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A B S T R A C T

Lateral flow assay (LFA) for brucellosis was standardized and evaluated. The test showed high diagnostic sen-
sitivity, specificity and accuracy for diagnosis of brucellosis in bovines, small ruminants and swine. The study
emphasized the importance of LFA as a useful, rapid, and easy-to-perform tool for the testing of brucellosis.

Brucellosis, a well-documented zoonotic pathogen which has been
isolated from almost all mammals of either land living or marine living.
Brucella is a member of Gram-negative facultative intracellular pa-
thogen having six classical species Brucella abortus (bovine brucellosis),
B. melitensis (small ruminant brucellosis); B. canis (canine brucellosis),
B. ovis (ram epididymitis), B. suis (swine) and B. neotomae (in desert
rats). Brucellosis has been recognized as one of the seven neglected,
under-detected and under-reported zoonoses (OIE, 2014). The global
picture of the disease is continuously changing due to intensification of
farming, sanitary, socioeconomic and political reasons and increased
international travel (WHO, 2010). The disease is a major trade barrier
to socioeconomic progress, food security and threat to public health in
most of the endemic countries including India (ILRI, 2012). Brucellosis
is diagnosed by isolation, serological tests and molecular techniques.
Isolation is a gold standard test but it is less sensitive (15–70%), time
consuming, requires biocontainment facility and poses risk to labora-
tory personnel (Habtamu et al., 2013). Serological tests such as rose
bengal plate test (RBPT), serum agglutination test (SAT), complement
fixation test (CFT), enzyme linked immune sorbent assay (ELISA),
fluorescent polarization assay (FPA) are recommended for diagnosis
(Morata et al., 2003; Muma et al., 2009). All these tests require vigorous
evaluations at country level, sophisticated laboratory facilities, re-
frigeration of reagents, technical skill and at times not cost effective for
routine use in the developing countries.

RBPT is routinely used for multiple livestock species in endemic
countries including India. It is simple, cost effective but requires re-
frigeration of diagnostic antigen and has limitations of false positive

results due to cross reacting antibodies against many Gram negative
bacteria (Poester et al., 2013). Recently, point-of-care tests [immuno
chromatographic flow assays/lateral flow assays (LFA)] have shown
better sensitivity (Sn) and specificity (Sp) than RBPT are being re-
cognized as important diagnostics for brucellosis worldwide (Elshemey
and Abd-Elrahman, 2014; Genc and Buyuktanr, 2011).

India has huge and diverse livestock populations reared in intensive,
semi-intensive, extensive and mixed farming at different agro-climatic
conditions. The transmission of disease between herds and flocks,
market places, unrestricted movement of animals across states and in-
ternational borders and lack of pre-tests before purchase are resulting in
increased prevalence of the disease in bovines, small ruminants, swine,
camels, equines, mithun and yak populations (NAVS, 2013). The major
challenge in diagnosis is early detection of infection at market places,
farm level, hospitals, during outbreaks and slaughter houses. The pre-
sent study envisages standardization and evaluation of LFA for bru-
cellosis testing in bovines, small ruminants and swine which can be
used at every level of the animal production system in India.

Smooth lipopolysaccharide (sLPs) antigen extracted from B. abortus
S99 was used as an antigen in the LFA as described earlier (Shome et al.,
2015). LFA test devices were developed in collaboration with Ubio
Biotechnology Systems Pvt. Ltd. (Kerala, India). The test device con-
tains two distinct lines on a nitrocellulose strip, test line with Brucella-
sLPS antigen and the control line containing goat anti-mouse IgG. The
recombinant protein-G conjugated with 40 nm colloidal gold nano-
particles (Innova Biosciences, UK) was used as a detection reagent
(Smits et al., 2003). The test was standardized by titrating antigen
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against conjugate dilution with different volumes of neat positive and
negative serum samples. Test was performed by the addition of 20 μl
serum to the sample well followed by 2–3 drops of sterile phosphate-
buffered saline (pH 7.6) containing 1.67% bovine serum albumin and
3% Tween 20. Test results were read within 3–5min by visual inspec-
tion for staining of the test and control lines. Tests were scored negative
when no stained band was observed at the test line and scored positive
when the test line stained band was observed along with the control
line (Fig. 1). The test was rejected or retested if the control line in the
test was absent. The developed LFA was evaluated using a panel of 300
serum samples constituting 20 positive and 80 negative each from bo-
vine, small ruminants and swine. Positive samples were confirmed by
the presence of anti-Brucella antibodies by RBPT and iELISA. These
samples were sourced from brucellosis infected farms with no history of
brucellosis vaccination. Similarly, negative serum samples were con-
firmed negative by RBPT and iELISA at intervals of 3months duration.
To rule out the cross-reactivity of the sLPS antigen used in the assay, E.

coli (O157 H7), 17 Salmonella (VI; polyvalent O; polyvalent O1; O1, 3,
19; O2; O3, 10; O4; O6, 14; O7; O8; O9; O9, 46; O11; O13; O16; O18;
O35; O21) and 5 Yersinia enterocolitica (O1 & 2; O3; O5; O8; O9) ser-
otype specific reference sera (Denka Seiken Co, Tokyo, Japan) were
tested. Tests were evaluated with standard bovine origin strong positive
(OIEELISASPSS), weak positive (OIEELISAWPSS) and negative (OIEELI-
SANSS) and National (Indian Veterinary Research Institute) standard
positive and negative serum samples.

After preliminary evaluation, field sera samples were collected from
dairy farms with a history of abortions and reproductive failures, or-
chitis and frequent abortions in swine herds and small ruminant flocks.
A total of 309, 298 and 136 field serum samples were collected from
five bovine, six small ruminants and four swine farms, respectively.
Samples were tested by RBPT, iELISA and LFA for detection of anti-
Brucella antibodies. The diagnostic agreement between the tests was
quantified by kappa (K) or weighted kappa (Kw) statistics for the
measurement of agreement with RBPT and iELISA. The K value
of< 0.20, 0.21–0.40, 0.41–0.60, 0.61–0.80 and 0.81–1.0, indicated the
strength of agreement as poor, fair, moderate, good and very good,
respectively. The significance difference determined by chi square test
and value p < 0.05 was considered statistically significant. Diagnostic
statistics viz., sensitivity (Se), specificity (Sp), positive predictive value
(PPV), negative predictive value (NPV) and diagnostic accuracy were
computed using statistical software, SPSS 22.0 (IBM, India) and
MedCalc 9.0.1.

Brucellosis in livestock is resulting in total median losses of US
$3425.3 million in Indian livestock. The individual economic losses

Fig. 1. A schematic work flow diagram depicting the procedure for assembling and testing of the samples.

Table 1
Concordance of the LFA test using known status of sera panel.

Species Total samples Positive concordant Negative concordant Discordant Χ2 value p value Unweighted kappa Results of agreementa

Bovine 100 17 80 3 81.92 <0.001⁎⁎ 0.90 Very good
Small ruminants 100 15 78 7 59.60 <0.001⁎⁎ 0.76 Good
Swine 100 17 77 6 66.01 <0.001⁎⁎ 0.81 Very good

⁎⁎ p-Value< 0.05 is considered as significant.
a K value of< 0.20, 0.21–0.40, 0.41–0.60, 0.61–0.80 and 0.81–1.0, indicate the strength of agreement as poor, fair, moderate, good and very good, respectively.

Table 2
Evaluation of the LFA test employing field sera samples.

Species No. of
farms

No. of
samples

RBPT Protein-G
iELISA

LFA

Bovine 5 309 91 (29.45) 92 (29.78) 85 (27.50)
Small ruminants 6 298 26 (8.72) 29 (9.73) 25 (8.38)
Swine 4 136 40 (29.41) 36 (26.47) 37 (27.20)

Values in parenthesis represented in percentage.
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estimated are US $ 918.3; 1357.1; 71.6; 48.9 and 7.1 million for cattle,
buffaloes, goats, sheep and pigs, respectively (Singh et al., 2015). As per
the estimation, the prevention of brucellosis will add 2.63 million fe-
male calves and 5% increased milk production which were valued at US
$387.4 million and US $1162.3 million per annum, respectively (NAVS,
2013). These economic estimates clearly emphasize the huge economic
impact of the disease on animal husbandry growth in addition to the
economic and social consequences of the disease on humans
(Thrusfield, 2007). Brucellosis in humans depends mainly on disease
status in livestock and several publications have indicated increasing
human brucellosis prevalence ranging from 2.26 to 34% from different
parts of the country (OIE, 2014; Mantur et al., 2006; Mantur and
Amarnath, 2008). For surveillance, RBPT, serum based iELISA and milk
ring test (MRT) were suggested. Conducting these tests in remote areas
which are inaccessible to laboratory facilities in a vast country like
India was a constraint. Penside test promises to overcome these pro-
blems and facilitate diagnosis at every place to uncover chains of in-
fection in animals (Abdoel et al., 2008; Sturenburg and Junker, 2009).

In diagnostic tests, different antigens have been evaluated for the
diagnosis of brucellosis (Corbel and Beeching, 2004). To avoid test
ambiguities associated with different types of antigens, sLPS antigen
which is being used in many commercially available ELISA kits and also
in our laboratory has been adopted to the test as per OIE (Shome et al.,
2015). One of the constraints associated with LFA or iELISA is that each
species requires its own anti-immunoglobulin detection reagent. Hence,
common conjugate (protein-G) having a property of binding with im-
munoglobulins of many livestock species was used in the test (Shome
et al., 2011; Corbel et al., 2005). The tests showed positive test results
with OIE and National strong positive standard sera. The cross reacting
sera against many biovars of Salmonella, Yersinia, and E. coli did not
show any stained band in test line indicating no cross reactivity in the
standardized test. The LFA test with panel sera samples scored 0.90,
0.76 and 0.81 K agreements for bovine, small ruminants and swine
samples, respectively (Table 1). With field samples, very good for bo-
vine (0.93 and 0.89) and swine (0.87 and 0.90) and comparatively good
(0.80 and 0.75) K agreements were recorded in comparison to RBPT
and iELISA tests (Tables 2, 3). The Sp of LFA for all species was> 97%
for both RBPT and iELISA and was highly correlated to the earlier re-
ports (Irmak et al., 2004; Zeytinoglu et al., 2006; Sturenburg and
Junker, 2009; Smits and Kadri, 2005).

The promising test results observed with panel, field bovine, swine
and small ruminant samples suggested the usefulness of LFA for bru-
cellosis screening. Veterinary officers rarely seek laboratory confirma-
tion for suspected brucellosis cases as the diagnostic facilities are far
away from the veterinary hospitals. The LFA test does not require

laboratory facilities, technical skill or storage conditions and hence
makes the test useful for on-spot testing. The tests should be made
available to the veterinary departments, colleges and institutions
through government or private agencies. The easy access to the tests
will definitely aid quick diagnosis and segregation of infected animals
to prevent disease transmission to other animals and strengthen the
disease reporting from livestock species in the country.
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