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Objectives: Little is known whether differences exist in virus shedding, immune and inflammatory response related 

to SARS-CoV-2 in people living with human immunodeficiency virus (PLWH). We assessed viral RNA and cytokine 

profiles of HIV and SARS-CoV-2 coinfection in Hong Kong. 

Methods: PLWH hospitalized with SARS-CoV-2 infection in Hong Kong were included, compared with age- 

matched and disease severity-matched SARS-CoV-2 infected controls (ratio of 1:5) from February 1st 2020 to 

July 31st 2020. SARS-CoV-2 infection was confirmed by public health laboratory and virus concentration was 

quantified by an in-house real-time reverse transcription-quantitative polymerase chain reaction. A panel of cy- 

tokines and chemokines were performed. 

Results: HIV patients had a similar respiratory shedding profile compared to controls. Duration of faecal shedding 

of patient A, B, C and D were at least 9, 10, 33, and 11 days, respectively. HIV patients had lower plasma levels 

of IL-10 and NT-pro-BNP. All 4 PLWH cases showed seroconversion to SARS-CoV-2 with anti-SARS-CoV-2 S 

antibodies detected in serum collected between day 18 and 30 after symptom onset. 

Conclusions: PLWH behaves similarly with HIV-negative controls in respiratory viral load, but with decrease in 

IL-10 and NT-proBNP. PLWH may have a lower risk of immunostimulatory effect due to lower IL-10. 
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. Introduction 

US Centers for Disease Control and Prevention has regarded human

mmunodeficiency virus (HIV) as a condition at increased risk of severe

llness from SARS-CoV-2 [1] . There were no difference in outcome of

OVID-19 by HIV status in a previous study [2] . However, the reason

hy some co-infected patients suffered from poorer outcomes remains

oorly understood. 
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. Materials and methods 

.1. Hospital setting 

PLWH hospitalized with SARS-CoV-2 in Hong Kong were included,

ompared with age-matched and disease severity-matched SARS-CoV-2

nfected controls (ratio of 1:5). 

.2. Microbiological investigations 

SARS-CoV-2 infection was confirmed by public health laboratory

nd virus concentration was quantified by in-house real-time reverse

ranscription-quantitative polymerase chain reaction as described pre-

iously [3] . 
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2  
.3. SARS-CoV-2 viral load quantification using real-time 

everse-transcriptase-polymerase-chain-reaction (RT-PCR) 

Viral RNA was extracted from plasma, respiratory and urine samples

sing PureLink TM Viral RNA/DNA Mini Kit (Invitrogen, USA) according

o manufacturer’s protocol. Viral RNA from stool was extracted using

IAamp Viral RNA Mini Kit (Qiagen, Hilden, Germany). 1 g of stool

as suspended in 1 mL of transport medium. 140 μL of filtrate was used

s starting material. 

Primer-probe set N1 (2019-nCoV_N1-F: 5’-GAC CCC AAA ATC AGC

AA AT-3’, 2019-nCoV_N1-R: 5’-TCT GGT TAC TGC CAG TTG AAT CTG-

’ and 2019-nCoV_N1-P: 5’-FAM-ACC CCG CAT TAC GTT TGG TGG

CC-BHQ1-3’) designed by US CDC were used. 

PCR reaction contained 5 𝜇L of extracted preparation, 4 𝜇L

aqMan TM Fast Virus 1-Step Master Mix in a final reaction volume of

0 𝜇L. Primer and probe concentration were 0.5 𝜇M and 0.125 𝜇M. Cy-

ling conditions, 25 °C for 2 min, 50 °C for 15 min, 95 °C for 2 min,

ollowed by 45 cycles of 95 °C for 15 s, and 55 °C for 30 s, were per-

ormed with StepOnePlus Real-Time PCR System (Applied Biosystems,

SA). 

Ct values of real time RT-PCR were converted into viral RNA copies

ased on a standard curve prepared from 10-fold serial dilutions of

nown copies of plasmid containing full N gene (2019-nCoV_N_Positive

ontrol, Integrated DNA Technologies, USA). Samples were considered

s negative if Ct values exceeded 39.9 cycles. Detection limit of real-time

T PCR was 694.12 copies/mL. 

.4. Immunological and serological investigations 

Concentrations of cytokines and chemokines were measured using

ILLIPLEX MAP Human Cytokine/Chemokine Magnetic Bead Panel -

mmunology Multiplex Assay (Merck Millipore, MA, USA) on a Bio-

lex 200 System (Bio-Rad Laboratories, CA, USA). Concentrations of

T-proBNP and soluble ACE2 were measured using Human NT-proBNP

LISA kit (Abcam, Cambridge, UK) and Human ACE-2 ELISA Kit (Ray-

iotech, Inc. GA, USA). SARS-CoV-2 IgG antibodies were detected by an

n-house ELISA coated with S protein. (SinoBiological, Beijing, China) 

. Results 

.1. Clinical course 

All 4 PLWH were men aged 33–54 with no other HIV-related compli-

ations ( Table 1 ). HIV viral load at admission of patient A is less than 20

opies per ml with normal CD4: CD8 ratio. Patient D had normal CD4:

D8 ratio ( Table 1 ). 

Patient A and B received lopinavir/ritonavir with ribavirin and

emdesivir, respectively, for COVID-19. Patient D, diagnosed with HIV

n this admission, was given lopinavir/ritonavir and interferon 𝛽-1b.

atient D had a co-infection with Klebsiella pneumoniae. All cases re-

overed uneventfully. 

Age of 20 controls (12 male, 8 female) selected ranged from 22 to

1 (mean: 41.4). 

.2. Viral RNA and cytokine profiles 

There were no significant differences in virus concentrations de-

ected from upper respiratory samples from cases and controls during

ifferent periods after symptom onset (Day 1–10, Day 11–20, Day 21–

0) ( Fig. 1 A). 

Cytokines and chemokines were performed in the earliest available

erum samples after admission. There were no significant differences

n proinflammatory cytokine (interleukin-1 𝛽, interleukin-6/IL-6 and tu-

or necrosis factor/TNF- 𝛼) and monocyte chemoattractant protein-1

MCP-1) between cases and controls ( Fig. 1 B). However, interleukin-

0 (IL-10) in PLWH appeared lower with median of IL-10 1.29 pg/mL
2 
25th percentile to 75th percentile: 0.55–4.07 pg/mL). Median of IL-10

n controls was 5.59 pg/mL (25th percentile to 75th percentile: 3.45–

1.25 pg/mL). ( p value 0.13) Also, N-terminal prohormone of brain na-

riuretic peptide (NT-proBNP) appeared lower in PLWH with median

f NT-proBNP 43.00 pg/mL (25th percentile to 75th percentile: 35.09–

2.17 pg/mL). Median of NT-proBNP in controls was 69.37 pg/mL (25th

ercentile to 75th percentile: 38.28–85.46 pg/mL) (p value 0.16) 

All 4 PLWH cases showed seroconversion with anti-SARS-CoV-2 S

ntibodies detected between day 18–30 after symptom onset. 

There were no significant differences in inflammatory markers be-

ween cases and controls ( Fig. 1 C). 

Of note, all PLWH patients had SARS-CoV-2 detected from stool. Du-

ation of faecal shedding of patient A, B, C and D were at least 9, 10, 33,

nd 11 days, respectively. One did not have diarrhea. Patient C’s stool

CR remained positive despite symptoms subsided for 3 days. There

ere no significant differences in stool virus concentrations from cases

nd controls. When stool with longest viral shedding duration were com-

ared in 4 HIV cases and 11 controls, there were no significant differ-

nces between the 2 groups ( Fig. 1 D). 

. Discussion 

Our data showed that PLWH behaves similarly with controls in res-

iratory viral load, and PLWH had lower IL-10 and NT-proBNP. 

Faecal viral shedding in PLWH ranged from 9 to 33 days. A meta-

nalysis showed a significant portion of COVID-19 patients had positive

tool PCR [4] . Our findings suggest potential increased risk of faecal

ransmission from PLWH. 

Our data showed there was a decrease in IL-10 and NT-proBNP in

LWH. The dramatic elevation of IL-10 in critically ill patients is a

nique characteristic of COVID-19 cytokine storm. Early induction of

L-10 might represent a negative feedback mechanism to inflammation.

owever, the increase of endogenous IL-10 might act as an immune ac-

ivating agent [5] . Compared with non-ICU patients, ICU patients had

igher IL-10 [6] . In HIV, IL-10 regulation is impaired [7] . Our data has

uggested PLWH with SARS-CoV-2 may have lower risk of immunostim-

latory effect due to lower IL-10. Also, elevated NT-pro BNP is associ-

ted with increased mortality [8] . The implications of decreased IL-10

nd NT-pro BNP in PLWH with COVID-19 warrant further investigation.

In a cohort of PLWH with COVID 19 coinfection, one patient’s IgM

nd IgG were negative from day 9 to day 87 after symptom onset [9] .

n contrast, all PLWH in our study had seroconversion by day 30 after

ymptom onset. 

Our study has several limitations. First, our co-infected cases had

elatively good CD4 counts. Our data may not necessarily reflect those

IV cases with lower CD4 counts or AIDS-defining illnesses. Second,

opinavir/ritonavir, ribavirin, remdesivir and steroid were given to con-

rols, which could reduce IL-6 and TNF- 𝛼 [10] . The fact that more

ontrols were given lopinavir/ritonavir and ribavirin may underesti-

ate the difference of proinflammatory cytokines between 2 groups.

hirdly, anti-retroviral therapy (ART) may decrease IL-10 in HIV sub-

ects [11] . Also, higher NT-Pro-BNP were observed in treatment-naïve

atients with low CD4 count and high HIV viral load in a study [12] ,

nd this association is reversible by ART. Our observation of lower IL-10

nd NT-proBNP in co-infected subjects could be due to HIV infection,

RT or co-infection, and results require careful interpretation. Lastly,

ifference of IL-10 and NT-proBNP in cases and controls did not reach

tatistical significance, and it may be due to the small sample size. 

In this study, cases and controls were recruited during early stage of

andemic. Since currently circulating viruses are variants, results should

e interpreted with regard to this. 

. Conclusion 

As a condition at increased risk of severe illness from SARS-CoV-

, HIV is an important disease to consider in co-infected SARS-CoV-
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Fig. 1. Upper respiratory viral load, cytokines, inflammatory markers and stool viral load of cases and controls. (A) Viral load in upper respiratory specimens from 

PLWH cases infected with SARS-CoV-2 and controls. One over cycle threshold (1/Ct) values of N gene of SARS-CoV-2 in early upper respiratory specimens, including 

nasopharygeal swab (NPS), combined nasopharygeal swab and throat swab (NPSTS) and combined nasopharygeal aspirate and throat swab (NPATS) during different 

periods from symptom onset (Day 1–10, Day 11–20, Day 21–50). (B). Cytokines in early serum samples after hospital admission from four PLWH patients infected 

with SARS-CoV-2 and controls. (C). Inflammatory markers (White blood cell, absolute lymphocyte count, lactate dehydrogenase) from four PLWH patients infected 

with SARS-CoV-2 and controls. (D) Overall stool viral load in stool of & viral load of stool with the longest time period between collection date and symptom onset 

date from PLWH cases infected with SARS-CoV-2 and controls. 

Abbreviations: ACE-2, Angiotensin converting enzyme 2; IL-10, Interleukin 10; IL-12p70, Interleukin-12p70; IL-1 𝛽, interleukin-1 𝛽; IL-6, Interleukin-6; IL-8, 

Interleukin-8; IP-10, Interferon gamma-induced protein 10; MCP-1, monocyte chemoattractant protein-1; NP-proBNP, N-terminal prohormone of brain natriuretic 

peptide (NT-proBNP); TNF- 𝛼, tumor necrosis factor- 𝛼. 
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Table 1 

Demographics and clinical course of the four HIV SARS-CoV-2 co-infected cases 

Patient A Patient B Patient C Patient D 

General demographics 

Age (years) 33 54 49 41 

Sex Male Male Male Male 

Race Asian Asian Asian Asian 

Smoking Non-smoker Ex-smoker Non-smoker Non-smoker 

Past Medical history 

Co-morbidities Good past health Hyperlipidaemia Good past health Chronic tonsillitis with 

bilateral tonsillectomy 

HIV status 

Year of HIV diagnosis NA 2004 NA 2020 

CD4/CD8 ratio at baseline 0.79 NA NA 0.68 

HIV viral load at or before 

admission (copies per ml) 

< 20 copies/ml NA NA NA 

ART regime before admission ABC/DTG/3TC ABC/3TC & NVP FTC/TDF & DRV/COBI NA 

ART regime during admission Changed to DTG Changed to ABC/DTG/3TC FTC/TDF & DRV/COBI LPV/r & FTC/TDF, changed 

to BIC/FTC/TAF 

Clinical presentation at hospital admission 

Interval between symptom onset 

and admission to hospital (days) 

7 33 15 7 

Symptoms Sore throat Fever, malaise Cough, rhinorrhoea, sore throat, 

diarrhoea 

Fever, cough, rhinorrhoea, 

diarrhoea 

Chest radiograph Clear Mild right lung filtrate Mild right lower zone infiltrate Clear 

Disease Severity b Mild Moderate Moderate Mild 

Antiviral therapy during 

hospitalization (days of therapy) 

LPV/r & Ribavirin (14 days) Remdesivir (10 days) No LPV/r (1 day) a , INF 𝛽-1b (5 

days) 

Antibiotic during hospitalization 

(days of therapy) 

No Augmentin (8 days) Augmentin (7 days) Augmentin (8 days) 

Immunomodulatory agents 

(corticosteroids or tocilizumab) 

No No No No 

Length of hospital stay 23 days 27 days 30 days 14 days 

Abbreviations: NA, not available, ART, antiretroviral therapy; ABC/DTG/3TC, Abavacir/dolutegravir/lamuvidine; ABC/3TC, Abacavir/lamuvidine; NVP, 

Nevirapine; FTC/TDF, Entricitabine/tenofovir disoproxil fumarate; DRV/COBI, Darunavir/cobicistat; LPV/r, Lopinavir/ritonavir; BIC/FTC/TAF, Bicte- 

gravir/entricitabine/tenofovir alafenamide; INF 𝛽-1b, Interferon beta-1b; DTG, Dolutegravir. 
a Intolerable to Lopinavir/ritonavir 
b Disease severity was defined as mild (no imaging signs of pneumonia), moderate (imaging signs of pneumonia), severe (respiratory rate ≥ 30 times/min, 

oxygen saturation ≤ 93% at rest or PaO2/FiO2 ≤ 300 mmHg) and critically ill (shock, mechanical ventilation, intensive care unit care). 
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 patients. PLWH behaves similarly with controls in respiratory viral

oad, and PLWH had lower IL-10 and NT-proBNP. Our study shall serve

s a basis for further research on virus dynamics, cytokine response and

mmunity of HIV SARS-CoV-2 co-infection, and how they affects COVID-

9 related outcomes. 
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