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Abstract

Introduction: Social disruption associated with coronavirus disease 2019 (COVID-19) threatens to impede access to regular
healthcare, including for people living with HIV (PLHIV), potentially resulting in antiretroviral therapy (ART) interruption (ATI).
We aimed to explore the characteristics and factors associated with ATl during the COVID-19 outbreak in China.

Methods: We conducted an online survey among PLHIV by convenience sampling through social media between 5 and 17
February 2020. Respondents were asked to report whether they were at risk of ATI (i.e. experienced ATI, risk of imminent
ATI, threatened but resolved risk of ATI [obtaining ART prior to interruption]) or were not at risk of ATI associated with the
COVID-19 outbreak. PLHIV were also asked to report perceived risk factors for ATl and sources of additional ART. The fac-
tors associated with the risk of ATl were assessed using logistic regression. We also evaluated the factors associated with
experienced ATI.

Results: A total of 5084 PLHIV from 31 provinces, autonomous regions and municipalities in mainland China completed the
survey, with valid response rate of 99.4%. The median age was 31 years (IQR 27 to 37), 96.5% of participants were men, and
71.3% were men who had sex with men. Over one-third (35.1%, 1782/5084) reported any risk of ATI during the COVID-19
outbreak, including 2.7% (135/5084) who experienced ATI, 18.0% (917/5084) at risk of imminent ATl and 14.4% (730/5084)
at threatened but resolved risk. PLHIV with ATI were more likely to have previous interruptions in ART (aOR 8.3, 95% CI 5.6
to 12.3), travelled away from where they typically receive HIV care (aOR 3.0, 95% Cl 2.1 to 4.5), stayed in an area that imple-
mented citywide lockdowns or travel restrictions to control COVID-19 (aOR 2.5, 95% CI 1.4 to 4.6), and be in permanent res-
idence in a rural area (aOR 3.7, 95% Cl 2.3 to 5.8).

Conclusions: A significant proportion of PLHIV in China are at risk of ATl during the COVID-19 outbreak and some have
already experienced ATI. Correlates of ATl and self-reported barriers to ART suggest that social disruptions from COVID-19
have contributed to ATI. Our findings demonstrate an urgent need for policies and interventions to maintain access to HIV
care during public health emergencies.
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1 | INTRODUCTION

A cluster of pneumonia cases of unknown cause appeared in
Wuhan, China in December 2019. A novel coronavirus, SARS-
CoV-2, was soon identified as the cause, and by February
2020 the number of confirmed cases of coronavirus disease

2019 (COVID-19) in China approached 80,000 (about 67,000
in Hubei province) [1]. National and regional government
enacted a series of prevention and control measures aimed at
COVID-19. Many large metropolitan areas in 28 provinces,
autonomous regions and municipalities across China instituted
citywide lockdowns on 30 January under which all non-
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essential shops were closed, public transportation suspended
and residents confined to their homes [2,3]. Travel restrictions
were also adopted, severely limiting air and train travel, as
well as postal and delivery services.

While deemed necessary to contain the growing COVID-
19 outbreak, these measures profoundly impacted daily life
in China, including access to primary healthcare and pre-
scription medications. Anticipating social disruption from
COVID-19 would complicate the management of chronic
diseases, professional societies and experts published recom-
mendations on how to best care for patients with cardio-
vascular disease, diabetes and cancer during the outbreak
[4-7]. People living with HIV (PLHIV) in China were also at
risk of experiencing disruptions in care, particularly because
HIV care and antiretroviral therapy (ART) in China are
nearly exclusively provided through the government-desig-
nated clinics and hospitals of their household registration.
According to the specific requirements of different regions,
PLHIV could obtain one month or three months of ART at
a time [8,9]. Recognizing that access to ART may be ham-
pered, especially for those quarantined away from home,
the Chinese Center for AIDS/STD Control and Prevention
issued a nationwide directive on 26 January 2020 to relax
restrictions on where PLHIV could obtain ART [10]. Under
this directive, PLHIV could obtain one month of ART from
any local HIV care clinic or hospital.

Despite efforts by the government agencies and profes-
sional societies to mitigate the impact of COVID-19, many
PLHIV have likely experienced some disruption in primary HIV
care, including ART interruption (ATI). These disruptions may
negatively impact the health of PLHIV as ATl is associated
with both increased likelihood of opportunistic infections,
more severe illnesses, HIV-associated mortality and HIV trans-
mission [11,12]. Initial reports suggest as many as one-third of
PLHIV in China may be at risk of experiencing ATl during the
outbreak [13], however, there are few available data describ-
ing which PLHIV are most at risk and which adaptive strate-
gies have been used to avoid ATI. This study aims to better
characterize the extent of and important correlates with ATI
in China during the COVID-19 outbreak.

2 | METHODS

2.1 | Study design

We conducted a nationwide cross-sectional online survey of
PLHIV in China between 5 February and 17 February 2020.
Individuals were recruited by convenience sampling through
social media accounts of popular HIV-themed WeChat public
accounts. WeChat is a multi-purpose social media and messag-
ing platform in China with over 1 billion monthly active users
[14]. Many PLHIV in China subscribed to HIV-themed
WeChat public accounts to receive and exchange information.
An advertisement with a link to the online survey was pro-
moted through WeChat public accounts. We initially posted
study information in 12 WeChat public groups (with approxi-
mately 500 members each) from various regions in the coun-
try and encouraged them to repost further, including Li Hui
Shi Kong, an account with over 76,000 PLHIV subscribers. As
such up to 100,000 PLHIV would have noticed our recruit-
ment information.

All participants read a consent form and selected ‘agree’
before beginning the survey hosted on the online question-
naire platform Wenjuanxing (www.wijx.com). The survey was
first screened for eligibility. Eligible participants were at least
18-years-old, had a known diagnosis of HIV, and were cur-
rently on ART. We excluded those who did not provide
informed consent. A preliminary survey of 15 PLHIV was con-
ducted to modify questionnaire content before formal recruit-
ment. Recruitment was stopped the day when the total
number of participants exceeded 5000.

22 |

The primary outcome of interest was ATI during the COVID-
19 outbreak. We defined ATl as missing one or more days of
ART. Participants were asked to self-report whether they had
experienced ATI of any duration after 10 January 2020 as
well as whether they continued to be off ART at the time of
survey completion. Participants were also asked to report
their self-assessed risk of ATI, which included (1) having expe-
rienced ATI, (2) nearly experiencing ATl but obtaining ART
prior to interruption (i.e. threatened but resolved risk of ATI),
(3) having fewer than 10 days of antiretroviral (ARV) drugs on
hand without a clear way to obtain or refill antiretroviral med-
ications (i.e. risk of imminent ATI) and (4) no risk of ATI.

The survey instrument also asked about potential corre-
lates of ATI. We collected sociodemographic information (sex,
age, highest level of education, occupation, income, perma-
nent residence) and HIV treatment history (route of HIV
acquisition, age at HIV diagnosis, age at ART initiation, prior
ATI, date of most recent CD4 cell count and HIV viral load,
site of primary HIV care and source of ART prior to the
COVID-19 outbreak). The survey also asked where partici-
pants lived and travelled during the COVID-19 outbreak and
whether they had been impacted by certain COVID-19 pre-
vention and control measures, including citywide lockdowns
and travel restrictions. Participants were asked to report
strategies they employed to address threatened or experi-
enced ATI, sources from which they attempted to obtain
additional ART and knowledge of the government policies
regarding ART access during the COVID-19 outbreak. For
this study time period of the COVID-19 outbreak was
defined as any time after 10 January 2020, which was the
beginning of Chinese New Year holiday when hundreds of
millions of people usually travel back to hometown. For
PLHIV, this may have meant that they would temporarily
leave the city where they lived and usually obtained ART
from their HIV care clinic or hospital.

Measures

2.3 | Analysis

Descriptive statistical analysis was applied to summarize expe-
riences with ATl as well as sociodemographic information and
potential correlates of ATI. Differences between PLHIV at risk
of ATI (either experienced, risk of imminent or threatened but
resolved ATI) and PLHIV without risk of ATl were compared
using Pearson’s Chi-squared test. The associations between
risk of ATl and correlates were analysed using multivariate
logistic regression that adjusted for potential confounders
selected a priori as well as significant correlates of risk of ATI.
Similarly, associations between PLHIV who did and did not
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experience ATl were analysed using multivariate logistic
regression. Results were reported as adjusted ORs (aOR) with
corresponding 95% confidence intervals (95% ClI). Multi-
collinearity of variables included in the multivariate logistic
regression model was tested with a variance inflation factor
(VIF) [15]. The final model had a mean VIF of 2.7 in risk of
ATl and 2.7 in experienced ATI. Statistical analysis was con-
ducted using Stata software 15.0 (StataCorp LLC, College Sta-
tion, TX).

Chordal graphs were generated to present the movement
of PLHIV between provinces in the leadup to the COVID-19
outbreak, using R software 3.6.0 (R Core Team, Vienna, Aus-
tria). Bar graphs summarizing sources of ARV drugs were plot-
ted using Excel software 2016 (Microsoft, Washington, USA).

24 | Ethics

This study was conducted with the approval of the Sun Yat-
sen University Ethics Committee (SYSU-SPH2020008).

3 | RESULTS

31 |

A total of 5084 PLHIV completed the online survey. The med-
jan age of respondents was 31 years (interquartile range
[IQR] 27 to 37 years). Most participants (96.5%) were men,
and over two-thirds (71.3%) were men who have sex with
men (MSM). The median time since HIV diagnosis and ART
initiation were 2.7 years (IQR 1.3 to 4.4 years) and 2.3 years
(IQR 1.1 to 3.9 years) respectively. The majority (89.8%)
received free government-sponsored ART, whereas few (5.3%)
purchased ART out-of-pocket. Most participants (77.6%)
reported their last viral load was undetectable. Sociodemo-
graphic characteristics and HIV care of participants are sum-
marized in Table 1.

Participant characteristics

3.2 | ATI during the COVID-19 outbreak

Over one-third (35.1%, 1782/5084) reported any risk of ATI
during the COVID-19 outbreak, including 2.7% (135/5084)
who experienced ATI of any duration, 18.0% (917/5084) who
were at risk of imminent ATl and 14.4% (730/5084) who had
threatened but resolved risk of ATI. Of the 135 participants
who experienced ATI during this period, 50.4% (68/135) and
49.6% (67/135) had resolved or continued to experience ATI
at the time of survey completion respectively. The median
duration of ATl was 3 days (IQR 1 to 6 days).

The geographical distribution of risk of ATl by province is
presented in Table 2. The highest rate of experienced, threat-
ened or imminent ATI, as a single endpoint, was found in
Hubei (58.7%), followed by Xinjiang (51.8%) and Zhejiang
(51.5%) Provinces, whereas the highest rate of experienced
ATI occurred in Xinjiang (7.9%), followed by Gansu (5.9%) and
Henan (5.0%) Provinces.

Among all participants, the most commonly perceived risk
factors for experiencing ATl during the COVID-19 outbreak
included restrictions on movement as a consequence of lock-
down and traffic restrictions (83.3%), insufficient ART reserve
at home (71.4%) and suspension of postal and delivery ser-
vices (50.6%) (Table 3). Among the 1782 participants who

reported experiencing or being at risk of ATI, the most com-
mon self-reported barrier to obtaining ART was fear of dis-
closing HIV status to others by seeking refills of ARV drugs
during the COVID-19 outbreak (77.4%). Other frequently
reported barriers included inability to travel to obtain ARV
drugs because of lockdown and traffic restrictions (65.8%) and
cumbersome administrative procedures to obtain ARV drugs
from clinics or hospitals other than one’s site of primary HIV
care (51.1%). The frequency of self-reported barriers to
obtaining ARV drugs was similar between participants who
experienced ATI, were at risk of imminent ATI, and had threat-
ened but resolved the risk of ATl (Table 4).

The most common strategies used to address experienced,
threatened or imminent ATI included asking one’s primary
HIV clinic to post-additional ART (47.4%), attempting to bor-
row ART from other PLHIV (30.9%) and attempting to borrow
ART from community-based organizations (CBOs) serving
PLHIV (21.3%). The success rate of obtaining additional ART
through these routes was 35.9%, 38.6% and 30.3% respec-
tively (Figure land Table S1). When faced with imminent ATI,
nearly half of the participants (48.4%) obtained urgent health-
care evaluation by pretending to have a disease other than
HIV. Few participants disclosed their HIV status and applied
for permission to travel to their site of primary HIV care
(4.9%) (Table 4).

3.3 | ATI prior to the COVID-19 outbreak

QOver one in every five participants (21.1%) had experienced
at least one episode of ATI prior to the COVID-19 outbreak.
The most common reported reasons for previous AT prior to
the COVID-19 outbreak included forgetting to take ART
(69.0%), being unable to obtain ART in time (21.7%) and intol-
erable ART side effects (16.2%) (Table 3).

3.4 | Travel and ART reserve during the COVID-19
outbreak

Over two-thirds of participants (70.5%, 3582/5084) experi-
enced a citywide or village-wide lockdown and 38.7% (1967/
5084) travelled away from their site of primary HIV care dur-
ing the COVID-19 outbreak. Travel patterns are shown in Fig-
ures 2 and 3. More PLHIV in Eastern and North flowed out,
especially for Zhejiang and Beijing provinces; more PLHIV flo-
wed into South-Central, especially for Hubei and Henan pro-
vinces. Among the 1967 participants who travelled during the
COVID-19 outbreak, 57.2% planned to travel for less than
15 days, 49.9% travelled with enough ARV drugs to last more
than one month and 28.6% reported being stranded in a loca-
tion away from their primary residence longer than antici-
pated because of lockdown measures or travel restrictions.
Only 1.9% did not carry enough pills for the number of days
they originally planned to travel.

3.5 | Correlates of ATI and risk of ATI

In multivariate regression analysis, PLHIV who experienced
ATl during the COVID-19 outbreak were more likely to have
previous interruptions in ART (aOR 8.3, 95% CI 5.6 to 12.3),
travelled away from where they typically receive HIV care
(aOR 3.0, 2.1 to 4.5), stayed in an area that implemented
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Table 1. Demographic characteristics and HIV care among PLHIV in China responding to a nationwide online survey during the
COVID-19 outbreak

Total No risk of ATI  Threatened but resolved risk Risk of imminent Experienced ATI
(N = 5084) (N = 3302) of ATI (N = 730) ATI (N = 917) (N = 135)
Characteristics n (%) n (%) n (%) n (%) n (%) P value
Sex 0.526
Male 4904 (96.46) 3179 (96.27) 711 (97.40) 884 (96.40) 130 (96.30)
Female 180 (3.54) 123 (3.73) 19 (2.60) 33 (3.60) 5(3.70)
Age, year <0.001
18 to 29 2092 (41.15) 1267 (38.37) 336 (46.03) 417 (45.47) 72 (53.33)
30 to 39 2063 (40.58) 1376 (41.67) 289 (39.59) 349 (38.06) 49 (36.30)
>40 929 (18.27) 659 (19.96) 105 (14.38) 151 (16.47) 14 (10.37)
Education <0.001
College or above 3647 (71.73) 2366 (71.65) 583 (79.86) 606 (66.09) 92 (68.15)
High school or 1437 (28.27) 936 (28.35) 147 (20.14) 311 (33.91) 43 (31.85)
below
Occupation <0.001
Student 364 (7.16) 193 (5.84) 9 (8.08) 102 (11.12) 10 (7.41)
Farmer 218 (4.29) 126 (3.82) 6 (3.56) 7 (6.22) 9 (6.67)
Employed 4073 (80.11) 2674 (80.98) 610 (83.56) 683 (74.48) 106 (78.52)
Unemployed 429 (8.44) 309 (9.36) 5 (4.79) 5 (8.18) 10 (7.41)
Salary (RMB) <0.001
<2000 923 (18.15) 565 (17.11) 112 (15.34) 217 (23.66) 29 (21.48)
2000 to 4999 1920 (37.77) 1285 (38.92) 234 (32.05) 338 (36.86) 63 (46.67)
5000 to 9999 1553 (30.55) 999 (30.25) 253 (34.66) 267 (29.12) 34 (25.19)
>10000 688 (13.53) 453 (13.72) 131 (17.95) 5 (10.36) 9 (6.67)
HIV transmission route 0.010
Male-male sex 3627 (71.34) 2379 (72.05) 542 (74.25) 607 (66.19) 99 (73.33)
Male-female sex 499 (9.82) 315 (9.54) 65 (8.90) 109 (11.89) 10 (7.41)
Other or not sure 958 (18.84) 608 (18.41) 123 (16.85) 201 (21.92) 26 (19.26)
CD4 cell count (per ul) at HIV diagnosis® 0.057
<200 1103 (21.73) 753 (22.84) 135 (18.52) 187 (20.41) 8 (20.74)
200 to 349 1574 (31.00) 1022 (31.00) 225 (30.86) 294 (32.10) 3 (24.44)
350 to 499 1305 (25.70) 813 (24.66) 198 (27.16) 248 (27.07) 6 (34.07)
>500 1095 (21.57) 709 (21.50) 171 (23.46) 187 (20.41) 8 (20.74)
Viral load at last test 0.001
Undetectable 3946 (77.62) 2599 (78.71) 583 (79.86) 672 (73.28) 92 (68.15)
Detectable 344 (6.77) 211 (6.39) 42 (5.75) 78 (8.51) 13 (9.63)
Not sure 794 (15.62) 492 (14.90) 105 (14.38) 167 (18.21) 30 (22.22)
Source of ART 0.001
Free government- 4567 (89.83) 2940 (89.04) 647 (88.63) 855 (93.24) 125 (92.59)
sponsored ART
Purchase out of 268 (5.27) 201 (6.09) 40 (5.48) 25 (2.73) 2 (1.48)
pocket
Both 249 (4.90) 161 (4.88) 43 (5.89) 37 (4.03) 8 (5.93)
Ever obtained ART via postage <0.001
Yes 1542 (30.33) 909 (27.53) 345 (47.26) 238 (25.95) 50 (37.04)
No 3542 (69.67) 2393 (72.47) 385 (52.74) 679 (74.05) 85 (62.96)

RMB 100 =~ USD 14. The bold values are statistically significant (P < 0.05) in Pearson’s Chi-squared test. HIV transmission reclassified for multi-
ple choices of “Your route of HIV transmission”, HIV transmission of “intravenous drug use”, “Former commercial blood donors”, “Mother-to-child”,
“Other”, “Not sure” classified as “Other or not sure”. ART, antiretroviral therapy; ATI, antiretroviral therapy interruption; PLHIV, people living with
HIV.

*7 missing.
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Table 2. Proportion of PLHIV at risk of ATl and PLHIV who flowed in and out of each province during the COVID-19 outbreak in

31 provinces and municipalities in mainland China

% PLHIV at % PLHIV
No. % PLHIV threatened but % PLHIV at who No. PLHIV No. PLHIV
Region in PLHIV  at risk of resolved risk of risk of experienced flowed out to flowed in from
Province China recruited ATI ATI imminent ATI ATI another province  another province
Jiangsu Eastern 425 3341 15.29 16.94 1.18 120 57
Shanghai 154 35.72 20.13 12.99 2.60 82 21
Shandong 256 30.85 15.23 14.06 1.56 38 72
Jiangxi 93 34.41 11.83 19.35 323 23 51
Fujian 99 26.26 10.10 14.14 202 15 40
Anhui 132 36.36 16.67 17.42 227 25 93
Zhejiang 371 51.48 23.18 23.72 4.58 143 29
Hubei South- 223 58.74 18.83 37.67 224 36 141
Hunan Central 171 28.66 11.70 12.87 4.09 31 78
Henan 238 44.54 17.23 2227 5.04 25 106
Hainan 51 21.56 9.80 11.76 0.00 14 22
Guangdong 507 38.46 12.23 23.27 2.96 239 34
Guangxi 98 29.59 9.18 18.37 204 14 45
Chongging  Southwest 208 30.77 15.87 12.50 2.40 39 26
Sichuan 314 27.71 1242 13.06 223 57 84
Yunnan 924 27.66 851 17.02 213 26 18
Guizhou 167 25.15 7.19 14.37 359 15 33
Xinjiang Northwest 139 51.79 21.58 22.30 7.91 20 25
Shaanxi 185 38.37 14.05 21.08 324 36 34
Gansu 51 37.25 11.76 19.61 5.88 4 29
Heilongjiang  Northeast 104 24.03 8.65 12.50 2.88 15 48
Jilin 77 20.78 9.09 10.39 1.30 18 28
Liaoning 187 19.78 8.02 11.23 0.53 31 32
Inner 79 26.58 11.39 15.19 0.00 3 28
Mongolia
Beijing North 310 33.23 16.45 15.81 0.97 225 12
Tianjin 85 27.06 8.24 15.29 353 23 17
Hebei 117 29.91 1111 16.24 2.56 18 83
Shanxi 67 22.39 8.96 1343 0.00 4 49

Provinces that had less than 30 participants were not included in this analysis, including Tibet (3), Qinghai (9) and Ningxia (19). Participants
resided in foreign areas (49) were not shown. ATI, antiretroviral therapy interruption; PLHIV, people living with HIV.

citywide lockdown and travel restrictions (aOR 2.5, 1.4 to 4.6)
and permanent residence in a rural area (aOR 3.7, 2.3 to 5.8).
Self-reported risk of ATl was associated with similar corre-
lates, including previous interruptions in ART (aOR 1.4, 1.3 to
1.8), travel away from where one typically receives HIV care
(aOR 3.3, 2.9 to 3.8), rural residence (aOR 2.3, 2.0 to 2.7) and
living in an area that implemented citywide lockdown and tra-
vel restriction (aOR 2.4, 2.0 to 2.8). The risk of ATl was also
positively correlated with relying on ART to be delivered by
post (aOR 1.4, 1.2 to 1.6) and negatively associated with buy-
ing ART out of pocket (aOR 0.7, 0.5 to 0.9) (Table 5).

3.6 | Attitude towards the government responses
to ATI

Among all participants, 67.1% was aware of the “Notice on
Ensuring Free Antiviral Therapy Drugs for Stranded People

Living with HIV” issued by the Chinese Center for AIDS/STD
Control and Prevention (Table S2). The majority of partici-
pants became aware of the Notice through community-cen-
tred social media (82.2% from Li Hui Shi Kong, 35.1% from a
friend via WeChat and 18.7% from Bai Hua Lin), and 59.1%
was satisfied or very satisfied with the government responses
to AT

4 | DISCUSSION

We found many PLHIV in China were at risk of ATl and
nearly 3% had already experienced an interruption in ART
during the COVID-19 outbreak. PLHIV were more likely to
have experienced or been at risk of ATl if they had previous
interruptions in ART, travelled away from where they typically
receive HIV care or lived in an area that implemented strict
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Table 3. Behaviors and risk factors comparing PLHIV with and without risk of ATl during the COVID-19 outbreak in China

Total No risk of ATI  Threatened but resolved  Risk of imminent Experienced
(N=5084) (N=3302) risk of ATl (N=730) ATI (N=917) ATI (N=135)
Characteristics n (%) n (%) n (%) n (%) n (%) p value
Previous ATI before COVID-19
Yes 1070 (21.05) 600 (18.17) 190 (26.03) 193 (21.05) 87 (64.44) <0.001
No 4014 (78.95) 2702 (81.83) 540 (73.97) 724 (78.95) 48 (35.56)
Reason for previous ATI
Could not obtain ART in 232 (21.68) 77 (12.83) 51 (26.84) 57 (29.53) 47 (54.02) <0.001
time
Decided to stop ART 55 (5.14) 36 (6.00) 5 (2.63) 8 (4.15) 6 (6.90) 0.230
Intolerable ART side effects 173 (16.17) 99 (16.50) 28 (14.74) 30 (15.54) 16 (18.39) 0.871
Forgot to take ART 738 (68.97) 445 (74.17) 134 (70.53) 123 (63.73) 36 (41.38) <0.001
Village/street/community on lockdown during COVID-19
Yes 3582 (70.46) 2096 (63.48) 569 (77.95) 800 (87.24) 117 (86.67) <0.001
No 1281 (25.20) 1036 (31.37) 140 (19.18) 91 (9.92) 14 (10.37)
Not sure 221 (4.35) 170 (5.15) 21 (2.88) 26 (2.84) 4(2.96)
Traveled away from site of primary HIV care during COVID-19
Yes 1967 (38.69) 914 (27.68) 448 (61.37) 532 (58.02) 73 (54.07) <0.001
No 3117 (61.31) 2388 (72.32) 282 (38.63) 385 (41.98) 62 (45.93)
No. days of planned travel®
<15 1124 (57.23) 525 (57.57) 290 (64.88) 255 (47.93) 54 (73.97) <0.001
15 to 29 500 (25.46) 191 (20.94) 113 (25.28) 182 (34.21) 14 (19.18)
>30 340 (17.31) 196 (21.49) 44 (9.84) 95 (17.86) 5 (6.85)
No. days of pills prepared before travel®
<15 378 (19.24) 179 (19.63) 122 (27.23) 49 (9.21) 28 (38.36) <0.001
15 to 29 607 (30.89) 192 (21.05) 192 (42.86) 184 (34.59) 39 (5342)
>30 980 (49.87) 541 (59.32) 134 (29.91) 299 (56.20) 6 (8.22)
Location during CNY 2020 (January 10 to February 17)
Domestic urban area 2792 (54.92) 2101 (63.63) 337 (46.16) 320 (34.90) 34 (25.19) <0.001
Domestic rural area 1787 (35.15) 857 (25.95) 3 8 (47.67) 3 (54.85) 79 (58.52)
Overseas 132 (2.60) 5(2.88) 9 (2.60) 4 (1.53) 4 (2.96)
Unknown® 373 (7.34) 249 (7.54) 6 (3.56) 0 (8.72) 18 (13.33)
Perceived risk factors for ATI
Lockdown and travel 4235 (83.30) 2651 (80.28) 662 (90.68) 804 (87.68) 118 (87.41) <0.001
restrictions
Insufficient ART supply at 2402 (47.25) 1718 (52.03) 340 (46.58) 302 (32.93) 42 (31.11) <0.001
HIV clinic or pharmacy
Suspension of postal and 2570 (50.55) 1541 (46.67) 466 (63.84) 492 (53.65) 71 (52.59) <0.001
courier services
Insufficient ART reserve at 3630 (71.40) 2279 (69.02) 585 (80.14) 671 (73.17) 95 (70.37) <0.001
home
Borrowed pills from other PLHIV before COVID-19
Yes 136 (58.62) 39 (50.65) 40 (78.43) 32 (56.14) 25 (53.19) 0.012
No 96 (41.38) 38 (49.35) 11 (21.57) 25 (43.86) 22 (46.81)

The bold values are statistically significant (p < 0.05) in Pearson’s Chi squared test. ART, antiretroviral therapy; ATI, antiretroviral therapy inter-
ruption; CNY, Chinese New Year; PLHIV, people living with HIV.
‘3 missing; °2 missing; ‘the location cannot be judged based on the information provided, shown as “unknown”, not discussed.

CQOVID-19 prevention and control measures. The majority of Obtaining additional ART from HIV clinics other than one's
PLHIV who experienced ATI identified citywide lockdowns and site of primary HIV care was prohibitively cumbersome, and
travel restrictions as a significant barrier to accessing ART. PLHIV worried that actively seeking ART refills from new
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Table 4. Barriers to obtain ART and strategies to solve ATl among PLHIV at risk of ATl during the COVID-19 outbreak in China

Risk of
Total Threatened but resolved risk of  imminent ATI Experienced ATI
(N =1782) ATI (N = 730) (N =917) (N = 135)
Characteristics N (%) n (%) n (%) n (%)
No. days of ART reserve when PLHIV realized risk of 10 (6 to 15) 10 (6 to 20) 10 (7 to 15)° 5 (0 to 14)°
ATI: Median (IQR)
Strategies used to solve ATI
Disclosed HIV status and applied for permission to 87 (4.88) 42 (5.75) 42 (4.58) 3(2.22)
travel to an HIV clinic
Pretended to have a disease other than HIV 862 (48.37) 436 (59.73) 374 (40.79) 52 (38.52)
requiring urgent care
Decided not to obtain ART to avoid disclosure of 637 (35.75) 80 (10.96) 502 (54.74) 55 (40.74)
HIV status
Other® 361 (20.26) 199 (27.26) 136 (14.83) 26 (19.26)
Barriers to obtaining ART from HIV clinics during COVID-19
Cumbersome administrative procedures 911 (51.12) 379 (51.92) 463 (50.49) 69 (51.11)
Lockdown and travel restrictions 1172 (65.77) 449 (61.51) 627 (68.38) 96 (71.11)
Fear of disclosing HIV status 1379 (77.38) 584 (80.00) 696 (75.90) 99 (73.33)
Other? 192 (10.77) 90 (12.33) 86 (9.38) 16 (11.85)
Preferred way of obtaining additional ART during COVID-19
Mailed by one’s primary HIV clinic 1418 (79.57) 580 (79.45) 731 (79.72) 107 (79.26)
Dispensed by a nearby HIV clinic other than one’s 251 (14.09) 100 (13.70) 128 (13.96) 23 (17.04)
primary HIV clinic
Purchased online and delivered by mail 113 (6.34) 50 (6.85) 58 (6.32) 5 (3.70)

ART, antiretroviral therapy; ATI, antiretroviral therapy interruption; IQR, interquartile range; PLHIV, people living with HIV.
1 missing ; *1 missing ; ‘other includes violating travel restrictions to reach an HIV clinic and purchasing ART out of pocket ; ‘other includes insuf-
ficient ART supply at local clinics, suspension of postal and courier services and no response from local clinics.
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c 35% 31.0% 30.9% 30.3%
_g 30% 26.3%
S 25% 21.3%
£ 20%

15%

10%

0%

Request the designated clinic Collect ART from a local clinic Borrow ART from other PLHIV Borrow ART from community-
from registered city of in city of temporary stay based organizations serving
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Sources of ART
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Figure 1. Sources of ART among PLHIV at risk of ATl in China during COVID-19 outbreak.The X-axis is a source of ART. The Y-axis is the
proportion of PLHIV who asked for help with ART reservation and the proportion of PLHIV who successfully obtained ART. ART, antiretro-
viral therapy; PLHIV, people living with HIV; ATI, antiretroviral therapy interruption.
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Figure 2. Chordal graph of flow of PLHIV between regions during the COVID-19 outbreak (unit: person).A chord stands for a migration
flow. The arrow from the origin to the destination indicates the flow direction. The width of the chord represents the flux of the flow. Each
scale corresponds to 10 individuals in the graph. Six different colour represent six regions in 31 provinces and municipalities in mainland
China. Red, purple, blue, green, yellow and orange represent Eastern, South-Central, Southwest, Northwest, Northeast and North China

respectively. PLHIV, people living with HIV.

sources would disclose their HIV status. Many PLHIV resorted
to seeking ART from peers or CBOs, often unsuccessfully.
Few previous studies have investigated the impact of COVID-
19 on HIV care, and our findings suggest an urgent need for
interventions to maintain access to ART during public health
emergencies.

Among the 5084 PLHIV who responded to our online sur-
vey, more than one-third were at risk of ATI, including 2.7%
who had experienced ART and 18.0% who had fewer than
10 days of ART on hand without an avenue to obtain addi-
tional medication, the continuing traffic control might exacer-
bate the risk of ATI. These findings are similar to a smaller
online survey of PLHIV in China conducted in February 2020
in which 33% of respondents reported having insufficient
stores of ART given ongoing travel restrictions [13]. The
potential for COVID-19 to have a widespread impact on the
delivery of effective healthcare and access to HIV treatment
for PLHIV has been highlighted in several recent publications
[16,17]. Our findings suggest these concerns are well-founded,
and even in the early stages of this evolving public health
emergency PLHIV are beginning to experience suboptimal
HIV treatment outcomes. Little has been published on ATI
during COVID-19 outside of China. As COVID-19 develops
into a global pandemic, further research is needed to better

quantify and characterize barriers to ART access in high-, mid-
dle- and low-income settings.

Our results suggest travel away from primary sites of HIV
care and COVID-19 control measures, particularly citywide
lockdowns and travel restrictions, were significant barriers to
obtain ART during the COVID-19 outbreak. In China, the cen-
tral government fully subsidizes ART for nearly 780,000
PLHIV [18]. ART is distributed through designated clinics in
the patient’s registered city of residence. The system requires
patients to collect ART in person on a monthly or quarterly
basis. On rare occasions, patients may arrange to have medi-
cations posted to them, but this is done at the discretion of
the prescribing physician. After 23 January 2020 many Chi-
nese cities implemented strict quarantine measures. Roads in
many villages and residential communities were closed. The
COVID-19 outbreak coincided with the Chinese New Year
holiday period (10 January to 17 February 2020) when hun-
dreds of millions of people travel to visit family. Our survey
showed two in every five PLHIV respondents travelled away
from the city or village where they receive primary HIV care,
and nearly a quarter of respondents reported they were
stranded away from home as a result of lockdown measures.
Hence, it is important for regions where many PLHIV would
flow in to adjust their ART stock and increase the amount of
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Figure 3. Chordal graph of flow of PLHIV between provinces during the COVID-19 outbreak (unit: person).A chord stands for a migration
flow. The arrow from the origin to the destination indicates the flow direction. The width of the chord represents the flux of the flow. Each
scale corresponds to 16 individuals in the graph. Six different colour series represent six regions in 31 provinces and municipalities in main-
land China. Red, purple, blue, green, yellow and orange series represent Eastern (Jiangsu, Shanghai, Shandong, Jiangxi, Fujian, Anhui, Zhe-
jiang), South-Central (Hubei, Hunan, Henan Hainan, Guangdong, Guangxi), Southwest (Chongging, Sichuan, Yunnan, Guizhou, Tibet),
Northwest (Xinjiang, Shaanxi, Gansu, Ningxia, Qinghai), Northeast (Heilongjiang, Jilin, Liaoning, Inner Mongolia) and North (Beijing, Tianjin,

Hebei, Shanxi) China respectively. PLHIV, people living with HIV.

ART that PLHIV could obtain at a time. More than 80% of all
survey respondents reported citywide lockdowns and travel
restrictions were a significant risk factor for ATI. As shelter at
home, measures are rolled out internationally, special consid-
eration should be given to the impact these measures may
have on access to HIV care.

PLHIV at risk of ATI resorted to many sources to obtain
additional ART, including requesting their designated HIV
clinic deliver ART by post, obtaining ART from local HIV clinics
when stranded away from home, and borrowing ART from
other PLHIV or CBOs. Only one-third of these attempts were
successful. The most frequently reported barrier to obtaining
ART during the COVID-19 was fear of disclosing one’'s HIV
status, and fewer than 5% of those at risk of ATI applied for
an exemption from travel restrictions to present to an HIV
clinic. In contrast, nearly half of those at risk of ATl pretended
to have a disease other than HIV so that they were permitted
to travel to a hospital or clinic for evaluation and requested
ART. Additionally, most PLHIV at risk of ATl reported cumber-
some administrative procedures impeded their ability to
obtain additional ART from the government HIV clinics.
Together these results suggest that simply liberalizing
restrictions on the distribution of ART from the government
clinics will not adequately address barriers to obtaining HIV

care in the face of social disruption from COVID-19.
Although the policy was actually beneficial to stranded
PLHIV who have successfully obtained ART and might
enhance PLHIV’s confidence in taking the initiative to obtain
ART, more effective interventions are needed to guide
PLHIV through the process of obtaining ART from new
sources while still protecting privacy. Peer navigators may be
useful [19]. Home delivery of ART through the post may
help PLHIV obtain ART despite travel restrictions and mini-
mize the risk of unintended disclosure of HIV status. How-
ever, COVID-19 has caused significant disruptions to postal
services in China, which may explain why receipt of ART
through the post was associated with the risk of ATl in our
study. Posting ART is an effective way to obtain ART when
courier services operate smoothly in public health emergen-
cies. Otherwise, home delivery of ART should be considered
[20-22,24]. Countries should plan according to their own
delivery system and PLHIV’s actual needs.

We identified several correlates of ATl that suggest certain
subpopulations of PLHIV may be at higher risk of interruption
in ART during COVID-19. PLHIV who had experienced ATI
prior to the COVID-19 outbreak were eight times more likely
to experience ATI during the COVID-19 outbreak compared
to PLHIV without the history of ATI. PLHIV who have
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Table 5. Correlates of experienced ATI and risk of ATI among PLHIV during COVID-19 outbreak in China

Experienced ATI Risk of ATI
Characteristics aOR (95% Cl) P value aOR (95% Cl) P value
Age, year
18 to 29 1.51 (0.79 to 2.89) 0.215 1.08 (0.89 to 1.32) 0416
30 to 39 1.21 (0.63 to 2.31) 0.573 1.01 (0.84 to 1.22) 0.913
>40 Ref. Ref.
Occupation
Student 0.92 (0.34 to 2.50) 0.869 1.55 (1.11 to 2.17) 0.011
Farmer 1.98 (0.71 to 5.51) 0.189 1.70 (1.17 to 2.48) 0.006
Employed 1.62 (0.70 to 3.73) 0.262 1.39 (1.03 to 1.87) 0.033
Unemployed Ref. Ref.
Salary (RMB)
<2000 Ref. Ref.
2000 to 4999 0.93 (048 to 1.80) 0.834 0.86 (0.67 to 1.11) 0.246
5000 to 9999 0.84 (040 to 1.75) 0.636 1.05 (0.81 to 1.38) 0.701
>10000 0.50 (0.19 to 1.31) 0.157 1.09 (0.81 to 1.47) 0.578
CD4 cell count (per ul) at HIV diagnosis®
<200 Ref. Ref.
200 to 349 0.68 (0.39 to 1.19) 0.176 1.02 (0.85 to 1.22) 0.838
350 to 499 1.20 (0.71 to 2.04) 0.495 1.20 (0.99 to 1.44) 0.060
>500 0.71 (0.39 to 1.29) 0.260 1.05 (0.87 to 1.28) 0.600
Viral load at last test
Undetectable Ref. Ref.
Detectable 1.70 (0.87 to 3.35) 0.123 1.19 (0.92 to 1.53) 0.176
Not sure 1.55 (0.96 to 2.50) 0.071 1.08 (0.90 to 1.29) 0.390
Source of ART
Free government-sponsored ART Ref. Ref.
Purchase out of pocket 0.36 (0.08 to 1.54) 0.167 0.67 (0.49 to 0.92) 0.014
Both 1.52 (0.66 to 3.47) 0.321 1.06 (0.78 to 1.44) 0.706
Previous ATI before COVID-19
Yes 8.31 (5.64 to 12.26) <0.001 1.55 (1.33 to 1.80) <0.001
No Ref. Ref.
Ever obtained ART via postage
Yes 1.37 (0.92 to 2.04) 0.125 1.40 (1.22 to 1.62) <0.001
No Ref. Ref.
Travelled away from site of primary HIV care
Yes 3.02 (2.05 to 4.47) <0.001 3.33 (2.92 to 3.79) <0.001
No Ref. Ref.
Location during CNY 2020 (Jan 10-Feb 17)
Domestic city Ref. Ref.
Domestic rural 3.66 (2.32 to 5.78) <0.001 2.31 (2.01 to 2.67) <0.001
Overseas 241 (0.80 to 7.29) 0.120 1.06 (0.71 to 1.61) 0.766
Unknown 3.70 (1.97 to 6.97) <0.001 1.47 (1.14 to 1.88) 0.003
Village/street/community on lockdown
Yes 2.53 (1.39 to 4.62) 0.002 2.37 (2.00 to 2.81) <0.001
No Ref. Ref.
Not sure 1.13 (0.35 to 3.67) 0.835 1.21 (0.84 to 1.74) 0.307

RMB 100 ~ USD 14. The bold values are statistically significant (P < 0.05). The observations of “No. days of pills prepared before travel” were
1964, far less than total sample (5077, missing 7, less than 0.1%), so this was not included in the multivariable logistic regression analysis. The
observations in the “experienced ATI” model and “risk of ATI” models were 3432 (7 missing) and 5077 (7 missing) respectively. aOR, adjusted odds
ratio; ART, antiretroviral therapy; Cl, confidence interval; ATI, antiretroviral therapy interruption; CNY, Chinese New Year; PLHIV, people living

with HIV.
"7 missing.
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difficulty adhering to ART are a vulnerable group requiring
special care and support, particularly because they are at
higher risk of HIV-associated mortality and contributing to
HIV transmission [24]. ATl was also more common among
farmers and people living in rural areas. The government-oper-
ated HIV clinics in China are clustered in urban areas, and
PLHIV living in the Chinese countryside faced additional barri-
ers to obtaining ART prior to the COVID-19 outbreak. Our
results suggest that social disruption from COVID-19 dispro-
portionally impacts PLHIV who were already at higher risk of
poor ART adherence.

International organizations and local CBOs serving PLHIV
have played an important role in maintaining HIV services in
China during the COVID-19 outbreak. CBOs across China
mobilized volunteers to collect ART from clinics and deliver
them to PLHIV facing ATI. Li Hui Shi Kong, a large CBO, has
delivered ART to over 2000 PLHIV during the COVID-19 out-
break, and Wuhan TongZhi Center, a CBO serving MSM in
Wuhan, has delivered ART to over 2600 PLHIV at the centre of
the COVID-19 epidemic [17]. CBOs have also played an impor-
tant role in responding to COVID-19 in other low- and middle-
income countries. In the Philippines, CBOs, including Network
Plus Philippines, Pinoy Plus Advocacy Pilipinas, the Red Whistle
and TLF Share Collective, worked together to implement new
guidelines issued by the Department of Health [23]. These
guidelines directed local authorities to ensure that PLHIV could
collect ART at any local HIV clinic and encouraged the use of
courier services for home delivery of medications. These suc-
cesses suggest health authorities across the globe should col-
laborate with CBOs to reach out to PLHIV and engage them in
HIV care services. Online platforms and social media can be
used to disseminate information to PLHIV, including frequently
updated lists of sites where ART can be obtained.

There are several limitations to our study. First, the cross-
sectional design of our study prevents us from making firm
conclusions about the causes of ATI, and we can only report
associations between ATI and a narrow set of self-reported
variables. Second, we defined ATI as not taking ART for one
day or more. The definition was relatively loose compared to
other studies which defined ATl as not taking ART for at least
two days [24], and might limit the generalizability of the con-
clusion. However, our survey was conducted in the midst of
strict traffic control for COVID-19, PLHIV who did not take
ARV for one day during this period were very likely to experi-
ence continued ATI. Third, we used convenience sampling, and
consequently, those who participated in our study may not be
representative of PLHIV in China overall. Participants in our
study were mostly younger males. In China, nearly 60% of
newly reported PLHIV were 20 to 39 years old [25,26]. Males
outnumber females in newly reported HIV cases in large
cities. For example the male/female ratio of newly diagnosed
HIV cases was 14:1 in Beijing and 9:1 in Shenzhen [27,28].
MSM were over-represented among survey respondents,
which are likely the consequence of recruiting through social
media accounts popular with MSM who tend to live in urban
areas, though MSM accounted for less than a quarter of
newly reported HIV cases nationwide in 2019 [29]. Compared
to sexual transmission, injecting drug use only accounts for a
very small fraction of participants. The national HIV preva-
lence among people who used drugs declined from 7.5% in
2005 to 2.0% in 2018 [30]. Our research only lasted 12 days

on the Internet and we did not recruit people who injected
drugs during that short time. Contacting PLHIV who use
drugs may require the help of local methadone clinics or
related organizations, however, inconveniences caused by
COVID-19 increased the difficulty of such efforts. PLHIV will-
ing to complete our online survey may systematically differ
from those unwilling or unable to participate in online
research. Fourth, all information in this study was self-re-
ported, and is thus subject to significant risk of bias. Fifth,
PLHIV who acknowledged previous ATl maybe more likely to
report ATl or risk of ATl during COVID-19.

5 | CONCLUSIONS

This is one of the first nationwide studies describing the risk
of ATl among PLHIV during the COVID-19 outbreak. Our
study identified correlates and self-reported risk factors for
ATI. We found a significant proportion of PLHIV in China was
at risk of ATI during the COVID-19 outbreak, and many had
already experienced interruptions in HIV care although PLHIV
at risk of ATl had sought help from various sources. Additional
interventions and public health measures are needed to
secure continued access to ART during public health emergen-
cies. As COVID-19 spreads internationally and has developed
into a global pandemic, other countries may be able to learn
from the Chinese experience to better protect the health of
PLHIV. Collaborations between CBOs and public health
authorities to expand access to home deliveries of ART may
be particularly helpful in preventing ATl in the face of citywide
lockdowns, travel restrictions and social disruption from
COVID-19. Countries and regions that are still challenged by
the COVID-19 outbreak are suggested to draw experiences
from strategies adopted by both the PLHIV community, com-
munity-based organizations and health authorities to mitigate
the impact of ATl in China and implement contextualized
strategies in their own settings.
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