Epidemiological, virological and serological features of COVID-19 cases in people living

with HIV in Wuhan City: A population-based cohort study

Jiao Huang™", Nianhua Xie*”, Xuejiao Hu*", Han Yan?, Jie Ding?, Pulin Liu? Hongfei Ma?,

Lianguo Ruan®, Gang Li* , Na He®, Sheng Wei*, Xia Wang? '

!Department of Epidemiology and Biostatistics, State Key Laboratory of Environmental
Health (Incubating), School of Public Health, Tongji Medical College, Huazhong University

of Science and Technology, Wuhan, China

?Department for HIV/AIDS Prevention and Control, Wuhan Center for Disease Prevention

and Control, Wuhan, China
%Jin Yin-tan Hospital, Wuhan, China
“Wuhan Center for Disease Prevention and Control, Wuhan, China

*Department of Epidemiology, School of Public Health, and The Key Laboratory of Public

Health Safety of Ministry of Education, Fudan University, Shanghai, China

*Contributed equally to this work
T Corresponding author: Xia Wang, wangxial973@163.com

Summary of the article: In this population-based cohort study, PLWH aged >50 years and
those with cART discontinuation were at increased risk for COVID-19. High HIV viral load
(>20 copies/ml) might prolong the disease course and decrease the SARS-CoV-2-specific

antibody level against COVID-109.

© The Author(s) 2020. Published by Oxford University Press for the Infectious Diseases Society of America. All rights
reserved. For permissions, e-mail: journals.permissions@oup.com.



ABSTRACT

Background. We aimed to describe the epidemiological, virological and serological features

of coronavirus disease 2019 (COVID-19) cases in people living with HIV (PLWH).

Methods. This population-based cohort study identified all COVID-19 cases among the
whole PLWH in Wuhan city, China, by April 16, 2020. The epidemiological, virological and
serological features were analyzed based on the demographic data, temporal profile of
nucleic acid test for SARS-CoV-2 during the disease, and SARS-CoV-2-specific IgM and

IgG after recovery.

Results. From January 1 to April 16, 2020, 35 of 6001 PLWH have experienced COVID-19,
with the cumulative incidence of COVID-19 to be 0.58% (95%CI: 0.42%-0.81%). Among
the COVID-19 cases, 15 (42.86%) had severe illness, with 2 deaths. The incidence, case-
severity and case-fatality of COVID-19 in PLWH were comparable to that in the entire
population in Wuhan. 197 persons had cART discontinuation, of whom 4 persons
experienced COVID-19. Risk factors for COVID-19 were age >50 years old and cART
discontinuation. The median duration of SARS-CoV-2 viral shedding among confirmed
COVID-19 cases in PLWH was 30 (IQR: 20-46) days. Cases with high HIV viral load (>20
copies/ml) had lower IgM and IgG levels than those with low HIV viral load (<20 copies/ml)
(median S/CO for IgM, 0.03 vs. 0.11, P<0.001; median S/CO for IgG, 10.16 vs. 17.04,

P=0.069).



Conclusions. Efforts need to maintain the persistent supply of antiretroviral treatment to
elderly PLWH aged 50 years or above during the COVID-19 epidemic. The coinfection of
HIV and SARS-CoV-2 might change the progression and prognosis of COVID-19 patients in

PLWH.
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Introduction

Coronavirus disease 2019 (COVID-19) is an emerging infectious disease, caused by the
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), which was first reported in
the latterly December 2019 in Wuhan, China[1]. According to the WHO status report, more
than 16 million COVID-19 cases have been reported worldwide until July 30[2]. COVID-19
has emerged as a great challenge to global public health. Since no vaccine and effective drugs
are available against this infectious disease, non-pharmaceutical interventions were
implemented to slow the spread and flatten the epidemic curve of COVID-19[3]. Although
governments and communities have been dedicated to maintaining HIV service provision for
people living with HIV (PLWH), antiretroviral treatment for PLWH may be hindered by the

COVID-19 epidemic[4].

Considering the large number of PLWH, it'is urgent to evaluate whether the incidence of
COVID-19 in PLWH differs from that in the general population. Cases with coinfection of
SARS-CoV-2 and HIV have been reported in several countries[5-7]. But only one study
calculated the COVID-19 incidence in PLWH based on HIV patients in a single hospital[8].
The population-based incidence of COVID-19 in PLWH needs to assess this population at
risk of SARS-CoV-2 infection comprehensively. Previous studies have found that PLWH
with low CD4 cell count, high HIV viral load and not taking antiretroviral treatment have an
increased risk of other respiratory infections[9]. However, limited data were available for the
risk of SARS-CoV-2 infection in PLWH. Several studies have demonstrated the antibody
response to SARS-CoV-2 infection in the general population[10, 11], which may inform
vaccine intervention in the future. Nevertheless, there is no information currently on the
antibody against SARS-CoV-2 infection in PLWH. Guidance has been proposed by US
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provide information about the proper response to COVID-19 in PLWH[12, 13]. But guidance

like these needs more evidence to refine their recommendation.

In the present study, we performed a population-based cohort study to calculate the
cumulative incidence of COVID-19 in PLWH from January 1 to April 16, 2020 in Wuhan
city, China, and compared it with the entire population of Wuhan. Furthermore, we described

the virological and serological features of COVID-19 cases in PLWH.

Methods

Study setting and participants

All individuals in Wuhan who were tested positive for HIV have been reported to Wuhan
Center for Disease Control (CDC) through the China National HIVV/AIDS Comprehensive
Response Information Management System (CRIMS)[14]. According to CRIMS
requirement, a standardized form was used to collect HIV-positive persons’ information,
including basic demographic characteristics (gender, date of birth, education level), mode of
HIV acquisition and baseline CD4 cell count and HIV viral load. The local CDC or
designated hospital staff followed up them every year for their CD4 cell count and HIV viral
load at least once[15]. HIVV-positive persons who met the Chinese national treatment criteria
were referred to the China National Free Antiretroviral Treatment Programme (NFATP) to
receive combination antiretroviral therapy (CART)[16]. On December 31, 2019, 6001 PLWH

resided in Wuhan city had been included in CRIMS.

COVID-19 case identification and definitions

COVID-19 has been listed as a Class B infectious disease on January 20, 2020 in
China[17]. All COVID-19 cases must be reported to the National Notifiable Infectious

Disease Report System (NNIDRS) within 2 hours after diagnosed[18]. All COVID-19 cases



reported to NNIDRS in Wuhan have been rechecked and verified on April 16, 2020[19].
Therefore, the COVID-19 cases in PLWH were identified by linking the individual
information from these two systems in Wuhan using the unique 1D Number on April 17,
2020. According to the national guideline, COVID-19 cases were categorized into confirmed
cases, clinically diagnosed cases, suspected cases, and asymptomatic cases. And the severity
status of COVID-19 cases was categorized as mild, moderate, severe, or critical. The details
could be found elsewhere[3, 20]. In this study, COVID-19 cases with severe or.critical illness

were classified into severe cases group. Otherwise, they were classified into non-severe cases

group.

CART hindered status identification during the COVID-19 epidemic

Among the 6001 PLWH, 474 (7.90%) persons were not on CART before Dec 31, 2019. Of
the 5527 persons on cART, 4504 (81.49%) persons had obtained antiretroviral drugs during
January 1-March 8, 2020, according to the records in the treatment database of CRIMS. An
additional telephone survey was conducted among the remaining 1023 PLWH during April
17-19, 2020 to verify whether the COVID-19 epidemic hindered their CART continuation. Of
the 530 PLWH interviewed successfully, 31 persons reported having CART interruption. For
the other 493 PLWH unreachable, we inferred that 166 persons had cART interruption based
on the last record of getting antiretroviral drugs before January 23, 2020 in CRIMS. cART
discontinuation was defined as failing to take antiretroviral drugs for at least 14 days during
the COVID-19 epidemic in Wuhan according to Prosperi MC’s study [21]. Otherwise, CART
interruption less than two weeks was considered as CART continuation. Eventually, we
classified the CART hindered status of the 6001 PLWH into 3 groups: no cART, CART

continuation and cART discontinuation.



Data collection

Demographic characteristics included gender, date of birth, education level, duration of
HIV infection, mode of HIV acquisition, CART regimens and treatment status, CD4 cell
count and HIV viral load at last routine medical visit within the previous 12 months were
obtained from CRIMS. For COVID-19 cases, information including date of onset, date of
diagnosis, date of death (if applicable) and case type and clinical severity were extracted from
NNIDRS. We also collected temporal profiles of RT-PCR results for testing SARS-CoV-2 in
each confirmed case. In addition, we obtained the COVID-19 incidence among the general
population by the street where the PLWH’s living address located to indicate their chance of
infection by SARS-CoV-2. If the COVID-19 incidence among the general population for the
street was <0.66% (median level of the COVID-19 incidence among all the streets in
Wuhan), PLWH located in this street were classified as having low chance, otherwise, they

were deemed to have high chance.

Serum IgM and IgG levels against SARS-CoV-2 testing

Serum samples were taken from each alive COVID-19 cases in PLWH on May 18, 2020.
SARS-CoV-2-specific IgM and IgG were detected by Magnetic Chemiluminescence Enzyme
Immunoassay using commercial kits following the manufacturer’s instructions, which have
been described elsewhere[10, 22]. The antibody level was expressed as the
chemiluminescence signal value divided by the cutoff value (S/CO). IgM or 1gG was defined

as positive if the S/CO value was higher than 1.0; otherwise, it was regarded to be negative.



Statistical analysis

The COVID-19 incidence was estimated assuming a Poisson distribution and described for
the entire PLWH population and subgroups. We used Poisson regression to estimate
incidence rate ratios (IRRs) to compare the COVID-19 incidence in subgroups of PLWH.
Univariate and multivariate modified Poisson regressions with robust variance were used to
evaluate the relationship between characteristics of PLWH with the COVID-19
occurrence[23]. Besides, we imputed the missing data on the basis of multivariable
imputation and performed sensitivity analyses retaining all PLWH to explore the risk factors

of COVID-19 among PLWH.

We used the direct method to calculate the COVID-19 incidence standardized by age and
gender for PLWH and to compare the difference in COVID-19 occurrence between PLWH
and the general population in Wuhan. We derived standardization weight from the age and
gender distribution of the general population of Wuhan in 2018. A similar method was used
to calculate case-severity and case-fatality standardized by age and gender for PLWH, with
the number of COVID-19 cases in different age groups obtained from the previous study as a
standard[3]. All analyses were conducted using SAS statistical software version 9.4 (SAS
Institute Inc) and R Project version 3.6.1 (http://cran.r-project.org). A two-sided p value of

<0.05 was considered statistically significant.

Ethics

This study was reviewed and approved by the institutional review board of the Wuhan

CDC (WHCDCIRB-K-2020001).



Results

Characteristics of PLWH in Wuhan

From January 1 to April 16, 2020, 35 (0.58%) PLWH had experienced COVID-19,
including 22 (62.86%) confirmed cases, 11 (31.43%) clinical cases and 2 (5.71%)
asymptomatic cases. The median age of PLWH (52, IQR: 36-57 years) for COVID-19 cases
was higher than that for non-COVID-19 cases (37, IQR: 29-52 years, P=0.004). Most
(92.10% or 5527) of PLWH were on cART at the end of 2019, of whom 197 (3.56%) persons
had cART discontinuation, with 4 persons having COVID-19. There was no significant
difference in COVID-19 occurrence between PLWH taking different cART regimens (all
P>0.05). 5897 (98.27%) and 5004 (83.39%) PLWH have been documented with CD4 cell
count and HIV viral load at last routine medical visit, with similar distribution between non-
COVID-19 cases and COVID-19 cases (P=0.860 and 0.798) (Table 1). The basic
characteristics between the 22 confirmed cases and 11 clinically diagnosed cases were similar

(all P>0.05) (Supplementary Table 1).

Incidence of COVID-19 in PLWH

The cumulative incidence of COVID-19 was 0.58% (95%CI: 0.42%-0.81%). There is no
significant difference between the COVID-19 incidence for males (0.61%, 95%CI: 0.43%-
0.86%) and females (0.35%, 95%CI: 0.09%-1.39%, P=0.444). COVID-19 incidence among
PLWH aged >50 years was 1.18%, which was higher than that of PLWH below 50 years
(0.35%), with IRR to be 3.37 (95%ClI: 1.73-6.57, P<0.001). The COVID-19 incidence were
0.52% (95%CI: 0.36-0.76), 2.20% (95%CI: 0.82%-5.86%) and 0.63% (95%CI: 0.20%-
1.96%) in PLWH with cART continuation, PLWH with cART discontinuation, and PLWH

without cART, respectively (Figure 1).



According to the report from Health Commission of Hubei Province on April 16, 2020,
50333 (0.46%) persons had reported with COVID-19, with 3869 deaths[19]. The COVID-19
incidence in the general population of Wuhan was 0.45% (95%ClI: 0.45%-0.46%). Compared
to the general population in Wuhan, PLWH did not have an increased risk for COVID-19,
with the standardized incidence rate to be 0.38% (95%CI: 0.24%-0.53%). Of the 35 PLWH
with COVID-19, 15 (42.86%) cases had severe illness and 2 (5.71%) cases developed to
death. No significant differences of basic characteristics were observed between non-severe
COVID-19 cases and severe COVID-19 cases in PLWH (all P>0.05) (Supplementary Table
2). The standardized rates of case-severity and case-fatality of COVID-19 in PLWH were

also similar to that in the entire population in Wuhan (Table 2).

Risk factors for COVID-19 in PLWH

We included the 5004 (83.39%) persons with available data for HIV viral load to analyze
the risk factors for COVID-19 in PLWH, with 984 (16.49%) and 3 (8.57%) PLWH exclude
from non-COVID-19 and COVID-19 cases groups (Supplementary Figure 1). The
multivariate Poisson regression analysis showed positive associations between COVID-19
occurrence and older age and cART discontinuation after adjusting for other variables (Table
3). Compared to PLWH aged below 50 years with CART continuation, PLWH aged 50 years
or above with CART discontinuation were at sharply increased risk for COVID-19 (adjusted
IRR=16.86, 95%CI: 4.71-60.26) (Table 4). The sensitivity analyses results using
multivariable imputation of missing data were consistent with the above analyses retaining

only patients with complete data (Supplementary Table 3 and 4).
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Temporal profile of RT-PCR results in confirmed COVID-19 cases in PLWH

The temporal profile of RT-PCR results in 22 confirmed COVID-19 cases in PLWH was
shown in Figure 2. These cases have been tested for SARS-CoV-2 infection with RT-PCR
test for 1 to 12 times. Nineteen of 22 (86.36%) confirmed cases had at least two consecutive
negative RT-PCR results for SARS-CoV-2. The duration of viral shedding was defined as the
interval from symptoms onset to the primary sample date among the consecutive negative
results. The duration of viral shedding of these COVID-19 cases in PLWH varied from 17 to
77 days with a median of 30 (IQR: 20-46) days. Among the two cases with CART
discontinuation, the duration of viral shedding was 21 and 77 days, respectively. For the 15
cases with CART continuation, the median duration of viral shedding was 30 (IQR: 20-44)
days. The median duration of viral shedding was 25 (IQR: 20-34) days and 32.5 (IQR: 21-46)
days in cases with HIV infection <3 years and those with HIV infection>3 years, respectively
(Supplementary Table 5). None of the 21 alive confirmed cased turned positive for COVID-

19 after recovery over a median of 75 (IQR: 50-79.5) days since discharge.

Serological test results for COVID-19 cases in PLWH

Serum samples were collected from 28 of 33 (84.85%) recovered COVID-19 patients in
PLWH on May 18, 2020 for testing the level of specific IgM and 1gG antibodies against
SARS-CoV-2. The IgM level was lower in cases with high HIV viral load (>20 copies/ml) at
last routine medical visit than cases with low HIV viral load (<20 copies/ml) (median S/CO:
0.03 vs. 0.11, P<0.001). And the IgG level was also lower in cases with high HIV viral load,
despite marginally significant (median S/CO 10.16 vs. 17.04, P=0.069) (Figure 3). The IgG
level was 20.73 (IQR: 10.16-34.23) in severe cases and 9.61 (IQR: 0.89-16.10) in non-severe
cases, respectively (Supplementary Table 6). Only one (3.57%) confirmed case with critical

illness was tested positive for IgM with a value of 1.47. 22 (78.57%) were tested positive for
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IgG, including 1 in 3 (33.33%) cases without CART, 18 in 21 (85.71%) cases with CART

continuation, 3 of 4 (75.00%) cases with CART discontinuation (Supplementary Table 7).

Discussion

In this cohort study, we reported the COVID-19 incidence among PLWH in Wuhan
during the COVID-19 epidemic. The incidence, case-severity and case-fatality of COVID-19
in PLWH were comparable to that in the entire population in Wuhan. The COVID-19
incidence among PLWH aged 50 years or above was twice higher, compared to PLWH
below 50 years. The median duration of viral shedding was 30 days for confirmed COVID-19
cases in PLWH. Higher antibody levels were observed in cases with-high HIV viral load than

those with low HIV viral load.

Although several studies recently reported the COVID-19 cases in PLWH in hospitals,
there are few population-based studies having focused on COVID-19 of PLWH. Our study
showed that PLWH have similar risk of COVID-19 compared to that in the general
population during COVID-19 epidemic. The incidence of COVID-19 among PLWH (0.58%)
in Wuhan was lower than that in HIV-infected individuals (1.8%) in Madrid [8]. It may be
one of the reasons that PLWH in Wuhan (mean age 40.7 years) were much younger than
HIV-infected individuals in Madrid (mean age 53.5 years), since old age was found to be
positively associated with COVID-19 in PLWH][24]. In spite of the different incidence, the
age and case type were similar in the 35 COVID-19 cases (Wuhan, median age 52 years old,
63% confirmed cases) and 51 COVID-19 cases (Madrid, mean age 53.3 years old, 68%
confirmed cases) from these two studies. The case-fatality of COVID-19 in PLWH varied
4%-28.6% in different studies[25-28], further systematic studies are needed to clarify the

disparity.
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Maintaining antiretroviral therapy during the COVID-19 epidemic is urgent for the health
of PLWH, especially in elderly person. Out study firstly suggested that PLWH aged over 50
years with CART discontinuation had over ten times risk of SARS-CoV-2 infection than
young PLWH with ART continuation. Similar findings from studies on the coinfection of
HIV and tuberculosis demonstrated that antiretroviral therapy for HIV-positive adults could
lower the incidence and mortality of people having coinfection of HIV and tuberculosis[29,
30]. Our findings provide the evidence to support the suggestion from NHH Interim Guidance
for COVID-19 and Persons with HIV that the elderly persons with HIV are at the highest risk
of COVID-19[12]. Although the supply of antiretroviral drugs against HIV had been
disrupted during the “lockdown period” in Wuhan, most of PLWH in Wuhan had
antiretroviral drugs supply with the help of the CDC staffs and volunteers from the
community based organizations (CBOs) during the COVID-19 epidemic. However, designed
hospitals for HIV care services have been closed, which means PLWH may have not proper
antiretroviral therapy without any timely examination. The challenge would have been the
toughest if the COVID-19 epidemic duration lasts over three months. Therefore, it is critical
to make a response policy and strategy to provide a timely ART treatment for PLWH during

the COVID-19 epidemic.

Our findings suggested that coinfection of HIV and SARS-CoV-2 may change the
development and prognosis of COVID-19 in PLWH. The median interval from symptom
onset to viral clearance of confirmed COVID-19 cases in PLWH was 30 days in this study,
which was longer than that of COVID-19 cases without HIV infection (20 days)[31]. This
indicates that COVID-19 cases in PLWH may have delayed viral clearance for SARS-CoV-2
because of immunosuppression, although clinical improvement of COVID-19 in PLWH was
not worse than that of individuals without HIV infection as described in the present study and

other published studies[25, 32]. Furthermore, our study found that the level of HIV viral load
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influenced the antibody level against SARS-CoV-2. It suggested that HIV infection may
affect the process of immune response to SARS-CoV-2 infection and might be associated
with SARS-CoV-2 persistence and adverse outcomes. A recent research on the immunologic
characteristics of COVID-19 in PLWH also shows that people with prolonged duration of
HIV infection remain at risk for severe manifestation of COVID-19[28]. Therefore, more

concerns are needed for people having coinfection of HIV and SARS-CoV-2.

A major strength of the present study is is the population based design focused on
epidemiological, virological and serological features of COVID-19 in a large PLWH
population, but there are still some limitations needed to be addressed. First, the COVID-19
cases were identified by nucleic acid test, which might have missed individuals with
asymptomatic infections in the population[10]. Further serological tests in all PLWH are
needed to identify the previous infection status of SARS-CoV-2 and the disease spectrum of
COVID-19 in this population. Second, the risk of SARS-CoV-2 infection in PLWH also
depended on the contact chance with COVID-19 patients. Although the possible contact
chance to COVID-19 by the incidence of COVID-19 among the general population was
assessed by the street where PLWH’s living address located, such classification was a rough
estimation. Third, the voluntary HIV screening test was hindered by community isolation and
clinic closure during the COVID-19 epidemic. The potential new HIV infections have not
been included in the present study. Considering the social distance measures, the number of
newly infected HIV cases may be limited. Fourth, since hospitals designated for HIV care
had been closed during the “lockdown” period, the exact levels for CD4 cell count and HIV
viral load were unknown without necessary tests. The role of CD4 cell count and HIV viral
load for COVID-19 risk in PLWH needs to be evaluated in the future prospective studies. In

spite of these limitations, our study provides the profile of PLWH having COVID-19 in
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Wuhan. Further studies are needed to follow and case for the health of PLWH during the

COVID-19 epidemic around the world.

Conclusions

In conclusion, PLWH aged over 50 years and having cCART discontinuation had high
risk for COVID-19 in Wuhan. Coinfection of HIV and SARS-CoV-2 may change the
progression and prognosis of COVID-19 in PLWH. Future studies are needed to clarify the
mechanisms underlying the interaction between HIV infection and SARS-CoV-2

pathogenesis.
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Table 1. Characteristics of the 6001 PLWH.

All
. cases Non-COVID-19 COVID-19
LCEL (N=60 cases (N=5966) cases (N=35) P
01)
87 0.00
Age on Jan 1, 2020, years, median (IQR) (29- 37 (29-52) 52 (36-57) '2
52)
Age group on Jan 1, 2020, years
4300/
6001 <0.
<50 (71.65 4285/5966 (71.82) 15/35 (42.86) 001
)
1701/
>50 6001 1681/5966 (28.18) 20/35 (57.14)
- (28.35 ' '
)
Gender
5427/
6001 0.40
Male (90.43 5394/5966 (90.41) 33/35 (94.29) 4
)
57416
Female 001 572/5966 (9.59) 2/35 (5.71)
(9.57)
Education
1550/
Senior middle school and below (22053 1543/5965 (25.87) 7/35 (20.00) 0'57
)
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Junior high school

College and above

Mode of HIV acquisition

MSM

Sex (heterosexual)

Intravenous drug use

Blood transfusion

Mother to child

CART treatment

Yes

No

cART hindered status

No cART treatment

CART continuation

1634/
6000
(27.23

2816/
6000
(46.93

3953/
5988
(65.91

1939/
5988
(32.33

76/59
88
(1.27)

21/59
88
(0.35)

9/598

(0.15)

5527/
6001
(92.10

47416
001
(7.90)

474/6
001
(7.90)

5345/
6001
(89.07

1622/5965 (27.19)  12/35 (34.29)

2800/5965 (46.94)  16/35 (45.71)

3933/5963 (67.96)  20/35 (57.14) 0'859
1924/5963 (32.27) - 15/35 (42.86)
76/5963 (1.27) 0/35 (0.00)
0/35 (0.00)
21/5963 (0.35)
0/35 (0.00)
9/5963 (0.15)
0.88
5495/5966 (92.11) 32135 (9143)
471/5966 (7.89) 3/35 (8.57)
471/5966 (7.89) 3/35 (8.57) 037

5317/5966 (89.12)  28/35 (80.00)
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cART discontinuation

NRTIs treatment

No treatment

Without NRTIs in cART

With NRTIs in CART

NNRTIs treatment

No treatment

Without NNRTIs in cART

With NNRTIs in cCART

Pls treatment

No treatment

Without Pls in cART

With Pls in cART

IIs treatment

No treatment

182/6
001
(3.03)

474/5
933
(7.91)

1/593

(0.02)

5518/
5993
(92.07

474/5
933
(7.91)

691/5
933
(11,53

4828/
5993
(80.56

474/5
933
(7.91)

5054/
5933
(84.33

465/5
993
(7.76)

474/5
933
(7.91)

178/5966 (2.98)

471/5958 (7.91)

1/5958 (0.02)

5486/5958 (92.08)

471/5958 (7.91)

689/5958 (11.56)

4798/5958 (80.53)

471/5958 (7.91)

5023/5958 (84.31)

464/5958 (7.79)

471/5958 (7.91)

4/35 (11.43)

3/35 (8.57)

0/35 (0.00)

32/35 (91.43)

3/35 (8.57)

2/35 (5.71)

30/35 (80.53)

3/35 (8.57)

31/35 (88.57)

1/35 (2.86)

3/35 (8.57)

0.98

0.49

0.46

0.92
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Without IIs in cART

With lls in cART

CD4 cell count at last follow-up time, cells/uL

<50

50-199

200-499

>500

HIV viral load at last follow-up time, copies/ml

<20

>20

Duration of HIV infection, years

>3

Incidence rate of COVID-19 by the street where the
PLWH’s living address located

5277/
5933
(88.05

24215
993
(4.04)

91/58
97
(1.54)

522/5
897
(8.85)

2657/
5897
(45.06

2627/
5897
(44.55

3334/
5004
(66.63

1670/
5004
(33.37

3198/
6001
(53.29

2803/
6001
(46.71

5246/5958 (88.05)

241/5958 (4.04)

90/5863 (1.54)

518/5863 (8.84)

2643/5863 (45.08)

2612/5863 (44.55)

3312/4972 (66.61)

1660/4972 (33.39)

3185/5966 (53.39)

2781/5966 (46.61)

31/35 (88.57)

1/35 (2.86)

1/35 (2.94)

4135 (11.76)

14/35 (41.18)

15/35 (44.12)

22/32 (68.75)

10/32 (31.25)

13/35 (37.14)

22/35 (62.86)

0.86
0

0.79

0.05
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<0.66%

>0.66%

3143/
c00l 0.14
(52.37 3129/5966 (52.45) 14/35 (40.00) :
)

2858/
6001
(47.63

)

2837/5966 (47.55) 21/35 (60.00)

PLWH: people living with human immunodeficiency virus; MSM: men who have sex with men; IQR: inter
quartile range; CART: combination antiretroviral therapy. NRTIs: Nucleoside reverse transcriptase inhibitors;
NNRTIs: Non-Nucleoside reverse transcriptase inhibitors; Pls: Protease Inhibitors; in this study, only
Lopinavir/Ritonavir (LPV/r) was in this category of antiretroviral; Ils: Integrase Inhibitors.
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Table 2. Comparison of COVID-19 between PLWH and the general population in
Wuhan.

PLWH in Wuhan  General population in Wuhan*

Total number of observations 6001 1.1 million

COVID-19 cases 35 50333

Severe cases of COVID-19 15 NA

Death of COVID-19 2 3869
Incidence of COVID-19(%) 0.58 (0.42-0.81) 0.45 (0.45-0.46)
Standardized incidence rate (%) 0.38 (0.24-0.53) 0.45
Case-severity of COVID-19 (%) 42.86 (25.84-71.09) 22.09 (21.58-22.60)°
Standardized case-severity of COVID-19 (%) 30.84 (7.51-54.16)" 22.09°
Case-fatality rate of COVID-19 (%) 5.71 (1.43-22.85) 7.69 (7.45-7.93)
Standardized case-fatality rate of COVID-19 (%) 3.68 (0-9.19)* 7.74

PLWH: people living with human immunodeficiency virus

*according to the report from Wuhan Municipal Health Commission on April 16, 2020
(http://wjw.wuhan.gov.cn/front/web/showDetail/2020041710528).

¥ Estimated based on the data from the published study®.

* Estimated based with the number of COVID-19 cases in different age and gender groups obtained from the
published study as a standard®.
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Table 3. The effect of basic characteristics on the risk of COVID-19 in PLWH.

Unadjusted . .
Incide Model Adjusted Model
_ nce
Characteristics ate RR -
(%) (95% p p
0,
cl) (95%Cl)
Age group on Jan 1, 2020, years
0.36
<50 (0.21- 1.00 1.00
0.62)
1.35 3.72
>50 (0.86-  (1.85- <§i° 3'7;1 éé')ﬁz' %‘2
2.11)  7.53) '
Gender
0.69
Male (0,48- . 1.00 1.00
0.98)
R0 0-30 0.22 0.20(0.03- 0.1
Female (0.03- (0.04- 9 1.48) 13
1.44)  2.16) '
Mode of HIV acquisition
0.86
Non-MSM (0.51- 1.00 1.00
1.45)
0.53 0.62
s o . 08 070 08
0.85) 1.25) '
CART hindered status
0.57
CART continuation (0.39- 1.00 1.00
0.83)
2.35 4.15
. . . . . 1.43- .
CART discontinuation (0.88- (1.47- 030 3 82%(61)3 32
6.27) 11.74) '
1.49 2.64
033 325(045- 0.2
No cART treatment (0.21- (0.36- 3 10.07) 46

CD4 cell count at last follow-up time, cells/uL

10.60) 19.11)
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>500

<500

HIV viral load at last follow-up time, copies/ml

<20

>20

Duration of HIV infection, years

>3

Incidence rate of COVID-19 by the street where the PLWH’s
living address located

<0.66%

>0.66%

0.56
(0.33-
0.95)

0.71
(0.45-
1.13)

0.66
(0.43-
1.00)

0.60
(0.32-
1.11)

0.47
(0.26-
0.85)

0.79
(0.52-
1.21)

0.49
(0.29-
0.85)

0.80
(0.51-
1.25)

1.00

1.27
(0.63-
2.54)

1.00

0.91
(0.43-
1.91)

1.00

1.69
(0.82-
3.50)

1.00

1.62
(0.80-
3.27)

0.50
8

0.79
8

0.15
7

0.18
1

1.00

1.05 (0.52-
2.12)

1.00

0.84 (0.39-
1.82)

1.00

1.59 (0.74-
3.42)

1.00

1.43 (0.69-
2.95)

0.8
99

0.6
61

0.2
38

0.3
33

PLWH: people living with-human immunodeficiency virus; MSM: men who have sex with men; CART:
combination antiretroviral therapy; IRR, incidence rate ratio. IRRs and P values were from Poisson regression
models. *Each association was mutually adjusted for the other characteristics in the table.
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Table 4. The combined effect of age and cART hinder status on the risk of COVID-19 in
PLWH with cART treatment.

Adjusted Model*

Age, years CART hinder status Incidence rate (%)

IRR (95%Cl) p
<50 CART continuation 0.32(0.18-0.58) 1.00
<50 CART discontinuation 0.82 (0.12-0.58) 2.45 (0.33-18.34) 0.382
>50 CART continuation 1.18 (0.72-1.93) 3.60 (1.45-8.92) 0.006
>50 CART discontinuation 6.25 (2.02-19.38) 16.86 (4.71-60.26) <0.001

* adjusted for gender, mode of HIV acquisition, CD4 cell count, HIV viral load, duration of HIV infection and
incidence of COVID-19 by the street where the PLWH’s living address located
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Figure Legends

Figure 1. Incidence (with 95% confidence intervals) of COVID-19 in the 6001 PLWH,

stratified by gender, age and cART hindered status.

COVID-19: coronavirus disease 2019; PLWH: people living with human immunodeficiency
virus; CART: combination antiretroviral therapy; IRR, incidence rate ratio. CART hindered
status=1: cCART continuation during the COVID-19 epidemic; cCART hindered status=2:
CART discontinuation during the COVID-19 epidemic; cCART hindered status=3: no CART

treatment. Error bars indicate 95%ClIs.

Figure 2. Diagnosis and treatment course in the 22 confirmed COVID-19 cases.

*The interval between symptom onset to discharge of Case 21 is 111 days, which has not

been shown entirely in the figure.

Figure 3. Level of antibodies against SARS-CoV-2 among 28 COVID-19 cases in PLWH

with different cART hindered status.

The boxplots indicate medians (middle line) and third and first quartiles (boxes), while the

whiskers indicate 1.5x the interquartile range (IQR) above and below the box.
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Figure 2
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