Tournal of Animal and Veterinary Advances 8 (8): 1637-1640, 2009

ISSN: 1680-5593
© Medwell Journals, 2009

Comparison of PCR Assay with Serum and Whole Blood Samples of Experimental
Trials for Detection and Differentiation of Brucella melitensis
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Abstract: Brucellosis poses a significant animal and public health problem in many developing countries and
requires fast and accurate diagnosis. A PCR assay amplifying part of the Brucella melitensis specific IS711
gene was developed and applied to mice climical samples with experimental trial. Over an 8 week period of
infection, whole blood and serum were examined from 78 experimental mice, with a total of 60 samples from B.
melitensis infected mice and a group of 96 control samples from mice moculated with Brucella abortus 544,
Yersinia enterocolitica O:9 and Brucella broth. Regardless of date of infection, the sensitivity of whole blood
and serum based PCR assay with samples from B. melitensis infected mice was found to be 100% (30/30) and
83.3% (25/30), respectively. Serum samples collected at 60 days post infection (p.i) of B. melitensis failed to
show positive result. An amplicon of 252 bp was obtained in all PCR positive samples. All samples obtained
from the control groups tested negative, conferring an assay specificity of 100%. These results show that
though, use of serum-PCR may lead to assay sunplification and shorten turnaround time, but the optimal clinical

specimen for this test was not serum but whole blood, which leads to maximum assay sensitivity.
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INTRODUCTION

Brucellosis is an infectious zoonotic disease that is
associated with chrome debilitating infections in humans
and reproductive failure n domestic ammals (Leyla ef al.,
2003). Brucella melitensis with its three biotypes causes
disease mainly in small ruminants and is the most
pathogenic species for humans (Davidson et al., 1990).
Currently, the diagnosis of brucellosis is mainly based on
serological and microbiological tests. The former tests
have the disadvantage of cross-reacting with other
common antigentically related bacteria like Yersinea
enterocolitica and do not detect early and latent
infections. The later tests are cumbersome and of high risk
to people carrying them out. As for other fastidious
pathogens, molecular methodology offers an alternative
way of diagnosing brucellosis. Nucleic acid amplification
technicues, like PCR, characterized by high sensitivity
and specificity and short tuwmnaround time can
overcome the limitations of conventional methodology.
Only few studies in the literature (Amm et al, 1995
Leal-Klevezas et al, 1995) however, addressed direct
detection of Brucella sp. in clinical specimens of animal
origin.

The application of serum PCR for diagnosis of
infectious disease has been reported by several

investigators (Bougnoux et al., 1999; Morris et al., 1996).
In brucellosis, however, as the microorganisms of the
Brucella genus are facultative intracellular pathogens and
the mnoculum found in the host is normally small,
most studies of PCR assays mvolving both human and
animal brucellosis have been undertaken with whole
blood samples (Leal-Klevezas et «al., 1995). Although,
Zerva et al. (2001) found sufficient DNA n human serum
fraction to detect infection by Brucella but, its diagnostic
value with different stages of mfection has never been
studied and compared with whole blood.

In this research, we studied the diagnostic utilities of
serumm over whole blood as suitable clinical samples using
PCR with clinical samples obtained from experimental trials
over an 8 week period of infection.

MATERIALS AND METHODS

Animals and experimental infection: Seventy eight
female mice (8 weeks of age) obtained from University
Putra Malaysia (UPM) laboratory animal section were
acclimated and randomly distributed into five experimental
groups. Group A: 18 mice infected with B. melitensis
Malysian isolate (1solated from sheep); group B: 12 mice
infected with B. melitensis 16 M (reference strain); group
C: 12 mice infected with B. abortis 544 (reference strain);
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group D: 12 mice infected with Y. enterocolitica 0.9
(reference strain). Mice were kept in conventional animal
facilities and received water and food ad libitum.

All the test bacteria were first grown onto Brucella
agar under appropriate condition and were used for
subsequent experimental infection of mice. Briefly, from
Brucella agar, single colony of each bacterium was
transferred 1nto 10 mL of Brucella broth and incubated at
37°C with agitation for 72 h (Brucella) and at 25°C for
18 h (Yersinia).

The concentration of bacteria in the broth was
adjusted to 0.5 MacFarland turbidity standards and from
which 1 mL, approximately containing 5+10° cfu was used
to infect the first four groups of mice with the respective
bacteria intraperitonially by the methods described
previously (Zerva ef al, 2001). In addition, 24 mice,
each injected with 1 mI, of Brucella broth were included
i the experiment (group E) and used as a negative
controls for each of the above four infected groups.
Samples were collected and prepared for PCR tests over
an 8-week period of infection.

Sampling: At 1, 7, 14, 30, 45 and 60 days following
exposure, 3 mice (group A) and two mice (group B, C, D)
and one mouse (group E) for each time-point were
exsanguimated by mtracrdial puncture for blood collection
before euthanization All stages were conducted with
consideration for their welfare.

Isolation of DNA: Whole blood samples from all
experimental and control groups of mice were collected in
EDTA and without anticoagulant All samples were
aliquoted and stored at -20°C until tested. A 0.5 mL
portion of anticoagulated whole blood was mixed with
1 mL of erythroeyte lysis solution (320 mM saccharose,
5 mM MgCl,, 1% Triton X-100, 10 mM Tris-HCL (pH 7.5))
and centrifuged at 15,000xg for 2 min. The cell pellet was
then washed with 1 mL of water three times. DNA was
isolated from serum (100 pl.) and whole blood pellets with
MasterPure™ Complete DNA and RNA Purification Kit
(EPICENTRE, USA). The concentration and purity of the
extracted DNA was determined spectrophotometrically
(BioQuest, UK) according to the method described by
Sambrook et al. (1989).

The PCR assay: Brucella melitensis sp. primers used in
the amplification process were F (5 -catgcgctatgtetggttac-
3") and R (5 -agtgtttcggetcagaataate-3”) targeting B.
melitensis sp. 18711 (Redkar et al., 2001). The PCR
reaction was performed m a total volume of 25 pL
consisting the following: 1X standard Tag reaction buffer
contaiming 1.5 mM MgCl,, 2 mM of each dANTP, 0.4 uM of
both forward and reverse primer, 1.0 U of Tag DNA

polymerase, 200 ug mL~™" BSA and 1.0 pl. of extracted
DNA. Amplification was then performed with an maitial
denaturation step at 94°C for 15 min, followed by
35 eycles of 94°C for 1 min (denaturation), 58°C for 1min
(annealing), 72°C for 2 min (extension) and a final
extension at 72°C for 5 min Positive controls were
included in all tests and comprised of B. melitensis 16M
DNA i1solated from pure culture; negative controls were
also included and contained all the elements of the mixture
except template DNA. All samples were processed in
duplicate. Finally 5 ul. of the amplification reaction was
taken and fractionated in 1.5% agarose gel containing 1 X
TBE (100 mM Tris-HC1 pH 8.0, 90 mM borine acid,
1 mM Na,EDTA), stained with ethidium bromide solution
{0.5 pg mL™") and visualized under UV light.

RESULTS AND DISCUSSION

Of 156 total samples included in the study, 36 (23%)
were collected from B. melitensis Malysian isolate
infected mice, 24 (15.4%) were from each of B. abortus
544, B. melitensis 16M and Y. enterocolitica O:9 mfected
mice and 48 (30.8%) were from Brucella broth injected
negative control groups. The total mumber of both serum
and blood is equal, each with 78 (50%). Though none of
the mice were found dead as a result of experimental
infection, but here in this study overt clinical signs of
brucellosis were noted at earlier stages of mfection
(extreme shivering, erection of hair coat, anorexia,
dullness), which virtually have disappeared at later
stages, almost one month p.i.

Results showed that when whole blood DNA
templates were examined by PCR, an amplicon of 252 bp
was obtained in 100% (30/30) of the tested samples using
B. melitensis-specific IS711 primers at each time point of
examination. However, only m 25 out of 30 serum
specimens was the 252-bp band amplified making its
sensitivity 83.3% (Fig. 1). All serum samples collected at
60 days p.i of B. melitensis failed to show detectable
band. All whole-blood and serum samples obtained from
the control groups tested negative with the IS711-PCR,
conferring an assay specificity of 100%.

Considering the advantages of PCR, the fact that
there are theoretically fewer Tag polymerase inhibitors in
serum than in whole blood and the fact that the DNA
extraction process 18 easier in serum than i whole blood,
the diagnostic vields of serum and whole blood was
compared with samples obtained from experimental trials.
All samples except serum samples collected at day 60 p.i.
showed detectable B. melitensis DNA i both whole
blood and serum (combined sensitivity, 100%), but the
assay sensitivity was higher with whole blood samples
(100%) than with serum samples (83.3%).
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Fig. 1. Eepresentative PCR amplification products of B melifensis from whole-tlood (D) and serum (1) samples of
ex petitn ertally infected mice collected at differert dates of pi. Lane R (100 bp DNA matker), Lane 1 (positive
control); Lanes 2-7 (whole Hood (1), senam (i) samples collected at 1, 7, 14,30, 45 and 60 days pi from group &
mice, regurectively);, Lanes 8-13 (whole-blood (1), senan (i) sanplescollected at], 7, 14,30, 45 and 60 days pi from
group E mice, respectively);, Lane 14, NTC . Anamplican of 252 bp was obtained from positive sanples

Several studies have documented the presence of
ciroul ating pathngen DI A in serun samples (E1fakd ef o
20035; Kawavura ef al., 19997, These pathogerdc macdeic
acids in senam samples are most probably released into
the circdation as  breakdown  products  during
bacterapmia. Zerva of 4l (20017 also found sufficient DA
in the serum fraction than whole blood to detect acute
hnman infection by Brucella using PCE method. In the
present study, howewer, urlike the whole-blood PCER
assaywhere all samples were positive at each time point
of ex amination, the setum PCR assay detected positive
sattiples of serun orly urtil day 45 of pi This could be
due to the reason that the am oot of ciroolating DN A in
seruun at laterSelwordc stages of infection is presumably
lowrer ag atresult of its being an intracelld ar pathogen bt
ig still detectedin whole blood. The presence of inhibitors
inn PCR-negative senuw specithens was ruled ot by
te-exatninits samples dhatedin water. In order to exclude
the possibility of inefficient DN A extraction, alicuots of
the ciginal sensn samples were thawed and DHNA was
re-extracted and uvsed as a template for the PCR assay.
The same results were obtained The diagnostic
sengtivities of the IST11-PCR assay for whole-blood and
serum specimens thus correspotided to 100 and 23.3%5,
respectively, Though, PCR inhibitors were often detected
inwhole-blood specitt ens (Morata ef al., 199E) tat it this
study, no inhdbition was observed with any of whole
blood samples tested showing that the DNA extraction
techtricuie has overcothe problems associated with PCR
inhititors of clitdcal samples Thisis especially relevant if
we consider that, in the present study, the sample of mice
with brucell osis was helieved to be wery repre sertative of
the true clirdeal situation, becanse it included hoth the
acute atd chroric phases of the dizeases including latent
stages.

The use of sern instead of whole blood samples
may offer severdl advartages for smcleic  acid
amplification methods Inhibition by aticoagdarts

hemoglobir, host DHNA, or ary other substance present
in whole blood g not in seram is citcumvented.
H owrevret, serions castion should be taken when seram-
PCR instead of whole HWoodPCR was used for
indracellular organisim s parti ol arly for the genus Brucella
whereby  citculating  DHNA  codd  be  preswnably
lonrfabisert at laterfeheonic stages of infection resdting
falze negatives Leal-Klevezas ef & (1995 mataged
problem s of PCR inbdbitors with homan whole blood
sattiples using red blood cell lysis, repeated washings by
cerdrifiigationn and measwement snd adjustmert of
isclated DM & concentrations to the moacimum dlutions.

CONCLUSION

The reqits show that though, vse of serum-FCR may
lead to assay st plification and shorten hirnaround time,
butthe optimal clivdcal specithen for this test still wasnot
senan big whole Wlood, whichhasz lead to maimign assay
sensitivity. It has often been reported that because of
Erucella orgatdsm’s being intracellular, the irmocubam
found in the host is normally small and brocellosis is
chatacterized by a high degree of bacterial DNAemia
matrly at eatlier dages of infection (Queipo-Orhano ef o,
2004y,

These resilts and facts together with ow findings
incline us to conclude that chrondcally infected anithals
preserting intermittert bacteremia, could more effectively
be detected by whole bWood PCE than senunm PCE.
Although, the use of this whole blood-PCE aszzay in
preferetice to zeram-PCR as a supplemental diagnostic
tool for detection and differentiation of Brucella
otgati sns i clindesl specimens could be recommend, the
nieed for the assay to be walidated with confirmed positive
atid negative clirdcal samples of its primary host anim s
atid verifiy its ability to differentiate the waceinal strains
from field straitis, is desirable to ackieve the utmost
henefits from the PCR assay.

1639



J. Anim. Vet Adv., 8 (8): 1637-1640, 2009

ACKNOWLEDGEMENTS

The authors would like to thanks all staffs of
Molecular Biology and Bacteriology laboratory of
University Putra Malaysia for the excellent support
through out the study.

REFERENCES

Amin, AS., H.S. Husseinen, G.S. Radwan, M.N. Shalaby
and N. El-Danaf, 1995. The polymerase chain reaction
assay as a rapid and sensitive test for detection of
Brucella antigen in field samples. I. Energy Vet. Med.
Assoc., 55 761-767.

Bougnoux, M.E, C. Dupomt, J. Mateo, P. Saulnier,
V. Faivre, D. Payene and M.H.N. Chanoine, 1999.
Serum is more suitable than whole blood for
diagnosis of systemic candidiasis by nested PCR. T.
Clin. Microbiol., 37: 925-930.

Davidson, M., A Shimshony, H. Adler, M. Banai,
A. Cohen, 1990. Protection of Brucella free Areas
from Re-Infection. In: Adams, L.G. (Ed.). Advances in
Brucellogis Research. Texas A and M University
Press, Texas, pp: 207-443.

Elfala, M.G., T. Uz-Zaman, A.A. Al-Hokail, S.M. Nakeeb,
2005. Detection of Brucella DNA m sera from
patients with brucellosis by polymerase chain
reaction. Diagn. Microbiol. Infect. Dis., 53: 1-7.

Kawamura, S, S. Maesaki, T. Noda, Y. Hirakata,
K. Tomono, T. Tashiro and S. Kohno, 1999.
Comparison between PCR and detection of antigen in
sera for diagnosis of pulmonary aspergillosis. J. Clin.
Microbiol., 37: 218-200.

Leal-Klevezas, D.S., L.O. Martinez-Vazques, A. Lopez-
Merino and J.P. Martinez Soriano, 1995. Single-step
PCR for detection of Brucella sp. from blood and milk
of infected animals. J. Clin. Microbiol., 33: 3087-3090.

Leyla, G., G. Kadri and O. Omran, 2003. Comparison of
PCR and bacteriological culture for the diagnosis of
sheep brucellosis using aborted fetus samples. Vet.
Microbiol., 93: 53-61.

Morata, P., MI. Queipo-Ortuno, J.D. Colmenero, 1998.
Strategy for optimizing DNA amplification in a
peripheral blood PCR assay used for diagnosis of
human brucellosis. J. Clin. Microbiol., 6: 2443-2446.

Morris, T., B. Robertson and M. Gallagher, 1996. Rapid
rivers transcription PCR detection of hepatitis C virus
RNA in serum by using TagMan flourogenic
detection system. Journal of Clinical.

Queipo-Ortuno, M.I., I.D. Colmenero, M.J. Reguera,
M.A. Garcia-Ordonez, M.E. Pachon, M. Gonzalez and
P. Morata, 2004, Rapid diagnosis of human
brucellosis by SYBR Green I-based real-time PCR
assay and melting curve analysis in serum samples.
T. Clin. Microbiol. Infect., 11: 713-718.

Redkar, R., S. Rose, B.J. Bricker and V. DelVecchio, 2001.
Real-time detection of Brucella abortus, Brucella
melitensis and Brucella suis. Mol. Cell Probes,
15: 43-52.

Sambrock, I., EF. Fritsh and T. Maniatis, 1989. Molecular
cloning: A laboratory manual. Cold Spring Harbor
Laboratory Press, Painview, New York.

Young, EJ., C.I. Gomez D.H. Yawn and D.M. Musher,
1979. Comparison of Brucella abortus and
Brucella melitensis infections of mice and their
effect on acquired cellular resistance. Infect. Immun.,
26 (2): 680-685.

Zerva, L., K. Bourantas, S. Mitka, A. Kansouzidou and
N.J. Legakis, 2001. Serum is the preferred clinical
specimen for diagnosis of human brucellosis by PCR.
J. Chn. Microbiol., 39: 1661-1664.

1640



