Original Article

Duration of Human Immunodeficiency Virus Infection at
Diagnosis among New Human Immunodeficiency Virus Cases
in Dehong, Yunnan, China, 20082015
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Background: On diagnosis of human immunodeficiency virus (HIV) infection, a person may have been infected already for many years.
This study aimed to estimate the duration of HIV infection at the time of diagnosis.

Methods: Newly diagnosed HIV cases in Dehong, China, from 2008 to 2015 were studied. Duration of infection at the time of diagnosis
was calculated using the first CD4 cell count result after diagnosis and a CD4 depletion model of disease progression. Multiple linear
regression analysis was used to investigate the associated risk factors.

Results: A total of 5867 new HIV cases were enrolled. Overall, mean duration of infection was 6.3 years (95% confidence
interval [CI]: 6.2, 6.5). After adjusting for confounding, significantly shorter durations of infection were observed among participants
who were female (beta: —0.37, 95% CI: —0.64, —0.09), Dai ethnicity (beta: —0.28, 95% CI: —0.57, 0.01), and infected through injecting
drug use (beta: —1.82, 95% CI: —2.25, —1.39). Compared to the hospital setting, durations were shorter for those diagnosed in any other
settings, and compared to 2008, durations were shorter for those diagnosed all years after 2010.

Conclusion: Although the reduction in duration of infection at the time of diagnosis observed in Dehong was significant, it may not have

had a meaningful impact.
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INTRODUCTION

The individual and public health benefits of “early”
antiretroviral therapy (ART), meaning ART initiation when
CD4 counts are still high, have been clearly demonstrated
by both clinical trials and observational studies.'” Thus,
carly ART is now recommended for all people living with
human immunodeficiency virus (PLWH).®] However,
late presentation, meaning CD4 counts are very low or
clinical manifestations of acquired immune deficiency
syndrome (AIDS) are present, is a persistent and prevalent
problem in many settings, including resource-rich and
resource-limited countries alike, and is an important driver of
elevated morbidity and mortality, onward transmission, and
health system burden.’'*! Unfortunately, late presentation,
or delayed diagnosis, also puts the added benefits of “early”
ART out of reach. Thus, focus is turning toward “immediate”
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ART, or ART initiation as soon as possible after diagnosis,
regardless of CD4 level.[!418]

Despite dramatic scale-up of a range of testing services,
including voluntary counseling and testing (VCT, an
opt-in approach), provider-initiated testing and counseling
(PITC, an opt-out approach), and mandatory HIV testing
(MHT) in detoxification settings (e.g., detention centers and
reeducation-through-labor camps),*?% China continues to
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struggle with the challenge of late presentation to human
immunodeficiency virus (HIV) care.?!»! However, the
length of delays in diagnosis has not yet been thoroughly
studied in the China setting. Therefore, the primary aim
of this study was to test the hypothesis that the duration
of infection at the time of diagnosis has decreased over
time from 2008 to 2015 in Dehong Prefecture, Yunnan
Province, China. Secondarily, we sought to assess the factors
associated with differences in duration of infection.

MeTtHoDS

Ethical consideration

The study protocol was reviewed and approved by the
Institutional Review Board of National Center for AIDS/STD
Control and Prevention (NCAIDS), Chinese Center for
Disease Control and Prevention (China CDC), with approval
code number KX180208497. All individuals signed written
informed consent on entry into the Comprehensive Response
Information Management System (CRIMS) that allows
the future use of their records in epidemiological studies.
Therefore, no further consent was required. All records were
de-identified before analysis.

Study design and setting

A serial cross-sectional study design was used to examine
the differences in durations of HIV infection at the time
of diagnosis among new cases in Dehong Prefecture,
Southern Yunnan Province, China, from January 1, 2008 to
December 31, 2015.

Data source

Data were extracted from China’s web-based national
database for real-time collection and maintenance of
information related to the HIV epidemic. This system, called
the HIV/AIDS CRIMS, has been described elsewhere.?4 All
confirmed cases of HIV infection require timely reporting
to CRIMS, which is managed by the NCAIDS, China CDC.
All CRIMS records contain demographic information,
self-reported transmission routes, dates of HIV testing, and
dates and results of CD4 testing, which are collected during
the normal course of routine care in China.

Data collection and inclusion criteria

All records of persons with confirmed diagnoses of HIV
infection between January 1, 2008 and December 31,2015,
were extracted from CRIMS and then further screened for
study eligibility criteria, which were (1) being >13 years
of age at the time of diagnosis and (2) having acquired
HIV through heterosexual contact, male-to-male sexual
contact, or injecting drug use. During the study period,
these transmission routes accounted for over 90% of newly
diagnosed HIV infections in China.?! All eligible individuals
were included in the analysis.

Estimation of the duration of infection at diagnosis

The regular progression of HIV disease, including the decline
in numbers of CD4* T-lymphocytes in general circulation in
the absence of ART, has been well documented,’*” and the

mathematical modeling of CD4 depletion has commonly
been used to estimate the time delay between HIV infection
and diagnosis.?*?! The model we used employed the
equation given below:

JCDA(1) = a + (b x1) + e,

Where ¢ is the duration of infection at the date of diagnosis,
and the values for intercepts @, and slopes b, were obtained
from a recently published study.* T, was the study’s main
outcome measure — the duration from estimated date of
infection to the date of diagnosis. 7 for each participant

was calculated by:
7 (/firstCD4 —a,)
= ;

i

Statistical analysis

Numbers of newly reported cases overall and by year were
tabulated and stratified by baseline participant characteristics.
Categorical variables are presented as number and percent,
and comparisons were made using Chi-square analysis,
generating P values. The duration of HIV infection at the time
of diagnosis (7,) was calculated and expressed in years. Since
this outcome was continuous, means and 95% confidence
intervals (CIs) are reported. To examine the distribution of
durations of infection at the time of diagnosis by diagnosis
setting, we constructed histograms with best-fit Gaussian
curves. Multiple linear regression analyses were performed
to examine the factors associated with longer or shorter
durations of HIV infection at diagnosis (7). Both univariate
and multivariate regressions were performed, and beta
values, 95% ClIs, and P values are also reported. All P values
presented are two-sided, and P < 0.05 was considered
statistically significant. All analyses were conducted using the
Statistical Analysis System (SAS) software, version 9.4 (SAS
Institute, Inc., Cary, NC, USA).

ResuLts

A total of 6032 individual records with a date of confirmed
HIV diagnosis between January 1, 2008 and December
31, 2015, were screened for study eligibility. However,
132 potential participants were <13 years of age, and a
further 33 had reported infection routes other than sexual
contact or injecting drug use. These individuals were
excluded. Thus, a total of 5867 (of 6032, 97.3%) participants
were included in the analysis.

Characteristics of the participants

Most participants were male (63.7%), aged
2645 years (64.7%), Han Chinese (42.2%), and married
or cohabiting (57.2%). A majority reported their route
of HIV infection as sexual contact (81.0%). The most
common diagnosis settings were VCT (27.8%) and hospitals
(20.3%; Table 1).

Over the 8-year study period, the annual total number
of newly diagnosed cases decreased substantially from
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Table 1: Characteristics of participants

Baseline Newly reported HIV cases, n (%) P
characteristics Overall 2008 2009 2010 2011 2012 2013 2014 2015

Overall 5867 (100.0) 1217 (100.0) 1074 (100.0) 796 (100.0) 809 (100.0) 646 (100.0) 521 (100.0) 443 (100.0) 361 (100.0)
Gender

Male 3738 (63.7) 764 (62.8) 675 (62.9) 490 (61.6) 528 (65.3) 421 (65.2) 350(67.2) 288(65.0) 222(61.5) 0210
Female 2129 (36.3) 453 (37.2) 399 (37.2) 306 (38.4) 281 (34.7) 225(34.8) 171 (32.8) 155(35.0) 139 (38.5)

Age

<25 years 914 (15.6) 251(20.6) 175(16.3) 116(14.6) 99 (12.2) 92(14.2) 72(13.8) 70(15.8) 39(10.8) <0.001
26-35 years 2149 (36.6) 507 (41.7) 444 (41.3) 292 (36.7) 274(33.9) 205(31.7) 186(35.7) 123 (27.8) 118 (32.7)

36-45 years 1648 (28.1) 313 (25.7) 289(26.9) 235(29.5) 254 (31.4) 173(26.8) 149(28.6) 136(30.7) 99 (27.4)

>45 years 1156 (19.7) 146 (12.0) 166 (15.5) 153 (19.2) 182(22.5) 176(272) 114(21.9) 114(25.7) 105(29.1)
Ethnicity

Han 2474 (42.2) 507 (41.7) 416 (38.7) 354 (44.5) 322(39.8) 276 (42.7) 211 (40.5) 209 (47.2) 179 (49.6)  0.013
Dai 1808 (30.88) 350 (28.7) 365 (34.0) 249 (31.3) 259(32.0) 217(33.6) 158(30.3) 130(29.4) 80 (22.2)

Jingpo 1265 (21.6) 295 (242) 245(22.8) 150(18.8) 173 (21.4) 115(17.8) 129 (24.8) 81(18.3) 77(21.3)

Other 320 (5.5) 65 (5.3) 48 (4.5)  43(54) 55(6.8) 38(5.9) 23(44) 23(52)  25(6.9)

Marital status*

Married 3354 (57.2) 698 (57.4) 669 (62.3) 461 (57.9) 486 (60.1) 362 (56.0) 285 (54.7) 225(50.8) 168 (46.5) <0.001
Divorced/windowed 1241 (21.2) 246 (20.2) 210 (19.6) 158 (19.9) 163 (20.2) 140 (21.7) 119(22.8) 103 (23.3) 102 (28.3)
Unmarried 1272 21.7) 273 (22.4)  195(18.2) 177(22.2) 160 (19.8) 144 (22.3) 117 (22.5) 115(26.0) 91 (25.2)
Transmission route

Sexual contact 4754 (81.0) 903 (742) 873 (81.3) 655(82.3) 687(84.9) 537(83.1) 426(81.8) 362 (81.7) 311(86.2) <0.001
Injecting druguse 1113 (19.0) 314 (25.8) 201 (18.7) 141 (17.7) 122(15.1) 109 (16.9) 95(18.2) 81 (18.3) 50(13.9)
Diagnosis setting

Hospital 1191 (20.3) 294 (24.2) 173 (16.1) 111(13.9) 120 (14.8) 142(22.0) 111 (21.3) 122(27.5) 118(32.7) <0.001
VCT 1632 (27.8)  210(17.3) 303 (28.2) 276 (34.7) 234(28.9) 192(29.7) 183 (35.1) 133(30.0) 101 (28.0)
Detoxification’ 751 (12.8) 212(174) 124(11.6) 97(122) 85(10.5) 79(122) 62(11.9) 62(14.0) 30(8.3)
Premarital checkup 462 (7.9)  108(8.9) 101 (9.4)  72(9.1)  74(9.2)  30(4.6) 29(5.6)  28(6.3)  20(5.5)

Partner testing 446 (7.6) 170 (14.0)  85(7.9) 28(3.5) 42(52) 26(4.0) 38(73) 27(6.1)  30(8.3)

Other 1385 (23.6) 223 (18.3) 288(26.8) 212(26.6) 254 (31.4) 177(274) 98(18.8) 71(16.0) 62(17.2)

*For the marital status variable, those who were cohabitating were categorized as married; "The detoxification category of the diagnosis setting variable
includes detoxification centers and reeducation-through-labor camps but does not include methadone maintenance treatment clinics. VCT: Voluntary
counseling and testing; HIV: Human immunodeficiency virus. Characteristics of newly reported HIV cases in Dehong Prefecture, Yunnan Province,

China, overall and annually from 2008 to 2015.

1217 in 2008 to 361 in 2015. In more recent years, greater
proportions of participants were older (P < 0.001), were Han
Chinese (P = 0.013), were unmarried or divorced/widowed
(P <0.001), and reported sexual contact as their route of
infection (P < 0.001; Table 1).

Duration from human immunodeficiency virus infection
to diagnosis

Overall, the mean duration of infection at diagnosis was
6.3 years (95% CI: 6.2, 6.5). The longest durations were
observed for participants who were >45 years of age
(6.8 years, 95% CI: 6.5, 7.1), were Han ethnicity (6.8 years,
95% CI: 6.6, 7.0), were reported sexual contact as their route
of infection (6.8 years, 95% CI: 6.6, 6.9), and were diagnosed
in hospital (8.6 years, 95% CI: 8.3, 8.9) or VCT settings
(7.2 years, 95% CI: 7.0, 7.5). The shortest durations were
experienced by participants who reported their route of HIV
infection as injecting drug use (4.6 years, 95% CI: 4.3, 4.8)
and were diagnosed in detoxification settings, which included
detention centers and reeducation-through-labor camps but
did not include methadone maintenance treatment (MMT)
clinics (4.3 years, 95% CI: 4.0, 4.5; Table 2).

Factors associated with duration of infection
Histograms and best-fit Gaussian curves of the distribution
of durations of infection at time of diagnosis by diagnosis
setting show that durations were longest among those
diagnosed in hospital settings (curve shifted right) and
shortest among those diagnosed in detoxification settings
[curve shifted left; Figure 1].

After controlling for confounding, factors found to be
associated with significantly shorter durations of infection
at the time of diagnosis were female sex (adjusted beta:
—0.37, 95% CI. —0.64, —0.09), injecting drug use infection
route (adjusted beta: —1.82, 95% CI: —2.25,—-1.39), and any
diagnosis setting compared to hospital setting (VCT adjusted
beta: —1.31, detoxification adjusted beta: —3.34, premarital
checkup adjusted beta: —3.34, partner testing adjusted beta:
—3.59, and other adjusted beta: —3.19; Table 3).

Furthermore, compared to diagnosis in 2008, significantly
shorter durations of infection at the time of diagnosis
were observed for 2011 and every year afterward
(2011 adjusted beta: —0.66, 2012 adjusted beta: —0.72,
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Table 2: Mean duration between HIV infection and diagnosis

Baseline Duration between HIV infection and diagnosis (years), mean (95% C/)
characteristics g o4 2008 2009 2010 2011 2012 2013 2014 2015
(n=5867) (n=1217) (n=1074) (n=796) (n=809) (n=646) (n=>521) (n=443) (n=361)
Overall 6.3(6.2,6.5) 6.7(6.4,7.0) 6.5(6.2,6.8) 6.6(6.2,7.0) 6.2(5.9,6.5) 6.4(6.0,6.7) 5.6(5.2,6.0) 58(5.4,6.3) 6.1(5.5,6.6)
Gender
Male 6.4(6.2,6.5) 6.8(6.4,72) 6.4(6.0,6.8) 6.8(6.3,7.2) 6.2(58,6.6) 6.4(59,68) 5.6(5.1,6.1) 5.8(53,6.4) 6.0(5.3,6.7)
Female 6.3(6.1,6.5) 6.5(6.0,7.0) 6.7(6.2,7.2) 6.3(5.7,6.9) 6.3(5.7,6.8) 6.3(5.7,7.0) 5.7(4.9,6.4) 58(5.0,6.6) 6.1(5.3,6.9)
Age
<25 years 5.9(5.6,6.3) 6.1(5.5,6.8) 5.9(5.1,6.7) 6.3(5.3,7.3) 5.5(4.5,6.6) 6.0(4.9,7.1) 44(3.3,55) 58(4.7,7.0) 7.1 (5.5,8.8)
26-35years 6.3 (6.1,6.5) 6.6(6.2,7.1) 63(5.8,68) 6.0(54,6.6) 62(5.6,6.8) 6.7(6.0,7.3) 53 (4.6,6.0) 4.8 (4.0,5.6) 4.7(3.9,5.5)
35-45years  6.7(6.5,6.9) 7.0 (6.4,7.6) 6.8(6.3,7.4) 7.1(6.4,7.7) 6.3(5.7,6.9) 59(52,6.7) 6.1 (5.4,6.9) 6.1(52,7.0) 6.7(5.7,7.7)
>45 years 6.8 (6.5,7.1) 7.2(6.4,8.0) 7.2(6.5,8.0) 7.3(6.5,8.1) 6.5(5.8,72) 6.6(5.9,7.3) 63(5.4,7.2) 6.5(5.7,7.4) 6.6(5.7,7.6)
Ethnicity
Han 6.8 (6.6,7.0) 7.0(6.6,7.5) 7.2(6.7,7.7) 6.9(6.4,7.4) 6.6(6.0,72) 6.9(6.3,7.5) 5.9(5.2,6.6) 6.2(5.5,69) 6.5(5.8,7.3)
Dai 6.0 (5.8,6.3) 6.9(6.4,7.5) 6.0(5.5,6.5) 62(5.6,6.9) 6.1(5.5,6.7) 5.7(5.0,6.3) 5.3 (4.6,6.0) 5.4 (4.6,62) 53 (4.2,6.3)
Jingpo 6.0 (5.8,6.3) 59(54,6.5) 63(57,7.0) 6.4(5.6,7.3) 5.6(4.9,63) 6.9(6.0,7.8) 5.7(4.9,6.5) 5.1(4.1,62) 58 (4.7,6.9)
Other 6.0 (5.5,6.5) 6.1(4.8,7.3) 5.8(4.1,74) 6.7(52,82) 63(5.0,7.5) 48(3.4,62) 4.9(2.6,7.2) 72(5.4,9.1) 6.1 (4.0,8.2)
Marital status*
Married 6.3(6.2,6.5) 6.9(6.5,73) 6.7(6.3,7.1) 6.4(5.9,6.8) 5.9(5.5,63) 6.4(59,69) 54(49,59) 56(5.0,62) 6.0(5.3,6.8)
Divorced/ 6.5(6.3,6.8) 6.6(59,72) 62(5.6,69) 7.0(62,7.9) 6.7(59,7.4) 6.3(5.5,7.1) 6.9(59,7.8) 6.5(5.5,7.5) 6.0(5.1,6.9)
windowed
Unmarried 6.2(5.9,6.5) 6.3(5.7,69) 63(5.6,7.1) 6.8(6.0,7.5) 6.7(58,7.5) 6.4(5.6,7.2) 4.9 (4.1,5.8) 5.6(4.7,6.5) 6.2(5.1,7.2)
Transmission
route
Sexual contact 6.8 (6.6, 6.9) 7.4 (7.1,7.7) 7.0(6.7,74) 7.0(6.6,7.4) 6.4(6.1,6.8) 6.7(6.3,7.1) 6.0(5.5,6.5) 6.2(5.7,6.7) 6.3 (5.7, 6.8)
Injecting drug 4.6 (4.3,4.8) 4.7(4.2,5.1) 4.4(3.9,5.0) 4.7(4.0,5.4) 4.9(4.3,5.6) 47(4.1,54) 3.9(3.2,4.6) 42(3.4,5.0) 48(3.7,5.9)
use
Diagnosis setting
Hospital 8.6(8.3,8.9) 9.4(8.8,10.0) 9.8(9.1,10.5) 8.8(7.9,9.7) 8.7(7.8,9.7) 7.8(6.9,8.7) 6.9 (6.0,7.8) 7.7 (6.7,8.6) 7.8 (6.8,8.7)
VCT 7.2(7.0,7.5) 7.6(6.8,83) 7.3(6.7,7.9) 82(7.6,8.8) 7.6(7.0,8.3) 7.3(6.6,8.0) 6.2(5.5,7.0) 6.2(5.4,7.1) 6.0 (5.0,6.9)
Detoxification’ 4.3 (4.0,4.5) 4.6 (4.0,5.1) 42(3.5,49) 4.7(3.9,54) 44(3.7,5.1) 4.1(3.4,48) 3.6(2.7,44) 42(3.4,5.1) 3.4(2.0,4.7)
Premarital 5.4(5.0,5.8) 5.4(4.6,63) 59(4.9,69) 4.7(3.6,5.8) 5.1(4.1,62) 6.5(4.4,8.5) 6.1(4.7,7.5) 5.7(3.9,7.5) 3.0(1.4,4.6)
checkup
Partner testing 5.1 (4.6,5.5) 5.3 (4.6,5.9) 5.3(4.3,64) 3.8(2.0,5.5) 5.6(4.1,7.0) 5.1(3.5,6.8) 4.5(2.8,6.2) 3.5(2.2,4.8) 5.7(4.1,7.3)
Other 52(5.0,5.5) 5.7(52,62) 54(4.9,59) 5.1(4.5,5.7) 4.9(43,5.4) 53(4.7,6.0) 4.6(3.8,54) 4.0(3.2,4.8) 55(4.6,64)

*For the marital status variable, those who were cohabitating were categorized as married; "The detoxification category of the diagnosis setting variable
includes detoxification centers and reeducation through labor camps but does not include methadone maintenance treatment clinics. CI: Confidence
interval; VCT: Voluntary counseling and testing; HIV: Human immunodeficiency virus.

2013 adjusted beta: —1.52, 2014 adjusted beta: —1.46, and
2015 adjusted beta: —1.44; Table 3). The adjusted beta values
and 95% CIs for each study year from 2008 to 2015 were
plotted to show the change in duration of infection at the time
of diagnosis among participants. The graph shows a clear
step-down from 2008 to 2012 and then a second step-down
of 1.52 years for 2013 compared to 2008 [Figure 2].

Discussion

The main finding of our study was a modestly decreasing
trend in the duration of infection at the time of diagnosis
among new HIV cases in Dehong over our 8-year study
period from 2008 to 2015. Factors associated with shorter
durations of infection included being female, reporting
injecting drug use as the route of HIV infection, being
diagnosed in any setting other than hospital, and being
diagnosed after 2010.

We found that the mean duration of infection was 6.3 years.
After reviewing both domestic and international literature,
we have found no other report of this figure in China.
However, we have found a study in the United States that
reported duration of infection at diagnosis of 7.0 years in
2003 and 5.6 years in 2011,% which was similar to our
study results.

China has shown great determination in its endeavors to
bring Dehong’s HIV epidemic under control, providing
strong political commitment and consistent financial support
from central and local governments. Dehong was given a
special epidemic designation in 2004 and thereafter has
been directly supported by the China CDC using a special
central government AIDS surplus fund of 11 million
Renminbi (approximately 1.8 million United States Dollars)
per year. Although these special funds were used to fully
implement HIV testing and treatment programs, coverage,
service quality, and other factors were not consistent across
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Proportion of Newly-Diagnosed
HIV Cases (%)

Proportion of Newly-Diagnosed
HIV Cases (%)

Proportion of Newly-Diagnosed
HIV Cases (%)
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Duration from HIV Infection to Diagnosis (years)

0 1 2 3 4 5 6 7 8 9 1011 12 13 14 15
Duration from HIV Infection to Diagnosis (years)

Figure 1: Distributions of delays in diagnosis by diagnosis setting. Histograms (gray bars) and best-fit Gaussian curves (blue lines) showing the
distributions of durations from HIV infection to HIV diagnosis (in years) among newly diagnosed cases in Dehong Prefecture, Yunnan Province,
China: (a) overall, (b) in hospitals, (c) at VCT sites, (d) within detoxification settings, () during premarital checkups, and (f) as a result of
partner testing. These findings suggest that durations from HIV infection to diagnosis were longer among those diagnosed in hospital settings
(shifted right; b) and shorter among those diagnosed in detoxification settings (shifted left; d). VCT: Voluntary counseling and testing; HIV: Human

immunodeficiency virus.

our whole study period. For example, at the provincial level,
the Yunnan Government engaged in a series of campaigns
against HIV: the first was 2004-2008, then 2008-2010,
2011-2015, and 2016-2020 currently. At the end of each,
the effectiveness of the HIV response was reevaluated for
the purpose of iteratively improving it. As another example,
Dehong was selected as a study site for the National
Science and Technology Major Project on Prevention and
Treatment of Major Infectious Diseases including AIDS and
Viral Hepatitis. As a result, from 2008 to 2015, focus on
universal testing and treatment was very strong, and many
observational studies and interventional trials conducted in
this setting strongly influenced HIV testing and treatment
services. Taken together, it is possible that these types of
changes to HIV services in Dehong over the study period
may have been the driver for the moderate decline in the
duration of infection at the time of diagnosis observed in
our study.

The World Health Organization began recommending
PITC in 2007 as a strategy to expand access to HIV-related
services.’! China quickly adopted these recommendations,

first introducing HIV PITC the same year, and subsequently
scaling it up dramatically.!'”’ However, our findings show
that cases identified in hospital settings were diagnosed
significantly later than in any other settings examined,
suggesting that perhaps, PITC in China is not working
effectively. This observation is consistent with a study by
Cheng et al.Y among newly identified cases in Guangzhou
from 2008 to 2013. In this study, individuals diagnosed
through PITC had greater odds of late presentation and
greater odds of presentation with advanced HIV disease
compared to individuals diagnosed through VCT and MHT.
Furthermore, in a recently published study by Xie et al.,*
among patients attending a tertiary hospital in Beijing
between 1997 and 2012, not only was a consistent majority
of patients diagnosed very late but also there was evidence
of immunocompromised well before HIV testing was finally
performed, demonstrating the failure of the PITC strategy
to identify cases in a timely manner. These results suggest
that PITC in Chinese hospital settings is not targeted for
maximally efficient identification of new infections. Failure
of PITC to identify new HIV infections in a timely fashion is
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Table 3: Determinants

of long-time interval between infection and diagnosis

Characteristic Unadjusted P* Adjusted P*
Beta (95% C/)* Beta (95% C/)*
Gender
Male 0.00 0.00
Female —0.03 (—0.30, 0.24) 0.820 —0.37 (—0.64, —0.09) 0.010
Age
<25 years —0.89 (-1.32, -0.45) <0.001 —0.26 (—0.72, 0.21) 0.280
26-35 years —0.71 (-1.07, —0.35) <0.001 —0.01 (—0.38, 0.36) 0.960
36-45 years —0.22 (-0.60, 0.16) 0.260 0.28 (—0.08, 0.65) 0.130
>45 years 0.00 0.00
Ethnicity
Han 0.00 0.00
Dai —0.72 (-1.02, —0.42) <0.001 —0.28 (—0.57, 0.01) 0.060
Jingpo —0.73 (-1.07, -0.39) <0.001 0.03 (-0.30, 0.37) 0.840
Other —0.77 (-1.35,-0.19) 0.010 —0.33 (-0.89, 0.23) 0.250
Marital status’
Married 0.00 0.00
Divorced/windowed 0.21 (-0.12, 0.53) 0.220 0.22 (=0.10, 0.55) 0.180
Unmarried —0.11 (-0.43, 0.22) 0.510 0.77 (0.42, 1.13) <0.001
Infection route
Sexual contact 0.00 0.00
Injecting drug use —2.20 (-2.52,-1.88) <0.001 —1.82 (-2.25,-1.39) <0.001
Diagnosis setting
Hospital 0.00 0.00
VCT —1.34 (-1.70, —0.98) <0.001 —1.31 (-1.67,-0.95) <0.001
Detoxification* —4.28 (—4.72, -3.84) <0.001 —3.34 (-3.89, -2.79) <0.001
Premarital checkup —3.17 (-3.69, —2.65) <0.001 -3.18 (-3.71, —2.65) <0.001
Partner testing —3.50 (—4.02, —2.98) <0.001 —3.59 (-4.12, -3.06) <0.001
Other —3.32(-3.70, —2.95) <0.001 -3.19 (-3.57,-2.81) <0.001
Diagnosis year
2008 0.00 0.00
2009 —0.17 (-0.58, 0.25) 0.430 —0.25 (-0.64, 0.15) 0.220
2010 —0.10 (-0.55, 0.35) 0.660 —0.31 (=0.74, 0.12) 0.160
2011 —0.49 (-0.94, —0.04) 0.032 —0.66 (—1.10, —0.23) 0.003
2012 —0.34 (-0.82, 0.14) 0.170 —0.72 (-1.19, -0.26) 0.002
2013 —1.06 (—1.58, —0.55) <0.001 —1.52 (-2.02, -1.03) <0.001
2014 —0.88 (—1.42, -0.33) 0.002 —1.46 (—1.98, -0.94) <0.001
2015 —0.64 (—1.23, -0.05) 0.034 —1.44 (-2.01,-0.88) <0.001

*Univariate and multivariate regression modeling resulted in beta, 95% CIs, and P values; 'For the marital status variable, those who were cohabitating
were categorized as married; *The detoxification category of the diagnosis setting variable includes detoxification centers and reeducation-through-labor
camps but does not include methadone maintenance treatment clinics. CI: Confidence interval; VCT: Voluntary counseling and testing.

not unique to the China setting, and some researchers have
called on policymakers to shift the way PITC is targeted,
from a symptom-oriented approach to risk group-oriented
approach.B?

Interestingly, we found significantly shorter durations of
infection among those who reported injecting drug use as their
route of infection and among those diagnosed in detoxification
settings (i.e., detention centers and reeducation-through-labor
camps), where MHT has been enforced since the early stages of
China’s epidemic. Many of those who were diagnosed outside
detoxification settings yet reported injecting drug use as their
route of HIV infection may have been diagnosed in the context
of MMT. The rapid expansion of China’s National MMT
Program has clearly had a positive impact on China’s dual
epidemics of opioid use and HIV infection, and MHT every

6 months for all MMT clients has been important for early
detection of new HIV infections in this key population.2*33

Development and implementation of improvements
to conventional HIV testing strategies (i.e., VCT and
PICT) and promotion of new testing strategies (i.e., HIV
self-testing) must be a top priority for China’s policymakers
and public health institutions. However, our results suggest
that perhaps expansion of MHT to other settings may be
worth considering also. For example, perhaps, MHT for all
attendees of STI clinics and hospital departments may be an
effective and efficient way to identify new HIV infections
carlier. For several years already, China’s HIV epidemic
has been driven predominantly by sexual transmission. %34
China must take urgent action to help PLWH who are yet
unaware of their status — their diagnosis and treatment are of
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Figure 2: Change in overall duration between HIV Infection and
diagnosis overtime. Using 2008 as a reference, annual adjusted
beta values (blue markers) and 95% confidence intervals (gray lines)
show a decreasing trend in the overall duration between HIV infection
and diagnosis (in years) among newly diagnosed cases in Dehong
Prefecture, Yunnan Province, China. HIV: Human immunodeficiency
virus.

critical importance to individual and community outcomes,
as well as national and international epidemic response goals.

This study had several limitations. First, the cross-sectional
design precluded us from examining causality. Second, since
dates of infection were not available, we had to estimate
the durations of infection at the time of diagnosis using
a CD4 depletion model, and because of some restrictive
assumptions (e.g., the mean square root of CD4 count is
linearly related to the time elapsed since infection), durations
may have been underestimated. As a result, CI/s may not
cover the true value with the desired confidence level.
Nevertheless, this model has been validated and accepted
as a means of generating reasonably accurate estimates of
duration of infection at the time of diagnosis.**?*! Third,
factors affecting delayed diagnosis are complex. Important
determinants may have been missing from our dataset and
therefore not included in the model. Fourth, the study did
not consider HIV subtype because there was no HIV subtype
information available for enrolled participants. However,
although this factor may have caused some confounding, this
effect would have been minor since our population-based
study was took into account different stratified populations.
Finally, categorization of participants for the infection route
variable relied on self-reporting at the time of diagnosis,
a mean of 6 years after the infection event. Thus, this
variable was likely affected by recall bias, and possibly
by social desirability bias, perhaps resulting in under- or
over-estimation of the importance of this factor.

Although the duration of infection at the time of diagnosis
observed in Dehong did significantly decline over the 8-year
study period from 2008 to 2015, the decline was modest and
may not have had a meaningful impact on individual, public
health, and epidemic level outcomes. As of the end of 2015,
an estimated 276,000 PLWH in China were unaware of their

status,®! and China is offtrack for meeting the UNAIDS
90-90-90 Targets.***7 China must do more to encourage early
and frequent HIV testing uptake, and PITC testing strategies in
hospital settings need to be urgently reevaluated and improved.
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