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Abstract

Background—Despite a recent upsurge of HIVV/AIDS epidemic among young people in China,
youth-specific HIV data were limited.

Methods—Altogether 56621 HIV/AIDS cases, aged 15-24, registered in the Case Reporting
System of China between 2005 and 2012 and having complete spatial information were included
in the present analysis. Spatial autocorrelation (general and local) and space-time scanning were
performed using ArcGIS10.2 and SaTScan 9.3 software, respectively.

Results—During 2005-2012, the number of reported HIV/AIDS cases and proportion of HIV
cases increased while proportion of AIDS cases decreased. Sexual contact evolved as the pre-
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dominant route of transmission in later years. Spatial analysis showed marked geographic
variations of HIV infection among young people throughout China during 2005-2012. The
number of new hotspots increased over years. They were mainly localized in southeast coastal
areas and southwest bordering provinces or autonomous regions of Guangxi, Yunnan and Sichuan
and Beijing municipality. Later these hotspots shifted towards northeastern part. Significant
clusters of HIV positive cases were identified in three different time-periods, which indicated high
HIV transmission among young Chinese in the recent past. The risk of HIV was highest in the first
cluster (2009-2012, largest in size) covering Guizhou and Yunnan province, Chongging
municipality, Guangxi and Sichuan province. The second cluster (2010-2012) was mostly located
in Shanghai, South Jiangsu, Zhejiang and South Anhui area while the third cluster (2010-2012)
was in Beijing and Tianjin.

Conclusions—Target-specific comprehensive behavioral interventions were urgently needed to

contain further spread of HIV epidemic among young people.
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Introduction

Globally, HIV is disproportionately afflicting young people worldwide, more so in the
developing countries [1-4]. Limited access to comprehensive sex education and subsequent
lack of awareness, adolescents’ risk-taking behaviors, concerns about rights and
confidentiality, sexual violence against young girls and non-availability of youth-friendly
quality reproductive health services could be the main reasons for this scenario [1-4].
Currently, about 6% of all people living with HIV and 12% of new adult HIV infections are
attributed to adolescents [5]. Overall, an estimated of 5 million young people aged 15-24
were living with HIV in 2009 and accounted for 41% (about 890,000 cases) of new HIV
infections globally [6 7]. Perhaps most alarming of all was that adolescent was the only age
group where AIDS-related deaths increased by 50% between 2005 and 2012 and showed no
decline thereafter [1 5 8]. Despite global commitments and continuous preventive efforts,
young subjects continued to demonstrate a persistently high risk for HIV (an estimated
670,000 individuals between 15-24 became newly HIV infected in 2013) [5 8].

Historically driven by plasma-donors, dynamics of HIV transmission changed over the past
few decades in China [9-11]. Moreover, HIV epidemics showed marked variation among the
different risk groups in this country. Estimated HIV-positive rates remained low in the
general population (0.1%) and female sex workers (0.2%), decreased among injecting drug
users (IDU, 6.3%), while it increased among men who have men with men (MSM, 7.3%)and
older people aged 50 years or more [9 12 13]. The number of HIV-positive cases also
increased among young people in the recent years and sexual transmission (especially pre-
marital sex) accounted for more than 90% of these new cases. Another point of huge
concern was the potential for missing out high-risk young people like school drop-outs,
young migrants, those in juvenile centers and residents of high-prevalent zone, from the
National HIV prevention initiatives [14-16].
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Although the vulnerabilities among young people became increasingly evident, there had
been little efforts towards identification of their social networks and their role in potential
HIV transmission. Limited data on geographical clustering of HIV-positive young persons in
China further called for a detailed investigation. In 2014, we conducted a study on
evaluating the HIV/AIDS epidemic among older adults in China through spatial analysis
[17], and this study became a landmark for program planning and intervention designing
targeting older adults in China. We believe that conduct a similar study among young people
will have similar impact on program planning and intervention designing targeting young
people in China.

The objectives of the current research were to describe the epidemiological and spatial
distributions of HIV among young people between 2005 and 2012 in China so that policy
makers could identify and address their specific needs for HIV prevention, care and
treatment.

MATERIALS AND METHODS

Data Collection

HIV/AIDS case reporting system (CRS) in China was established in 1985 and became
online in 2005. In this web-based reporting system, every new case identified at local
hospitals, clinics run by Centers for Disease Control and Prevention (CDCs) and blood
banks is reported at regular intervals [18]. Based on the principles of National HV/AIDS
testing protocol, laboratory technology regulation and diagnostic criteria under CDC, blood
samples were initially screened for HIV using Enzyme-linked immunosorbent-assay
(ELISA): Chemiluminescence or Imunofluorescence and rapid testing. Samples positive at
screening were confirmed by Western blot (WB), Radioimmunoprecipitation assay (RIPA)
and Immunofluorescence test (IFA). Samples positive in the confirmatory tests were
considered as HIV sero-positive [19]. In addition, as per the protocol and using a
standardized case-report form, a face-to-face interview was conducted in a private room to
gather information on socio-demographic characteristics [age, gender (male/female),
occupation (student/other occupation), education (illiteracy/primary school/junior high
school/senior high school/college or above/unknown), disease status (HIV/AIDS)], routes of
transmission (heterosexual/homosexual/blood or plasma donor/injecting drugs/unknown or
others) and risk behaviors from each eligible subject. For ensuring data quality through
multiple logic checks, all completed case report forms were dispatched to the National
Center for AIDS/STD Control and Prevention (NCAIDS) after ascertainment of new cases.
To avoid or minimize the likelihood of duplication of reported cases, local CDC staffs
rechecked 1D numbers, names, addresses and other relevant information at the field-level.
All information were also verified and evaluated at the national level by NCAIDS personnel
to identify residual mistakes, if any. If any duplicate record was detected, single record was
retained for each duplicated subject. Thus, this extensive and robust CRS procedure helped
us to obtain detailed information on new cases as well as geographic distribution throughout
the country.

In our study, “HIV”, “AIDS” and “HIV/AIDS” respectively referred to the presence of HIV
infection at the time of reporting, development of AIDS and having either HIV infection or
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AIDS. Considering the probable age of becoming sexually active and inclination for risky
behaviors as evidenced from prior literature, in the present study we defined young people as
persons aged between 15-24 years consistent with the definition outlined by Joint United
Nations Program on HIVV/AIDS (UNAIDS) [4].

Data management

All young HIV/AIDS cases aged 15-24, identified in CRS during 2005-2012 were
considered for the analysis. Subjects with inconsistent address were excluded from the study.
To protect confidentiality of subjects, all personal identification information was removed
from the database before starting data analysis. All reported case records were geocoded to
the street address at provincial and city levels to obtain a valid geographical coordinate
location (latitude and longitude)of the current place of residence.

General Spatial autocorrelation

Assuming consistent spatial distribution of HIV infection across different provinces in
China, Moran’s Index (1) was used to measure the patterns (cluster/disperse/random) of
distribution of HIVV/AIDS-cases among young people throughout the country. Values for
Moran’s | ranged from —1 to +1. The pattern of distribution was considered to be clustered if
the value of Moran’s | was >0 and Z-value was >1.96 or the Moran’s | was<0 and Z-value
was <-1.96. Otherwise the pattern was considered to be random or diverse [20].

Local Spatial autocorrelation

Getisstatistic was used to identify clusters at local levels or so called hotspots which helped
us to compare the local pattern with the global pattern (that might be either driving the
overall clustering pattern or reflect heterogeneities within the global pattern). The local
clusters with a Z-value>1.96, were identified as hotspots, indicating elevated rates of HIV
infection and with greatest public health needs. Local autocorrelation was conducted at city
levels to detect hotspots among young people in China. Spatial analysis was conducted using
ArcGIS 10.2 software (ESRI Inc., Redlands, CA, USA)

Space-time scanning

SaTScan 9.3 software was used to detect the distribution of HIV clusters over space, time or
both under the assumption of space-time permutation probability (Poisson) model, which
scanned areas of high HIV incidence, time allocation of 1 year, a maximum size of spatial
cluster equal to 50% of the at-risk population, maximum size of temporal cluster equal to
50% of the study period and a maximum of 999 Monte Carlo simulations. The principle
component of spatial scan statistic was based on the geometry of the scanning window.
Usually, a cylindrical window was moved over each defined region where the base of the
cylinder represented a specific geographic area and height of the cylinder represented a
specific time period. A log likelihood ratio (LLR), and relative risk (RR=observed number
of cases/expected number of cases) were calculated. A cluster was considered statistically
significant if p value was <0.05. The formula used for LLR was:

LLR=log{(c/u)[(C—c)/(C—p)] =}

HIV Med. Author manuscript; available in PMC 2017 April 04.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

ZHANG et al.

Results

Page 5

where C was total cases in the data set, ¢ was observed cases within the scanning window
and p was expected number of cases in that window. Scanning window with the maximum
LLR value was defined as cluster 1, windows with lower LLR values were defined cluster 2,
cluster 3 and so on.

Between 2005 and 2012, 56,667 young HIV/AIDS cases aged 15-24 years were identified
and reported to CRS. Of them, 46 cases (0.1%) were excluded due to inconsistencies in the
addresses at the city level. Thus, 56, 621 (99.9%) cases were finally included in the analysis.

While the number of reported young HIV/AIDS cases increased during the study period
(from 5186 in 2005 to 10195 in 2012) along with overall HIV cases, the results from trend
analysis indicated that the proportions of young cases among all reported cases of HIV/
AIDS in each year decreased significantly, from 13.9% to 12.6% in 2012, with P<0.001).
Proportion of individuals acquiring infection through sexual route increased over the years.
In 2012, more than 90% of reported HIVV/AIDS cases acquired the virus through sexual
contact. Proportions of individuals infected through homosexual transmission increased over
the study period (Increased from 1.4% at 2005 to 42.2% at 2012), while the proportion
infected through injecting drug declined over time (Decreased from 39.2% in 2005 to 7.5%
in 2012). The proportion of reported HIV cases increased slightly during the study period
(from 76.7% to 84.7%) while proportion of AIDS cases declined over the same time period
among young people. Compared to females, the number of reported HIVV/AIDS cases among
males showed a marked increase after 2007 onwards. Number of HIVV/AIDS cases increased
among students over years (1.9% in 2005 to 13.0% in 2012). Overall, the distribution of age
(approximately more than 80% were 20-24 years) was similar across years. Distribution of
educational attainment revealed that most of them received education up to junior high
school level (about 35-40%) followed by primary level (about 15-25%) in each year (Table
1).

Majority of young HIV/AIDS cases were reported from 12 cities namely Tianjin, Shenyang,
Harbin, Hangzhou, Zhengzhou, Wuhan, Changsha, Chengdu, Liangshan, Xi’an, Aksu,
Kashgar which increased 5-folds between 2005 and 2012 (Figure 1)

Spatial analysis

General spatial autocorrelation tests revealed significant clustering of PLWHA (aged 15-24)
throughout the country during each year of the study period. Local spatial correlation using
the same matrix was implemented to determine the year-wise distribution of hot spots at city
levels throughout China (Figure 2). The hotspots were mainly located in south-east coastal
areas and south-west bordering provinces or autonomous regions of Guangxi, Yunnan and
Sichuan provinces and Beijing municipality. The number of hotspots significantly increased
between 2005 and 2012. Further, hot spots were mainly clustered in southwestern part of
China during the early years of our study, but gradually spread to central and northeastern
part after 2008 in Xi’an, Wuhan, Changsha, Hangzhou and Shanghai (Figure 2).
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The space-time permutation scan statistics identified three significant clusters over different
time intervals and different spaces (Table 2). The first cluster (largest in size) was detected
between 2009 and 2012 with LLR=13415.26, radius=835.11 km and RR=6.28, covering 54
cities in Guizhou and Yunnan provinces, Chongging municipality, some western cities in
Guangxi Zhuang autonomous region and some central and southern cities in Sichuan
province (Figure 3). Compared to neighboring cities, those identified in this cluster had 6.28
times higher HIV risk among young people. The second cluster was identified between 2010
and 2012 with LLR=1124.26, radius=237.18 and RR=3.04 and spread over 22 cities, mostly
involving Shanghai, South Jiangsu, Zhejiang and South Anhui regions. The third cluster
(smallest in size) was detected between 2010 and 2012 with LLR=1006.57, radius=122.68
and RR=5.16 in Beijing and Tianjin.

Discussion

The present study clearly indicated that young residents in China accounted for a substantial
number of HIV cases during 2005-2012. The number of PLWHA aged 15-24 and
proportion of sexual (especially homosexual) transmission increased over time. Spatial
analysis showed significant clustering of PLWHA throughout China during each year of the
study period. Further, the number of hotspots increased over years and was mainly located in
southeast coastal areas and southwest bordering provinces or autonomous regions of
Guangxi, Yunnan and Sichuan and Beijing municipality.

Similar upsurge of HIV epidemic among young people was also reported from other
countries in the world. Of estimated 35.3 million people living with HIV (PLWH) globally
during 2012, 2.1 million were adolescents. Highest number adolescents living with HIV
were reported from sub-Saharan Africa (1.7 million, about 85% of the total burden) followed
by South Asia (130,000, about 6%), East Asia and Pacific (110,000), Latin America and the
Caribbean (81,000), Eastern Europe and Central Asia (22,000) and Middle East and North
Africa (17,000). Approximately 300,000 individuals between 15-19 years became newly
HIV infected in 2012. [8]

There were a myriad of factors that could have resulted in higher number of HIV positives in
this group. Societal shifts and behavioral patterns coupled with unique development changes
were known to increase vulnerability to HIV infection faced by young people [21]. Previous
studies in China revealed that about 11-26% college students had sexual experience and
were less likely to use condom [22 23]. Inconsistent condom use and several risk-taking
behaviors were also reported among young people in United States (African-Americans
aged 18-21) and Uganda [24 25], Poor HIV-related knowledge and low self-perceived risk
might be associated with this rising burden of HIV among young people [8 26 27]. Basic
understanding of HIV was also found to be appallingly low among Chinese young people, as
more than 85% of them had no knowledge regarding HIV prevention [14 28 29]. Apart from
individual risk-taking behaviors, improved detection of PLWHA through robust CRS system
in China might be another contributing factor to this rise in number of HIV cases in recent
years [15 18]. In addition, the proportion of people that already progressed to AIDS was
decreased during the study period, which might partially support a rising awareness to get
HIV testing among young people. Thus, in light of above concerns, it seemed that improved
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access to youth-friendly counseling centers and enhanced coverage of sustained prevention
and support services specific for adolescents might be effective in bringing positive behavior
change with subsequent reduction in high-risk activities among this socially vulnerable

group.

Spatial analysis in our study demonstrated significant clustering of PLWHA (15-24 years)
throughout China with a gradual rise in number of hot spots over time. Further, several new
hotspots were identified in Guangxi, Yunnan, Sichuan and Xinjiang provinces between 2005
and 2012. In recent years, HIV epidemic remained concentrated among high-risk groups and
in some areas with a marked variation in the severity and other epidemiological
characteristics across counties (districts) in 31 provinces of China. The highest number of
HIV cases was mostly reported from Yunnan, Guangxi, Xinjiang and Sichuan in 2013 [9
30]. Evidences from earlier studies revealed that overland heroin export routes in Burma
(largest producer of world’s heroin, about 60%) and Laos (third largest producer) lead to
dual epidemic of IDU and new HIV infection in Yunnan, Xinjiang and Guangxi provinces
[11 31 32]. Although the HIV epidemic in southern areas was initially driven by IDUs,
heterosexual transmission became predominant in later phase. Henan was the only province,
which showed significant clusters of blood/plasma donors. However, throughout the country
the HIV burden remained high among MSM[30]. Hotspots were also detected in densely
populous cities like Beijing, Shanghai and Guangzhou since 2010 in the present analysis. In
addition, new clusters were identified in provincial capital cities like Xi’an, Wuhan,
Changsha, Hangzhou and Shenyang in 2012. Though not confirmed, still it might be
reasonable to speculate that, as most of the universities are located in these cities, where a
huge number of students were enrolled each year. College atmosphere along with current
sexual revolution in historically conservative Chinese society, particularly acceptance of pre-
marital sex among young people, might create conducive environment where young people
constellate for high-risk behaviors [26 33]. Thus, promotion and acceptance of
comprehensive sex education incorporating accurate and age-appropriate information on
HIV in academic institutes seemed to be the need of the hour in order to interrupt HIV
transmission among students.

Although clusters of PLWHA mostly overlapped with the locations of hotspots, there were
few non-overlapping zones. This difference might be attributed to the use of different
principles in local spacing autocorrelation (ArcGIS software) and space-time analysis
(SaTScan software), Thus, findings from each analysis should be considered in tandem
rather than individually [34-36]. If the current pattern of clustering continues, it is likely that
many young people would be infected over the next few years. These findings clearly
supported the need to roll out target-specific socio-behavioral programs among Chinese
young people, ensuing sufficient access, frequent use and quality services.

There were several limitations in our study. Since this was a record-based study, number of
reported HIVV/AIDS cases among young people might be affected by availability and uptake
of HIV-antibody testing as well as possible impact of prevention efforts. Moreover,
unidentified cases (either not detected or reported) in CRS might have influenced the
determination of hotspots in our study. Although we could not control these factors in our
analyses, which might have introduced some biases in the present study, but we think the
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probability of such biases would be minimal because of an extensive ongoing HIV/AIDS
surveillance and monitoring system across the country. In addition, individuals with non-
specific spatial information were dropped from our study. But this percentage was very
small and thus unlikely to introduce any bias. The data that we used unfortunately did not
have information on migration and health-care access (including diagnostic facilities) as by
design it was record-based, hence it was not also possible to look in to these factors in our
study. Based on the design it was also not possible for us to identify the changes in the
reporting fraction, hence we could not measure what fraction of the observed change in
hotspots were attributable to the increase in recognition and reporting of HIV cases. Further
the newly reported cases should not be taken as incidence; rather it should be interpreted as
newly observed burden. Despite of study limitations and scarcity of information on spatial
distribution of HIV cases among Chinese youth, by virtue of large sample size, cost-effective
robust methodology, efficient detection of significant clusters and hot spots through
advanced technologies and strength of data analyses, we believe this study generated
important insights into dynamics of HIV transmission among young people.

Conclusion

An increasing number of young people were infected with HIV in China between 2005 and
2012. According to the spatial analysis, marked geographic variation of HIV infection
existed at regional level. Several new hotspots and significant HIV clusters were initially
detected towards the southeast coastal areas and southwest bordering provinces with gradual
shift to northeastern part of China afterwards. Thus, HIV among young people should be
viewed more contextually and preventive efforts should be targeted towards changing risky
environments as well as risky individual behaviors. In addition for designing effective
behavioral change interventions, future research into spatial analysis of behavioral risk
factors associated with HIV among young people seemed pertinent for controlling further
spread of the epidemic.
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Key message: Summary

Number of people living with HIV/AIDS, aged 15-24 years increased in
China during 2005-2012;

Several new hotspots and significant HIV clusters were detected towards the
southeast and southwest provinces with gradual shift to northeastern and
central part of China;

Target-specific comprehensive behavioral interventions were urgently needed
to contain further spread of HIV epidemic among young people.
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Geographical distribution of the total number of reported young HIV/AIDS cases at city

level in the years 2005, 2008, 2010 and 2012
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Case clusters among young people through space-time analysis, 20052012, China
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