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Abstract
Purpose Immunocompromised patients are postulated to be at elevated risk of unfavorable outcomes of COVID-19. The 
exact effect of HIV infection on the course of COVID-19 remains to be elucidated. The aim of the study was to describe the 
epidemiological and clinical aspects of SARS-CoV-2 infection in HIV-infected individuals.
Methods The HIV-positive patients who were diagnosed with SARS-CoV-2 infection were identified through thirteen spe-
cialist HIV clinics routinely following them due to HIV treatment. The data were collected between November 2020 and May 
2021 through an on-line electronical case report form  (SurveyMonkey®). The collected information included demographics, 
lifestyle, comorbidities, HIV care history, COVID-19 clinical course and treatment. Logistic regression models were used 
to identify factors associated with the odds of death or hospitalization due to COVID-19.
Results One hundred and seventy-three patients with HIV-SARS-CoV-2 coinfection were included in the analysis. One hun-
dred and sixty-one (93.1%) subjects had a symptomatic course of the disease. Thirty-nine (23.1%) of them were hospitalized, 
23 (13.3%) necessitated oxygen therapy. Three (1.8%) patients required admission to the intensive care unit and 6 (3.5%) 
patients died. The presence of comorbidities and an HIV viral load of more than 50 copies/mL were linked to the increased 
odds of hospitalization (OR 3.24 [95% CI 1.27–8.28]) and OR 5.12 [95% CI 1.35–19.6], respectively).
Conclusions As depicted by our analyses, HIV-positive patients with comorbidities and/or uncontrolled HIV replication 
who are diagnosed with SARS-CoV-2 infection should be considered of high risk of poor COVID-19 outcome and followed 
up carefully.
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Introduction

Severe acute respiratory syndrome coronavirus 2 or SARS-
CoV-2 emerged in Wuhan, China, in December 2019 and 
quickly disseminated causing a global pandemic [1].

The first cases were reported in Poland in March 2020 
and by the end of July 2021, 2,883,120 people were infected 
and 75,261 of them died of COVID-19 [2]. As in many other 
countries, Polish health care system was overwhelmed, what 
resulted in serious limitations in access to health care.

People suffering from immunodeficiency, including those 
with HIV infection, are postulated to be at higher risk of 
acquiring infection and death from COVID-19 [3]. However, 
recent reports concerning HIV, yield contradictory results 
[4, 5]. One possible explanation is that people living with 
HIV (PLHIV) are not a homogeneous group and numerous 
factors contribute to the effect of HIV infection on SARS-
CoV-2 response. The role of immune deficiency, effective-
ness and components of antiretroviral therapy (ART), the 
history of opportunistic infections, including those affecting 
respiratory tract, remain to be elucidated. Moreover, local 
factors may contribute to the course of COVID-19, such as 
access to general healthcare, causal COVID-19 treatment 
and vaccine strategies [6–8].
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On the other hand, COVID-19 pandemic may affect the 
linkage to and retention in HIV care. As reported by Eurogu-
idelines in Central and Eastern Europe Network Group in the 
beginning of COVID-19 pandemic, 60% of HIV practition-
ers were also involved in COVID-19 care [9].

Therefore, it is necessary to review epidemiological and 
clinical characteristic of SARS-CoV-2–HIV coinfection in 
national healthcare systems.

Methods

In November 2020, the Polish AIDS Society initiated a 
project to identify HIV and SARS-CoV-2 coinfection cases 
in Poland. In Poland HIV-positive patients were tested for 
SARS-CoV-2 infection in the same settings and for the 
same purposes as the general population. The HIV-positive 
patients who were diagnosed with SARS-CoV-2 infection 
were identified through thirteen specialist HIV clinics rou-
tinely following them due to HIV infection. Patients with 
confirmed diagnosis were included in the study irrespective 
of the presence of symptoms. COVID-19 diagnosis, accord-
ing to national standards, was based on the positive reverse 
transcriptase real-time polymerase chain reaction (RT-PCR) 
test or the presence of characteristic clinical and radiologi-
cal symptoms in combination with epidemiological context.

The data were collected between November 2020 and 
May 2021 through an on-line electronical case report form 
(eCRF) build on  SurveyMonkey® platform. The collected 
information included demographics, lifestyle, comorbidities, 
HIV care history and COVID-19 clinical course. The clini-
cal course of COVID-19 infection was assessed on day 0, 
7, 14 and 28 according to WHO Ordinal Scale [10] (Score 
1—ambulatory, no limitation of activities, 2—ambulatory, 
limitation of activities or home oxygen therapy, 3—hospital-
ized with mild disease, no oxygen therapy, 4—hospitalized 
with mild disease, oxygen by mask or nasal cannula, 5—
hospitalized with severe disease on non-invasive ventilation 
or high-flow oxygen, 6—hospitalized with severe disease 
on mechanical ventilation, 7—hospitalized with severe dis-
ease on mechanical ventilation or organ support, 8—death). 
Comorbidities groups included: respiratory, kidney, car-
diovascular disease, diabetes and malignancy. In statistical 
analyses logistic regression models were used to identify 
factors associated with the odds of death or hospitalization 
due to COVID-19. Factors significant in univariate models 
(p < 0.1) were included in multivariate model. A confidence 
interval (CI) of 95% was accepted. All analyses were per-
formed using SAS version 9.4 (SAS Institute, Cary, NC).

All patient information obtained was anonymized prior to 
data collection. The study received approval from Bioethi-
cal Committee of Medical University of Warsaw (Komisja 

Bietyczna Medycznego Uniwersytetu, Nr AKBE/155/2020) 
and a waiver for informed consent was granted.

A total of 193 patients with SARS-CoV-2 and HIV coin-
fection were reported and assessed for eligibility. Eleven of 
the patients were diagnosed with HIV during COVID-19 and 
they were excluded from the study as well as nine individu-
als who have not yet recovered by the end of the study and 
their clinical outcome was unknown. The study design is 
depicted in the flow chart (Fig. 1). The results are reported 
in concordance with STROBE statement. [11]

Results

Baseline characteristics

In total, 173 patients were included into analyses, of whom 
32 were female (18.6%). Median age was 42 (IQR: 36–50), 
median BMI 24 (IQR: 22–27).

One hundred and forty-four patients (85.2%) were 
employed, among them 112 (80%) were working in close 
contact with other people. Ninety-nine (58.6%) patients 
stated to never have used drugs, 71 (42.3%) have never 
smoked. Sixty patients (34.9%) had preexisting comorbidi-
ties, 28 (15.4%) had HBV and/or HCV coinfection.

In terms of comorbidities, 85 patients (48.1%) had at 
least one underlying condition, the most common were: 
cardiovascular diseases—diagnosed in 39 patients (22.5%), 
respiratory—in 14 patients (8.1%) and malignancies—11 
patients (6.4%). Psychiatric disorders were known in 9 

Fig. 1  Flow chart—study design
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patients (5.2%), diabetes in 7 patients (4%), inflammatory 
bowel diseases in 5 patients (3%), neurological diseases in 4 
patients (2.3%), renal disease in one patient (0.6%). Twenty-
six of the patients (15%) had more than one comorbid condi-
tion diagnosed before the onset of COVID-19.

HIV outcomes

Median time since HIV diagnosis was 8 years (IQR: 3–14). 
Route of transmission was identified as MSM contact in 
111 (64.2%) subjects, heterosexual in 22 (12.7%), IDU in 
32 (18.5%), in 8 (4.6%) patients it remained unknown. One 
hundred and sixty-nine (97.7%) patients have been receiving 
cART before COVID-19 and 149 of them (88,2%) had HIV 
viral load < 50 copies/mL. Median CD4 + cell count was 587 
cells/µl (IQR: 375–790) before contracting SARS-CoV-2. 
In terms of antiretroviral therapy, 114 patients (67.5%) 
received an integrase inhibitor-based therapy, 32 patients 
(18.9%) were on a protease inhibitor based regimen and 30 

patients (17.8%) were receiving a non-nucleoside reverse 
transcriptase inhibitors.

COVID‑19 outcomes

COVID-19 diagnosis was based on the quantitative poly-
merase chain reaction (RT-PCR) in 137 (79.6%) patients. 
The remaining patients were diagnosed by serologic tests or 
the presence of characteristic signs and symptoms in com-
bination with epidemiological context. This group includes 
mostly non-severe cases of the patients who were treated 
in outpatient clinics. One hundred and sixty-one (93.1%) 
patients had a symptomatic course of the disease. Thirty-
nine (23.1%) of them were hospitalized, 27 (15.6%) received 
COVID-19 specific treatment and 23 (13.3%) necessitated 
oxygen therapy. Three (1.8%) patients required admission 
to the intensive care unit and 6 (3.5%) patients died. One 
hundred and forty-six (84.4%) subjects showed complete and 
21 (12.1%) partial recovery.

Table 1  Characteristics of the participants with regard to the need of hospitalization

Variable Nr with data All Hospitalized Not hospitalized p-value

Women, N (%) 168 31 (18.45) 10 (26.32) 21 (16.15) 0.1610
Age, median (IQR) 171 42 (36–50) 43.5 (39–50) 41 (36–50) 0.2319
BMI, median (IQR) 155 24.21 (22–27.2) 24 (19.37–29.16) 24.21 (22–26.7) 0.6736
Time since HIV diagnosis in years, median (IQR) 172 8 (3–14) 9 (4–14) 8 (3–13.5) 0.9154
Employed, N (%) 165 140 (84.85) 26 (66.67) 114 (90.48) 0.0007
Type of work 136 0.1616
 In contact with the same group of people (e.g., office), N (%) 75 (55.15) 11 (42.31) 64 (58.18)
 In contact with changing group of people (e.g., waiter), N (%) 33 (24.26) 10 (38.46) 23 (20.91)
 Isolated workplace, N (%) 18 (13.24) 2 (7.69) 16 (14.55)
 At home, N (%) 10 (7.35) 3 (11.54) 7 (6.36)

Use of psychoactive substances:
 Active use, N (%) 165 9 (5.45) 2 (5.26) 7 (5.51) 0.9357
 History of use, N (%) 165 61 (36.97) 15 (39.47) 46 (36.22) 0.9357

Smoking:
 Currently, N (%) 164 41 (25) 11 (30.56) 30 (23.44) 0.4976
 In the past, N (%) 164 55 (33.54) 13 (36.11) 42 (32.81) 0.4976

Route of HIV transmission 161 0.0003
 IDU, N (%) 32 (19.88) 10 (30.3) 22 (17.19)
 MSM, N (%) 108 (67.08) 16 (48.48) 92 (71.88)
 Heterosexual, N (%) 21 (13.04) 7 (21.21) 14 (10.94)

VL before COVID 165  < 0.0001
 VL < 50 copies/mL, N (%) 146 (88.48) 23 (65.71) 123 (94.62)
 VL > 50 copies/mL, N (%) 19 (11.52) 12 (34.29) 7 (5.38)

Last CD4 + count before COVID, median (IQR) 169 587 (375–790) 488 (145.5–771) 604 (421–798) 0.0402
ART before COVID, N (%) 169 166 (98.22) 37 (94.87) 129 (99.23) 0.1335
Coinfections present, N (%) 173 36 (20.81) 1 (16.67) 35 (20.96) 1.0000
Symptomatic COVID, N (%) 169 158 (93.49) 37 (94.87) 121 (93.08) 1.0000
Comorbidities present, N (%) 168 60 (35.71) 21 (53.85) 39 (30.23) 0.0124
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In terms of COVID-19 therapy, 28 patients (16.2%) 
received heparin in prophylactic dose, five patients (2.9%) 
in therapeutic dose, 24 patients (13.9%) received dexametha-
sone, ten patients (5.8%) were treated with remdesivir, two 
patients (1.2%) were eligible for tocilizumab therapy and one 
of the patients (0.6%) received convalescent plasma.

Number of the patients assigned to each WHO category 
in on days 0, 7, 14 and 28 is depicted in Fig. 2.

The characteristics of the patients stratified by the adverse 
outcomes are shown in Tables 1 and 2.

In general, patients admitted to the hospital, as com-
pared to those who were not hospitalized, were less likely 
to be employed (66.7% vs. 90.5%; p = 0.0007), but more 
likely to acquire HIV through injecting drug use (30.3 vs. 
17.2%; p = 0.0003) or heterosexual mode (21.2% vs. 10.9%; 
p = 0.0003), to be virologically unsuppressed (34.3% vs. 
5.4%; p < 0.0001), to have at least one comorbidity (53.8% 
vs. 30.2%; p = 0.0124) and to have lower CD4 count (488 
cells/µl vs. 604 cells/µl; p = 0.0402) (Table 1).

Patients who died, as compared to those who sur-
vived, were less likely to be employed (50.0% vs. 86.5%; 
p = 0.0426) and more likely to be virologically unsup-
pressed (66.7% vs. 9.82%; p = 0.0019) and to have at least 
one comorbidity (83.3% vs. 33.1%; p = 0.0201) (Table 2).

The odds of hospitalization

In univariate regression models, being employed, having 
comorbidity or coinfections, unknown route of HIV trans-
mission, VL > 50 copies/ml and the CD4 + count before 
COVID-19 were associated with the odds of hospitalization.

After adjustment, two factors were independently associ-
ated with the increased odds of hospitalization, namely the 
presence of comorbidities (OR 3.24 [95% CI 1.27–8.28]) 
and VL > 50 copies/mL (OR 5.12 [95% CI 1.35–19.6]). 

Being employed was identified as a factor lowering the odds 
of hospitalization (OR 0.31 [95% CI 0.10–0.95]) (Table 3).

The odds of death

In univariate regression models, BMI, being employed, hav-
ing comorbidity and a VL > 50 copies/ml were associated 
with the odds of death. After adjusting for all the significant 
factors in the multivariate model, none of them continued 
to be independently associated with death in the course of 
COVID-19, most likely in relation to low statistical power 
(Table 4).

Discussion

More than ninety percent of our patients presented symp-
toms of SARS-CoV-2 infection. Similar percentage was 
reported in the systematic review of 252 patients with 
SARS-CoV-2–HIV coinfection [12]. Estimates of the preva-
lence of asymptomatic COVID-19 in general population are 
varying, but seem to oscillate around 17%. [13]. As asymp-
tomatic individuals are less likely to be tested and do not 
seek medical consultations it is possible that our study is 
overestimating the proportion of symptomatic COVID-19 
among HIV-positive persons. It is important to note that the 
most patients included in our analysis were relatively young, 
with normal BMI and on antiretroviral therapy with well-
controlled infection. This reflects well the general population 
of HIV-infected individuals in Poland [14–16].

At the time, when our study was conducted, the new 
SARS-CoV-2 variant, B.1.1.7, emerged in the United King-
dom and began to dominate in Poland, accounting for more 
than 90% of all infections by March 2021 [17]. COVID-
19 vaccines have been available in Poland, as in the rest 

Fig. 2  Clinical progression 
according to WHO Ordinal 
Scale of Clinical Improvement
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of Europe, since late December 2020. Initially, vaccines 
were distributed among healthcare professionals, followed 
by selected populations (PLHIV not being one of them). 
Universal access to the vaccines was granted in May 2021. 
[18] We did not include the vaccination status of the patients 
in our analyses, but based on the time of the data collection 
(November 2020–May 2021), it is safe to assume that a great 
majority of our patients were not vaccinated.

Thirty-nine of our patients (22.5%) required hospitali-
zation (WHO Ordinal Scale 3 and more). According to 
the literature, hospitalization rates vary widely, depend-
ing on multiple factors. One of them is the period of the 
pandemic. Marchant et al. reported a drop in case hospi-
talization rate from 65% in the first pandemic wave to 15% 
in November 2020. [19] Mahajan et al. pointed to the fact, 
that the case hospitalization rate (referring to the number 

of hospitalizations divided by the number of confirmed 
COVID-19 cases) is much larger than the infection hos-
pitalization rate (related to the assessed number of actual 
cases based on the SARS-CoV-2 antibodies seroprevalence 
in the population) 6,9% vs. 14% at the same time [20].

Overall mortality reported in our analysis (6 out of 
173 patients, 3.47%) is consistent with the results of the 
large meta-analysis, where 1416 out of 41,113 (3.44%) 
HIV–SARS-CoV-2-coinfected individuals died [21] and 
slightly lower than the overall case-fatality ratio of 5.43% 
estimated by a large Polish study conducted in the first 
months of pandemic, before the first variants of concern 
were identified [22].

Non-HIV-related comorbidities are among main mortal-
ity risk factors in COVID-19 [23, 24]. Since the advent of 
antiretroviral therapy, life expectancy of PLHIV has risen 

Table 2  Characteristics of the participants stratified by death outcome

Variable Nr with data All Died Survived p-value

Women, N (%) 172 32 (18.60) 1 (16.67) 31 (18.67) 1.0000
Age, median (IQR) 171 42 (36–50) 46.5 (39–52) 42 (36–50) 0.4778
BMI, median (IQR) 155 24.21 (22–27.2) 18.29 (12.4–28) 24.22 (22–27.1) 0.1746
Time since HIV diagnosis in years, median (IQR) 172 8 (3–14) 6 (1–10) 8 (3–14) 0.1604
Employed, N (%) 169 144 (85.21) 3 (50.00) 141 (86.50) 0.0426
Type of work: 140 0.8569
In contact with the same group of people (e.g., office), N (%) 76 (54.29) 2 (66.67) 74 (54.01)
In contact with changing group of people (e.g., waiter), N (%) 36 (25.71) 1 (33.33) 35 (25.55)
Isolated workplace, N (%) 18 (12.86) 0 18 (13.14)
At home, N (%) 10 (7.14) 0 10 (7.30)
Use of psychoactive substances:
 Active use, N (%) 169 9 (5.33) 0 9 (5.52) 0.8131
 History of use, N (%) 169 61 (36.09) 2 (33.33) 59 (36.20) 0.8131

Smoking:
 Currently, N (%) 168 42 (25) 0 42 (25.93) 0.1451
 In the past, N (%) 168 55 (32.74) 4 (66.67) 51 (31.48) 0.1451

Route of HIV transmission 165 0.2975
 IDU, N (%) 32 (19.40) 2 (40) 30 (18.75)
 MSM, N (%) 111 (67.27) 2 (40) 109 (68.13)
 Heterosexual, N (%) 22 (13.33) 1 (20) 21 (13.13)

VL before COVID 169 0.0019
 VL < 50 copies/mL, N (%) 149 (88.17) 2 (33.33) 147 (90.18)
 VL > 50 copies/mL, N (%) 20 (11.83) 4 (66.67) 16 (9.82)

VL after COVID 124 0.1171
 VL < 50 copies/mL, N (%) 119 (95.97) 2 (66.67) 117 (96.69)
 VL > 50 copies/mL, N (%) 5 (4.03) 1 (33.33) 4 (3.31)

Last CD4 + count before COVID, median (IQR) 169 587 (375–790) 40 (24–865) 589 (397–788) 0.2443
First CD4 + count after COVID, median (IQR) 129 555 (363–805) 56 (9–623) 555 (366–808) 0.0856
ART before COVID, N (%) 173 169 (97.69) 6 (100) 163 (97.60) 1.0000
Coinfections present, N (%) 173 36 (20.81) 1 (16.67) 35 (20.96) 1.0000
Symptomatic COVID, N (%) 173 161 (93.06) 6 (100) 155 (92.81) 1.0000
Comorbidities present, N (%) 172 60 (34.88) 5 (83.34) 55 (33.13) 0.0201
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and they are more likely to develop chronic conditions 
characteristic to older population. Furthermore, it has been 
reported that PLHIV develop comorbidities more often and 
earlier than general population [25], what combined with 
impaired immune system makes HIV-positive people a par-
ticularly vulnerable population [26]. According to WHO 
report, HIV infection and multimorbidity independently 
elevate the risk of death from COVID-19 [27].

In our study, comorbidities were fairly common and were 
also the main driving factor for the severe course of SARS-
CoV-2 infection requiring hospitalization. Our analysis did 
not directly link multimorbidity to the risk of death from 
COVID-19 in PLHIV what may be caused by a relatively 
small sample size and few reported deaths.

Above results point out to the importance of timely 
diagnosis of comorbid conditions in HIV-positive patients. 
Healthcare professionals should be aware of the early signs 
and symptoms of cardiovascular, metabolic and renal dis-
eases, malignancy, as well as known side effects of antiretro-
viral therapy and address them properly according to local or 
European guidelines [28]. Taking into account the possibil-
ity of underdiagnosed comorbidities, as well as lack of cer-
tainty for the course of COVID-19 and possible drug–drug 
interactions, it seems rational to propose different indica-
tions for hospitalization in this group of patients [29].

The other factor that influenced the course of COVID-19 
in our patients was a detectable viral load of more than 50 
copies/mL. The exact impact of HIV viral load on COVID-
19 severity remains unclear and many reports lack the appro-
priate subgroup analysis.

In a case series of 33 patients described by Härter et al., 
only two patients were not virally suppressed and both of 
them required intensive care, one of them died [30]. Analo-
gous results were reported by the Euroguidelines in Central 
and Eastern Europe (ECEE) Network Group in a cohort of 
34 patients. Two of the three patients necessitating admis-
sion to intensive care unit had a detectable HIV RNA, one of 
these patients died [31]. The opposite pattern was observed 
by Patel et al. in a larger cohort [32]. In a meta-analysis by 
Lee et al., no correlation was found between HIV viral load 
and severity of COVID-19 [5]. Tesoriero et al. found that the 
hospitalization rate was higher in those patients who were 
not virally suppressed and was also increasing with the stage 
of HIV infection (defined by CD4 + count) [33].

Several studies have investigated the occupational risk for 
SARS-CoV-2 infection. In a large study based in UK, the 

Table 3  Risk factors of hospitalization in the course of COVID-19

N = 151, 38 hospitalized
a Cardiovascular, diabetes mellitus, neoplasm, renal disease

Factor Nr with data Univariate
OR (95% CI)

p-value Multivariate
OR (95% CI)

p-value

Male sex 172 0.54 (0.23–1.27) 0.1595 – –
Age in years (10 units) 167 1.21 (0.87–1.70) 0.2572 – –
BMI 151 0.99 (0.91–1.09) 0.8770 – –
Currently employed 169 0.21 (0.07–0.51) 0.0006 0.31 (0.10–0.95) 0.0401
At least one  comorbiditya 172 2.69 (1.29–5.60) 0.0081 3.24 (1.27–8.28) 0.0140
At least one coinfection 169 2.75 (1.24–6.11) 0.0131 1.50 (0.48–4.66) 0.4840
Route of HIV transmission 178
 MSM 1.00 – 1.00 –
 IDU 3.12 (1.33–7.30) 0.7502 1.35 (0.40–4.53) 0.4242
 Heterosexual 3.02 (1.10–8.23) 0.7166 3.22 (0.85–12.2) 0.3821
 Unknown 15.8 (2.96–84.8) 0.0167 3.39 (0.44–25.8) 0.4780

VL > 50 copies/mL before COVID-19 165 9.17 (3.26–25.7)  < 0.0001 5.12 (1.35–19.6) 0.0171
CD4 + count in cells/µl before COVID-19 169 0.06 (0.75–0.98) 0.0233 0.97 (0.83–1.14) 0.7341

Table 4  Risk factors of death in the course of COVID-19

N = 151, 3 deaths
a Cardiovascular, diabetes mellitus, neoplasm, renal disease
b No deaths reported in patients with VL < 50 copies/mL

Factor N Univariate
OR (95% CI)

p-value

Male sex 172 1.15 (0.13–10.2) 0.9012
Age in years (10 units) 171 1.60 (0.08–3.20) 0.1796
BMI 155 0.69 (0.05–0.96) 0.0261
Currently employed 169 0.156 (0.03–0.82) 0.0285
At least one  comorbiditya 172 10.1 (1.15–88.5) 0.0369
VL > 50 copies/mL before 

COVID-19b
169 18.4 (3.12–108.3) 0.0013

CD4 + before COVID-19 cells/µl 169 0.75 (0.53–1.08) 0.1197
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authors postulated that healthcare workers were at higher 
risk of severe COVID-19 [34], whereas the analysis of 
excess mortality associated with COVID-19 revealed that 
other groups of essential workers may be even more affected 
[35]. We observed that being employed reduced the risk of 
hospitalization, however, had no effect on COVID-19 mor-
tality. The possible explanation of this effect is the reluc-
tance of the employed patients, who are in good condition, 
to stay in hospital in order to continue working from home 
and avoid sick leave.

Limitations to our study include the lack of the control 
group of HIV-negative individuals and a limited number 
of endpoints included in the analysis. Unfortunately, a low 
number of study outcomes prevent in depth analyses of 
related risk factors, both in our study and in already exist-
ing reports. On the other hand, this is, to our knowledge, the 
first Polish study investigating COVID-19 course and epide-
miology in the population of people living with HIV/AIDS.

Conclusions

As depicted by our analyses, HIV-positive patients with 
comorbidities and/or uncontrolled HIV replication who are 
diagnosed with SARS-CoV-2 infection should be considered 
of high risk of poor COVID-19 outcome and followed up 
carefully.
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