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Abstract

Kaposi’s sarcoma-associated herpesvirus (KSHV) is the etiological agent of Kaposi’s sarcoma
(KS), which primarily affects human immunodeficiency virus (HIV)-infected adults with advanced
immunodeficiency. Xinjiang province in China is an endemic area for Kaposi’s sarcoma (KS),
however, currently, only limited prevalence data for KSHV infection in HIV-infected individuals
living in this endemic area is available. A cross-sectional study of 86 HIV positive participants
was conducted in Xinjiang, China from 2014 through 2015. Plasma samples were collected and
screened for KSHV and HIV infection. HIV po/ gene and KSHV ORF-K1 gene were amplified
and sequenced, genotypes were determined by phylogenetic analysis. Over all, prevalence was
48.9% (42/86; 95%CI 38.4%-59.3%) for KSHV. Only CRF07_BC subtype has been identified
among all these HIV positive individuals, while the subtype A and C of KSHV were detected in
the participants. Meanwhile, we found that those with high CD4 counts (> 500) showed a lower
anti-KSHYV titer, compare with other groups. Our study indicated a high prevalence of KSHV
among HIV positive individuals in Xinjiang, China. Thus, management of HIV/AIDS patients
should include KSHYV screen and should consider the risk of KSHV associated malignancies.
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INTRODUCTION

Kaposi’s sarcoma-associated herpesvirus (KSHV), also known as human herpesvirus 8
(HHV8), is the etiological agent of all forms of Kaposi’s sarcoma (KS), primary effusion
lymphoma, and multicentric Castleman’s disease. KSHV was first identified in a biopsy
tissue from a patient with AIDS-related Kaposi’s sarcoma (AIDS-KS) by representational
difference analysis in 1994 by Chang et al. [Chang et al., 1994]. Previous studies have
shown that approximately 20% of AIDS patients develop KS in Western countries and
AIDS-KS is the major cause of death for about 50% of AIDS patients [Coghill et al., 2015;
Engels et al., 2008; Robbins et al., 2015].

In mainland China, there is generally a low incidence of KS. However, a high incidence of
classical KS has been reported in the Xinjiang Uygur Autonomous region, indicating that
this region is endemic for KS [Dilnur et al., 2001]. Xinjiang Uygur Autonomous region

is the largest province in northwestern China, and located on the ancient Silk Road as an
important staging post over a thousand years ago. While the ethnic groups in Xinjiang are
diverse and distinct, the main ethnic groups are the Uygur (45.7%) and the Han (39.7%),
other ethnic minorities include Kazakh, Mongolians, Hui, Kirgiz, Man and Xibo. Previous
studies have shown that classic KS are rarely seen in the Han Chinese, but are seen more
frequently in the Uygur ethnic group [Dilnur et al., 2001; Ouyang et al., 2014].

Meanwhile, Xinjiang region has been reported with the highest of HIV-1 prevalence in
China [China., 2015], which could add the KS burden in this region. Immunosuppression
due to HIV-1 also enhances the risk of persistent infection and neoplastic progression of
oncogenic viruses. Individuals who are co-infected with KSHV and HIV-1 are at high risk
of developing KSHV-associated malignancies [Labo et al.; Yao et al.]. To best interpret these
observations, it is necessary to understand the epidemiology of KSHV infection itself within
this region.

Although efforts have been made to decipher AIDS-KS in recent years, coinfection with
HIV-1 and KSHYV still presents a great challenge to the current guidelines on the practice
and management of coinfected individuals, especially in this KS endemic region [Olp

et al., 2015; Rohner et al., 2016]. Moreover, limited information on KSHV infection is
available among HIV-1 infected individuals from this endemic region, which thus hampered
the prevention of HIVV/AIDS opportunistic infection and cancer. Therefore, especially in
endemic settings, identifying those at greatest risk of HIV-associated KS may be useful for
the development of both therapeutic and preventative strategies to address this important
public health concern.

The aim of the present study was to determine the prevalence of KSHV in a sample of
Uygur people living with HIV-1, and further elucidate the KSHV molecular epidemiology
among a high risk group from Xinjiang, China.
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MATERIAL AND METHOD

Study setting and Participants

This retrospective study was conducted in Xinjiang Uygur Autonomous Region, which
locates in the northwest of China, from January 2014 to September 2015. HIV positive
patients enrolled in this study were hospitalized in the People’s Hospital of Xinjiang Uygur
Autonomous Region (Urumchi, China). Patients were included if they met the following
criteria: (1) HIV-positive confirmed by Western blot; (2) 18 years or older; (3) be able to
provide a written informed consent; (4) Uygur ethnicity. Demographic data and laboratory
values were collected from medical records. The study was approved by the Institutional
Review Board of school of public health, Fudan University, Shanghai, China.

Sample collection

Venous blood was collected by experienced nurses using sterilized needles and tubes, and
transferred to laboratory within 2 hours after collection while being maintained at 4°C.
Plasma specimen were stored at —80°C until being tested serologically. All specimens were
coded by means of a unique identification number given to each study participant and were
analyzed by two experienced technicians, without knowledge of the personal identity of the
study participants.

Laboratory Methods

HIV serology—All plasma samples were screened for HIV antibody using an enzyme-
linked immunosorbent assay (ELISA; Vironostika HIV Uni-Form Il plus O ELISA Kit,
Biomerieux Shanghai Company Ltd., Shanghai, China), according to the manufacturer’s
instructions. All positive samples were further confirmed by Western blot assay (Genelabs
Diagnostic, Singapore).

KSHYV testing—Plasma samples were tested by immunofluoresence assay, as reported
previously [Minhas et al., 2008]. Briefly, BC-3 cells (HHV8 positive and Epstein-Barr

virus negative B cell line, American Type Culture Collection, Manassas, VA), stimulated by
tetradecanoyl phorbol acetate (TPA) were fixed and permeabilized and used for monoclonal
enhanced immunefluorescence assay. A sample was considered KSHV seropositive only if it
was positive at a standard serum dilution of 1:40. Each slide was read independently by two
experienced laboratory workers.

To determine geometric mean titer (GMT) of KSHV antibody, KSHV seropositive subjects
were further tested by IFA on serially diluted samples ranging from 1:40 to 1:10240.

All above serological tests were performed by the same two experienced technicians
according to the manufacturers’ standard protocols. Duplicate negative, positive and blank
controls were always analyzed in parallel.

Viral DNA/RNA extraction and amplification—Plasma was separated from the whole
blood within two hours after collection and stored at —80 °C until use. HIV Viral DNA/RNA
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was extracted from 200 pL plasma samples using High Pure Viral Nucleic Acid Kit (Roche
Inc., Mannheim, Germany) according to the manufacturer’s instructions.

The HIV-1 po/ gene (protease 1-99 amino acids and part of reverse transcriptase 1-300
amino acids) was amplified by using a nested reverse transcription polymerase chain
reaction (RT-PCR) method. The target sequence was amplified with TaKaRa One-Step
RNA PCR kit (TaKaRa Biotechnology, Dalian, China) using primers MAW26 (5’-TTG
GAA ATG TGG AAA GGA AGG AC-3") and RT21 (5’-CTG TAT TTC TGC TAT TAA
GTCTTT TGA TGG G-3’) in a 25 pL reaction. Samples were submitted to the following
temperature cycles: 50°C for 30 min, 94°C for 5 min in first-round RT-PCR, followed by
35 cycles at 94°C for 30s, 55°C for 30s, 72°C for 2 min, and an extension at 72°C for 10
min. The nested PCR was performed using Takara Ex Tag PCR kit (TaKaRa Biotechnology,
Dalian, China), using primers PRO-1 (5’-CAG AGC CAA CAG CCC CAC CA-3’) and
RT20 (5’-CTG CCA GTT CTAGCT CTG CTT C-3’) in a 50 ul reaction and the cycling
conditions were 94°C for 5 min in first-round RT-PCR, followed by 30 cycles at 94°C for
30 s, 65°C for 30 s, 72°C 3 min, and an extension at 72°C for 10 min in a thermocycler
(Eppendorf Mastercycler 1, Eppendorf, Hamburg, Germany).

KSHV ORF K1 was amplified in a nested PCR with the primer pairs described previously
[Ouyang et al., 2014]. Briefly, PCR reactions were performed in a 50-ul reaction mixture
containing 100-200 ng of DNA template, 1.5 mM MgCI2, 50 uM of each dNTP, 20 pmol
of each primer and 2 U of HotStartTaqg DNA polymerase (Qiagen, GmbH, Hildelberg,
Germany). The PCR thermal conditions for both first and second rounds were included as
follows: an initial 15-min denaturation at 95°C, followed by 35 cycles of 95°C for 30 s,
55°C for 45 s, and 72°C for 50 s, with a final extension at 72°C for 5 min. PCR products
were directly loaded onto a 1.5% agarose gel, stained with DNA Safe stain, and visualized
by UV Transilluminator.

The PCR products were subjected to DNA sequencing after TA cloning using an automated
ABI 3730 DNA sequencer (Applied Biosystems Inc., USA). All the nucleotide sequences
obtained were first screened using the BLAST program (National Center for Biotechnology
Information, USA) to search for sequence similarities to previously reported sequences in
the databases and to eliminate potential laboratory errors.

Phylogenetic Tree Analysis

The nucleotide sequences obtained were aligned with Clustal W in Bioedit (version
7.0.0), and were compared to previously reported sequences of different genotypes and
subgenotypes obtained from GenBank. The phylogenetic trees were constructed using the
neighbour-joining method in MEGA 5.0. Bootstrap re-sampling and reconstruction were
performed with 1000 replicates to confirm the reliability of the phylogenic trees. HIV/
KSHYV genotypes and subgenotypes were determined by phylogenetic analysis

Statistical analysis

Both medical recorder and laboratory testing results were double entered in EpiData 3.1,
and then the database was transformed to a SAS database for further analyses. Demographic
characteristics clinical data were analyzed using descriptive statistics, i.e., mean, median and
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interquartile range (IQR) for continuous variables, and proportions for categorical variables.
KSHYV seroprevalence was computed using the normal approximation to a binomial
distribution. The Kruskal-Wallis nonparametric was used to evaluate overall difference of
geometric mean titers (GMTS) of anti-KSHV IgG, and paired comparison were analyzed by
post hoc test of Dunnett. All statistical analyses were performed using the SAS system for
windows version 9.13 (SAS, Cary, NC, USA) and GraphPad Prism 5.0 (GraphPad, La, Jolla,
CA, USA). A two-sided P-value of 0.05 or less was considered statistically significant for all
analysis.

Patients’ characteristics

A total of 86 HIV positive individuals were recruited to participate in the present study.
Table 1 summarizes the characteristics of the study participants. All the participants were
Uygur. Majority (83.7%) of them was male and the mean age of the participants was
36.67+5.35 yrs. (Range 24-47). Among the study subjects, the median CD4*T lymphocyte
count was 398 cell/cm3, with a wide range (50-1628 cell/m?3), the percentage of CD4+ T
cells was 0.2 (IQR: 0.1-0.3), and the median CD4/CD8 ratio was 0.35, (IQR: 0.22-0.58).
Among the participants, the overall prevalence for KSHV was 48.8% (42/86; 95%ClI
38.4%-59.3%). And the prevalence was 46.2%, 46.9% and 54.2% for the those who < 30
years old, 30~40 years old and =41 years old, respectively.

The molecular characteristics of HIV and KSHV

Of 86 HIV-1 positive participants, 56 (63.6%) were successfully genotyped for the HIV-1
pol gene. Phylogenetic tree of these HIV subtypes is presented in Figure 1A. Only
CRF07_BC subtype has been identified among all these HIV positive individuals.

While only 4 KSHYV positive samples were successfully amplified with primer pairs specific
for the K1 locus and PCR products subjected to direct sequencing analysis. Phylogenetic
tree of K1 sequences was achieved comparing with K1 reference sequences of common
KSHYV subtypes available in GenBank. Based on the MEGA phylogenetic trees, the 4 KSHV
positive cases were categorized into subtypes A (A1, A2 and A3) and C (Figure 1B).

KSHYV seroprevalence and antibody titers

In order to clarify the influence of concomitant HIV-1 infection on the KSHV antibodies
titer, we compared the KSHV antibodies titer distribution across the CD4* counts
subgroups. The geometric mean titer (GMT) of KSHV antibodies was 1289 (IQR:
640-2560), 960 (IQR: 640-1280) and 320 (IQR: 200-640) for CD4* counts <200 cells/mm?3,
CD4* counts 201-500 cells/mm3 and CD4* counts >500 cells/mm?3 group, respectively.

A significant difference in the GMT of KSHV antibodies across 3 groups was detected
(Kruskal-Wallis H-test, P=0.001). Further pairwise comparison showed that participants who
had higher level of CD4* counts were more likely to be with low KSHYV antibodies titers,
when compared with CD4* counts>500 cells/mm?3 group (Figure 2).
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DISCUSSION

The present study investigates the epidemiology of KSHV among HIV positive Uygur
individuals in Xinjiang, China, where is highly prevalent for both HIV and KS. To the

best of our knowledge, it is the first time to analyze HIVV/KSHV co-infected patients
characterising both KSHV and HIV parameters in this endemic region. The rate of increase
for HIV/AIDS in Xinjiang is currently one of the highest in China[China., 2015]. According
to official estimates, there are more than 10,000 HIV-positive persons living in Xinjiang
[Zhang et al., 2013]. Previous data have shown that KSHV infection is endemic in the

area and there is a high incidence of KS, particularly among Uygur ethnicity [Fu et

al., 2009; Wang et al., 2011; Wu et al., 2014; Zhang et al., 2008]. KS is one of the

most frequently occurring malignant tumor in individuals infected with HIV-1 in western
and African countries[Plummer et al., 2016]. Previous studies from China have shown

a high seroprevalence of KSHV in the range of 25.5-46.6% in Xinjiang, but limited

data is available for KSHV infection among HIV-1 positive individuals, even among

Uygur ethnicity[Zhang et al., 2012]. As expected, a high KSHYV prevalence was witnessed
among the HIV-1 positive Uygur patients in the present study, and was increased with

the age group. It is reasonable to speculate that Uygur people living with HIV are at a
considerable risk of developing KS. Whereas we previously reported that a relatively lower
prevalence of KSHV infection among HIV positive individuals in central China [Zhang et
al., 2011]. Together, these results suggest that Xinjiang is a unique region where the KSHV
seroprevalence is significantly higher than other parts of China, and Uygur may carry a high
risk for KSHV infection. This high seroprevalence of KSHV may mirror the high diseases
burden of KS in this region, particularly among HIV-1 positive Uygur individuals. Such
notable findings may contribute to our understanding of HIV/KSHV coinfected patients in
order to focus further prevention and therapy.

Interestingly, the genotype of HIV was homogeneous among the study participants. After
B/C recombinants (CRF07_BC and CRF08_BC) was first being identified in Xinjiang,
now it is still the predominate strain in this high prevalent region [Li et al., 2016]. Given
the fact that CRFO7_BC was highly prevalent in Xinjiang and the subjects were mainly
intravenous drug users (IDUs), it is possible to detect the CRF_07BC strains among the
study participants. With regard to the KSHV subtypes, we did not observe any specific
geographical or ethnical subtype or subgroup segregation. Only A and C were successfully
detected, which is in consistent with previous studies in Xinjiang region [Ouyang et al.,
2014; Wang et al., 2012; Zhang et al., 2008]. Since genetic recombination may happen
during the evolution, we first envisioned that KSHV may recombination. However, we
found no evidence for such a genetic event by Simplot analysis either. KSHV has different
subtypes, these subtypes have distinct geographic distributions, and appear to migrate with
the human populations [Hayward and Zong, 2007; Meng et al., 1999; Zong et al., 2007;
Zong et al., 1999; Zong et al., 1997]. KSHV subtypes A and C are predominant in the
Mediterranean, Middle Eastern and Asian regions [Davidovici et al., 2001; Elyamany et al.,
2015; Jalilvand et al., 2012; Otvos et al., 2014]. In geographic terms, Xinjiang is located

in the center of Asia connected to Europe and was part of the ancient Great Silk Route
through these regions. Therefore, it is likely that KSHV migrated to the Xinjiang region
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with certain ethnic groups in ancient times and persisted in the population. Technically,
Xinjiang is a good candidate for further phylogenetic analysis of KSHV subtype distribution
and polymorphism as it is inhabited by a multitude of ethnic groups, which could better the
understanding of the pathogenies of KSHV within ethnically diverse group.

Regarding the KSHV antibody titer among the study participants, it is notable that KSHV
antibody was significantly higher in those who with lower CD4 cell counts, which correlates
well with the previous studies [Sullivan et al., 2010]. Generally, KSHV antibody titer
distribution may have a prognostic value in predicting the development and progression
of KS [Guadalupe et al., 2011; Labo et al., 2015; Olp et al., 2015]. A possible reason is
the compromised immune system caused by HIV making the host susceptible to KSHV
infection. Besides, the HIV Tat activates lytic cycle replication of HHV-8 via JAK/STAT
signaling or HHV-8 RTA induction, and the RTA is the ORF 50 gene product that controls
the transition from latency to lytic replication [Zeng et al., 2007]. The present study
indicated that the low CD4 count means advanced immunodeficiency, which predisposed
a person at high risk of developing KS.

There are several limitations to this study. First, a relatively small sample (86 cases) was
included in the present study, yet, despite a small sample size, our results were consistent
with previous reports. Second, only 4 KSHV ORFK1 genes were successfully amplified,
caution is therefore warranted when interpreting the data. Third, due to the anonymous of
the study of HIV subjects, it is hard to access the accurate socio-demographic information.

In conclusion, we identified a high prevalence of KSHV infection in the HIV positive
patients from a high endemic region of China. The unremittingly high prevalence of KSHV
in HIV-1-infected persons indicates the importance of KSHV co-infection in this population.
This is of particular concern, given the accumulating evidence on the continuing occurrence
of Kaposi’s sarcoma in HIV-1-infected individuals and the associated decrease in life
expectancy.
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Phylogenetic tree of HIV strains isolated from Uygurs in Xinjiang.

The phylogenetic trees were constructed using the neighbor-joining method in MEGA 5.0.
Bootstrap re-sampling and reconstruction were performed with 1000 replicates to confirm
the reliability of the phylogenic trees. HIV genotypes and subgenotypes were determined by

phylogenetic analysis.
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Phylogenetic tree of KSHV strains isolated from Uygurs in Xinjiang.

The phylogenetic trees were constructed using the neighbor-joining method in MEGA 5.0.
Bootstrap re-sampling and reconstruction were performed with 1000 replicates to confirm
the reliability of the phylogenic trees. KSHV genotypes and subgenotypes were determined

by phylogenetic analysis.
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Table 1

Characteristics of the HIV-infected Uygurs in the study

Characteristics Total (N=86)
Age (MeanSD) 36.76+5.34
Gender No (%)
Male 72 (83.7%)
Female 14 (16.3%)
CD4+ percentage (range) 0.2 (0.0-0.5)

CD4+ cell count (cells/mm3)

<200 10 (11.4%)
201-500 48 (54.5%)
2501 30 (34.1%)

CD4/CD8 ratio, median (IQR) 0.35 (0.22-0.59)
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