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Abstract

Background: Reactivation of BK virus (BKV), viremia is a major clinical complication in transplant recipients. There are many stud-
ies of BKV infection among tissue transplant recipients, especially renal-transplant recipients. Although the presence of BKV in
patients’ urine occurs frequently, the detection of BKV in the blood of transplant recipients, especially after bone marrow trans-
plantation (BMT), is less studied.
Objectives: The aim of this study was to detect BKV in 54 blood samples of BMT recipients in the first days after transplantation.
Methods: This case-control study was performed in a university-affiliated hospital, Tehran, Iran, from October 2017 to October 2018.
Blood samples were collected from 54 hematopoietic stem cell transplant recipients, and 54 healthy subjects without any tissue
transplantation, and tested daily for BKV DNA using the quantitative real-time PCR technique.
Results: In this study, two patients (3.7%) developed BK viremia at a median of 10 days (range: 1 - 10 days) after BMT, while none of
the control subjects was positive for BKV in blood samples. The analysis of data showed no significant difference between the case
and control groups (CI: 0.986 - 1.094, P < 0.153).
Conclusions: Our data suggest that BKV viremia involved in active infection may not occur in the first days after BMT. This finding
can affect controlling and managing BMT patients.
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1. Background

Bone marrow transplantation (BMT) is a novel medic-
inal procedure for patients with certain malignancies of
the bone marrow or blood, such as leukemia and multi-
ple myeloma (1). Hematopoietic stem cell transplantation
(HSCT) leads to granulocytopenia, impaired body defense
system, and impaired humoral and cellular immune re-
sponses (1, 2). Therefore, in spite of its usefulness for the
survival of patients with life-threatening diseases, BMT re-
mains a potential danger with many possible outcomes
such as graft-versus-host disease (GVHD) and infections (1,
2).

Viral infection, especially infection with opportunis-
tic viruses, is a major cause of clinical complications,
mortality, and morbidity following transplantation. Vari-

ous pathogenic viruses can infect transplant recipients (3,
4). Among viral infections, latent infections may involve
transplant recipients (5). After the primary infection, some
viruses can usually establish a latent infection in tissues
such as the nervous, reticuloendothelial, and lymphatic
systems (5). Then, when the immune system is damaged
or suppressed, such as in the cases of transplantation or in-
fection with human immunodeficiency virus (HIV), these
viruses are reactivated to cause clinical complications for
their hosts (5, 6).

Several viral families, including Herpesviridae and Poly-
omaviridae families, are known for their ability to cause la-
tent infections. The infection due to the reactivation of
these viruses is responsible for serious clinical complica-
tions and diseases among transplant recipients (7-9). The
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BK virus is a member of the Polyomaviridae family, and its
infection typically occurs during the early years of life (10).
Primary infection with BKV leads to a disseminated infec-
tion and asymptomatic disease; therefore, the virus can be
persistent in the urinary tract to act latently (11-15). The
virus remains silent unless a state of immunosuppression
is imposed, such as HIV infection and organ transplanta-
tion (11-13). Research has demonstrated that the reactiva-
tion of BKV is more severe than the primary BKV infec-
tion (16). BKV reactivation has been associated with a va-
riety of clinical outcomes in transplant recipients, such
as hematuria, severe BK viruria, especially in renal trans-
plants, hemorrhagic cystitis, nephritis, and ureteral steno-
sis (16-19). Moreover, reactivation of BKV can be associ-
ated with significant mortality and morbidity in the tissue
transplant recipients. However, the reactivated BKV infec-
tion in the blood of BMT patients has been less studied and
remains controversial compared to infections from other
viruses.

Considering the importance of therapeutic insights
and clinical predictors used for the diagnosis of BKV-
related infection, the detection of BKV can lead to the pre-
vention of complicated clinical outcomes.

2. Objectives

We evaluated the presence of BKV in the blood samples
of BMT recipients in a referral General Hospital in Iran.

3. Methods

3.1. Study Subjects

A case-control study was conducted on blood samples
from 54 BMT patients and 54 immunocompetent volun-
teers as a healthy control group referring to the Taleghani
Hospital, Shahid Beheshti University of Medical Sciences,
Tehran, Iran, from October 2017 to October 2018. Taleghani
Hospital is the only referral medical center for BMT in
Iran to help patients who need these types of treatments.
The immune system of the patients was suppressed before
BMT. Clinical data were gathered from all the BMT recipi-
ents such as the age at the time of BMT, sex, and clinical out-
come (diseases). The blood samples of the patients were
collected before and 5 and 10 days after BMT. This study was
approved by the Ethics Committee of Medical Experimen-
tation on Human Subjects, Shahid Beheshti University of
Medical Sciences, Tehran, Iran (Ethics Committee Approval
Code: IR.SBMU.RETECH.REC.1396.344).

3.2. Viral Nucleic Acid Extraction

The plasma was separated from blood samples. Sub-
sequently, the viral DNA was extracted by the High-Pure
Viral Nucleic Acid Kit (Roche Life Science) according to
the manufacturer’s protocol. Then, the purified viral DNA
was eluted in nuclease-free water and stored at -40°C until
molecular assay.

3.3. Molecular Assay

For the detection of BK viremia in blood samples, the
real-time PCR method was used as previously described
(20).

3.4. Data Analysis

Descriptive and analytical statistics were performed
using IBM SPSS Statistics Software for Windows, version
19.0 (IBM Corp., Armonk, N.Y., USA). The chi-square test was
used to calculate the association between variables. The P
values of less than 0.05 were considered statistically signif-
icant.

4. Results

In total, 54 BMT recipients and 54 healthy controls were
evaluated in our study. The mean age of the 54 BMT pa-
tients and controls was 37.4 and 45.2 years, respectively.
The group of BMT patients consisted of 18 female and 36
male patients while there were 26 women and 28 men in
the control group (Table 1). Based on the results of the chi-
square test, there was no significant difference in age (P
< 0.117) and sex (P < 0.117) distribution between BMT re-
cipients and the control group. Moreover, among the BMT
recipients, there was no statistically significant difference
in the BKV positive blood samples between different trans-
plantation types (P < 0.697).

As shown in Table 2, out of 54 BMT recipients, two (3.7%)
cases were positive for BK viremia, and 52 (96.3%) were neg-
ative. Both the two positive cases for BK viremia belonged
to the group whose blood samples were collected 10 days
post-BMT, and the type of their transplant was multiple
myeloma. However, there was no significant difference in
BK viremia between cases and controls (CI: 0.986 - 1.094, P
< 0.153).

5. Discussion

BKV is not detected under normal conditions in indi-
viduals with healthy immune systems (12, 13, 16). Therefore,
the presence of BKV in the blood of immunosuppressed in-
dividuals can be a good predictor of clinical complications
and BKV-related disease, including nephropathy and trans-
plant rejection (12, 13, 16). BK viremia is associated with
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Table 1. Clinical Features of BMT Recipients and Controlsa

Characteristics BMT Group (N = 54) Control Group (N = 54) P Value

Age, y 0.144

Mean 41.54 45.2

Range 2 - 68 4 - 71

Gender 0.117

Female 18 (33.3) 26 (48.1)

Male 36 (66.7) 28 (59.9)

Transplant type (N = 54) Test negative Test positive 0.697

HD 13 (24.07) 0 (0) -

MM 22 (40.74) 2 (3.7) -

AML 9 (16.66) 0 (0) -

ALL 6 (11.11) 0 (0) -

NHD 2 (3.7) 0 (0) -

GC 2 (3.7) 0 (0) -

Abbreviations: AML, acute myeloid leukemia; ALL, acute lymphoblastic leukemia; BMT, bone marrow transplantation; GC, germ cell; HD, Hodgkin’s disease; HLCs, healthy
controls; MM, multiple myeloma; NHD, non-Hodgkin’s disease.
aValues are expressed as No. (%).

Table 2. The Frequency of BK Viremia in the Blood of BMT Patients and Controlsa

Study Groups
Test Results

P Value OR CI
Positive Negative Total

BMT group 2 (3.7) 52 (96.3) 54 (100)
0.153 1.038 0.986 - 1.094

Control group 0 (0) 54 (100) 54 (100)

aValues are expressed as No. (%).

GVHD in hematopoietic transplant recipients (13), which
reflects the role of this opportunistic virus in clinical com-
plications post-BMT. Our results showed the frequency of
BK viremia was 3.7% in BMT recipients in a time-dependent
manner. In both positive cases, blood samples were col-
lected one week post-BMT. Reactivation of opportunistic
viruses such as cytomegalovirus (CMV) in the blood of
transplanted individuals has been identified in the first
days after hematopoietic stem cell transplantation (21, 22).
In line with our study, Maggi et al. conducted a study in the
period of 0 to 10 days after transplantation and found that
Torquetenovirus (TTV)-causing viremia can be a predictor
of CMV recurrent infection in liver and kidney transplant
recipients (23). The active BKV infection has been most
commonly seen in kidney transplant recipients, and a high
load of BKV has been detected in the urine of kidney trans-
plant individuals (24). However, the low incidence of BKV
has been reported in the blood of other transplant recip-
ients, including BMT recipients (10). Various studies have
shown the presence of BKV in the blood and urine of kidney
and BMT recipients, especially within several weeks and

months post-transplantation (11-13, 16, 25). Dall and Hari-
haran reported BKV reactivation in 30% to 60% of nephri-
tis developed graft failure in renal transplant recipients;
however, the patient condition improved after using novel
methods of detection and follow-up of BKV in the blood
and urine of transplant recipients (26).

Azar et al. in a retrospective study found BKV infec-
tion in 8.5% of renal-transplant recipients during several
months post-transplantation (27). In a cohort study among
203 kidney transplant recipients, 19% of the patients devel-
oped BK viremia after transplantation (28). Transplanta-
tion rejection occurred in three patients with BK viremia
containing a high viral load in the blood (29). BMT recipi-
ents in the first days after transplantation are at risk of op-
portunistic infections because of severe immunosuppres-
sion (30). Most reports were based on studies in various
durations (months to years) while BK viremia has been less
studied within the first days post-BMT, with heterogeneous
results. Erad et al. indicated the strong association of
BK viremia with hemorrhagic cystitis in a time-dependent
manner (31) and observed that 44 patients (33%) developed
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BK viremia within at a median of 41 days post-BMT (range:
9 - 91 days). However, in the current study, only were two
transplant recipients positive for BK viremia in less than 10
days post-BMT.

5.1. Conclusions

In summary, the results of the current study indicate
that in spite of the low frequency of BK viremia in BMT
patients, the chance of developing active BKV infection is
weak in the first days and weeks post-BMT. However, more
studies are needed with extended scales and populations
to effectively predict and monitor patients in need of BMT.

Footnotes

Conflict of Interests: The authors declare that there is no
conflict of interest.

Ethical Approval: The ethical code was
IR.SBMU.RETECH.REC.1396.344.

Funding/Support: This study was financially supported
by Infectious Diseases and Tropical Medicine Research Cen-
ter, Shahid Beheshti University of Medical Sciences (SBMU)
Tehran, Iran, and the Hepatitis Research Center, Lorestan
University of Medical Sciences, Khorramabad, Iran.

References

1. Hardy RE, Ikpeazu EV. Bone marrow transplantation: A review. J Natl
Med Assoc. 1989;81(5):518–23. [PubMed: 2664196]. [PubMed Central:
PMC2626005].

2. Buckley RH. A historical review of bone marrow transplantation for
immunodeficiencies. J Allergy Clin Immunol. 2004;113(4):793–800. doi:
10.1016/j.jaci.2004.01.764. [PubMed: 15100688].

3. Razonable RR, Eid AJ. Viral infections in transplant recipients. Minerva
Med. 2009;100(6):479–501. [PubMed: 20010483].

4. Haidar G, Singh N. Viral infections in solid organ transplant recipi-
ents: Novel updates and a review of the classics. Curr Opin Infect Dis.
2017;30(6):579–88. doi: 10.1097/QCO.0000000000000409. [PubMed:
28984642].

5. Fishman JA. Infection in solid-organ transplant recipients. N Engl
J Med. 2007;357(25):2601–14. doi: 10.1056/NEJMra064928. [PubMed:
18094380].

6. Ethem U, Ahmet T, Muhammed Taha D, Omer Faruk O. Viral infec-
tions after kidney transplantation: An updated review. Int J Virol AIDS.
2018;5(1). doi: 10.23937/2469-567x/1510040.

7. Medeiros M, Alberu J, Garcia GR, Fuentes Y, Velasquez L. [Polyoma
virus in transplant recipients]. Nefrologia. 2008;28(2):203–11. Spanish.
[PubMed: 18454712].

8. Nickeleit V, Hirsch HH, Binet IF, Gudat F, Prince O, Dalquen P, et
al. Polyomavirus infection of renal allograft recipients: from latent
infection to manifest disease. J Am Soc Nephrol. 1999;10(5):1080–9.
[PubMed: 10232695].

9. Jenkins FJ, Rowe DT, Rinaldo CR Jr. Herpesvirus infections in or-
gan transplant recipients. Clin Diagn Lab Immunol. 2003;10(1):1–7.
doi: 10.1128/cdli.10.1.1-7.2003. [PubMed: 12522031]. [PubMed Central:
PMC145294].

10. Mylonakis E, Goes N, Rubin RH, Cosimi AB, Colvin RB, Fishman JA.
BK virus in solid organ transplant recipients: an emerging syn-
drome. Transplantation. 2001;72(10):1587–92. doi: 10.1097/00007890-
200111270-00001. [PubMed: 11726814].

11. Sawinski D, Goral S. BK virus infection: An update on diagno-
sis and treatment. Nephrol Dial Transplant. 2015;30(2):209–17. doi:
10.1093/ndt/gfu023. [PubMed: 24574543].

12. Ambalathingal GR, Francis RS, Smyth MJ, Smith C, Khanna R. Bk poly-
omavirus: Clinical aspects, immune regulation, and emerging ther-
apies. Clin Microbiol Rev. 2017;30(2):503–28. doi: 10.1128/CMR.00074-16.
[PubMed: 28298471]. [PubMed Central: PMC5355639].

13. Haines HL, Laskin BL, Goebel J, Davies SM, Yin HJ, Lawrence J, et al.
Blood, and not urine, BK viral load predicts renal outcome in chil-
dren with hemorrhagic cystitis following hematopoietic stem cell
transplantation. Biol Blood Marrow Transplant. 2011;17(10):1512–9. doi:
10.1016/j.bbmt.2011.02.012. [PubMed: 21385622].

14. Held TK, Biel SS, Nitsche A, Kurth A, Chen S, Gelderblom HR, et al.
Treatment of BK virus-associated hemorrhagic cystitis and simul-
taneous CMV reactivation with cidofovir. Bone Marrow Transplant.
2000;26(3):347–50. doi: 10.1038/sj.bmt.1702487. [PubMed: 10967578].

15. Bielorai B, Shulman LM, Rechavi G, Toren A. CMV reactivation in-
duced BK virus-associated late onset hemorrhagic cystitis after pe-
ripheral blood stem cell transplantation. Bone Marrow Transplant.
2001;28(6):613–4. doi: 10.1038/sj.bmt.1703187. [PubMed: 11607776].

16. Beimler J, Sommerer C, Zeier M. The influence of immunosuppression
on the development of BK virus nephropathy– does it matter? Nephrol
Dial Transplant. 2007;22 Suppl 8:viii66–71. doi: 10.1093/ndt/gfm646.
[PubMed: 17890267].

17. Erard V, Kim HW, Corey L, Limaye A, Huang ML, Myerson D, et al. BK
DNA viral load in plasma: Evidence for an association with hemor-
rhagic cystitis in allogeneic hematopoietic cell transplant recipients.
Blood. 2005;106(3):1130–2. doi: 10.1182/blood-2004-12-4988. [PubMed:
15845896]. [PubMed Central: PMC1895165].

18. Cesaro S, Facchin C, Tridello G, Messina C, Calore E, Biasolo MA, et
al. A prospective study of BK-virus-associated haemorrhagic cystitis
in paediatric patients undergoing allogeneic haematopoietic stem
cell transplantation. Bone Marrow Transplant. 2008;41(4):363–70. doi:
10.1038/sj.bmt.1705909. [PubMed: 17982496].

19. Egli A, Infanti L, Dumoulin A, Buser A, Samaridis J, Stebler C, et
al. Prevalence of polyomavirus BK and JC infection and replication
in 400 healthy blood donors. J Infect Dis. 2009;199(6):837–46. doi:
10.1086/597126. [PubMed: 19434930].

20. Sehbani L, Kabamba-Mukadi B, Vandenbroucke AT, Bodeus M,
Goubau P. Specific and quantitative detection of human poly-
omaviruses BKV and JCV by LightCycler real-time PCR. J Clin Virol.
2006;36(2):159–62. doi: 10.1016/j.jcv.2006.01.013. [PubMed: 16542870].

21. Azevedo LS, Pierrotti LC, Abdala E, Costa SF, Strabelli TM, Campos
SV, et al. Cytomegalovirus infection in transplant recipients. Clinics.
2015;70(7):515–23. doi: 10.6061/clinics/2015(07)09.

22. Ramanan P, Razonable RR. Cytomegalovirus infections in solid or-
gan transplantation: A review. Infect Chemother. 2013;45(3):260–71.
doi: 10.3947/ic.2013.45.3.260. [PubMed: 24396627]. [PubMed Central:
PMC3848521].

23. Maggi F, Focosi D, Statzu M, Bianco G, Costa C, Macera L, et
al. Early post-transplant torquetenovirus viremia predicts cy-
tomegalovirus reactivations in solid organ transplant recipients.
Sci Rep. 2018;8(1):15490. doi: 10.1038/s41598-018-33909-7. [PubMed:
30341363]. [PubMed Central: PMC6195516].

24. Boan P, Hewison C, Swaminathan R, Irish A, Warr K, Sinniah R,
et al. Optimal use of plasma and urine BK viral loads for screen-
ing and predicting BK nephropathy. BMC Infect Dis. 2016;16:342.
doi: 10.1186/s12879-016-1652-6. [PubMed: 27448566]. [PubMed Central:
PMC4957298].

25. Kesherwani V, Guzman Vinasco LF, Awaji M, Bociek RG, Meza J,
Shostrom VK, et al. BK viremia as a predictor of hemorrhagic cys-
titis in adults during the first 100 days after allogeneic hematopoi-
etic stem cell transplantation. Transplant Proc. 2018;50(5):1504–9. doi:
10.1016/j.transproceed.2018.03.021. [PubMed: 29880378].

4 Iran Red Crescent Med J. 2019; 21(6):e89964.

http://www.ncbi.nlm.nih.gov/pubmed/2664196
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2626005
http://dx.doi.org/10.1016/j.jaci.2004.01.764
http://www.ncbi.nlm.nih.gov/pubmed/15100688
http://www.ncbi.nlm.nih.gov/pubmed/20010483
http://dx.doi.org/10.1097/QCO.0000000000000409
http://www.ncbi.nlm.nih.gov/pubmed/28984642
http://dx.doi.org/10.1056/NEJMra064928
http://www.ncbi.nlm.nih.gov/pubmed/18094380
http://dx.doi.org/10.23937/2469-567x/1510040
http://www.ncbi.nlm.nih.gov/pubmed/18454712
http://www.ncbi.nlm.nih.gov/pubmed/10232695
http://dx.doi.org/10.1128/cdli.10.1.1-7.2003
http://www.ncbi.nlm.nih.gov/pubmed/12522031
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC145294
http://dx.doi.org/10.1097/00007890-200111270-00001
http://dx.doi.org/10.1097/00007890-200111270-00001
http://www.ncbi.nlm.nih.gov/pubmed/11726814
http://dx.doi.org/10.1093/ndt/gfu023
http://www.ncbi.nlm.nih.gov/pubmed/24574543
http://dx.doi.org/10.1128/CMR.00074-16
http://www.ncbi.nlm.nih.gov/pubmed/28298471
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5355639
http://dx.doi.org/10.1016/j.bbmt.2011.02.012
http://www.ncbi.nlm.nih.gov/pubmed/21385622
http://dx.doi.org/10.1038/sj.bmt.1702487
http://www.ncbi.nlm.nih.gov/pubmed/10967578
http://dx.doi.org/10.1038/sj.bmt.1703187
http://www.ncbi.nlm.nih.gov/pubmed/11607776
http://dx.doi.org/10.1093/ndt/gfm646
http://www.ncbi.nlm.nih.gov/pubmed/17890267
http://dx.doi.org/10.1182/blood-2004-12-4988
http://www.ncbi.nlm.nih.gov/pubmed/15845896
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1895165
http://dx.doi.org/10.1038/sj.bmt.1705909
http://www.ncbi.nlm.nih.gov/pubmed/17982496
http://dx.doi.org/10.1086/597126
http://www.ncbi.nlm.nih.gov/pubmed/19434930
http://dx.doi.org/10.1016/j.jcv.2006.01.013
http://www.ncbi.nlm.nih.gov/pubmed/16542870
http://dx.doi.org/10.6061/clinics/2015(07)09
http://dx.doi.org/10.3947/ic.2013.45.3.260
http://www.ncbi.nlm.nih.gov/pubmed/24396627
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3848521
http://dx.doi.org/10.1038/s41598-018-33909-7
http://www.ncbi.nlm.nih.gov/pubmed/30341363
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6195516
http://dx.doi.org/10.1186/s12879-016-1652-6
http://www.ncbi.nlm.nih.gov/pubmed/27448566
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4957298
http://dx.doi.org/10.1016/j.transproceed.2018.03.021
http://www.ncbi.nlm.nih.gov/pubmed/29880378
http://ircmj.com


Yousefi M et al.

26. Dall A, Hariharan S. BK virus nephritis after renal transplantation. Clin
J Am Soc Nephrol. 2008;3 Suppl 2:S68–75. doi: 10.2215/CJN.02770707.
[PubMed: 18309005]. [PubMed Central: PMC3152275].

27. Azar MM, Assi R, Valika AK, Banach DB, Hall IE, Landry ML, et al. Graft
loss among renal-transplant recipients with early reduction of im-
munosuppression for BK viremia. World J Transplant. 2017;7(5):269–
75. doi: 10.5500/wjt.v7.i5.269. [PubMed: 29104861]. [PubMed Central:
PMC5661124].

28. Schaub S, Hirsch HH, Dickenmann M, Steiger J, Mihatsch MJ,
Hopfer H, et al. Reducing immunosuppression preserves allograft
function in presumptive and definitive polyomavirus-associated
nephropathy. Am J Transplant. 2010;10(12):2615–23. doi: 10.1111/j.1600-
6143.2010.03310.x. [PubMed: 21114642].

29. Solis M, Velay A, Porcher R, Domingo-Calap P, Soulier E, Joly M,
et al. Neutralizing antibody-mediated response and risk of BK
virus-associated nephropathy. J Am Soc Nephrol. 2018;29(1):326–34.
doi: 10.1681/ASN.2017050532. [PubMed: 29042457]. [PubMed Central:
PMC5748919].

30. Wingard JR. Opportunistic infections after blood and marrow
transplantation. Transpl Infect Dis. 1999;1(1):3–20. doi: 10.1034/j.1399-
3062.1999.10102.x. [PubMed: 11428967].

31. Erard V, Storer B, Corey L, Nollkamper J, Huang ML, Limaye A, et al.
BK virus infection in hematopoietic stem cell transplant recipients:
frequency, risk factors, and association with postengraftment hemor-
rhagic cystitis. Clin Infect Dis. 2004;39(12):1861–5. doi: 10.1086/426140.
[PubMed: 15578413].

Iran Red Crescent Med J. 2019; 21(6):e89964. 5

http://dx.doi.org/10.2215/CJN.02770707
http://www.ncbi.nlm.nih.gov/pubmed/18309005
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3152275
http://dx.doi.org/10.5500/wjt.v7.i5.269
http://www.ncbi.nlm.nih.gov/pubmed/29104861
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5661124
http://dx.doi.org/10.1111/j.1600-6143.2010.03310.x
http://dx.doi.org/10.1111/j.1600-6143.2010.03310.x
http://www.ncbi.nlm.nih.gov/pubmed/21114642
http://dx.doi.org/10.1681/ASN.2017050532
http://www.ncbi.nlm.nih.gov/pubmed/29042457
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5748919
http://dx.doi.org/10.1034/j.1399-3062.1999.10102.x
http://dx.doi.org/10.1034/j.1399-3062.1999.10102.x
http://www.ncbi.nlm.nih.gov/pubmed/11428967
http://dx.doi.org/10.1086/426140
http://www.ncbi.nlm.nih.gov/pubmed/15578413
http://ircmj.com

	Abstract
	1. Background
	2. Objectives
	3. Methods
	3.1. Study Subjects
	3.2. Viral Nucleic Acid Extraction
	3.3. Molecular Assay
	3.4. Data Analysis

	4. Results
	Table 1
	Table 2

	5. Discussion
	5.1. Conclusions

	Footnotes
	Conflict of Interests: 
	Ethical Approval: 
	Funding/Support: 

	References

