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Abstract

Background The enduring presence of COVID-19 and subsequent increasing incidence of COVID-19 reinfection has
prompted evaluation of associated risk factors, particularly the role of immunosuppression.

Objective The objective of this study was to characterize cases indicative of COVID-19 reinfection with respect to their
reported use of immunosuppressant/immunomodulating agents.

Methods This cross-sectional observational study leveraged the Pfizer global safety database (SDB) containing adverse
event data collected in association with use of Pfizer products between 1 October 2019, and 30 June 2022. Selected Medical
Dictionary for Drug Regulatory Activities (MedDRA®) Preferred Terms were used to identify COVID-19 cases; the search
was further refined to comprise cases that subsequently reported events potentially indicative of COVID-19 reinfection.
Results Of the cumulative total of 218,242 COVID-19 cases reported into the SDB, 4590 cases (2.1%) involving potential
COVID-19 reinfection were identified. Of these 4590 cases of potential Covid-19 reinfection, a total of 134 cases reported
COVID-19 specifically during treatment with pharmaceutical products, of which approximately 16% (21/134) of cases
reported use of immunosuppressant/immunomodulating agents. Likewise, in the overall dataset (213,652 cases; excluding
the 4590 cases involving potential COVID-19 recurrence), the percentage of reported immunosuppressant/immunomodulat-
ing agents was low (12%). In applying similar parameters to a dataset that excludes COVID-19 vaccine cases, 18% of cases
reported use of immunosuppressant/immunomodulating agents (similar to the aforementioned 16% of cases reported from
the overall total dataset that was inclusive of vaccine cases).

Conclusion This pharmacovigilance study provides a characterization of cases indicative of COVID-19 reinfection with
respect to reported use of immunosuppressant/immunomodulating agents. The observations generated from this cross-
sectional observational analysis may prompt further research into the role of immunosuppression in COVID-19 reinfection,
in an effort to better inform clinical practice and patient management.

immunosuppressant use. To this point, in our previous pub-
lished research [1], immunosuppressant agents were the

1 Introduction

Immunosuppression generally poses an increased risk
of COVID-19 infection (and reinfection thereafter),
given the known association between viral infection and
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most frequently reported pharmaceutical products among
cases of COVID-19 infection/pneumonia. However, with
evolving understanding of the disease, the relationship
between immunosuppressant use and COVID-19 becomes
somewhat conflicting and complex. While organizations
such as the Centers for Disease Control and Prevention
(CDC) [2] consider immunocompromised patients (and
by extension, individuals with autoimmune conditions [3])
at increased risk of severe COVID-19 illness, this risk has
been somewhat debated in the literature, with several reports
suggesting that immunosuppressed patients may not exhibit
excess COVID-19-associated vulnerability. For example,
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This study characterized COVID-19 reinfection cases
with respect to their reported use of immunosuppressant/
immunomodulating agents.

Based on our findings, immunosuppressant/immu-
nomodulating agents are reported in a relatively low
percentage of cases that involved potential COVID-19
reinfection.

The observations generated from this cross-section
observational analysis may prompt further research into
the role of immunosuppression in COVID-19 reinfec-
tion, in an effort to better inform clinical practice and
patient management.

in one analysis that compared the incidence of COVID-19
and subsequent mortality in a large cohort of patients pre-
scribed biologic agents versus matched controls, mortality
rates were similar between the two groups (after adjusting
for demographics, comorbidity burden, and local infection
rates) [4]. In another retrospective cohort study, chronic use
of immunosuppressive drugs was associated with neither
worse nor better clinical outcomes among adults hospital-
ized with COVID-19 [5].

While the impact of immunosuppression on COVID-19
is still being questioned, the ubiquitous and enduring pres-
ence of COVID-19, and the consequent increasing incidence
of COVID-19 reinfection, has prompted the medical com-
munity to examine epidemiologic characteristics and asso-
ciated risk factors related more specifically to COVID-19
reinfection. Since August 2020, individual case reports and
case series of COVID-19 reinfection have been reported
globally. In one recent systematic case review [6], Wang
et al. found that among 17 genetically confirmed COVID-
19 reinfection cases, only one patient (5.8%) was immuno-
compromised. Given ongoing speculation surrounding the
relationship between COVID-19 reinfection and associated
risk factors such as immunosuppression, it would be relevant
to contemplate the role of immunosuppression on COVID-
19 reinfection to better inform clinical practice and patient
management.

Upon the World Health Organization designating COVID-
19 as a global pandemic on 11 March 2020 (and declaration
of a national emergency in the USA on 13 March 2020), a
COVID-19 surveillance program was urgently initiated by
Pfizer on 16 March 2020, using data from the Pfizer safety
database and routine pharmacovigilance. In an effort to pro-
vide some insight beyond sporadic literature case reports, a
real-time standing cohort of COVID-19 cases potentially
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indicative of reinfection was established, based on which a
cross-sectional observational study was conducted to char-
acterize those COVID-19 reinfection cases with respect
to available demographic information and reported use of
immunosuppressant/immunomodulating agents.

2 Methodology
2.1 Pharmacovigilance Database

The Pfizer global safety database (SDB) is a dynamic, cen-
tral repository for individual case safety reports (ICSRs)
collected from all sources globally, and utilized for safety
monitoring activities, regulatory reporting, and responses
to product-related safety queries from regulatory authorities.
The SDB contains cases of adverse events (AEs) reported in
association with use of all Pfizer medicinal products. Annu-
ally, approximately one million cases are reported. Multiple
sources are used for data collection (i.e., ICSRs) including
published literature, marketing programs including nonclini-
cal study programs, interventional and noninterventional
studies (regardless of causality), business partners, patients,
and health authorities.

2.2 Case Search and Identification

The SDB was searched retrospectively from 1 October 2019
through 30 June 2022 (based on initial safety receipt date of
cases). COVID-19 cases were identified using Medical Dic-
tionary for Regulatory Activities (MedDRA®; Version 25.0)
Preferred Terms (PTs)"? specific to COVID-19 (reported as
part of AEs, medical history, or indications).

Among the COVID-19 cases, the search was further
refined to comprise cases that subsequently reported events

! PTs Asymptomatic COVID-19, Coronavirus infection, Coronavirus
test, Coronavirus test positive, COVID-19, COVID-19 pneumonia,
COVID-19 prophylaxis, COVID-19 treatment, Exposure to SARS-
CoV-2, Occupational exposure to SARS-CoV-2, SARS-CoV-2 anti-
body test, SARS-CoV-2 antibody test positive, SARS-CoV-2 carrier,
SARS-CoV-2 sepsis, SARS-CoV-2 test, SARS-CoV-2 test false nega-
tive, SARS-CoV-2 test positive, SARS-CoV-2 viraemia, Suspected
COVID-19, Congenital COVID-19, Post-acute COVID-19 syndrome,
SARS-CoV-2 RNA decreased, SARS-CoV-2 RNA fluctuation,
SARS-CoV-2 RNA increased, Vaccine derived SARS-CoV-2 infec-
tion and SARS-CoV-2 RNA.

2 In 2019 and partly in 2020, prior to implementation of an updated
MedDRA® rerelease, historical cases were retrieved primarily using a
text string search. These historical cases were continuously reviewed
for follow-up information relevant to COVID-19 infections. Addition-
ally, case-processing efforts to update the coding of cases that were
reported to the safety database prior to the MedDRA® update (on 4
May 2020) were undertaken; as such, these historical cases currently
include relevant COVID-19 terms, based on the currently updated
MedDRA® version.
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potentially indicative of reinfection. To identify such cases,
the following PTs were used: Disease recurrence, Symp-
tom recurrence and Rebound effect, as well as the following
MedDRA Lower Level Terms (LLTs): COVID-19 recur-
rent, COVID-19 reinfection and SARS-CoV-2 reinfection.
As the majority of cases are spontaneously reported into the
SDB, limited case details and associated lab results preclude
definitive microbiological confirmation of reinfection. How-
ever, based on the employed search strategy, the relevant
identified cases provided reasonable descriptive evidence
of COVID-19 reinfection.

2.3 Methods and Analysis

The seriousness of each reported AE was determined by
Pfizer physicians based on the International Council for Har-
monisation guideline; AEs were assessed as serious if the
event was considered medically important or had an adverse
clinical course (e.g., death, life threatening, required hospi-
talization, prolonged hospitalization). Healthcare provider-
reported cases were considered to be medically confirmed.
The proportion of cases with reported use of immunosuppres-
sant/immunomodulating agents is calculated by dividing the
number of cases with potential COVID-19 reinfection and use
of immunosuppressant/immunomodulating agents by the total
number of cases of COVID-19 reinfection.® Furthermore, the
percentage of potential COVID-19 reinfection cases reporting
use of immunosuppressant/immunomodulating agents were
also compared to those in the overall dataset (that excluded
cases of COVID-19 reinfection). A Business Objects-based
application was utilized to analyze the study data.

Immunosuppressant/immunomodulating agents were
defined based on their pharmacologic activity involving
targeting of any immune-related biological processes/cel-
lular components.

Use of immunosuppressant/immunomodulating agents
was further characterized by age groups and geographical
regions. Additionally, subgroup analyses were conducted by
limiting to cases that do not involve reporting of the COVID-
19 vaccine, and those reported by healthcare professionals
(known as medically confirmed cases).

3 Results
3.1 Overall Summary of Cases

Of the cumulative total of 218,242 COVID-19 cases
reported into the SDB as of 30 June 2022, 4590 cases (2.1%)

3 Among those cases reporting COVID-19 during treatment with
pharmaceutical products and not involving COVID-19 treatment indi-
cations.

involving potential COVID-19 reinfection were identified.
The 4590 cases involving potential COVID-19 reinfection
retrieved from our SDB were reported from the USA (4147),
the European Union (EU; 198), the UK (154), Namibia (88),
UK-Northern Ireland (2), and European Economic Area (1).
Within the EU, cases were reported from France (94), Ger-
many (22), Italy (14), Netherlands (13), Greece (10), Spain
(9), Sweden (8), Czech Republic (6), Austria, Belgium, Den-
mark, Estonia, Hungary (3 each), Poland, Romania (2 each),
Finland, Portugal and Slovakia (1 each). Among cases where
age was reported, the majority involved adults; pediatric
cases (ages < 17 years) and elderly cases (ages > 65 years)
represented < 1% (n = 11) and 29% (n = 1344) of all cases,
respectively. The reported age ranges included 31-50 years
(1443), 51-64 years (1218), 65-74 years (1056), >75 years
(288), 18-30 years (227) and < 17 years (11). In 347 cases,
age was not provided. Of the 4590 cases, 56% (n = 2600)
and 39% (n = 1783) involved female and male patients,
respectively; sex was not reported in 207 cases.

Of these 4590 cases, 4032 cases reported COVID-19
PTs as part of events (AEs), while the remaining 558 cases
reported COVID-19 PTs as part of other fields (e.g., indica-
tions, medical history). Among the 4032 cases that reported
COVID-19 PTs as part of AEs, the vast majority (3913) of
cases reported nonserious COVID-19-related events and the
remaining 120 cases reported serious events* (with < 1%
(N = 8) of cases reporting fatal COVID-19-associated out-
comes). The eight fatal cases involved elderly patient (aged
> 65 years) who experienced fatal COVID-19 events, along
with concurrent fatal complications (e.g., pneumonia/res-
piratory failure, cerebrovascular accident, coma, pulmonary
embolism, renal insufficiency/failure). Of these eight cases,
seven cases involved at-risk medical history (e.g., hyperten-
sion, cardiac disorders, diabetes mellitus, cerebrovascular
infarction/accident, chronic obstructive pulmonary disease,
obesity).

3.2 Use of Immunosuppressant/
Immunomodulating Agents

Of the 4,590 cases of potential Covid-19 reinfection, a total
of 134 cases reported COVID-19 reinfection (as part of AEs)
specifically during treatment with pharmaceutical products
for various indications. Within this dataset, the reported
products were not utilized for COVID-19 treatment, but
rather for concurrent conditions. Overall, approximately
16% (21/134) of these cases reported use of immunosup-
pressant/immunomodulating agents, generally employed for
underlying autoimmune-related conditions or malignancies.

4 One case reported both serious and nonserious COVID-19 events.
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The reported immunosuppressant/immunomodulating
agents include adalimumab, arsenic trioxide, ciclosporin,
cyclophosphamide, dexamethasone, etanercept, idarubicin,
infliximab, methotrexate, ocrelizumab, risankizumab, rituxi-
mab, tofacitinib, upadacitinib and corticosteroids (e.g., pred-
nisone, methylprednisolone, dexamethasone). Notably, while
some of these agents (particularly corticosteroids) may also
be utilized for treatment of COVID-19 and associated com-
plications, the 134 cases referenced in this section exclude
those agents that report COVID-19-specific indications.

Also of note, among cases that reported COVID-19 indi-
cations, the utilized treatments that were reported included
Paxlovid, corticosteroids (excluding the aforementioned
cases where these agents were used for other autoimmune-
related indications), remdesivir, hydroxychloroquine, hepa-
rin, and antibiotics (e.g., azithromycin, amoxicillin, ceftri-
axone, linezolid, piperacillin-tazobactam).

In comparison, within the overall dataset (of 213,652
COVID-19 cases) that excludes the 4590 cases involving
potential Covid-19 reinfection, a total of 123,056 cases
reported COVID-19 during treatment with pharmaceutical
products, of which approximately 12% (14,408/123,056)
reported use of immunosuppressant/immunomodulating
agents.

When limiting the datasets to medically confirmed (MC)
cases, of the cumulative total of 218,242 COVID-19 cases
reported into the SDB, 119,604 were MC cases. Of the 4590
cases involving potential COVID-19 reinfection, 1293 were
MC cases, of which a total of 50 MC cases reported COVID-
19 specifically during treatment with pharmaceutical prod-
ucts. Of these 50 MC cases, 12% (6/50) reported use of
immunosuppressant/immunomodulating agents. Addition-
ally, in comparison, within the overall dataset that excludes
the cases involving potential COVID-19 reinfection (118,311
MC cases/213,652 total cases), 90,064 MC cases reported
COVID-19 during treatment with pharmaceutical products,
of which approximately 8% (6879/90,064) reported use of
immunosuppressant/immunomodulating agents.

In applying similar search parameters to a dataset that
excluded cases involving the COVID-19 vaccine, a total of
34,076 COVID-19 cases were reported as of 30 June 2022,
of which 17,152 cases reported COVID-19 during treatment
with pharmaceutical products. Overall, 75% (12,851/17,152)
of these cases reported use of immunosuppressant/immu-
nomodulating agents. Of this cumulative total of 34,076
COVID-19 cases (excluding vaccine cases), 4225 cases
involving potential COVID-19 reinfection were reported, of
which a total of 83 cases reported COVID-19 during treat-
ment with pharmaceutical products. Overall, 18% (15/83)
of these cases reported use of immunosuppressant/immu-
nomodulating agents (similar to the aforementioned 16% of
cases reported from the overall total dataset that was inclu-
sive of vaccine cases).
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4 Discussion

Based on our findings, 2.1% of the cumulative total COVID-
19 cases reported into the SDB involved potential COVID-
19 reinfection. As a way of comparison, one retrospective
cohort analysis of an entire population in an Italian region
followed 1,293,941 subjects from the beginning of the pan-
demic to the current scenario of Omicron predominance (up
to mid-February 2022) [7]. After an average of 277 days,
729 reinfections among 119,266 previously infected subjects
(overall rate: 6.1%) were recorded.

Accordingly with our findings, immunosuppressant/
immunomodulating agents are reported in a relatively low
percentage (16%) of cases that involved potential COVID-
19 reinfection. Likewise, in the overall dataset (213,652
COVID-19 cases; excluding the 4590 cases involving
potential COVID-19 reinfection), the percentage of reported
immunosuppressant/immunomodulating agents was also
low (12%). However, it is possible that, since this dataset
is inclusive of cases within the SDB that involved all Pfizer
products (including the COVID-19 vaccine), reporting pro-
portions of various products (including immunosuppressant/
immunomodulating agents) are somewhat diluted by the
high number of retrieved vaccine cases (given the propor-
tionately high global rates of vaccine utilization).

Interestingly, in our previous published research [1], 65%
of cases involved use of immunosuppressant/immunomodu-
lating agents among cases that reported COVID-19 during
treatment with pharmaceutical products. However, that data-
set was significantly smaller (based on a total of 1508 cases
reported as of 25 June 2020) and was exclusive of cases
involving the COVID-19 vaccine. As detailed in our results,
when applying similar parameters (excluding vaccine cases)
to the more current dataset, 75% of these cases reported
use of immunosuppressant/immunomodulating agents and,
of those cases involving potential COVID-19 reinfection,
18% reported use of immunosuppressant/immunomodu-
lating agents (similar to the aforementioned 16% of cases
reported from the overall total dataset that was inclusive of
vaccine cases).

The relatively low reporting of immunosuppressant/
immunomodulating agents among cases involving potential
COVID-19 reinfection appears to counter the general consid-
eration of immunosuppression as a risk factor for increased
susceptibility to infection (and by extension, reinfection).
This finding is also contradictory to currently published
literature, such as one systemic review [8] that identified
immunosuppressive drugs as one of the commonly reported
factors among cases of COVID-19 reinfection, and another
review [9] that implicated non-selective immunosuppressive
drugs (i.e., prednisolone) as a potential cause of COVID-19
recurrence (even upon initial clinical improvement).
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Perhaps COVID-19 uniquely differs with respect to the
currently known risk factors for viral reinfection, as earlier
published case studies (albeit small in sample size) have
already challenged [10—14] the notion of baseline immu-
nosuppressive therapy worsening COVID-19 severity. In
general, however, literature examining the impact of immu-
nosuppressant use specifically on COVID-19 reinfection
is relatively scarce. While our research may provide some
insight into this issue, several limitations are inherent to
spontaneous post-marketing AE reporting, including: under-
reporting, particularly of non-serious cases; missing/lack of
robust clinical information such as COVID-19 severity and
associated lab results to confirm reinfection versus extension
or relapse of the previous infection; unknown temporality
between immunosuppressant use and reporting of COVID-
19 reinfection; and limited information regarding treatment
history prior to COVID-19 reinfection. Given these bounda-
ries, it is beyond the scope of this cross-sectional observa-
tional study to draw correlations and appropriate conclu-
sions. Nevertheless, perhaps our findings may encourage
further research to better characterize the risks of COVID-
19 reinfection, particularly given the increasingly endemic
presence of this pathogen.

5 Conclusion

Of the cumulative total of 218,242 COVID-19 cases
reported into the SDB, 4,590 cases (2.1%) involving poten-
tial COVID-19 reinfection were identified. Of these 4,590
cases of potential COVID-19 reinfection, a total of 134
cases reported COVID-19 specifically during treatment
with pharmaceutical products, of which approximately
16% (21/134) of cases reported use of immunosuppressant/
immunomodulating agents. Likewise, in the overall dataset
(213,652 cases; excluding the 4590 cases involving potential
COVID-19 reinfection), the percentage of reported immuno-
suppressant/immunomodulating agents was also low (12%).
Albeit with several aforementioned limitations, this study is
the first to utilize a spontaneous reporting safety database
to document use of immunosuppressant/immunomodulat-
ing agents among cases of potential COVID-19 reinfection,
and to perhaps challenge our understanding of expected risk
factors for COVID-19 reinfection. Evidence-based clinical
data associated with COVID-19-related reporting patterns
and trends gathered via pharmacovigilance is paramount in
contributing to patient treatment and safety. In this context,
the additional information provided (beyond sporadically
reported cases in the literature), as well as the hypothesis
generated from this cross-sectional observational analysis,
may prompt further research questions and activity into
the role of immunosuppression in COVID-19 reinfection,

in an effort to better inform clinical practice and patient
management.
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