificity, positive predictive value (PPV), negative predictive
value (NPV), and accuracy) of the new kit were also informed using
ROC curve analysis, given Wright test as the reference standard.
Estimates of sensitivity and specificity computed by the ROC curve
were used to guide the choice of cutoff. Ninety-five percent confidence
intervals (CI) were calculated using exact score interval for proportions.

For interpretation of the test results, antibody indexes were calcu-
lated from the OD values, using the formula described below:

Antibody index= (Sample OD)/ (Cut-off serum mean OD) X 10

Antibody indexes (AI) were then summarized with descriptive sta-
tistics. Calculating 5th to 95th percentiles of antibody indexes for in-
fected and uninfected individuals, the area with overlapping values
among both groups was identified and considered as the equivocal area.
Individuals whose Al value falls within this area should be re-tested for
brucellosis.

2.9. Performance of the Vircell kit for the diagnosis of Brucellosis on study
samples

Besides the new kit, we also measured the sensitivity and specificity
values for the Vircell kit, given the Wright test as the reference stan-
dard. Confidence intervals were also calculated using the exact score
interval for proportions. To measure the degree of agreement between
the new and the Vircell kit, the distributional parameters and curves of
the OD values recorded by the two tests were compared. Paired t-test
was used to determine whether there was a significant difference in the
mean OD values recorded by the two tests. Bland-Altman plot was also
created to display the scatter of the mean difference of the OD values
for the new and the Vircell kits (vertical axis) to the OD values of the
Vircell kit (horizontal axis), corresponding to the level of agreement
between the OD values of the two tests. Data were analyzed using Stata
software (v. 11). Statistical tests were considered significant at 0.05
levels.

3. Results
3.1. Status background of brucellosis patients

Serum samples from 102 brucellosis patients (68 male and 34 fe-
male) were collected from community and laboratory hospitals in urban
and rural areas of central (Tehran province = 45 samples) and western
(Lorestan province = 57 samples) Iran. The two provinces are among
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endemic areas for brucellosis in Iran. Male and female participants’
mean (SD) age was 37.3 (13.9) and 36.2 (10.7) years, respectively. The
highest proportion of positive samples (58.8%) belonged to the age
group of 31-40 years, followed by the age group of 41-50 years
(18.62%). Moreover, most patients (66.6%) had a history of contact
with live animals, among which 24.5% were also keeping livestock
within their residential property.

3.2. Stability

To determine shelf life, the designed components of the kit were
assayed over a period of one year after production. When the kit was
compared to the comparative Vircell kit, a downward trend of the P/N
values was observed over time from month 0 to month 12 (mean P/N
reductions of 32% (RT) and 19% (4 °C). No obvious decrease in the P/
N’s, however, was seen due to the three-month storage at 4 °C. The
positive control exhibited an OD of approximately 35% of the month 0
value when it was stored for 12 months at RT, whereas no deterioration
was seen for the positive control when the kit was stored at 4 °C. After
storing the kit at 4 °C and testing it at month 12 the P/N and OD values
remained consistent with those measured at month six. By contrast, the
kit that was stored at RT for 12 months showed a slow downward trend
in overall OD’s in the test serum panel, although the resulting P/N
values were not adversely affected.

3.3. Cross-reactivity

Of the eight Brucella sera with high P/N values, seven yielded po-
sitive IgM results when the new kit was used. However, the P/N values
were in average 5-fold higher for the Yersinia enterocolitica sera com-
pared to the P/N values for Brucella IgM. Using the new kit, we found
two malaria-positive and one typhoid fever-positive samples.

3.4. Determination of cut-off, accuracy, and precision

The mean OD recorded by the new kit for Brucella-infected in-
dividuals (those with positive Wright agglutination test results) was
significantly higher than non-infected individuals (those with negative
Wright test results; independent t-test < 0.0001, Table 1). In the same
way, the distribution curves of infected and uninfected individuals’ OD
values had a small overlapping region, suggesting that the new kit re-
corded different values for infected and uninfected individuals and
possesses the ability to properly discriminate these groups (Fig. 1, Panel
a). The area under the ROC curve was 0.97 (95% CI = 0.94-0.99),
suggesting the high accuracy of the new kit in discriminating infected
and uninfected individuals (Fig. 1, Panel b) (Table 2-4).

The 5th to 95th percentile limits of the OD values recorded for in-
fected and uninfected individuals were 0.09-0.73 and 0.60-1.72, re-
spectively. The 0.6-0.8 interval overlapped between both groups, and
was considered as the cut-off point area. OD values above 0.8 were
considered as a positive test result (infected with Brucella spp.), while
OD values below 0.6 were considered as negative results. In the ROC
curve analysis, these cut-points yielded high sensitivity, specificity, PPV
and NPV for the new Kkit, all of which were above 95%.

Table 1
Distribution of the new kit’s OD results in Wright-negative and Wright-positive
individuals.

OD of New kit Wright-negative Wright-positive P value
Mean + SD 0.31 = 0.22 1.17 = 0.35

Median (IQR) 0.27 (0.19-0.38) 1.26 (0.91-1.41) < 0.0001
Percentile 5-95 0.09-0.73 0.60-1.72

Minimum-Maximum 0.06-1.55 0.30-1.90

SD: Standard Deviation; IQR: Inter quartile range.
* P value is generated using Two-tailed Students t-test.
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Fig. 1. Distribution of the new kit’s OD results (Panel a) and accuracy (Panel b) given Wright test as the reference standard.

The 5th to 95th percentile limits of the antibody indexes calculated
for infected and uninfected individuals (based on the formula described
under the heading VII), was 0.26-9.26 and 8.14-26.54, respectively,
with the 8.14-9.26 interval overlapping between both groups.
Therefore, the Al interval of 8-10 was considered as the equivocal area,
where the test should be repeated. Test results with antibody indexes
over 10 were considered positive (infected with Brucella spp), while test
results with antibody indexes less than 8 were considered negative.

3.5. Comparison of the Vircell and the new kits for diagnosing brucellosis

Testing study samples with the Vircell kit and comparing their re-
sults to the Wright test as reference standard revealed a low sensitivity
(36.8%) for this kit on study samples (95% CI = 27.2-47.4%) in de-
tecting Iranian brucellosis cases. The NPV of the Vircell kit was also
71.3% (95% CI = 64.6-77.3%), much lower than the new kit (97.8%).
The specificity and PPV of the Vircell kit, however, was perfect (100%),
showing its ability to rule out all false negative cases. The area under
the ROC curve for the Vircell kit was slightly smaller than the new kit
(0.95 vs. 97.0, respectively).

We also compared the OD values of the Vircell and the new kits. The
distribution curves of OD values recorded by the two kits was not the
same, either in general or across uninfected and infected groups. The
results showed an overall mean difference of 0.13 between the OD
values of the two tests (Fig. 2, Panel a), which was also highly statis-
tically significant (Paired t-test < 0.0001). Among uninfected in-
dividuals, the distribution of OD values was more peaked for the Vircell
kit than the new kit (Fig. 2, Panel b). While for infected individuals, the
distribution was more flat for this kit (Fig. 2, Panel c). The mean of OD
values recorded by the new kit for uninfected individuals was about
0.16 units greater than that of the Vircell kit (0.15 vs. 0.31, respec-
tively; Fig. 2, Panel b), showing that the new kit usually records greater
OD values for uninfected individuals than the Vircell kit. For infected
individuals, the new kit also recorded greater OD values, but here with
smaller standard deviations (higher precision) than the Vircell kit,
suggesting the outperformance of the new kit for accurate detection of
positive cases compared to the Vircell kit.

The distribution of the two tests’ OD values can also be seen in the
Bland-Altman plot (Fig. 3). The plot shows that the scatter of the

Table 3
Distribution of the new kit’s antibody index values for Wright-negative and
Wright-positive individuals.

Antibody index Wright-negative Wright-positive

Mean * SD 3.77 = 3.27 16.47 = 5.41
Median (IQR) 3.25 (1.31-4.99) 16.89 (12.50-20.08)
Percentiles 5% - 95% 0.26-9.26 8.14-26.54
Minimum-Maximum 0.13-19.04 4.10-30.56

SD: Standard Deviation; IQR: Inter quartile range.

Table 4

Distribution of the OD results read by the Vircell and the new kit.
Optical density New kit Vircell kit
Total
Mean *+ SD 0.66 *+ 0.51 0.53 + 0.63
Minimum-Maximum 0.06-1.90 0.001-2.53

Median (IQR) 0.42 (0.25-1.10) 0.21 (0.11-0.77)

difference between the OD values of the Vircell and the new kit de-
creases as the OD values for the Vircell kit increases (Fig. 3), all in all,
suggesting lack of proper agreement between both tests in recording the
OD values of the same samples.

4. Discussion

In this study, the new kit designated based on whole cell antigen
was tested on samples from case-patients diagnosed through the Wright
test to evaluate its ability to diagnose brucellosis among human sub-
jects. The new kit proved to be sensitive, specific, and precise, while
this was less evident from the results obtained for the Vircell kit. The
Bland-Altman plot suggested that the ODs of the new and the Vircell
kits do not agree to a great extent. ROC curve analyses indicated that
the new kit was capable of greater sensitivity and accuracy than the
Vircell kit in diagnosing Brucella, while the Vircell kit had a perfect
specificity and PPV.

Our results showed that the new kit has been able to discriminate

Table 2
Selected cut-offs and performance measures of the new Kkit.
OD Sensitivity (95% CI) Specificity (95% CI) PPV (95% CI) NPV (95% CI)
Negative (Healthy) < 0.6 95.7 (88.0-99.1) 97.8 (93.6-99.5) 95.7 (88.0-99.1) 97.8 (93.6-99.5)
Positive (Diseased) > 0.8
Cut off point 0.6-0.8 - - - -
Maximum Plausible Value 2 - - - -

PPV: positive predictive value, NPV: negative predictive value.

* Performance measures are derived from ROC curve analysis, given Wright test as reference standard.
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Fig. 3. Bland-Altman plot of the differences between the new kit and the Vircell
kit in the OD values compared to the OD values of the Vircell.

between brucellosis patients and healthy individuals. In fact, mean OD
values measured by the new kit differed significantly between both
groups. Estein, et al. [21] have noted that incorporating hot saline
extract (HS), vesicles, proteins, rough LPS, and internal antigens into six
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serological tests (i.e., agar gel immunodiffusion test, and complement
fixation test, both using HS, and four ELISA using HS, R-LPS, cytosolic
proteins, and 18-kDa cytosolic protein) is an effective method for the
detection B.ovis species in folks. Comparing five serological tests (i.e.,
the buffered plate antigen test, the standard tube agglutination test, the
complement fixation test, the hemolysis-in-gel test, and I-ELISA),
Dohoo, et al. [22] reported the outperformance of the ELISA for diag-
nosis of brucellosis. The test showed a sensitivity and specificity of over
90% in detecting Brucella antibodies. The same result was reported later
in various settings and among different living species [23-26]. More
specifically, the use of unpurified SLPS, along with other B. melitensis
antigens incorporated into an ELISA kit has been reported as a good
candidate for diagnosis of brucellosis [27].

The Bland-Altman plot showed that there is a low agreement be-
tween ODs of the Vircell and the new kit, with the former reading OD
values in a lower range and having lower sensitivity and specificity.
This difference might be a result of different antigenic compositions
used by the Vircell and the new kit, with the former using a purified
Brucella antigen that is able to detect a narrow range of Brucella spp.
while the latter is a test based on whole cell lysate. Both types of assays
are useful depending on the objective and the socio-economic and
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geographical settings. Purified Brucella antigens have the advantage of
being more specific, while assays based on whole cell lysates antigens
provide a more comprehensive assessment, increasing the probability of
detecting various Brucella spp. The latter seems more promising choice
for resource-limited high-burden countries.

Brucella samples used in this study were from endemic regions of
Iran, a country with a high diversity of Brucella spp. circulating among
human and animal populations [28]. This might be the reason behind
observing a lower diagnostic ability for the Vircell kit, which is devel-
oped to detect a narrow range of Brucella spp. This implies that assays
with a wider antigenic range, such as assays based on whole cell lysates
antigens, might be better diagnostic tools for areas where different
strains of Brucella spp. are circulating within human and animal po-
pulations.

This can also be the reason for observing heterogeneity in the Vircell
kit’s diagnostic performance across various geographical areas [29-32].
Fadeel, et al. [30], compared the performance of four commercial kits
for the diagnosis of brucellosis in Egypt and the USA. Although the
Vircell kit showed good correlation with the microplate serum agglu-
tination test (MAT), it had low sensitivity in detecting Brucella infection
comparing to the three other commercial kits tested. Performance of the
Vircell kit has been also various in other populations, including Egyp-
tians [30,33], Americans [30], Danes [30], and Iranians [31].

Variations in the results of the Vircell kit might be also attributed to
differences in the immune system profile of human populations. As
human genetic structure varies across populations, their antibody
composition and protection levels against Brucella infection may also
vary accordingly, leading to different response patterns to a particular
pathogenic agent.

Variation of the performance measures is not unique to the Vircell
kit, but it is commonly reported by other commercial kits due to similar
reasons mentioned above [34]. This highlights the need for the devel-
opment of population-specific diagnostic assays. External validation of
already available assays prior to its large-scale implementation on the
target population may also reveal the extent of the assays mis-
classification.

There are notable limitations to this study. First, this study has been
conducted on samples collected from brucellosis patients in Iran.
Although Iran is a country with a high degree of Brucella spp. variation,
there is still a need for validation of the new Kkit’s diagnostic perfor-
mance in other geographical areas and across different populations.
While the newly developed kit is not currently recommendable for use
in routine practice, we believe that these preliminary results provide
promising evidence for out-performance of the whole cell B. abortus S99
lysates comparing to the standard Vircell kit. So, further investments to
validate the new kit against culture method and in different populations
seems to be reasonable.

Second, despite high coverage of this new whole-cell antigen-based
kit, it still fails to detect B. canis and B. ovis species, as these species lack
the OPS antigen. To diagnose brucellosis caused from B. canis and B.
ovis it is necessary to use other kind of kits.

This study has also important strengths. The development and
evaluation of the new kit have been performed in a controlled labora-
tory environment using samples of known Brucella status. As mentioned
previously, the new kit also shows the appropriate ability for the di-
agnosis of Brucellosis patients that are derived from species-rich areas
of Iran. Methodological details of the kit development, provided in this
manuscript will hopefully be of help to other researchers in the field, as
this type of information is usually lacking in the literature because of
the commercial nature of most kits.

5. Conclusions
This study introduces a new indirect ELISA system for the detection

of anti- Brucella IgM antibodies. Using samples from two species-rich
endemic areas of Iran, the newly developed immunoassay showed
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appropriate diagnostic performance and outperformed the commercial
Vircell kit. The OD values of the Vircell kit had a low agreement with
the newly developed kit. These findings suggest that the performance of
ELISA kits might be dependent on the geographical area under study,
and highlight the need for their validation in new geographical areas
and populations. Therefore, validation of the new kit’s diagnostic per-
formance in other parts of the country is recommended prior to its
commercialization. It is also recommended to evaluate the diagnostic
performance of the new (and the Vircell) kits before their im-
plementation in other parts of the world.
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