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The  Tibet  Autonomous  Region  (referred  to  as
‘Tibet’)  is  located  in  southwestern  China,  bordering
the  Yunnan  Province,  Sichuan  Province,  Xinjiang
Uygur Autonomous Region, and other provinces with
high  HIV/AIDS  prevalence,  as  well  as  India,  Nepal,
and  other  high-risk  border  countries.  In  1994,  the
first  patient  with  HIV-1  infection  was  detected  at
Zhangmu  port,  Namu  County,  Shigatse,  Tibet.  In
2005, the first AIDS cases were reported among local
Tibetans.  A  total  of  253  cases  of  HIV/AIDS  were
reported  between  2004  and  2013.  The  number  of
HIV/AIDS cases  in  Tibet  is  increasing  each year,  and
this  epidemic  encompasses  seven  cities  throughout
the  region.  Even  though  the  overall  epidemic  has  a
low  countrywide  prevalence,  the  prevention  and
control of HIV-1 in Tibet cannot be ignored. Previous
studies  on  patients  with  HIV-1  in  Tibet  have  mainly
focused on epidemiological  studies,  and to  the  best
of  our  knowledge,  no  relevant  study  has  reported
the  genotype  of  HIV-1.  Therefore,  this  study  aimed
to  analyze  the  genotype  and  source  of  HIV-1
infection strains in Tibet.

We considered the treatment sites in the city or
county (district) as the basic sampling unit (including
hospitals  and  Centers  for  Disease  Control  and
Prevention, CDC), and the time of receiving antiviral
treatment  as  the  order,  and  patients  with  HIV
infection  were  interviewed  and  blood  samples
collected  upon  providing  their  consent.  The
interviews  and  blood  sample  collections  were
conducted simultaneously. The blood samples of the
subjects  were  collected  from  treatment  sites  in
Lhasa,  Changdu,  Linzhi,  Naqu,  Shigatse,  and
Shannan. The inclusion criteria of the study subjects
were as follows: (1) age ≥ 18 years; (2) patients with

HIV  infection  who  had  not  received  any  antiviral
treatment  from  January  2018  to  June  2019;
(3)  newly  reported  HIV-1  infections,  and  patients
who restarted antiviral treatment after stopping the
drug;  and  (4)  enrollment  depended  on  the  time  of
receiving antiviral  treatment at  each treatment site.
After we analyzed the blood samples, we conducted
epidemiological  surveys  (including  questionnaires
and  face-to-face  interviews)  with  the  subjects  to
supplement  the  analysis  results.  The  investigation
included  a  question  regarding  whether  there  were
high-risk  behaviors  with  foreign  nationals.  If  yes,
details such as country and year were recorded.

This study was approved by an ethics committee
(Ethics  Committee  of  National  Center  for  AIDS/STD
Control  and Prevention,  Chinese CDC,  X140617334),
and  the  permission  of  the  health  department  was
obtained to collect blood samples. All subjects in this
study  provided  informed  consent  (including  written
and  verbal).  When  a  patient  is  diagnosed  with  HIV
infection,  their  plasma  samples  can  be  used  in
research  to  control  and  prevent  the  associated
disease.

The  venous  blood  of  the  study  subjects  was
collected  using  EDTA  anticoagulation  tubes.  Plasma
was  separated  according  to  standard  procedures,
frozen  at  −80  °C,  and  then  transported  to  the
National  Center  for  AIDS/STD  Control  and
Prevention,  China  CDC  for  testing.  Viral  RNA  was
extracted.  Nested  PCR  was  used  to  amplify  the
sequence  of  the  HIV-1 pol  region  with  reference  to
the  gene  region  at  position  2253–3553  of  the
international  standard  strain  HXB2[1].  The  gene
sequences  were  spliced  with  sequencer  4.10.1  to
obtain the complete sequences.
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In  the  HIV  databases  (https://www.hiv.lanl.gov/
content/sequence/VIRALIGN/viralign.html),  we
aligned  the  Tibet  sequences  with  the  reference
sequences  (the  reference  sequences  included  the
major international epidemic strains A-D, F-H, and J-
K,  and  the  major  epidemic  recombinant  strains  in
China)  and  used  BioEdit  7.0.5.3  software  to  obtain
clean  sequence  reads.  Maximum-likelihood  trees
were  generated  using  IQ-TREE  version  2.0.6.
Bootstrap  trees  were  produced  using  the  rapid
bootstrapping  algorithm  with  1,000  bootstrap
replicates.  Clusters  with  a  bootstrap  value  higher
than 0.80 (80%) were defined as  the same subtype.
The  maximum-likelihood  trees  were  imported  to
FigTree v 1.4.3.

The  major  epidemic  strains  in  Tibet  were
subjected  to  Bayesian  analysis  to  investigate  the
region and time of their introduction to Tibet (more
than 10% of HIV strains were identified by Bayesian
analysis and the rest were identified by BLAST)[2]. We
performed the Tibetan sequences using BLAST in HIV
Databases  (https://www.hiv.lanl.gov/content/sequ
ence/BASIC_BLAST/basic_blast.html).  The  Tibetan
sequences  and  those  obtained  from  BLAST  were
sorted  by  removing  duplicates  and  sequences
without  years  and  regions,  and  the  pol  region
fragments  were  intercepted  for  Bayesian  analysis.
We organized a total of 135 sequences of CRF07_BC,
143  sequences  for  CRF01_AE,  85  sequences  for
subtype C (to more accurately describe the spread of
subtype  C  in  Tibet,  we  screened  30  sequences  of
subtype  C  in  the  HIV  Databases  by  region  and  year
for  Bayesian  analysis),  and  47  sequences  of
CRF08_BC for Bayesian analysis using BLAST.

To  estimate  the  source  of  the  strains,  the
Bayesian  Markov  Chain  Monte  Carlo  (MCMC)  model
was  used  to  perform  the  Bayesian  discrete
phylogeographic  approach  in  BEAST  v1.8.2  under  a
Bayesian  skygrid  demographic  model[3].  Bayesian
MCMC  results  were  analyzed  using  Tracer  v1.6.  The
generated MCC trees were visualized in FigTree v1.4.3
and were adjusted using Adobe Illustrator CS6.

From January 2018 to June 2019, 56 samples were
collected from Lhasa, 15 from Changdu, 8 from Linzhi,
8 from Naqu, 3 from Shigatse, and 3 from Shannan. A
total  of  99  samples  were  collected,  accounting  for
38.8% (99/255) of the newly reported HIV-1 infection
cases  during  the  sampling  period.  Overall,  93  pol
sequences  were  successfully  amplified  (the
amplification  rate  was  93.9%).  The  samples  mainly
comprised patients who were 26–49 years old (72.0%;
67/93),  male  (63.4%;  59/93),  Tibetan (75.3%;  70/93),
married (52.7%; 49/93), heterosexual (61.3%; 57/93),

and from Lhasa (60.2%; 56/93).
Phylogenetic  analysis  revealed  that  among  93

HIV-1  pol  sequences  in  Tibet,  CRF07_BC  accounted
for  38.7%  (36/93),  CRF01_AE  for  25.8%  (24/93),
subtype  C  for  16.1%  (15/93),  CRF08_BC  for  12.9%
(12/93),  CRF55_01B  for  4.3%  (4/93),  and  unique
recombinant  form  (URF)  for  2.2%  (2/93)  (Figure  1
and  Table  1).  The  distribution  of  subtypes  and
sampling  data  in  different  regions  are  shown  in
Supplementary  Figure  S1,  available  in  www.
besjournal.com.

Bayesian  analysis  was  performed  on  the  major
epidemic  strains  CRF07_BC,  CRF01_AE,  subtype  C,
and CRF08_BC in Tibet to investigate the region and
time of their  introduction into Tibet.  We found that
62.9%  of  CRF07_BC  strains  in  Tibet  came  from
Sichuan  province,  20.0%  from  Zhejiang  province,
11.4% from Chongqing city, and 5.7% from Shenzhen
city. Notably, 75.0% of CRF01_AE in Tibet came from
Shenzhen city,  12.5% from Shanghai city,  8.3% from
Thailand, and 4.2% from Sichuan province. We found
that subtype C in Tibet was clustered with subtype C
in  India.  All  subtype  C  strains  in  Tibet  came  from
India, and the time of most recent common ancestor
(tMRCA) may be 2007 (95% highest posterior density
HPD,  1998–2011)  and  2011  (95%  highest  posterior
density  HPD,  2001–2013).  All  CRF08_BC  strains  in
Tibet  came  from  Yunnan  province  (Figure  2).  The
results  showed  that  CRF07_BC  strains  came  from
other  provinces  in  China,  CRF01_AE  strains  came
from other provinces in China and Thailand, subtype
C  strains  came  from  India,  and  CRF08_BC  strains
came from Yunnan province.

This  is  the  first  study  to  determine  the
distribution of  the genotypes of  patients  with HIV-1
infection in Tibet as well as the sources of the major
subtypes  by  investigating  the  patients  who  had  not
yet  received  antiviral  treatment  in  Tibet  from  2018
to  2019.  The  subtypes  of  patients  with  HIV-1
infection  in  Tibet  are  mainly  CRF07_BC,  CRF01_AE,
subtype  C,  and  CRF08_BC.  The  distribution  of  HIV
strains in Tibet is similar to that of inland China, but
there is a high prevalence of subtype C[4].

The  HIV-1  epidemic  strains  in  Tibet  have  been
affected by inland areas of China and the neighboring
countries  of  India  and  Thailand  (Sichuan,  Zhejiang,
Chongqing,  Shenzhen,  Shanghai,  Yunnan,  India,  and
Thailand). Combined with the results of Bayes analysis
and  sociodemographic  information,  the  heterosexual
transmission of CRF07_BC strains mainly originated in
Sichuan  and  Chongqing,  while  the  transmission  via
MSM  mainly  originated  in  Zhejiang  and  Shenzhen.
There  were  also  patients  from  other  provinces,
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namely,  Sichuan  and  Chongqing,  in  Tibet.  CRF07_BC
subtype  mainly  originated  in  Liangshan  and  Sichuan,
accounting  for  98.3%  of  the  strains.  The  strains
identified in Liangshan, where called the Tibetan area
belonging  to  Sichuan  were  mainly  derived  from
heterosexual  transmission.  Tibet  is  bordered  by
Sichuan,  the  province  with  a  high  incidence  of  AIDS.
CRF01_AE subtype originated in  Shenzhen,  Shanghai,
Sichuan,  and  Thailand.  As  a  pilgrimage  site  in  China,
Tibet  is  visited  by  many  people  annually.  A
considerable  proportion  of  the  population  in  both
Thailand  and  Tibet  follow  Buddhism,  and  China's
CRF01_AE  strain  was  introduced  by  Thailand[5].

Coupled  with  the  development  of  tourism,  this  may
have  caused  the  CRF01_AE  strain  in  Thailand  to
spread to Tibet. Subtype C in Tibet originated in India.
In the context of  the  ‘Belt  and Road’  initiative,  Tibet,
as  an  important  link  in  its  strategy,  has  increased
border trade with border countries, such as India and
Nepal,  which  may  be  one  of  the  factors  driving  the
cross-border transmission of  HIV-1.  CRF08_BC strains
were  mainly  found  in  Yunnan  Province,  where  there
are  Tibetan  Autonomous  Prefectures.  Therefore,  it  is
possible that CRF08_BC in Tibet originated in Yunnan
Province.  At  the  same  time,  with  the  rapid
development  of  China's  economy  and  the
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Figure 1. Maximum-likelihood  phylogenetic  trees  of  HIV-1  pol  sequences  from  93  HIV-infected  people
who had not received any antiviral treatment in Tibet from 2018 to 2019.
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development  of  Tibet's  tourism  industry,  epidemic
strains  in  other  provinces  have  spread  to  Tibet.  This
study  identified  another  cross-border  HIV
transmission  route  in  China  besides  Yunnan  and
Guangxi.

There  are  many  HIV-1  subtypes,  including  single
subtypes  A-D,  F-H,  and  J-K,  and  101  circulating
recombinant  forms  (CRFs),  shown  in  the  HIV
databases.  Among  them,  nearly  half  of  all  patients
with  HIV  infection  worldwide  are  subtype  C,  the
most  common  subtype.  Subtype  C  is  mainly

distributed  in  southern  Africa,  East  Africa,  Ethiopia,
and  India,  showing  a  regional  trend  of
transmission[6].  In  the  past  20  years,  new
recombinant  strains  have  constantly  emerged  and
spread  throughout  the  population[7].  The  2015
national  molecular  epidemiological  survey  showed
that China is dominated by two subtypes, CRF01_AE
and  CRF07_BC.  Non-recombinant  strain  subtypes,
such as subtype B, has low distribution in China and
is gradually decreasing. There is almost no subtype C
of  non-recombinant  strain.  Since  2007,  subtype  C

Table 1. Subtypes and sociodemographic characteristics of HIV-infected people who had not received
any antiviral treatment in Tibet from 2018 to 2019

   Items CRF07_BC, N (%) CRF01_AE, N (%) C, N (%) CRF08_BC, N (%) Othersa, N (%)

Total 36 (38.7) 24 (25.8) 15 (16.1) 12 (12.9) 6 (6.5)

Age (years)

　18–25 8 (22.2) 5 (20.8) 2 (13.3) 4 (33.3) 1 (16.7)

　26–49 27 (75.0) 17 (70.9) 11 (73.4) 7 (58.4) 5 (83.3)

　≥ 50 1 (2.8) 2 (8.3) 2 (13.3) 1 (8.3) 0 (0.0)

Sex

　Male 21 (58.3) 17 (70.8) 10 (66.7) 6 (50.0) 5 (83.3)

　Female 15 (41.7) 7 (29.2) 5 (33.3) 6 (50.0) 1 (16.7)

Ethnicity

　Zang 22 (61.1) 18 (75.0) 14 (93.3) 12 (100.0) 4 (66.7)

　Han 14 (38.9) 4 (16.7) 1 (6.7) 0 (0.0) 2 (33.3)

　Hui 0 (0.0) 2 (8.3) 0 (0.0) 0 (0.0) 0 (0.0)

Marital status

　Married 18 (50.0) 12 (50.0) 9 (60.0) 6 (50.0) 4 (66.6)

　Single 14 (38.9) 11 (45.8) 2 (13.3) 5 (41.7) 1 (16.7)

　Divorced/widowed 4 (11.1) 1 (4.2) 3 (20.0) 1 (8.3) 1 (16.7)

　Unknown 0 (0.0) 0 (0.0) 1 (6.7) 0 (0.0) 0 (0.0)

Risk groupb

　Heterosexual 20 (55.6) 12 (50.0) 9 (60.0) 10 (83.3) 6 (100.0)

　MSM 2 (5.5) 3 (12.5) 0 (0.0) 0 (0.0) 0 (0.0)

　Unknown 14 (38.9) 9 (37.5) 6 (40.0) 2 (16.7) 0 (0.0)

Cityc

　Lhasa 21 (58.3) 13 (54.2) 11 (73.3) 7 (58.4) 4 (66.7)

　Changdu 7 (19.4) 7 (29.2) 1 (6.7) 0 (0.0) 0 (0.0)

　Linzhi 1 (2.8) 1 (4.2) 0 (0.0) 4 (33.3) 2 (33.3)

　Naqu 5 (13.9) 2 (8.3) 1 (6.7) 0 (0.0) 0 (0.0)

　Shigatse 0 (0.0) 1 (4.1) 2 (13.3) 0 (0.0) 0 (0.0)

　Shannan 2 (5.6) 0 (0.0) 0 (0.0) 1 (8.3) 0 (0.0)

　　Note.  aOthers  include  CRF55_01B  and  URF;  bMSM  men  who  have  sex  with  men;  cAli  did  not  collect
samples.
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has  not  accounted  for  more  than  3%  in  China,  and
most of these strains have been transmitted in China
in  recombinant  form,  such  as  CRF07_BC  and
CRF08_BC[4].  The  investigation  in  Tibet  found  that
there  were  many  subtypes  C;  thus,  we  focused  on
the spread of subtype C in Tibet.

We  found  that  subtype  C  in  Tibet  was  not
transmitted  from  other  provinces  in  China,  instead
directly  from  India  to  Tibet.  To  more  accurately
describe  the  spread  of  subtype  C  in  Tibet,  we
considered  the  following  two  aspects:  First,  we
added many sequences from Africa, India, and other
locations  to  more  accurately  restore  the
transmission  route  of  subtype  C.  Previous  studies
have  shown  that  the  origins  of  subtype  C  in  South
African,  India,  and  China  are  1960  (95%  HPD,
1956–1964)[8],  1975  (95%  HPD  1968–1981)[9],  and
1990s[10]. This study found that the origin of subtype
C in Yunnan, China was 1989 (95% HPD 1987–1993).
Second,  an  epidemiological  survey  (mainly
questionnaires  and  face-to-face  interviews)  of  15
patients  with  subtype  C  HIV-1  in  Tibet  was
conducted,  and  important  information  was
obtained.  No  direct  links  were  identified  between
the  15  cases.  Two  patients  reported  that  they  had
high-risk  sexual  behaviors  with  Indian  women.
Although  these  two  patients  did  not  know whether
the  women  they  had  sex  with  had  HIV-1  infection,
and  this  information  implies  that  patients  with
subtype C have sexual behaviors with Indian women.
As a result, we conclude that the source of subtype C
in  Tibet  is  very  reliable.  Moreover,  subtype  C  was
dominated by Tibetans, suggesting that Tibetans are
the main spreaders of subtype C. Additionally, there
remain  undiagnosed  infections.  Therefore,  we
should  strengthen  the  management  of  the  Tibet
border  and  simultaneously  strengthen  the
surveillance of HIV in the ‘Belt and Road’.

The  subjects  in  this  study  were  sourced  from
primary treatment sites. Therefore, the study results
may  have  a  certain  deviation.  Most  of  the  15
subjects with subtype C infection were married. The
questionnaire  showed  that  these  people  were
unwilling  to  mobilize  those  around  them  for  active
detection. Therefore, the study results on subtype C
may be incomplete; thus, there is an urgent need to
strengthen  HIV-1  education  and  expand  testing
among Tibetans.

The  proportion  of  Tibetans  in  this  study  was
more than three-quarters; thus, this study is the first
to  describe,  to  our  knowledge,  not  only  the
distribution  of  HIV  subtypes  in  Tibet  but  also  the
HIV-1  strain  subtypes  in  Tibetans.  Due  to  the

genotype  of  patients  with  HIV-1  infection  in  Tibet
and the fact  that  subtype C  was  mainly  transmitted
from India to Tibetans in Tibet, the strengthening of
HIV-1  surveillance  as  well  as  AIDS  publicity  and
education  among  Tibetans  is  recommended  to
reduce  high-risk  sexual  behavior  between  Tibetans
as  well  as  with  individuals  in  other  countries  at  the
border.  We  also  encourage  active  detection,  early
detection,  and  early  treatment  to  control  the  rapid
spread  of  subtype  C  and  other  HIV-1  strains  among
Tibetans.
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Supplementary Figure S1. Distribution of  HIV-1 genotypes and sample data of  HIV-infected people who
had not received any antiviral treatment in each prefecture across Tibet.
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