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viremia was found more commonly (7/80 = 8.8 %) than in 
those with lower counts (1/19 =  5.2  %) (not significant). 
All sequenced BKV isolates belonged to subtype Ib-2. 
Our findings indicated that the prevalence of BKV viremia 
is relatively prevalent in patients with HIV infection and 
significantly higher in naïve than HAART-treated cases. 
Therefore, HAART can eliminate BKV infection from 
plasma and reduce viremia although the actual implication 
of BKV viremia in HIV patients is not clear.

Keywords  Human immunodeficiency virus (HIV) · BK 
virus (BKV) · Prevalence · Subtype

Abstract  Human polyomavirus BK virus (BKV) is a dou-
ble-stranded DNA virus that infects approximately 90 % of 
the general population as a subclinical or mild infection. In 
immunosuppressed patients, such as HIV cases, BKV may 
be reactivated resulting hemorrhagic cystitis and tubuloint-
erstitial nephritis. However, there are limited studies on 
prevalence and molecular epidemiology of BKV in Iran. 
We therefore aimed to evaluate the prevalence and sub-
types of BKV in Iranian HIV patients. A total of 99 patients 
with HIV infection were enrolled in the study. Presence of 
BKV DNA in plasma was evaluated by nested PCR. PCR 
products were sequenced directly, and phylogenetic analy-
sis was performed. BKV DNA was detected in 8.08  % 
of HIV patients. BKV viremia presented in 4 out of 25 
patients (16 %) not receiving antiretroviral therapy in com-
parison with 4 out 74 of HAART-treated patients (5.4 %) 
(P = 0.023). In patients with CD4 counts ≥200 cells/mm3, 
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Introduction

Human polyomavirus BK virus (BKV) is widespread 
throughout the world [1, 2], and epidemiological studies 
have revealed that up to 90  % of adult individuals have 
antibodies against BKV [3]. The primary infection with 
BKV occurs in early childhood as an asymptomatic or 
mild respiratory infection. After this, self-limited infection, 
BKV, remains latent within the urogenital system but also 
in the brain and in B lymphocytes [4]. In immunocompro-
mised patients, BKV is linked with hemorrhagic cystitis 
in bone marrow transplant recipients [5], polyomavirus-
associated nephropathy and ureteric stenosis in kidney 
transplant recipients [6, 7]. Besides, BKV DNA has been 
found in brain tissue or cerebrospinal fluid (CSF) of both 
immunocompromised and immunocompetent patients with 
neurological symptoms [8, 9]. Moreover, there is some evi-
dence supporting the association of BK genome with pros-
tate cancer [10].

In HIV patients, the prolonged immunosuppression 
leads to the high rate of virus reactivation although active 
disease due to BKV is rare in HIV patients [11]. How-
ever, virus could be found in urine and blood of individu-
als with HIV and nephropathy and hemorrhagic cystitis 
associated with BKV have been shown in AIDS patients 
[12–14]. Atypical presentations of BKV also explained 
in HIV cases such as meningoencephalitis, pneumonitis 
and retinitis [15]. The limited studies which investigated 
the presence of BKV in HIV patients reported high preva-
lence of BKV in the urine (20–50 %) which related to the 
lower CD4 counts [12, 13, 16]. Seroepidemiologic stud-
ies have revealed high rate of BKV antibodies in HIV-
positive patients [16, 17]; nevertheless, prevalence of BK 
viremia and the actual implications of this infection in 
HIV patient have not yet been established. Of note, with 
the introduction of highly active antiretroviral treatment 
(HAART) and development of new potent agents and 
their impact on restoring immune response, changing in 
epidemiology and presentation of BKV in HIV patients is 
expected.

Four distinct subtypes of BKV have been determined 
based on serological and molecular methods. Subtype I is 
considered to be the most common subtype throughout the 
world, subtype IV is common in Asia and part of Europe, 
while subtypes II and III have been detected rarely in the 
world [18].

Few studies carried out on BKV prevalence in dialysis 
patients and kidney transplant recipients in Iran [19, 20]. 
However, there are insufficient data on the prevalence and 
molecular epidemiology of BKV viremia in HIV patients, 
and also the role of antiretroviral treatment in this setting 
has not been well clarified. We therefore aimed to evaluate 
the prevalence and molecular characterizations of BKV in 

Iranian patients infected with HIV and explore the role of 
antiretroviral therapy in this setting.

Methods

Study population

In this cross-sectional study, 99 patients with HIV infec-
tion without any neurological or renal problems admitted to 
the Iranian Research Center for HIV/AIDS in Tehran, Iran, 
from January to April, 2014, were consecutively enrolled. 
This project was approved by Pasteur Institute of Iran ethi-
cal committee, and informed consent was obtained from 
subjects prior to their enrollment.

CD4 count was determined by flowcytometry and 
defined as cells/mm3.

DNA extraction and polymerase chain reactions

Viral DNA was extracted from 200 μl of plasma using RTP 
DNA/RNA Virus Mini Kit (Invitek, Berlin, Germany) fol-
lowing the manufacturer’s instructions.

DNA quality was evaluated by PCR using primers 
PCO3 (5′-ACACAACTGTGTTCACTAGC-3′) and PCO4 
(5′-CAACTTCATCCACGTTCACC-3′) which amplify a 
110-bp product from the human β-globin gene. PCR was 
carried out with a 25 μl amplicon mixture containing 1 μl 
extracted DNA, 50  mM KCl, 15  mM Tris–HCl (pH 8.0), 
0.2 mM dNTP, 1.5 mM MgCl2, 10 pmol each of primers 
and 1.5 U Taq polymerase (YTA PCR Master Mix, Iran). 
β-Globin positive samples were subjected to nested PCR.

Nested PCR was performed to amplify a DNA frag-
ment within the VP1 coding region. The first round of PCR 
was carried out using primer pair (BK-ext1; 5′-AAGATG-
GCCCCAACCAAA-3′ and BK-ext2; 5′-GCATTTC-
CAAGGGGTCTTC-3′) which described previously by 
Boukoum et  al. [21] which amplify a 490-bp fragment 
correspond to nucleotides 1561–2051 on the VP1 gene 
sequence of the BKV. The first round of PCR was per-
formed with 5 μl of DNA extract in a 20 μl of PCR mix-
ture containing 50  mM KCl, 15  mM Tris–HCl (pH 8.0), 
0.2 mM dNTP, 1.5 mM MgCl2, 10 pmol each of primers 
and 1.5 U Taq polymerase (YTA PCR Master Mix, Iran). 
Amplification profile was as follows: dsDNA was initially 
denatured for 3  min at 95  °C, followed by 40 cycles of 
95 °C for 30 s (s), 55 °C for 30 s and 72 °C for 30 s and the 
final extension step at 72 °C for 3 min. Each batch included 
negative control (distilled water) and positive sample from 
previous study on dialysis patients as positive control.

Second round of PCR was performed using primers 
(327-1; 5′-CAAGTGCCAAAACTACTAAT-3′ and 327-2; 
5′-TGCATGAAGGTTAAGCATGC-3′) that correspond 
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to nucleotides at positions 1630–1956 on the VP1 gene 
sequence of the BKV. The second reaction utilized the 
same mixture (above), but with 327-1 and 327-2 primers 
and 5 μl of first-round PCR product. All cycling steps are 
similar to first run except final extension step which was 
done at 72 °C for 5 min. The expected size of the second 
PCR product was 335 bp.

The PCR products were electrophoresed on a 1.5 % aga-
rose gel with the 100-bp DNA ladder (Sinaclon, Iran) and 
stained with ethidium bromide and visualized by ultraviolet 
transillumination.

DNA sequencing, genotyping and phylogenetic analysis

Nested PCR products were purified using QIAquick 
PCR purification kit (Qiagen, Hilden, Germany) and then 
sequenced directly for both directions at Pishgam Biotech 
Company, Tehran, Iran.

Phylogenetic analysis was based on BKV VP1 
sequences of the patients described in this study, and refer-
ence sequences of various BKV subtypes downloaded from 
GenBank database. Simian agent 12 was used as outgroup. 
Nucleotide sequences were aligned using CLUSTAL W 
program in CLC Main Workbench 6.5 software (CLC Bio, 
Qiagen). Genetic distance was calculated using the Kimura 
two-parameter matrix. Subsequently, phylogenetic tree was 
constructed by the neighbor-joining (NJ) method and tested 
with the bootstrap resamplings (1000 replicates) using 
MEGA program, version 4.

The BK sequences obtained in this study were 
deposited in GenBank under accession numbers 
KP857588–KP857592.

Statistical analysis

Statistical analyses were conducted using SPSS statistics 
software (version 16, Chicago, IL, USA). The Chi-square 
test or Fisher’s exact test was used to compare variables. 
Data are presented as mean ± SD or, when indicated, as an 

absolute number and percentage. P values <0.05 were con-
sidered statistically significant.

Results

A total of 99 HIV-infected patients with mean age of 
37.9 ±  10 years were enrolled in the study. Of patients, 
71.7  % were male and 28.3  % were female. The mean 
CD4 count was 410.3  ±  211.4  cells/mm3. More than 
half of the patient (50.5  %) presented CD4 counts 200–
499 cells/mm3, 30.3 % with CD4 counts ≥500 and 19.2 % 
had CD4 counts less than 200  cells/mm3. The possible 
routes of HIV transmission were intravenous drug use 
(54.6  %), heterosexual contact (34.3  %), infected blood 
and blood products transfusion (2  %), vertical transmis-
sion (2  %), homosexual (1  %), and in 6.1  %, the route 
of HIV acquisition was not identified. Of patients, 74.7 % 
were under HAART treatment as lamivudine (74.7  %), 
efavirenz (60.6  %), zidovudine (51.5  %), tenofovir 
(21.2 %), and the rest with lopinavir and nevirapin in dif-
ferent combinations.

Overall BKV DNA was detected in 8.08  % (8 of 99) 
of HIV patients. There was no significant difference with 
respect to BKV viremia and age, sex, possible route of HIV 
transmission, CD4 count and specific antiretroviral treat-
ment in our study cohort. Characteristics of HIV-infected 
patients with BKV viremia are described in Table  1. In 
patients with CD4 counts ≥200  cells/mm3, viremia was 
found more commonly (7/80 = 8.8 %) than in those with 
lower counts (1/19 = 5.2 %) (not significant). In compari-
son with HAART-treated and not-treated patients, BKV 
viremia presented in 4 out of 25 naïve patients (16 %) com-
paring to 4 out 74 of patients receiving antiretroviral ther-
apy (5.4 %) (P = 0.023).

Five out of eight samples were subjected to direct 
sequencing, and phylogenetic analysis demonstrated that 
all sequenced BKV isolates belonged to subtype Ib-2 
(Fig. 1).

Table 1   Characteristics of HIV-infected patients with BKV viremia

ZDV zidovudine, 3TC lamivudine, EFV efavirenz, TDF tenofovir, IDU injection drug use

Patient code Age (years) Sex CD4 count (cells/mm3) Antiretroviral regimen HIV transmission routes

90 44 Male 483 Negative IDU

26 45 Male 242 ZDV-3TC-EFV IDU

7 37 Male 369 ZDV-3TC-EFV Unknown

68 35 Male 436 Negative IDU

14 36 Male 197 ZDV-3TC-EFV IDU + Tattoo

91 34 Male 655 Negative Heterosexual

92 22 Female 701 Negative Heterosexual

3 38 Female 798 TDF-3TC-EFV Heterosexual
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Discussion

This survey investigated the prevalence and molecular 
characterization of BKV in patients with HIV in Tehran, 

Iran. BKV DNA was detected in 8.08 % of HIV patients. 
We reported relatively high prevalence of BKV viremia 
in comparison with previous studies and also showed that 
viremia is significantly higher in naïve than HAART-treated 

Fig. 1   Phylogenetic tree is 
constructed by the neighbor-
joining method of five BKV iso-
lates detected from Iranian HIV 
patients. The numbers represent 
the percentages of bootstrap 
values (1000 replicates) for the 
node. Our sequences assigned 
in this study are revealed by the 
IR prefix
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cases. Moreover, we revealed that BKV Ib-2 is the only 
detectable genotype in our study cohort.

Seroepidemiological investigations demonstrated high 
prevalence of BKV antibodies in HIV-infected patients 
[16, 17]. BKV also has been revealed to have the capa-
bility of causing encephalitis and hemorrhagic cystitis in 
AIDS patients [22, 23]. However, few studies carried out 
on prevalence of BKV viremia in HIV patients, and the role 
of antiretroviral treatment in this setting has not been well 
clarified. Sundsfjord et  al. [16] reported BKV viremia in 
4.76 % of peripheral blood mononuclear cells (PBMC) of 
HIV-infected patients. While, in a study by Ledesma et al. 
[24] which was conducted on HIV-positive cases, BKV 
DNA was detected only in one plasma sample (1.3  %). 
This positive sample attributed to a patient who was under 
HAART treatment with a normal CD4 count. In the other 
study on HIV patients, BKV and JCV were detected in 
8.1 and 31.6 % of urine samples, respectively, while DNA 
detection in PBMC samples increased to 22.8 % for JCV 
and 51.1 % for BKV. Besides, it was shown that DNA posi-
tivity was related to lower CD4 count [25]. In the present 
study, we detected BKV viremia in 8.08 % of HIV patients 
without any association with the degree of immunodefi-
ciency as measured by CD4 count. This finding is in con-
sistent with those of Sundsfjord et al. [16] who showed no 
correlation between BKV DNA and CD4 count, but in con-
trast to Degener et al. [25] and Knowles et al. [13] results 
that showed high viruria in lower CD4 counts. However, 
most of these studies carried out before the availability of 
HAART and could not provide accurate perspective of pre-
sent BKV situation.

With the introduction of HAART and its impact on 
restoring immune response, course of several infections 
in HIV patients was changed. For instance, studies before 
development of HAART mostly demonstrated that BKV 
viruria found commonly in HIV patients with profound 
immunosuppression [16, 26], but study after introducing 
HAART mainly focused on the role of antiretroviral treat-
ment on prevalence of BKV viruria. Ledesma et  al. [24] 
suggested that BK viruria was more common in treated 
patients with CD4 > 500 cell/mm3 and also patients receiv-
ing abacavir or efavirenz more commonly show BKV viru-
ria than patients not treated with these drugs. But only one 
patient showed BKV viremia in this survey. In our cohort 
of study, viremia was found more frequently than Ledesma 
et al. [24] survey which is the only investigation on HIV-
treated cases. Moreover, in comparison between treated and 
not-treated HIV participants, BKV viremia was detected 
significantly in our naïve patients, although we could not 
find any relation to specific antiretroviral regimen. There-
fore, we assume that immunity due to HAART may elimi-
nate BKV in plasma and decrease viremia as shown in our 
treated group and Ledesma et al. study but not able to total 

clearing of virus in urine as mentioned in previous inves-
tigation by Ledesma [24]. However, in the present study, 
we focused on the role of treatment on BKV viremia, and 
as a limitation of our investigation, we did not check BKV 
viruria. Of note, the design of study did not include control 
group, although our findings could reflect a relatively high 
circulation of this virus in the general population which 
could be reactivated in the presence of immunosuppression.

BKV isolates were classified into four major subtypes 
based on serological and molecular methods, and the dis-
tribution pattern of BKV subtypes was defined in several 
investigations [13, 27]. Subtype I is being considered the 
predominant subtype worldwide, subtype IV is common 
in Asia and part of Europe, and subtypes II and III are 
rarely detected throughout the world [28, 29]. Subtype I 
sequences are further divided into four subgroups: Ia, Ib-1, 
Ib-2 and Ic, with a distinct geographical distribution [18]. 
Subgroup Ib-2 is most prevalent in Europe and West Asia, 
Ib-1 in Southeast Asia, Ia in Africa and Ic in Northeast Asia 
[29].

This is the first study in Iran which assigns the subtype 
of BKV in HIV patients. BKV Ib-2 is the only detectable 
genotype in our study cohort from Iran. The predominant 
BKV subtype Ib-2 in this study is in accordance with previ-
ous surveys from Iranian, European and American popula-
tions [18, 19].

In conclusion, this study evaluated the prevalence and 
molecular characterization of BKV in HIV patients in 
HAART era. Our findings indicated that BKV viremia is 
relatively prevalent in patients with HIV infection and 
significantly higher in naïve than HAART-treated cases. 
Therefore, we suggested that HAART can eliminate BKV 
infection from plasma and decrease viremia, although fur-
ther follow-up studies are required to clarify the clinical 
implication of BKV viremia in HIV patients.
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