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ABSTRACT KEYWORDS
Brucellosis is an emerging zoonotic disease caused by members of the RBPT;
genus Brucella and remainsaserious cause of humanillnessfrom livestock. STAT,
Presently used sero-diagnostic tests depend upon the smooth IgM ELISA;
lipopolysaccharide (SLPS), which cross react with other Gram-negative IgGELISA;
bacteriaresultinginlow specificity. To overcomethis, several recombinant Human;
outer membrane proteins (OMP) have been tried as diagnostic antigen (s) Brucellosis;
in ELISA. Inthe present study, the ORF (753 bp product) of BP 26 protein Blood donors,
was amplified from Brucella suis strain 1330, cloned in pET 32avector and Risk group.

expressed in BL21 E.coli hostcell. The expressed protein was purified by
Ni-NTA columnand characterized by SDS-PAGE and Western blot analysis.
The purified recombinant protein (rbp26) antigen was tested in indirect
ELISA (iELISA) and specificity was checked with E. coli (0157 H7), 17
salmonella and five Yersinia entericolitica reference sera. Further, rbp26
based standardized ELISA was evaluated with serum samples (n=626)
collected from risk group individual s (veterinarians) using two conjugates
IgM and 1gG for diagnosis of brucellosis. Comparative evaluation of the
developed assay with RBPT and sLPS based ELISA was carried out. In
RBPT, 60 (9.5%) and in sLPS antigen based iEL1SA-IgM 36 (5.75%) and
iELISA-1gG 122 (19.48%) were positive, respectively. Whereasin rbp26
based ELISA 18 (2.87%) and 66 (10.54%) were positive in IgM and 1gG
ELISA, respectively. © 2015 Trade Sciencelnc. - INDIA

INTRODUCTION utedin both humansand animas¥. Human brucellosis

variesfroman acutefabrileillnessto chronic, low grade

Brucellosisisazoonosis caused by facultativein- il defined diseese. Itisasystemic disease characherized
tracellular bacteriaof the genusBrucella, whichare by pausity of Signsaccompanied with nocturna swest-
cgpableof survivingand multiplyinginsidethecellsof  ing, maaise, fatigue and backache€?. Thedisease can
mononuclear phagocyticsysemand arewiddy distrib-  beavery debilitating, despitethefact that thefatality
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rateisgeneraly low. It often becomes sub-clinical or
chronic, especidly if not diagnosed early and properly
treated. Theincdencein humansrangeswiddy between
different regions, with values of up to 200 cases per
100,000 popul ationswith high prevalencein Middle
East, Mexico, Central and South Americaand theIn-
dian subcontinents?3. High-risk groupsincludethose
exposed through occupation in contextswhere animal
infection occurs, such asdaughterhouseworkers, hunt-
ers, farmersand veterinarians.

Thediagnossof brucdlosiscan bechdlenging, and
itsdiagnod sdemandsepidemimology, clinica andlabo-
ratory information. Itsroutine biochemical and hema
tologicd laboratory testsa so overlgp withthose of many
other pathogens such as Salmonella, Yersinia, and
Mibrio®. Many tests are reported for diagnosisof Bru-
cedlla, ranging frommicrobilogica cultureto serodiag-
nostic testssuch asdide or tube agglutination, indirect
coombs test, enzyme-linked immunosorbent assay
(EL1SA) andindirect fluorescent assays, to the recent
molecular techniques such as polymerase chain reac-
tion (PCR) areavailable>7,

Isolation from blood, bone marrow and other tis-
sues of suspect isclassicd diagnostic (gold standard)
method for brucellosis. However, thismicrobiol ogica
techniqueishaving thedraw back of time consumption
astheorganismishavingincubation period of 6 weeks
and possibility of contamination to personnd cannot be
avoided®. RoseBengd Platetest (RBPT) iscommonly
used for the screening of brucellosishowever results
may at timesinconclusive?. In standard tube agglutina-
tiontest (STAT), interpretation of theresult isdifficult
duetofdsepostivereactionwith Salmonella, Yersinia
and Mibrio species. Further PCR isthemolecular tech-
niquewhichisemployed for thedetection of brucello-
s's, but thetechniqueis uneconomic and poorly suited
for thelaboratory with limited resources. In view of
these limitations, robust, coast effective and rapid
ELISA hasbeenfound anidea tool for thediagnosis.
Current serological testsbased mainly on s-LPS anti-
gen, chancesin possibleof fasepositivity dueto cross-
reactivity. Inview of al thesefacts, the present study
have been taken to devel op recombinant antigen based
ELISA for diagnosis of brucellosisin swineand hu-
mans. The recombinant outer-membrane protein
(rOmp26) was purified from B.suis1330in pET-32a
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bacterial expression system and used in an indirect
ELISA for the detection of Brucellosis. Comparisons
of recombinant antigen based iEL1SA against RBPT,
and s-LPSbased iELISA.

Inbrucellogis, titreof IgM usually raisesfromday 5
to 7 with peak titreand 1gG startsto appear from day
141021, reaching peak during next 2 to 3weeksinthe
infected individuas. Clinical gpplicationsof IgM and
IgG ELISA in human disease have been reported 01,
Thismanuscript dealswith the study on devel opment
and eval uation of recombinant bp26 antigen based in-
direct ELISA for the sero-diagnosisof Brucellainfec-
tionin human beings and its comparison with labora-
tory standardized IgM and IgG ELISA protocol.

MATERIALSAND METHODS

Collection of sera samples

During the course of the study, 2 ml of blood
sampleswithout anticoagul ant was collected asepticaly
invaccutainers. The sampleswere sourced from risk
group (veterinarians, paraveterinarians, farmworkers,
animal-handlersand farmers), blood donorsand pa-
tientswith pyrexiaof unknown origin (PUO). Thepyr-
exiamay bedueto systemic causeof rheumatic fever,
jaundice, Creactive protein, hepatitisetc., Thesamples
werealowed to clot, transported to laboratory imme-
diately at 4°C. The serum was separated by centrifug-
ing thesampleat 2500 r.p.mfor 5min and stored at —
20°C for further use.

Rosebengal platetest (RBPT) and standard tube
agglutination test (STAT)

Serasamplesreceived wereinitially subjected to
rapid screening RBPT according to standard proce-
dures®, Briefly, for the RBPT, undiluted serum sample
(30 pl) was mixed with an equal volume of colored
antigenonaglassdide. Theresultswererated negative
when agglutination wasabsent and 1+ to 4+ ratingsas
positive, according to the strength of theagglutination
within1to3min.

Smooth lipopolysaccharide (sL PS) antigen extrac-
tion
Sandard strain

Standard antigenic strain of B.suis 1330 procured
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from Indian Veterinary Research Institute, | zatnagar,
U.P, Indiaand confirmed as B.suis 1330 by biochemi-
cd tests, PCR, cloning and sequencing in our wasused
for antigen extraction*¥,

Largescalebacterial culturing

Freshly grown purecoloniesweresuspendedin 10
ml of serilePBS, after vortexing, the bacteria suspen-
sonwasoverladon TryptoseAgar (TA) in Roux flasks.
Thirty flasksweresimultaneoudy inocul ated fromthe
same master plate to provide the identical bacterial
population originating from asingle colony. After one-
hour adsorption, Roux flaskswereinverted and incu-
bated for 72 hoursat 37°C. The purity of theculturein
every flask was confirmed by Gram’s staining after 48
hours. To each flask, 30 ml of 2% phenol salinewas
added, gently agitated and incubated for 24 hours at
37°C. The suspensionswere collected, pooled, centri-
fuged at 14,000 r.p.m at 4°C for 20 min. The centrifu-
gation wasrepesated and pel letswerecarefully collected,
weighed and used for antigen extraction.

Preparation sL PSantigen extraction

Wet cellsof Brucella (5gm) weresuspendedin 17
ml of distilled water and followed by theaddition of 19
ml of 90% (v/v) phenol a 66°C. The mixture was stirred
continuously at 66°C for 15 min, cooled and centri-
fuged at 10,000 rpmfor 15 min at 4°C. The brownish
phenol in the bottom layer was aspirated with along
microtip and large cell debriswasremoved by filtra-
tion (usngaWhatman No.1filter). ThesLPSwaspre-
cipitated by theaddition of 50 ml chilled methanol con-
taining 0.5 ml methanol saturated with sodium acetate.
After 2 hoursincubation at 4°C, the precipitate was
removed by centrifugation at 10,000 r.p.mfor 10 min,
stirred with 8 ml of distilled water for 18 hours and
centrifuged at 10,000 r.p.mfor 10 min. Thecollected
supernatant solution waskept at 4°C and this step was
repeated twicefor the best recovery of antigen. Then,
0.8 g of trifluroacetic acid was added to the 16 ml of
crude sLPS, stirred for 10 min and the precipitate was
removed by centrifugation. Thetrand ucent supernatant
solutionwas concentrated and didyzed againgt distilled
water (two changesof at |east 4000 ml each) and then
freezedried to get thefina yield of 10 ml of SLPScon-
tai ning the antigen concentration of 3 mg/10ml 126,

The optimum concentration of antigenfor ELISA

was standardized by checkerboard titration against
1:100 and 1:200 dilution of strong positiveconvales-
cent sera. The OD valueswere plotted on agraph and
the point wheretherewas sharp fall onthelinegraph
wastaken asthe optimum dilution of antigen.

Sandardized EL | SA protocol

The polysorp microtiter plates (Nunc, Germany)
were coated with 1:300 dilution of SLPSantigenat 100
ul per well in carbonate-bicarbonate buffer (pH 9.6)
and incubated 4°C for overnight. Antigen coated plates
werewashed threetimeswith PBST wash buffer (Phos-
phate buffered saline contai ning 0.05 % Tween 20) pH
7.2. Test and control seradiluted in PBST blocking
buffer (1:100) containing 2% bovine gel atinwas added
to respectivewells (100 ul) of the plates in duplicates
(test sera) and quadruplicate (controls) and incubated
at 37°C for 1hour. The plates were then washed as
mentioned earlier. Theanti-human IgG and IgM HRP
conjugates (Pierce, Germany), diluted 1:8000 and
1:4000 respectively in PBST buffer wereadded to all
thewells (100 pl) and incubated for 1 hour at 37°C on
orbital shaker (300r.p.m./min). After washing, freshly
prepared o-Phenylenediaminedihydrochloride (OPD)
(Sigma, Germany) solution containing 5 mg OPD tab-
letin 12.5ml of distilled water and 50 ul of 3% H,0,
was added and kept for color development for 20 min.
Enzyme-substrate reaction was stopped by adding 1M
H,SO, (50 ul) and color devel opment was read at 492
nm using an ELISA micro platereader (Biorad). The
optical dengity (OD) obtained for the negative and posi-
tive sampleswereinterpreted by cutoff valuesset at 3
standard deviationsabovethe arithmetical mean of the
OD obtained for the healthy control 7.

Production and purification of recombinant BP26
protein

Standard antigenic strain, Brucella suis1330was
procured fromIVRI, I1zatnagar. Theorganismwasgrown
in brucellaselective agar mediaat 37°C for 48 hrs at
10% CO,. Theorganismwasidentified as Gram nega-
tive, coccobacillary rodson Gram’s staining. The ge-
nomic DNA was extracted as per the standard proto-
col, usngthe*“Bacterial genomic DNA spin”—QIAamp.
ThePCRamplificationwascarried out in 25ul reaction
volume containing 12.5ul of 2X PCR master mix (4
mM MgCl.; 0.4 mM of each deoxynucleotidetriphos-
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phates (ANTPs); 0.5U of Tag DNA polymerase; 150
mM Tris-HCI PCR buffer), primersand 2.5ul of tem-
plate DNA. The Thermd cycler conditionsfor BCSP31
are93°C for 5min 1 cycle; 35 cyclesof 90°C for Imin;
60 °C for 30sec and 72°C for Imin with afina exten-
sonof 72°Cfor 7 min. The PCR amplicons (5ul) were
separated by e ectrophoresisin 1.5% agarosegel with
TAE asrunning buffer and purified.

The purified Genomic DNA from B.suis1330 was
used for theamplification of thetarget generbp26 us-
ing published primer sequences. Thecycling conditions
followed were: preheating at 95°C for 2min 1 cycle; 35
cyclesof 94°C for 45sec; 50 °C - 60 °C for 45sec and
72°C for 2min with afinal extension of 72°C for 10
min. The productswere anaysed by agarose gel elec-
trophoresisas mentioned before. Theamplified prod-
uct waspurifiedfromthegel using “MinElute gel ex-
traction kit” from QIAGEN and employed for further
sequencing and cloning!®>3,

Cloning and expression of rbp26 gene

Thepurified PCR product digested with EcoR1 and
Not1 whichwasligated with digested pPGEMT vector,
wastransferred into E. coli ToplOF competent cells
and plated on LB amp plates, incubated overnight at
37°C. Severd ampicillinres stant coloniesappeared and
were streaked on LB amp platesfor further recombi-
nant clonesfor the presence of rbp26 gene. After an
incubation of 16 hoursat 37°C, both blue (non recom-
bi nant) and white col onies (recombinant) were observed
on LB Agar-amp supplemented with IPTC and X-gal
plate and white col onies (recombinant clones) were
purified, used astemplate and confirmed by Colony
PCR. Theamplified productswere anayzed by agar-
osegd dectrophoresisand further subjected to confir-
mation by restriction enzyme (RE) digestionid,

The inserted rbp26 gene sequence is of 753bp
nucleotides. The cloned bp26 genewasrel eased from
PGEMT bp26 by EcoR1 and Not1, digestion. Thefrag-
ment was sub cloned into pET-32a vector and ana-
lyzed by agarose gdl dectrophoresisthenit wasdigested
with EcoR1 and Notl. After transformation of
pPETBP26into E. coli BL21 competent cells several
recombinant cloneswereformed onthe LB plate supple-
mented with ampicilin. Plasmid DNA extracted from
recombinant clonedigested withwhich wasligated with
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digested pET-32avector, wastransferred into EcoR1
and Not1 released 753bp insert.

Thetransformed competent BL21 cellsand pET-
32avector as a control and pETBP26 recombinant
clonesof interest wereinduced with 1mM IPTG and
incubated for sixteen hoursat 37°C. Theinduced cell
lysateswere collected a onehour interval. Thelysates
of proteinswereanayzed by 12 percent SDS PAGE
andfollowed by western blotting. Thesizeof therbp26
geneis753bp which corresponded to 42kDaprotein.
Thusadongwithfusiontag of 18kDa, therbp26 protien
showed in the gel as 42kDa band. No reaction was
seen with respect to blots treated with Yersinia
enterocoliticaO:9, and Escherichiacoli O:157 referra
sera, This showed that the expressed protein was of
Brucella specific epitope and therewas no crossreac-
tion with positiveand negative sera.

Sandardized EL | SA protocol

The polysorp microtiter plates (Nunc, Germany)
were coated with 200ng/well antigen at 100 pl per well
in carbonate-bicarbonate buffer (pH 9.6) and incubated
4°C for overnight. Antigen coated plates were washed
threetimeswith PBST wash buffer (Phosphate buff-
ered saline containing 0.05 % Tween 20) pH 7.2. Test
and control seradilutedin PBST blocking buffer (1:100)
containing 5% skim milk power wasadded to respec-
tivewdl s (100 ul) of the plates in duplicates (test sera)
and quadruplicate (controls) and incubated at 37°C for
1hour. Theplateswerethen washed as mentioned ear-
lier. The anti-human IgG and IgM HRP conjugates
(Pierce, Germany), diluted 1:5000 and 1:5000 respec-
tively in PBST buffer wereadded to all thewells (100
ul) and incubated for 1 hour at 37°C on orbital shaker
(300 r.p.m./min). After washing, freshly prepared o-
Phenylenediaminedihydrochloride (OPD) (Sigma, Ger-
many) solution containing’5 mg OPD tabletin 12.5ml
of distilled water and 50 ul of 3% H,O,wasadded and
kept for color development for 10 min. Enzyme-sub-
strate reaction was stopped by adding 1M H,SO, (50
ul) and color development wasread at 492 nm using
an ELISA microplatereader (Biorad).

RESULTS

INELISA, the1in 200 sLPS antigen concentration
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wasfound optimum at serum concentration of 1in 100
(Figure 1). Similarly, the conjugate dilutionswere es-
tablished by checkerboardtitration and IgM conjugate
of 1in4000 and 1gG conjugateat 1in 8000 werefound
optimumdilutionsfor thetest (Figure2). Smilarly for
rbp26 based EL1SA antigen concentration was 200ng
/ well was found optimum at serum concentration of
1:32 and the conjugate dil utions were established by
checkerboard titration at 1:5000 for both 1gG and IgM.

Antigen and antibody optimization
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Figurel: Optimization of antigen ver susserum concentr a-
tion for ELISA (All thedilution areat therateof 1in 100, 1
in 200, 1in 400, 1in 800, 1 in 1600 and 1in 3200 r espec-
tively)

Conjugate titration curve

1.2
1 i
E 0.8
!5 = —e—IgM Conjugate
S 06| —m— 1gG Conjugate
o
o 044
o
0.2 |
0

20000 30000 40000

Antigen dilution

Figure 2 : Optimization of conjugatesfor ELISA (All the
dilutionsareat therateof 1in 1000, 1in 2000, 1 in 4000, 1
in 8000, 1in 16000 and 1in 32000 respectively)

Among the 626 serum samplescollected fromrisk
group individua s (veterinarians) using two conjugates
IgM and IgG for diagnosisof brucellosis. Comparative
eva uation of thedevel oped assay withRBPT and SLPS
based ELISA was carried out. In RBPT, 60 (9.5%)
and in sLPS antigen based IELISA-IgM 36 (5.75%)
and iELISA-1gG 122 (19.48%) were positive, respec-
tively (Figure6). Whereasin rbp26 based ELISA 18
(2.87%) and 66 (10.54%) were positivein IgM and
1gG ELISA respectively (Figure5). Smilarly compara:
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Figure3: SDS-PAGE analysisof sequential elutesof recom-
binant protein bp26 suis1330
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Figure4: Western blot analysiswith swinebrucella positive
and negativesera

Comparision of OD values with two conjugates used
in rbp26 based Human iELISA
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Figure5: Comparision of OD valueswith two conjugates
used in rbp26 based humaniEL 1SA

tiveevduation of the OD va ues of theboth the assays
weredocumented. (Figure7,8)
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Comparision of OD values with two conjugates used in
sLPS based Human iELISA
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Figure 6 : Comparison of OD valueswith two conjugates
used in sL PSbhased Human iEL 1 SA

Comparision OD of values sLPS and rbp26 based Human
iELISA with anti human IgG

120

100

80

BsLPS-IgG

No. of sera samples
(2]
o
Il

B rbp26-1gG

010203040506070809 111214

OD Values
Figure7: Comparison OD of valuessL. PSand rbp26 based
human iEL | SA with anti human | gG

Comparision OD values of sLPS and rbp26 based Human
iELISA with anti human IgM
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Figure8: Comparison OD of valuessL. PSand rbp26 based
humaniEL | SA with anti human IgM
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Figure9: Sandar dization and cut-off PPfor s-L PSand rbp26
based humaniELISA

DISCUSSION

Thetrueincidenceof human brucellosishowever,
isunknown for most countriesand no dataare avail-
ablefor many partsof India It hasbeen estimated that
thetrueincidencemay be 25 timeshigher thanthere-
ported incidence dueto misdiagnosisand under-report-
ing. Severd publicationsindicatethat human brucel lo-
sscanbeacommondiseasein India The ELISA was
first developed by Carlson et a, for the diagnosi s of
human brucellosisand sincethen, alarge number of
variations have been described™. ELISA haveadis-
tinct advantage over conventional serological testsin
that, they areprimary binding assaysthat do not relyon
secondary propertiesof antibodiessuch astheir ability
toagglutinate or to fix complement. Secondly, ELISA
can betail oredto bemorespecific by usng highly puri-
fied reagents such asantigensand monocl onal antibod-
ies.

Thed_PSantigen of Brucdllaiscons dered themost
important antigen during immuneresponseandisthe
target for many serological andimmunologica studies.
It givesbetter sengitivity and specificity with good re-
producibility. It & o possessesaconvenient cut off vaue
for diagnostic purposes. Findlly, it isnot restricted to
bovines a oneand can be adapted to different species
of animalsaswell asto humansbeings®. ThesLPS
antigen coated passively onto apolystyrene matrix is
the method commonly employed inthe ELISA9, The
indirect ELISA and AB-ELISA have seen standard-
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ized by severd researchersusing sSLPSantigen from B.
abortus S, to screenthelivestock and humansfor bru-
Cel | OS- §15,19—21] .

Similar antigenic studieshasbeen taken onthebp26
by severd researchersand previoudly identified B.suis
1330 bp26 immunodomi nant antigen! isnearly iden-
tical to the B. abortus BP26 antigen reported by
Rossetti et a®. The name of BP26 should therefore
beretained. Thefact that two independent laboratories
haveidentified the sameimmunodominant antigen ei-
ther inthefield of bovineor oving®%3 prucellosis
emphasi zestheimportance of BP26 asdiagnostic anti-
gm[40]_

The higher prevalencerates reported by various
researchersarein accordance with our present findings
inthehighrisk groups?239, High sero prevalencein
therisk groupisattributed to constant exposuretoin-
fection dueto contamination of handsand armwhile
handling animalsand a so human infection can occur
through aerosol, occupational exposure of abattoir
workers, veterinarians and laboratory technicians. In
addition, consumption of infected raw milk, raw milk
products and raw meat can result ininfection?,

Thetransmission of brucellossto manisprimarily
by direct contact with infected animalsor their prod-
ucts. However, the organisms can also be transmitted
by transfusion of infected blood®Y. The blood donors
tested in the study, showed 1.62% positivity by RBPT
and 4.87%, by 1gG ELISA. Two such similar reports
from Karnataka, reved ed the preva enceranging from
1.8% (out of 26,948 adult donors)® to 14.7% (out of
353 donors) by RBPT®3, Thesefindingsarereatively
identical to our findings. Thisinfectioninthedonors
might be dueto the exposure of the donorsunintention-
ally to theanimals or dueto the consumption of raw
milk, or may be dueto the cross reacting antibodies
suchasvibrioor yersinia.

Thebasicknowledgeof thisstudy will help usfor
the development of indigenous ELISA kit for sero
screening of thediseasein humansand toidentify ac-
tiveinfection (IgM ELISA). Theuseof SLPSand rbp26
asantigeninthel-ELISA might be oneof thereasons
for higher sengitivity asthe stronger immuneresponses
aredlicited against sSLPS and found that the very spe-
cificimmuneresponse against rbp26 ininfected indi-
vidud . Theadvantage of usingtheindigenoudy devel -
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oped kit/testsisthat thelarge number of samplescan
be anayzed economicaly anditwill dsohdpto gener-
ateseroepidemiol ogicd dataof thediseaseinthecountry.
Screening of large number of serasamplesand vaida
tion asper OIE guidelinesisunderway.
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