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Abstract

Introduction: Patients with immunodeficiency are usually more prone to worse outcomes of infectious diseases.
However, there are some disagreements in the context of COVID-19, for example, in patients with human immunode-
ficiency virus (HIV). Herein, we aimed to systematically review the risk and predictors of COVID-19 mortality in people
with primary or secondary immunodeficiency.

Methods: PubMed, Scopus, Web of Science, and Science Direct were searched. We followed a two-step screening
process to identify eligible results. We first reviewed the title and abstract of the records and the unqualified studies
were removed. Then, their full texts were evaluated based on their coherence with the purpose and inclusion/exclu-
sion criteria, and those eligible for qualitative synthesis were included.

Results: Twenty-two articles were included, which investigated a total of 109,326 with primary or secondary immu-
nodeficiencies. Three studies investigated the pediatric and infant population, while other studies were conducted on
the adult population. Overall, studies on both primary and secondary immunodeficiency conflicted as some reported
higher and some mentioned lower mortality rates in patients with immunodeficiency.

Conclusions: Overall, there were two points of view in both types of immunodeficiencies. The first is the classical
viewpoint that all immunodeficient patients are at a higher risk of infection leading to a higher mortality rate. The
second types of studies found that immunodeficiency might play a less important or even an inverse role in mortality
rates by lowering the severity of the inflammatory response. However, it is important to take note to comorbidities,
such as DM, HTN, CAD, ESRD, history of lower respiratory infection, etc,, and demographic factors, such as obesity and
age > 70 years, as they appear to influence the mortality rate, especially in patients with secondary immunodeficiency.

Keywords: COVID-19, Immunocompromised, Immunodeficiency, Immunosuppression, Impaired immune response,
SARS-CoV-2, Comorbidities

Introduction

Since December 2019, a fatal respiratory disease named
coronavirus 2019 (COVID-19) has spread worldwide
[1, 2]. It has quickly progressed from a few pneumonia-
like cases to a pandemic that is still spreading. Humoral
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delaying the onset of infection [3-5]. Severe acute res-
piratory syndrome-Coronavirus 2 (SARS-CoV-2) infec-
tion can potentially influence a wide range of human
organs, and infected people may show a sort of symp-
toms that may vary from person to person [6-9]. Apart
from the tremendous potential of the novel coronavirus
in impairing the respiratory system, its quick propaga-
tion and propensity to engage numerous hosts in severe
cases of infections or immunopathological consequences
make it a challenging opponent for the immune system
[10]. The interplay between SARS-CoV-2 and the host
immune system result in unleashing massive numbers of
cytokines secretion [11, 12]. The cytokine storm intro-
duces a dangerous situation that determines the clinical
course (healing or mortality) and may lead to multi-organ
failure [13, 14].

Some studies claimed that immunodeficient and
immunocompromised patients have poorer prognoses
and outcomes and higher mortality rates than healthy
people, but the outcome and prognosis mainly depend on
the type and level of immunodeficiency. Moreover, the
wide range of microorganisms that cause infection has
different prognoses in immunodeficient people [15, 16].
Regarding COVID-19, however, conflicting results exist
between immunodeficiency and the risk of severe out-
comes [17-19].

Considering the current COVID-19 pandemic, it is
highly important to improve the surveillance and man-
agement of immunodeficient people to reduce mortal-
ity and morbidities among them [19]. Therefore, actions
must be developed based on scientific facts to decreased
devastating outcomes, and this requires a comprehensive
review of current literature to provide precise prediction
models and improve the outcomes of COVID-19 infec-
tion in immunocompromised patients. As clinicians,
we should assess the patterns of mortality and comor-
bidities in immunodeficient patients to design a well-
organized system to provide care when needed [20]. This
assessment of patterns of the disease might be the key to
reduce its mortality and comorbidities. For instance, the
United Kingdom Primary Immunodeficiency Network
has developed a system to systematically follow PID (pri-
mary immunodeficiency) and SID (secondary immuno-
deficiency) patients and record their COVID-19 infection
status as well as outcomes [21]. Given this background,
we systematically reviewed studies on immunodeficient
people infected with COVID-19 regarding their risk fac-
tors and subsequent predictors of mortality rates.

Materials and methods

This study is a systematic review of current literature
conducted in March 2021. The authors studied COVID-
19 mortality in patients with immunodeficiency and its
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predictors. Our study was conducted according to the
Preferred Systematic Review and Meta-Analysis Report
(PRISMA) to ensure the reliability and validity of the
results.

Data sources

Using systematic searches and keywords in online data-
bases, including PubMed, Scopus, Web of Science, and
Science Direct, we extracted all relevant articles pub-
lished in English up to March 2021. We have included
several combinations of keywords in the following com-
mands to perform a search strategy: (1) “COVID-19” or
“SARS-CoV-2” [title/abstract]; (2) “Immunocompro-
mised” [Title/Abstract] (3) “Immunodeficiency” [Title/
Abstract] (4) “Immunosuppression” [Title/Abstract] (5)
“Impaired immune response” [Title/Abstract].

Inclusion/exclusion criteria

The original, English, and peer-reviewed studies that
reported the outcomes of COVID-19 in patients with
immunodeficiency were included.

Exclusion criteria were as follows: (1) abstracts or the
articles whose full-text was not available, (2) text written
in any other language except English, (3) and non-origi-
nal articles (editorials, reviews, etc.), (4) studies that were
not peer-reviewed, or (5) animal or laboratory (non-
human) studies.

Study selection

Two independent researchers selected relevant studies
screening the titles and abstracts of the retrieved records.
After that, the full-text of the retrieved articles was
reviewed, and the most relevant articles were selected
according to the eligibility criteria. Then, we extracted
the relevant data and organized them into tables.

Data extraction

After summarizing, we transferred the study informa-
tion, the first author (reference), type of study, country,
study population, age(average), gender, primary immu-
nodeficiency, secondary immunodeficiency, laboratory
factors, clinical factors, underlying disease, and mortality
rate (N(%)) to a data sheet. Two independent researchers
collected this information and subsequently organized it
into tables. Finally, all articles selected by other authors
were reviewed to ensure that there was no duplication or
overlap in the content.

Risk of bias/quality assessment

We assessed the risk of bias/quality of the studies using
the Newcastle—Ottawa scale (NOS) checklist. This scale
allocates a 0-9 score to each study based on selection,
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comparability, and exposure/outcome [22]. Studies that
scored 4 or below were considered of poor quality.

Results

A total of 850 articles were retrieved from our compre-
hensive search strategy. After removing duplicates and
screening the title/abstract followed by full-text evalua-
tion for eligibility, 22 articles were included in the final
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narrative data synthesis. The exact details of the selection
process are illustrated in Fig. 1.

The study design distribution of the selected studies
is represented in Table 1, which were mainly retrospec-
tive studies. Most of the studies were conducted in the
USA (n=10), UK (n=4), and Spain (n=2). The selected
studies investigated a total of 109,326 patients cumu-
latively, that suffered from primary immunodeficiency
(common variable immune deficiency [CVID], humoral

Records excluded through
title/abstract and further full
text screening, with the

following exclusion criteria:

(1) full-text not available, (2)
any suspicious and duplicate
results (3) non-English
articles (4) non-original
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Table 1 Study design distribution

Study design Number (percent)
Retrospective cohort 9 (41%)
Cohort study 5(23%)
Case-series 4 (18%)
Case-report 3 (14%)

1(

Cross-sectional

immunodeficiencies, etc.) or secondary immunodefi-
ciency (HIV, malignancy, etc.). Three studies investi-
gated the pediatric and infant populations [21, 23, 24],
while other studies were conducted on the adult popula-
tion. Table 2 displays the information extracted from the
included articles.

Primary immunodeficiency disorders (PID)

Delavari et al’s study [24] showed considerably higher
mortality than the general population among PID
patients with combined immunodeficiency and immune
dysregulation, even with the same rate of COVID-19
infection incidence. In line with Delavari, A.M. Shields’s
study claimed patients with PID and symptomatic
SID are at higher risk of morbidity and mortality from
COVID-19[21]. However, the case studies by Fill et al.
and van Oers et al. [23, 25] represented cases with PID,
which both recovered successfully without a fulminant
course of disease. The authors hypothesized that immu-
nosuppression might help prevent severity and mortal-
ity due to COVID-19. In addition, a study by B. Cohen
et al. [19] suggested that patients with immunodeficiency
are not at a greater risk for COVID-19 mortality and
disease severity. Besides, Meyts I. et al’s study [26] on
patients with inborn errors of immunity (IEI) confirmed
comparable manifestations and risk factors for mortal-
ity and morbidity among these patients and the general
population.

Secondary immunodeficiency (SID)

The primary outcome that was sought in the immunode-
ficient patients in the present review was the mortality
rate. The mortality rate ranges from 0.09% [17] to 28.6%
[27] in HIV patients, as a major part of secondary immu-
nodeficient. Five studies [17, 28—31] found HIV infection
as a deteriorating factor in the severity and outcome of
the COVID-19 patients, with the catastrophic outcome
especially in the black race [17, 28]. However, eight stud-
ies [18, 27, 32-37] suggested that HIV-infected patients
have no worse or higher incidence than the normal
population.
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Risk of bias/quality assessment

All the studies had acceptable quality based on the NOS;
therefore, no studies were excluded from this systematic
review due to poor quality. The most encountered prob-
lem that could contribute to a possible introduced risk of
bias was the lack of matching for the two groups of cases
and controls in some studies (Table 3).

Discussion

Due to emergence of COVID-19 pandemic, understand-
ing the difference between the reaction of the immune
system in patients with and without underlying condi-
tions has been a matter of debate [41, 42]. This systematic
review analyzed a total of 22 different studies that met
the inclusion criteria and sought to establish the predic-
tors and mortality rate in COVID-19 patients who have
weak immune systems otherwise known as immune-
compromised or immunodeficient patients. The different
immune system conditions as seen in suppressive situa-
tions have been attributed to the severity, mortality, and
high infection rate of the diseases [15]. This category of
patients has been a point of attention from the start of
the COVID-19 pandemic, since they are more prone to
infectious diseases and classified as one of the high-risk
groups of patients. Breakdown of the study type included
in our analysis can be seen in Table 2 and the flow of
inclusion criteria is represented in Fig. 1. Immunode-
ficient patients are widely categorized into primary and
secondary immunodeficiencies with markedly decrease
or absent immune cells or system function, and thus, for
a better assortment of this study, we separated the cases
into these two categories of patients.

The first one is the cases reported with the PID, such
as CVID, humoral immunodeficiency, etc. PID refers to
a diverse set of illnesses caused by flaws in the immune
system’s development and/or function. PIDs have a wide
range of signs and symptoms, but the majority of them
involve an elevated susceptibility to infection, with sev-
eral of them resulting in substantial disease-related
adverse outcomes (morbidity and mortality). This point
of view might seem logical and reasonable in the first
place and lead us to the idea that having PID might
increase the mortality of the COVID-19 patients as stipu-
lated by the findings of Delavari et al. study in which they
found that even though COVID-19 is normally a minor
disease in children and adolescents (due to low ACE2
receptor expression and effective adaptive immunity), a
small percentage of individuals, particularly PID patients,
may suffer severe disease necessitating transfer to an
intensive care unit (ICU) and even death[24]. Meyts I
et al. also found that younger patients with inborn errors
of immunity (IEI) were more severely affected and more
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Table 3 Risk of bias assessment of the studies based on the Newcastle-Ottawa scale (NOS)

Study Selection (Out of 4) Comparability (Out of 2) Exposure/outcome (Out of 3)  Total
score (Out
of 9)

Bhaskaran K[17] 4 2 3 9

Cabello A[18] 4 2 3 9

Childs K [28] 3 - 3 6

Cohen B[19] 4 - 3 7

Del Amo J [32] 4 - 3 7

Delavari S [24] 4 - 3 7

Fill L [25] 3 - 3 6

Gamboa E [38] 3 - 3 6

Geretti AM [39] 4 2 3 9

Gervasoni C [33] 4 - 3 7

HadiYB [29] 4 2 3 9

Harter G [34] 4 - 3 7

Ho H-e [30] 4 2 3 9

Karmen-Tuohy S [27] 4 2 3 9

N.S.C. van Oers [23] 3 - 3 6

Douglas Tremblay [40] 4 - 3 7

K. Sigel [35] 4 2 3 9

A. M. Shields [21] 4 1 3 8

N. Shalev [36] 4 - 3 7

S.R. Nagarakanti [37] 4 2 3 9

H. Miyashita [31] 4 - 3 7

I. Meyts [26] 3 - 3 6

frequently admitted to ICU compared with the general
population. These findings warrant a recommendation
for further stringent personal protective measures for
patients affected by IEI [26]. However, this hypothesis
might not seem that logical if we change our point of
view. One of the main causes of the COVID-19 symp-
toms is the patient’s immune system reaction leading to
a cytokine storm in severe cases. From this point of view,
a suppressed immune system might lower the chance
of appearance of these symptoms. Referring to Fill et al.
findings which state that the immunosuppression may be
beneficial in preventing mortality, symptoms of hyper-
inflammation, and cytokine storm brought about by the
SARS-CoV-2 virus interaction with the host immune
responses, including interleukin (IL)-2, IL-6, IL-7, ferri-
tin, and tumor necrosis factor-alpha among others[25].
In another study by van Oers et al. the lack of T cells, NK
cells, and functional B cells in their patient did not lead to
a fulminant or severe respiratory compromise, which is
typical of COVID-19 disease [23].

Further analysis of our study results indicates that
COVID-19 patients with primary immunodeficiencies
(PIDs) have a markedly high mortality rate as well as a
higher risk of infection with the SARS-CoV-2 virus.

This may be highly attributed to the absence or poor
function in one or more components of the immune
system. It seems to be in line with a multi-center inter-
national analysis of 94 patients that were identified with
an inborn error of immunity, of which 53 (56%) had
primary antibody deficiency. They reported more than
a third of all patients had CVID, but four of them died
(45% of all deaths) [26]. Immunocompromised patients
may be more susceptible to direct viral insult, which can
cause organ damage and lead to morbidity and mortal-
ity, but those with combined immunodeficiency are at a
larger risk [43]. In contrast to this, our study found that
COVID-19 patients with CVID do not present addi-
tional mortality rates. Similarly, despite the presence of
comorbidities, COVID-19 individuals with CVID had a
minimal illness and did not require hospitalization. As
a result, certain adaptive immune components do not
appear to be required in management of SARS-CoV-2
infection. Rather, by lowering immunological-mediated
consequences, these adaptive immune deficits may con-
tribute to a milder course [26]. This, however, suggests
that COVID-19 patients with CVID, compared with
other forms of PIDs and the normal population, may be
at a higher risk of infection but with a lower mortality
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rate, indicating a good recovery rate for this category
of patients [19]. However, PID patients under the cat-
egory of SCID (Severe Combined Immunodeficiency)
had a seemingly high risk of infection and death in our
study. In concordance with our study, COVID-19 infec-
tion was found to be the deadliest among PID individu-
als in patients with SCID and familial hemophagocytic
lymphobhistiocytosis (FHL). This idea backs up the prior
theory that SARS-CoV-2 is more deadly in patients with
cellular immunodeficiency and immunological dysregu-
lation, with a nearly 150-fold increased risk of death [24].
Another factor that appeared to influence the mortality
and infection rate has been attributed to PID patients
with underlying diseases before infection with COVID-
19. Factors such as lymphoproliferation and history of
lower respiratory infection in PID patients were observed
in this group of people, recording high mortality rates.

SID is an acquired immunodeficiency due to a disease
or environmental cause, such as malnutrition, human
immunodeficiency virus (HIV), or medical treatment
(e.g., radiotherapy, chemotherapy). Our analysis pre-
sented ten studies reporting a mortality rate>10% and
seven studies presented a mortality rate of<10% in sec-
ondary immunodeficient subjects with COVID-19.
We settled on case fatality>10% to be high. In all SID-
COVID-19 cases, mortality ranged from 0% to as high as
41.7% [19, 44]. The most prominent SID among included
studies was HIV and lesser cases involved cancer, hema-
tologic malignancy, solid malignancy, etc. Some studies
showed increased rates of mortality and morbidity and
some showed the same or less rates than normal people.
Bhaskaran K et al. discovered that individuals infected
with HIV in England have an increased risk of COVID-19
death accounting for demographic and lifestyle-related
factors, supporting the first point of view in the second
type of immunodeficiency illnesses [17]. Comparable to
them, Hadi YB et al. discovered that COVID-19 crude
mortality is greater in HIV-positive individuals than in
non-HIV patients; nonetheless, propensity-matched
studies indicated no differences in outcomes, indicating
that perhaps the higher mortality is attributable to the
HIV patients’ higher load of underlying conditions and
risk factors for severe COVID-19 [29].

The HIV attacks and impairs the body’s host defense
system and causes immune deficiency. This immune defi-
ciency lowers the severity of the immune system reac-
tions against the SARS-CoV-2 virus, such as cytokine
storms and the side effects that are caused by these reac-
tions. It is important to note that if there are no comor-
bidities associated with HIV, the cytokine storm will be
inhibited, and patients will have less serious symptoms
and consequently low mortality rates [31]. However,
according to our study, the case fatality rate is seemingly
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high in HIV patients with COVID-19, suggesting a higher
death risk for this group of patients. Nevertheless, this
high mortality rate in HIV-COVID-19 patients could
be attributed to comorbid conditions and underlying
diseases in this category of patients in our study. This
strongly supports the hypothesis that HIV-COVID-19
patients have less serious symptoms and a low mortal-
ity rate due to the suppression of cytokine storm and its
related effects provided that there are no comorbidities.
The underlying diseases that could contribute to the high
death rate include hypertension (HTN), diabetes mellitus
(DM), end-stage renal disease (ESRD) or chronic kidney
disease (CKD), cardiovascular disease (CD), hepatitis B
and C, dyslipidemia, neurological disease (mainly demen-
tia), rheumatoid arthritis (RA), chronic obstructive pul-
monary disease (COPD), congestive heart failure (CHF),
and coronary artery disease (CAD) [32]. Other demo-
graphic factors such as obesity and age >70 years play an
important role in the death rate for this group of patients.
Further analysis indicated that SID cases of cancer, hema-
tologic malignancies, and solid malignancies presented
the highest case mortality rate>40% in our study. This
firmly suggests that COVID-19 patients in this category
have an increased risk of infection and expiration. Inter-
estingly, there was an intersection in underlying dis-
eases that may have influenced the mortality rate in both
PID-COVID-19 patients and SID-COVID-19 patients.
Though HTN and DM intersected in both groups, no
mortality was recorded in the PID cases, hence cannot
be implicated in the death rate in this group. The reverse
was observed in the SID cases [33, 45].

On the contrary, we have some studies in which the
findings are controversial. These studies have the second
point of view in the second type of immunodeficiency.
Cabello A et al. findings show that neither the HIV sever-
ity nor the type of ARV treatment seems to influence the
outcome of COVID-19 [18]. Similar to this point of view,
Gervasoni C et al. found that patients infected with HIV
and SARS-CoV-2 are not at a higher risk of developing
severe disease or death than patients without HIV [33].
Similar to the previously mentioned studies, a study by
Karmen-Tuohy S et al. shows that HIV coinfection did
not affect the manifestation, hospital course, or progno-
sis of SARS-CoV-2 patients in comparison with matched
non-HIV patients [27].

Limitations and recommendations

Clinical management and therapy of these two groups
were not considered collectively, since the studies
included had different clinical management of the disease
and others did not include the type of therapy used. It is
important to note that the therapy involved in each case
could influence the clinical outcome (recovery or risk of
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expiration), since most COVID-19 therapies are trials
and patient management. Therefore, further studies are
needed and highly recommended to focus on this aspect
for patients suffering from both immunodeficiencies and
COVID-19. This will enable clinicians to administer pre-
cise management and subsequently reducing COVID-19
mortality rates in immunodeficient patients.

Conclusions

The review of recent studies represents two points of
view in both categories of immunodeficiency diseases.
The classical viewpoint stipulates that all immunodefi-
cient patients are at a higher risk of infection and conse-
quently leading to a poor adverse outcome of COVID-19
serve as our first school of thought. However, our sec-
ond perspective is in sharp contrast to this idea in which
immunodeficiency may play a less important role in
raising the rate of death by lowering the severity of the
cytokine storm and its consequences. Both hypotheses
have a noticeable number of supportive studies. None-
theless, it is critical to recognize the role of comorbidi-
ties, such as COPD, DM, hypertension, CKD, history of
lower respiratory infection, CAD, etc., and demographic
factors, such as obesity and age > 70 years, in causing high
COVID-19 mortality rates especially in SID individuals.
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