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Abstract 

Coronavirus disease 2019 (COVID-19) was first detected in December 2019. In March 2020, the World Health Organiza-
tion declared COVID-19 a pandemic. People with underlying medical conditions may be at greater risk of infection 
and experience complications from COVID-19. COVID-19 has the potential to affect People living with HIV (PLWH) in 
various ways, including be increased risk of COVID-19 acquisition and interruptions of HIV treatment and care. The 
purpose of this review article is to evaluate the impact of COVID-19 among PLWH. The contents focus on 4 topics: (1) 
the pathophysiology and host immune response of people infected with both SARS-CoV-2 and HIV, (2) present the 
clinical manifestations and treatment outcomes of persons with co-infection, (3) assess the impact of antiretroviral HIV 
drugs among PLWH infected with COVID-19 and (4) evaluate the impact of the COVID-19 pandemic on HIV services.
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Introduction
In December 2019, a cluster of cases of pneumonia was 
reported in Wuhan, Hubei Province, China. The source 
of the infection was later identified as severe acute res-
piratory syndrome coronavirus 2 (SARS-CoV-2), which 
causes the coronavirus disease 2019 (COVID-19). On 
March 11, 2020 the World Health Organization (WHO) 
declared COVID-19 as a global pandemic [1]. As of 22 
March 2021, more than 123 million cases have been con-
firmed globally along with 2.7 million deaths [2]. Older 
age and comorbidities such as hypertension, diabetes 
and cardiovascular disease are risk factors for developing 
severe COVID-19 and are associated with a high mortal-
ity rate [3–5]. However, data are limited on the impact 
of COVID-19 on people living with HIV (PLWH) who 
may be considered an immunocompromised population. 
Globally, there are 38 million PLWH, 690,000 of whom 
died of HIV-related illnesses in 2019 [6]. The WHO 

estimated that only 67% of PLWH were on antiretrovi-
ral therapy (ART) worldwide in 2019 [7]; only 60% of the 
people with HIV infection were aware of their HIV sta-
tus [8]. Therefore, PLWH not on ART or whose disease is 
not well controlled may be at increased risk for contract-
ing COVID-19 because their immune systems are com-
promised. Such persons may also be at increased risk for 
developing serious symptoms and death if infected with 
COVID-19. Limited information is available, however, 
regarding the treatment and outcome of SARS-CoV-2 
infection among PLWH.

Recently, many countries have reported disruptions 
in the delivery of HIV services and care due to the 
COVID-19 pandemic [9]. This disruption may increase 
the morbidity and mortality among PWLH beyond those 
infected with COVID-19 [10, 11]. However, the informa-
tion regarding the impact of COVID-19 on HIV services 
is scarce.

In this review, we describe the pathophysiology and 
host immune response of people infected with both 
SARS-CoV-2 and HIV, present the clinical manifestations 
and treatment outcomes of persons with co-infection, 
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assess the impact of antiretroviral HIV drugs among 
PLWH infected with COVID-19 and evaluate the impact 
of the COVID-19 pandemic on HIV services.

Pathophysiology and host immune response 
to SARS‑CoV‑2 and HIV infections
The pathophysiology and immune response of people 
infected with COVID-19 has been reviewed [12, 13]. In 
brief, SARS-CoV-2 is a β coronavirus characterized by 
its four structural proteins: Spike (S), membrane (M), 
envelop (E) and nucleocapsid (N) [14]. The life cycle of 
SARS-CoV-2 consists of the following 5 steps: attach-
ment, penetration, biosynthesis, maturation and release 
[12]. Angiotensin converting enzyme 2 (ACE2) is the 
receptor for SARS-CoV-2 [15, 16]. Single-cell RNA 
sequencing has shown that ACE2 is highly expressed in 
the lung, heart, ileum, kidney and bladder [17]. In addi-
tion, the acute loss of smell (anosmia) has been reported 
in patients with COVID-19 [18]. However, ACE2 was not 
detected in either olfactory sensory neurons or olfactory 
bulb neurons [19]. Therefore, infection of non-neuronal 
cell types may be primary source leads to olfactory dys-
function in patients with COVID-19.

After SARS-CoV-2 infects epithelial cells of the upper 
respiratory tract, virus produced by infected cells trav-
els to the lower airway, infecting bronchial and alveolar 
epithelial cells and alveolar macrophages [20]. As a con-
sequence of innate immunity, virus-infected epithelial 
cells undergo apoptosis and are phagocytized by antigen 
presenting cells (APC) such as dendritic cells (DCs) and 

macrophages. The APC migrate to draining lymph nodes 
to present viral antigens to T cells [12]. Both CD4+ and 
CD8+ T cells play a major role in fighting against the 
coronavirus [21]. CD4+ T cells activate B cells to pro-
mote the production of virus-specific antibodies, while 
CD8+ T cells can directly kill virally infected cells [12]. 
In severe COVID-19, interstitial mononuclear inflamma-
tory infiltrates, dominated by lymphocytes, are seen in 
lung biopsy [22]. Furthermore, desquamation of pneu-
mocytes and pulmonary oedema with hyaline membrane 
formation indicating acute respiratory distress syndrome 
(ARDS) have been reported [22, 23]. A summary of the 
pathophysiology and clinical manifestations of COVID-
19 are shown in Fig. 1.

In contrast, HIV binds to the CD4 receptor of the 
host cell, followed by engagement of a co-receptor (i.e., 
chemokine receptor 5 (CCR5) or chemokine receptor 4 
(CXCR4)). The characteristics of SARS-CoV-2 are com-
pared to HIV in Table  1. All CD4 positive cells (i.e., T 
helper cells), macrophages, dendritic cells and astrocytes 
are susceptible to HIV [24]. Direct viral cytopathic effects 
of HIV as well as indirect effects including host innate 
immune response to viral DNA produced during abortive 
infection and endotoxin/microbial translocation from 
leaky guts, persistent immune activation, immune dys-
regulation and CD4 T cell homeostasis failure are keys to 
the pathogenesis of HIV that leads to CD4 T cell deple-
tion and immune compromise in HIV [25–27]. A sum-
mary of the host immune response following exposure to 
HIV is shown in Fig. 2.

Fig. 1 Pathophysiology and clinical manifestations of COVID-19. Created with BioRender.com
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The lymphocyte analysis studies among patients with 
COVID-19 demonstrate that T lymphopenia—in par-
ticular, a decrease in CD4+ T cells—were common 
among patients with COVID-19, and more evident in 
severe cases [28, 29]. If superimposed on low CD4 counts 
in patients with advanced HIV disease, the lymphope-
nia of COVID-19 could delay the clearance of SARS-
CoV-2 and promote disease progression. Moreover, 
COVID-19–associated pulmonary aspergillosis (CAPA) 
among severely ill COVID-19 patients has been reported 

worldwide, raising concerns of an additional contributing 
factor to mortality [30–32]. The pathological factors that 
may be associated with CAPA are the damaged respira-
tory epithelium, dysfunctional mucociliary clearance and 
low immune response, including low CD4 cell count [33, 
34].

Elevated levels of multiple proinflammatory cytokines 
such as IL-2, IL-6, IL-10, and IFN-γ in severe cases of 
COVID-19 cannot only promote a hypercoagulable state, 
but also enhance the pro-thrombotic functions [35]. 

Table 1 The comparison between SARS-CoV 2 and HIV characteristics

* Available from https:// www. nytim es. com/ inter active/ 2020/ scien ce/ coron avirus- vacci ne- track er. html

SAR-CoV 2 HIV

Classification of virus β coronaviruses Lentiviruses

Virus size in diameter 60-140 nm 100 nm

Receptor binding domain Angiotensin converting enzyme 2 (ACE2) receptor CD4 T cell receptor and co-receptor CCR5, CXCR4

High expression of the 
receptor in human 
organ

lung, heart,
ileum, kidney and bladder

Various lymphoid tissues

Primary affected cells T cell lymphocytes T cell lymphocytes

Immune activation Acute cytokine storm Chronic immune activation (with slow progressive 
immunodeficiency)

Transmission Droplet, contact, airborne Sexual transmission is the most common route, blood

Prevention Mask, Social distancing Condom use, Pre-exposure prophaylaxis (PrEP), and 
treatment as prevention (TasP)

Vaccine As of 17 March 2021, 6 vaccines are authorized for emergency use 
based on preliminary evidence that they are safe and effective 
and 7 vaccines are approved for full use in few  countries*

Unlikely up-to-now

Fig. 2 Host immune response following exposure to HIV. Created with BioRender.com

https://www.nytimes.com/interactive/2020/science/coronavirus-vaccine-tracker.html
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Moreover, a study reported a pattern of tissue damage 
consistent with complement-mediated microvascular 
injury among individuals with severe COVID-19 [36]. 
High incidence of thrombotic complications has been 
reported among COVID-19 patients admitted in inten-
sive care unit [37].

HIV infection also is recognized as a prothrom-
botic condition [38–40]. Hence, COVID-19 and HIV 
co-infected patients could have a high risk of develop-
ing thrombosis. However, further studies are needed to 
prove this possibility.

Clinical presentation and treatment outcome 
of COVID‑19 among patients with HIV infection
Although several large cohort studies have reported 
the clinical characteristics and treatment outcome of 
COVID-19 in the general population [3, 4], clinical out-
comes data on COVID-19 among patients with HIV are 
sparse. In this section, we summarize the demographics, 
clinical presentation and treatment outcome of COVID-
19 among HIV-infected individuals from case series as 
well as epidemiological and cohort studies (Table 2).

Many studies conducted among PLWH with COVID-
19 reported a median age range between 40 and 61 years 
and majority of them were men, which is similar to that 
reported in the general population [3, 4]. Most of the 
PLWH with COVID-19 were on antiretroviral therapy 
and were virologically suppressed. The incidence rate of 
COVID-19 infection among PLWH differs by country. 
The US (0.8%) [3] and Spain (1.8%) [41] reported an inci-
dence based on PCR whereas China (0.68%) [42] used 
both PCR and clinical diagnosis. However, the rate of 
COVID-19 and HIV co-infection may be overestimated 
because PLWH are considered a high-risk population for 
developing complications and thus may be tested more 
frequently for COVID-19 compared to other popula-
tions. It has been reported that among COVID-19 and 
HIV co-infected patients, there is a high prevalence of 
comorbidities such as hypertension, diabetes and chronic 
kidney disease. The most common symptoms of COVID-
19 detected were fever, cough or shortness of breath [43–
46] which are similar to those reported in people without 
HIV [3, 47].

According to a case series, COVID-19-related mortality 
is high among immunosuppressed persons such as kid-
ney transplant recipients and cancer patients [48]. There 
is a concern that COVID-19 disease may be more severe 
in persons with immunodeficiency or immune dysregu-
lation. However, most PLWH infected with COVID-19 
were reported to be on ART and had well controlled HIV 
infection. These people had suppressed HIV viral load 
and CD4 cell count > 350 cells/mm3. Previous studies 
have reported that nadir and recent CD4+ T cell counts 

or viral suppression preceding COVID-19 presentation 
were not associated with mortality [43, 49, 50]. No signif-
icant differences were reported in clinical characteristics, 
treatments, or outcomes between HIV individuals with 
recent CD4 counts < 200 or ≥ 200 cells per μL [41].

The demographic data, clinical presentation and treat-
ment outcome among PLWH co-infected with COVID-
19 are summarized in Table  2. Most of the PLWH 
co-infected with COVID-19 have had mild to moder-
ate disease [41, 43, 44, 49, 51–56]. However, two studies 
reported that the majority of COVID-19 cases among 
PLWH were severe and associated with a high mortality 
rate [45, 46]. Additionally, risk factors for severe COVID-
19 among PLWH were similar to those without HIV such 
as older age and comorbid medical conditions [42, 55].

The impact of antiretroviral HIV drugs 
among patients co‑infected with COVID‑19
The S protein of the coronavirus mediates viral entry into 
targeted cells by binding to its receptor, ACE2, which 
leads eventually to viral fusion with the host cell mem-
brane. However, the S protein is synthesized as an inactive 
precursor that requires activation by host cell proteases 
TMPRSS2 or cathepsin B or L to become a fusion active 
form. Thus, protease inhibitors have been considered as 
a candidate therapy for SARS-CoV and other coronavi-
ruses [57, 58]. Treatment with the HIV protease inhibi-
tor with lopinavir/ritonavir (LPV/r) showed some benefit 
in a non-human primate model of MERS-CoV infection 
[59]. Recent in vitro studies reported that antiviral activ-
ity of LPV/r against SARS-CoV-2, albeit at a relatively 
high  EC50 [60, 61]. However, several observational studies 
and case reports demonstrated that the clinical benefit of 
using LPV/r among COVID-19 patients was inconclusive 
[62–65]. Moreover, a randomized, controlled open-label 
trial conducted in hospitalized adult patients with severe 
COVID-19 failed to show a statistically significant differ-
ence in time to clinical improvement or mortality in the 
LPV/r-treated group as compared to standard of care 
[66]. Moreover, LPV/r treatment was stopped early in 13 
patients (13.8%) because of adverse events. The lack of 
clinical benefit of LPV/r for COVID-19 was confirmed in 
the RECOVERY and SOLIDARITY trials [67, 68].

In vitro data show the absence of any anti-SARS-CoV-2 
activity of darunavir [69]. This finding is corroborated by 
the clinical observation that PLWH receiving a daruna-
vir-containing regimen were not protected from COVID-
19 [70].

Antiviral activity of tenofovir against SARS-CoV-2 has 
been demonstrated in virtual and in vitro studies [71, 72]. 
These results led to speculation that tenofovir disoproxil 
fumarate (TDF)– and tenofovir alafenamide (TAF)–con-
taining antiretroviral regimens might have a protective 
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effect against COVID-19 [3]. However, a prospective 
cohort in Spain observed a higher rate of COVID-19 
infection among PLWH on TAF or TDF [41]. This find-
ing supports the results from case series that tenofovir-
based ART does not provide any clinical benefit against 
COVID-19 among PLWH [45, 52]. Therefore, up until 
now, the use of antiretroviral agents has no clinical ben-
efit for the treatment or prevention of COVID-19.

HIV service during COVID‑19 outbreak
COVID-19 pandemic has had an unprecedented nega-
tive impact on HIV services and care across the globe. 
According to a WHO report, between April and June 
2020 73 countries faced the risk of ART disruption 
affecting 17.7 million people receiving ART [9]. A mod-
elling study done by WHO and UNAIDS estimated that 
a 6-month disruption of ART could lead to more than 
500,000 extra deaths from AIDS-related illnesses in sub-
Saharan Africa in 2020–2021 [73].

Several factors have contributed to the disruptions in 
HIV service and care during the COVID-19 pandemic. 
First, the strict quarantine measures and transportation 
lock downs were implemented in many cities to control 
the spread of COVID-19. A survey from China reported 
that PLWH who returned to their home towns could not 
refill their medication due to the lock down [74]. Not 
surprisingly, the shortage of ART affected not only the 
physical health status of PLWH but also caused consider-
able psychological stress. Postal delivery of drugs is one 
approach to ensure that PLWH have a continuous supply 
of ARVs. However, this method poses implementation 
challenges because not all PLWH want ARVs delivered 
to their homes in order to maintain privacy and guard 
against unwanted disclosure of their HIV status to house-
hold members [75]. Second, there have been shortages 
of ARV because of shut downs by certain drug manu-
facturers [9]. Third, healthcare workers who provide 
care for PLWH were diverted to care for patients with 
COVID-19 [75–77]. A survey performed in Central and 
Eastern Europe reported that infectious disease physi-
cians shifted their focus to take care COVID-19 patients 
instead of PLWH [78].

During this difficult time, healthcare systems must 
develop effective strategies for balancing health-
care resources need by both PLWH and patients with 
COVID-19. ARV multi month dispensing (MMD) pol-
icy has been adopted in many countries [9] in order to 
prevent disruptions of ARV supplies for PLWH and to 
reduce their exposure to COVID-19 when accessing HIV 
services. Telemedicine platforms have been proposed as 
a strategy for continued provision of healthcare to PLWH 
in response to COVID-19 during the lock-down period 
and have been implemented successfully in many settings 

[79]. A multidisciplinary approach to help PLWH main-
tain their physical and mental health has never been 
more important than now, in the face of the COVID-
19 pandemic. In addition, other services for prevention 
and treatment of opportunistic infection and sexually 
transmitted infections may be disrupted during COVID-
19 pandemic. This lockdown related disruptions may 
increase in burden of TB and sexually transmitted infec-
tions [80–82].

Conclusion
Even though lymphopenia associated with COVID-
19 may further decrease CD4+ T cell counts in PLWH, 
there are no differences in the clinical presentations, out-
comes, morbidity and mortality between individuals who 
have SARS-CoV-2 with or without HIV infection. Several 
randomized control trials have shown that antiretroviral 
therapy has no beneficial effect among people infected 
with SARS-CoV-2 compared to standard of care.

To date, we still do not have any proven antiviral agents 
that reduce mortality among COVID-19 patients. Right 
now, the medical resources have shifted towards COVID-
19 but it should be noted that we should not overlook the 
care for PLWH who still need ART and follow-up care. 
We should use several innovative service deliveries and 
MMD policy to help PLWH have continuous supply of 
ARV during this outbreak.
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