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ABSTRACT

Objectives: Herpesviruses are ubiquitous and after primary infection they establish lifelong latency. The
impairment of maintaining latency with short-term or long-term consequences could be triggered by
other infection. Therefore, reactivation of herpesviruses in COVID-19 patients represents an emerging is-
sue.

Design and methods: This study provided the first systematic review with meta-analysis of studies that
evaluated active human herpesvirus (HHV) infection (defined as the presence of IgM antibodies or HHV-
DNA) in COVID-19 patients and included 36 publications collected by searching through PubMed, SCOPUS,
and Web of science until November 2022.

Results: The prevalence of active EBV, HHV6, HSV, CMV, HSV1, and VZV infection in COVID-19 population
was 41% (95% Cl =27%-57%), 3% (95% Cl=17%-54%), 28% (95% Cl=1%-85%), 25% (95% Cl=1%-63%), 22%
(95% CI=10%-35%), and 18% (95% Cl=4%-34%), respectively. There was a 6 times higher chance for active
EBV infection in patients with severe COVID-19 than in non-COVID-19 controls (OR=6.45, 95% CI=1.09-
38.13, p=0.040), although there was no difference in the prevalence of all evaluated active herpesvirus
infections between COVID-19 patients and non-COVID-19 controls.

Conclusions: Future research of herpesvirus and SARS-CoV-2 coinfections must be prioritized to define:
who, when and how to be tested, as well as how to effectively treat HHVs reactivations in acute and long

COVID-19 patients.

© 2023 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious

Diseases.
This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

Introduction

Herpesviruses are ubiquitous, double-stranded DNA, enveloped
viruses that establish lifelong latency after primary infection of
the host. There are nine human herpesviruses (HHVs) that can in-
fect humans: herpes simplex virus type 1 (HSV1), herpes simplex
virus type 2 (HSV2), varicella zoster virus (VZV), cytomegalovirus
(CMV), human herpesvirus 6A (HHV6A), human herpesvirus 6B
(HHV6B), Epstein-Barr virus (EBV), human herpesvirus 7 (HHV7),
and Kaposi's sarcoma herpesvirus (KSHV) or human herpesvirus 8
(HHV8). They exhibit broad cell tropism [1] and during the primary
infection, as well as reactivation, they behave like lytic pathogens,
destroying most of the cells that they invade [2]. At the same time,
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latently infected cells successfully escape immune surveillance due
to suppression of viral gene expression and replication [3]. Viral
conversion from a latent to lytic phase is seen in a variety of stim-
uli, including immunosuppression, co-infections or psychological
stress [4]. This switch is rare, usually self-limiting, and without a
clinical significance. However, the impairment of maintaining la-
tency due to T cell dysfunction in immunocompromised individ-
uals or in those whose immune imbalance has been triggered by
processes such as COVID-19, could lead to long-term consequences
[5,6].

Coronavirus disease 2019 (COVID-19) which is caused by severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is related
with one of the largest pandemics in modern history with over
668 million infected individuals, leading to more than 6.7 million
deaths [7]. Since the first case was reported in December 2019
[8], an immense number of studies has been performed to investi-
gate its causative agent and pathogenetic mechanisms. While, new
SARS-CoV-2 variants effectively out-compete and replace the older
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ones, a variety of clinical manifestations and risk factors for ad-
verse events are also expanding [9].

It is a common knowledge that the immune response dur-
ing the acute viral illness contributes to host defense. However,
the immune system might be involved in the pathogenesis of se-
vere infections diseases like COVID-19, or even lead to critical im-
mune dysregulation [6]. A number of studies have suggested the
role of autoimmune factors and prolonged persistence of SARS-
CoV-2 fragments in the development of deteriorated or extended
COVID-19, but failure to return to baseline health may be a con-
sequence of multiple pathogen activity [4,10-12]. Of particular in-
terest might be reactivation of already acquired microorganisms
such as HHVs. Their reactivation might drive different viral genes
expression, infection of additional tissues/organs and developing
of new acute or chronic symptoms [6]. Finally, the possibility of
developing far-reaching consequences of such uncontrolled viral
replication should not be overlooked, especially in herpesviruses
with oncogenic potential such as EBV and KSHV. Thus, the initial
narrative that put COVID-19 in the same category with the rest of
respiratory viral infections, neglected the identification of associ-
ated processes that occur simultaneously with SARS-CoV-2 infec-
tion [13].

The prevalence, the incidence and clinical relevance of ac-
tive HHVs infections represent the missing link in the COVID-19
surveillance and is still in the early stage of research. Although
there are some data about coinfections in COVID-19 patients, cur-
rent diagnostic and treatment options are still insufficient [14,15].
To fill this gap, we conducted the systematic review and meta-
analysis in order to assess all relevant published literature related
to active herpesvirus infections in COVID-19 patients. Furthermore,
we aimed to evaluate the prevalence of active HHVs infections in
COVID-19 patients, but also the difference in that prevalence be-
tween SARS-CoV-2 infected and non-infected individuals.

Methods

PRISMA protocol [16], MOOSE guideline [17] for observational,
and Cochrane handbook [18] for intervention studies were used to
perform this systematic review registered at PROSPERO with regis-
tration number CRD42022348878.

Study selection and database search

Studies that evaluated active herpesvirus infections, defined as
the presence of IgM antibodies or positive PCR result, in COVID-19
human populations were included in this systematic review. Stud-
ies were excluded if they: a) did not assess herpesviruses, b) did
not evaluate active herpesvirus infections, c¢) evaluate population
with active HHV infections who were SARS-CoV-2 infected after-
word, d) examined other populations (animals, cell lines, etc.), and
e) were abstracts, narrative or systematic reviews, or meta-analysis.
Publications were screened for inclusion in the systematic review
in two phases, and all disagreements were resolved by discussion
at each stage with inclusion of a third reviewer.

Two biostatisticians with expertise in conducting systematic re-
views and meta-analyses (AC, DM) developed the search strat-
egy. A systematic review of peer-reviewed publications was per-
formed through searches of three electronic databases: PubMed,
Web of Science (WoS) and SCOPUS until 15t November 2022.
Search queries for all three databases are available in Supplement
material: Table 1. Publications of all study types in English were
considered. In addition, reference lists of articles identified through
electronic retrieval were manually searched, as well as relevant re-
views and editorials. Authors of relevant articles were contacted to
obtain missing data or unavailable publications.
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Article Screening and Selection

Two reviewers independently evaluated the eligibility of all
publications during title and abstract reading (AC, DM). Studies
were included in the full text screening if either reviewer iden-
tified the study as being potentially eligible, or if the abstract
and title did not include sufficient information for clear exclusion.
The same reviewers independently performed full text reading to
select articles for inclusion according to the criteria listed under
Inclusion and Exclusion Criteria available in Supplement material:
Table 2. Disagreements were resolved by consensus (AC, DM) or
arbitration (AB).

Data Abstraction and Quality Assessment

Two reviewers independently abstracted the following data:
first author, year of publication, country of research, study design,
number, characteristics, age, and gender of cases/controls, eval-
uated HHVs, number of HHV positive cases/controls, number of
HHV negative cases/controls, clinical manifestation of active HHV
infection, duration between SARS-CoV-2 detection and HHV clin-
ical manifestation or laboratory HHV confirmation, antiviral ther-
apy, and specimen and method for herpesvirus detection. Stan-
dardized protocol for data extraction was used by both reviewers
(Supplement material: Table 3). Each reviewer independently eval-
uated the quality and risk of bias of selected manuscripts using
an adapted version of the Newcastle-Ottawa tool for observational
[19] and Jadad scale for randomizes controlled trials [20].

Statistical analysis

The primary outcome of meta-analysis was to assess the preva-
lence of active HHV infections in COVID-19 human populations.
The meta-analysis of the prevalence was performed using inverse
variance method. Data that were entered for each of the studies
were the original prevalence from the study and the standard er-

ror of the prevalence according to the equation,/ @, where p

was the prevalence from the particular study and n was the total
number of respondents from that study.

The secondary outcome was to evaluate the difference in the
prevalence of active HHV infections in COVID-19 in compari-
son with non-COVID-19 human populations. It was achieved by
Mantel-Haenszel method, a proper method for dichotomous out-
comes and situations with different sample size between stud-
ies. Heterogeneity was assessed using the Chi-square Q test and
2 statistic. The categorization of heterogeneity was based on the
Cochrane Handbook [18] and states that 12<30%, 30% to 60% or
>60%, corresponds to low, moderate and high heterogeneity, re-
spectively. Random effect model was used if heterogeneity was
high, otherwise fixed effect model was in use. Sensitivity analy-
sis was performed in order to assess the robustness of the primary
analysis. Forest plots were constructed for each analysis showing
the OR (box), 95% confidence interval (lines), and weight (size of
box) for each trial. The overall effect size was represented by a
diamond. Publication bias was assessed by funnel plots for every
defined outcome (Supplement material: Figure 4).

A p value <0.05 was considered to be statistically significant.
Analyses were performed using Review Manager Version 5.4 [21].

Results
Systematic review

A total of 1180 potentially eligible articles were found. After du-
plicates (n=372) were removed, title and abstracts were evaluated
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Table 1

Systematic review.

Author, year Study Herpesvirus Specimen COVID-19 Cases Non-COVID-19 Controls
Country design (detection
method) for
herpesvirus
n n Herpe Age Characteristics SARS-CoV-2 Clinical manifestation of ~ Duration®  Anti- n n Herpesvirus +  Age
svirus + Gender? infection herpesvirus infection herpesvirus Controls Gender? Characteristics
Cases® (Outcomeb) therapy
Lehner, 2020 Case- EBV Blood 18 14/18 60.5 (52.0-64.5) COVID-19 patients Active Biochemical NR NR 18 8/18 58.8 Consecutive
Austria control CMV (RT-PCR) 3/18 med (25th-75th treated in ICU due (NR) abnormalities that 1/18 (47.8-72.3) invasively
percentiles) to respiratory resemble hepatitis and med ventilated
NR failure and pancreatitis (25th-75th ICU patients
required invasive typically caused by percentiles) without
ventilation herpesviruses like EBV or NR COVID-19
CMV. A subgroup
of COVID-19 patients
exhibit a
hyperinflammatory
pattern similar to sHLH
Majtanova, Case- HSV1 NR 18 18/18 18-29 years - 3 Herpes simplex Active Keratitis NR NR 26 26/26 18-29 years - 4  Herpes
2021 control (RT-PCR) (17%) keratitis COVID-19 (NR) (15.4%) simplex
Slovakia 30-39 years - 4 patients 30-39 years - keratitis
(22%) 5 (19.2%) patients
40-49 years - 4 40-49 years - without
(22%) 7 (26.9%) COVID-19
> 50 years - 7 > 50 years -
(39%) 10 (38.5%)
11 (61%) vs. 7 16 (61.5%) vs.
(39%) 10 (38.5%)
Naendrup, Case- EBV Whole blood 17 19/55 60 (16-80) EBV Severe COVID-19 Active NR NR Rituximab 126 18/126 NR Respondents
2021 control CcMV (RT-PCR) (reactivation ~ 10/55 reactivation patients treated in (37% with vs. 50% for EBV 16/126 NR without
Germany *reactivation was 51 (16-80) CMV ICU without clinical ~ without EBV reactivation COVID-19
defined as performed reactivation improvement, reactivation and
DNA levels higher in 55 cases) median having persisting survived ICU, 29% Ganciclovir
than 10001U/mL (min-max) fever >2 days with vs. 42% for CMV
17 (89.5%) vs. 2 and/or persisting without rituximab reactivation
(10.5%) EBV laboratory signs treatment with EBV

reactivation
9 (90%) vs. 1
(10%) CMV
reactivation

of
hyperinflammation
in the absence of
alternative
explanations

such as pathogens
in bronchoalveolar
lavages, blood, or
urine cultures.

reactivation
survived ICU;
55% with vs. 46%
without CMV
reactivation
survived ICU, 86%
with vs. 0% without
Ganciclovir
treatment with
CMV reactivation
survived ICU)

(continued on next page)
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Table 1 (continued)

Author, year Study Herpesvirus Specimen COVID-19 Cases Non-COVID-19 Controls
Country design (detection
method) for
herpesvirus
n n Herpe Age Characteristics SARS-CoV-2 Clinical manifestation of ~ Duration®  Anti- n n Herpesvirus +  Age
svirus + Gender? infection herpesvirus infection herpesvirus Controls Gender? Characteristics
Cases® (Outcomeb) therapy
Abadias- Case- HHV6 Blood 16 6/16 NR COVID-19 patients Active Skin rash 4 weeks NR 8 0/8 NR Randomly
Granado, control (Serology) NR (NR) NR selected
2021 hospitalized
Spain patients, of
a similar
median
age, with
COVID-19
but without
cutaneous
manifesta-
tions
Vigon, 2021 Case- EBV Blood 61 Total Total 42.2 (26-64) mild SARS-CoV-2 positive  Active NR NR NR 21 0/21 NR Healthy
Spain control CcMV (RT-PCR) 21 mild EBV: 10/61 COVID-19 patients (performed  (Specific 0/21 NR donors (over
17 severe CMV: 12/61 74.2 (50-90) with RT-qPCR assay  herpesvirus IgG Ab 18 years and
23 critical Severe severe COVID-19  in nasopharyngeal increased who have
COVID-19 COVID-19 64.1 (42-88) smear) older than progressively in never been
EBV: 2/17 critical COVID-19 18 year with accordance to in contact
CMV: 4/17 med (IQR) different clinical COVID-19 severity; with
Critical 10 (47.6%(vs. 11 presentations of Relative risk ratio SARS-CoV-2
COVID-19 (52.4%) mild COVID-19: mild, between at the time
EBV: 8/23 COVID-19 severe or critical reactivation of EBV of sampling)
- CMV: 8/23 12 (70.6%) vs. 5 and/or with similar
- (29.4%) severe CMV and death age and
COVID-19 during gender
14 (60.9%) vs. 9 hospitalization due distribution
(39.1%) critical to COVID-19 was to mild
COVID-19 0.8556, although it COVID-19
was not statistically patients.
significant)
Singh, 2021 Cross- EBV nasopharyngeal, 4259 91/4259 45.21+£20.43 COVID-19 patients Active NR NR NR 46160 2627/46160 NR Respondents
USA sectional MV oropharyngeal, 3/4259 mean=sd (NR) 42/46160 NR without
HsV and sputum 5/4259 (20-49) 37/46160 COVID-19
swabs min-max
(RT-PCR) 1891(44.4%) vs.
2364 (55.5%)
Brinkmann, Cross- EBV NR 84 3/84 NR Critically ill Active NR NR NR 66 6/66 NR Respondents
2022 sectional CMV (RT-PCR, 0/84 NR COVID-19 patients (NR) 4/66 NR without
Morocco HSV1 rapid multiplex 2/84 2/66 COVID-19
approach
(Sequencing)
Kahwagi, Case- EBV CSF, blood 8 8/8 NR COVID-19 patients Active Encephalitis NR NR 114 0/114 NR Patients
2022 control vzv (RT-PCR) 7/8 NR presenting clinical (NR) 0/114 NR presenting
Senegal HSV 8/8 signs of encephalitis 0/114 clinical signs
HHV7 8/8 assessed by 0/114 of

clinicians and
requiring
hospitalization.
Patients presenting
with an identified
cause (e.g., Malaria)
were excluded from
the study.

encephalitis
assessed by
clinicians
and
requiring
hospitaliza-
tion without
COVID-19

(continued on next page)
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Table 1 (continued)

Author, year Study Herpesvirus Specimen COVID-19 Cases Non-COVID-19 Controls
Country design (detection
method) for
herpesvirus
n n Herpe Age Characteristics SARS-CoV-2 Clinical manifestation of ~ Duration®  Anti- n n Herpesvirus +  Age
svirus+ Gender? infection herpesvirus infection herpesvirus Controls Gender? Characteristics
Cases® (Outcomeb) therapy
Aragon- Prospective  EBV Blood 181 117 For 17 critically COVID-19 pediatric ~ Active NR NR NR 516 NR 1 day-5years -  COVID-19
Nogales, 2022  cohort (PCR) (27 ill population with (NR) 207 (40%), negative
UK study moderate, 4.1 (6 months -15 mild, moderate, 6-12 years — pediatric
16 severe, years) med severe, or critical 170 (33%) population
17 critically (min-max) (critical, if acute >12 years - 76 with other
ill) 2 (70.6) vs. 5 respiratory distress (27%) viral
(29.4) syndrome (ARDS), NR respiratory
multiorgan failure diseases
(MOF), septic shock,
or
coma occurs)
severity of the
disease
Katz, 2022 Cross- HSV1 Blood 889 25/889 0-9 years - 17 COVID19 out- and Active NR NR NR 987849  7625/987849 0-9 years - Hospital
USA sectional vzv (Serology) 16/889 (1.9%) in-patients (NR) 4228/987849 90881 (9.2%) non-COVID-
10-17 years - 22 10-17 years - 19
(2.5%) 66186 (6.7%) population
18-34 years - 355 18-34 years - from the
(39.9) 212388 (21.5%) Integrated
35-44 years - 99 35-44 years - Data
(11.1%) 94834 (9.6%) repository
45-54 years - 11 45-54 years - (IDR)
(1.2%) 106688 (10.8%)
55-64 years - 100 55-64 years -
(11.2%) 154104
65-74 years - 109 (15.62%)
(12.3%) 65-74 years -
75-85 years - 57 144226 (14.6%)
(6.5%) 75-85 years -
>85 years - 57 83967 (8.5%)
(6.5%) >85 years -
380 (42.7%) vs. 34575 (3.5%)
509 (57.3%) 455458
(46.11%) vs.
532391
(53.89%)
Romani, 2022  Case- HHV6 NR 68 1/68 6.5 years COVID19 pediatric Active NR NR NR 16 3/16 4.4 years Age
Italy control (RT-PCR) (0.9-11.5) population with (NR) (1.7-6.3) matched
Med (IQR) mild, moderate or 10 (53%) vs. 6 non-COVID-
38 (56%) vs. 30 severe disease (47%) 19 pediatric
(44%) patients
Zhu, 2020 Cross- HSV Nasopharyngeal/ 257 249(257 51 (2-99) COVID-19 patients Active NR From -4 NR / / / /
China sectional CMV throat swab 254[257 med (min-max) (NR) to 0 days
EBV (RT-PCR) 205/257 138 (53.7) vs. 119 from
(46.3) COVID-19
onset
Wenzel, 2020  Case series EBV Endomyocardial 2 2[2 Case 1: 39 Patients with Past NR 4 weeks NR / / / /
Germany HHV6 biopsies 1/2 Case 2:36 myocarditis who (NR)
(RT-PCR) 2 males recently suffered

from COVID-19

(continued on next page)
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Table 1 (continued)

Author, year Study
Country design

Herpesvirus

Specimen
(detection
method) for
herpesvirus

COVID-19 Cases

Non-COVID-19 Controls

n Herpe
svirus +
Cases®

Age
Gender®

Characteristics

SARS-CoV-2
infection
(Outcomeb)

Clinical manifestation of

herpesvirus infection

Duration®

Anti-
herpesvirus
therapy

n n Herpesvirus +  Age

Controls Gender? Characteristics

Zhao, 2020 Cross-
China sectional

Wu, 2020
China

Case series

Busani, 2020
Italy

Case series

HSV
MV
EBV

MV
EBV

HsV1
MV
EBV

Blood
(Serology)

nasopharyngeal/
throat swab
(RT-PCR)

Cell free plasma
(RT-PCR)

417

74

107

18/417
0/417
12/417

3/74
3/74

2/107
0/107
0/107

4524176
meanzsd

198 (47.5) vs. 219
(52.5)

6.0 (0.10-15.08)
med (min-max)
44 (59.5) vs. 30
(40.5)

Case 1 - 66
Case 2 - 49

2 males

COVID-19 patients
with severe
(including severe
type implied one of
the following
conditions: (a)
respiratory distress,
respiratory rate >30
per min; (b) oxygen
saturation on
quiescent condition
< 93%; (c) partial
pressure of oxygen
in arterial
blood/fraction of
inspired oxygen
(Pa02/Fi02)<300
mmHg (1
mmHg=0.133 kPa);
(iv) and critical type
implied one of the
following
conditions: (a)
respiratory failure
occurred and
mechanical
ventilation was
required; (b) shock
occurred; (c)
patients had other
organ dysfunction
needing intensive
care unit
monitoring and
treatment) and
non-severe
(including mild type
implied the mild
clinical symptoms
with no abnormal
radiological
findings, and
common type
implied fever and
respiratory
symptoms and
pneumonia detected
on chest computed
tomography)
disease

Children without
comorbidities

Case 1 - history of
hypertension, hy-
percholesterolemia
and depression
Case 2 - body-mass
index of 32 and no
significant medical
history

Active
(NR)

Active
(NR)

Active
(Complete recovery)

NR

NR

Ocular manifestations

NR

NR

NR

NR

NR

NR

(continued on next page)
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Table 1 (continued)

Author, year Study Herpesvirus ~ Specimen COVID-19 Cases Non-COVID-19 Controls
Country design (detection
method) for
herpesvirus
n n Herpe Age Characteristics SARS-CoV-2 Clinical manifestation of ~ Duration®  Anti- n n Herpesvirus +  Age
svirus + Gender? infection herpesvirus infection herpesvirus Controls Gender? Characteristics
Cases® (OutcomeP) therapy
Meyer, 2021 Propsective  HSV blood and lower 153 40/153 60.8 (50-70) COVID-19 patients Active NR The NR / / / /
France cohort respiratory tract 36/146 in med (IQR) in the ICU with HSV  (After adjustment median
samples blood 115 (75.2%) vs. 38  reactivation defined  for mortality risk time from
(RT-PCR) (19/61 (24.8%) as factors (age, j(a8)
respiratory a HSV-positive PCR  oxygenation and admission
sample, HSV in blood or ventilation to the
reactivation in respiratory samples  characteristics, first HSV-
15/153 in extra-respiratory positive
blood and components of sample
respiratory SOFA score and was 14
samples corticosteroid days (IQR
HSV-1 therapy), 9.5-18).
reactivation multivariable Cox
first in blood regression model
in 7/15, in showed an
respiratory increased risk of
tract in 6/15 mortality for HSV1
and reactivation)
simultaneously
in 2/15
patients)
Halawi, 2021 Cross- CMV NR 417 2[417 < 30 years - 153 COVID-19 patients Active NR NR NR / / / /
Saudi Arabia sectional HSV1 (Serology) 123417 (37%) with diarrhea (NR)
30-50 years - 234
(56%)
> 50 years - 30
(7%)
150 (36%) vs. 267
(64%)
Paolucci, 2021  Cross- CMV Serum 104 Total 0/104 ICU patients - COVID-19 patients Active NR NR NR / / / /
Italy sectional EBV (Serology) 42 1CU 91/104 (40/42 61.5 (55-71.25) treated in ICU and (NR)
HHV6 62 SICU ICU and 51/62  SICU patients - SICU
SICcU) 73.5 (57.8-80)
0/104 med (IQR)
36 (85.7%) vs. 6
(14.3) in ICU
41 (66.1%) vs. 21
(33.9%) in SICU
Saade, 2021 Cross- HSV HSV, EBV, 100 12/100 59 (53-67) Severe COVID-19 Active Cutaneous-mucous NR / / / /
France sectional EBV CMV=blood; 58/100 median patients with (NR) manifestations Valganciclovir
CMV HSV=Dblood, BAL, 19/100 (min-max) malignancies and for CMV
skin swabs 73 (73%) vs. 23 organ recipients reactiva-
(RT-PCR) (23%) tion, No
treatment
for EBV re-
activation,
Acyclovir
and Valacy-
clovir for
HSV
reactivation
Xie, 2021 Cross- EBV NR 128 17/128 62 (52-68) COVID-19 patients  Active NR NR NR / / / /
China sectional (RT-PCR) med (IQR) treated in ICU (EBV
66 (51.6%) vs. 62 group had

(48.4%)

significantly higher
28-day and 14-day
mortality

than Non-EBV
group (p=0.005))

(continued on next page)
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Table 1 (continued)

Author, year
Country

Study
design

Herpesvirus

Specimen
(detection
method) for
herpesvirus

COVID-19 Cases

Non-COVID-19 Controls

n n Herpe Age Characteristics SARS-CoV-2 Clinical manifestation of ~ Duration®  Anti- n n Herpesvirus +  Age
svirus + Gender? infection herpesvirus infection herpesvirus Controls Gender? Characteristics
Cases® (Outcomeb) therapy
Basi¢-Juki¢**,  Prospective  VZV Serum 104 1/104 56 (45-65) Renal transplant Past Herpes Zoster and CMV At the Foscarnet, / / / /
2021 cohort EBV (RT-PCR) 9/104 med (IQR) recipients after (NR) colitis in one patient initial Letermovir,
Croatia study CMV 27/104 56 (24-80) COVID-19 each evalua- Hyperim-
med (min-max) tion and mune
69 (66.3%) vs. 35 6 months  anti-CMV
(33.7) after globulins
COVID-19
SeeRle, 2021 Case-series  HSV1 Serum, tracheal 18 available  15/18 data for 15 HSV1  Patients with Active NR 19.5 days  Acyclovir / / / /
USA secretion, and specimens 9/18 in positive laboratory (Complete recovery) mean
bronchial lavage out of 103 tracheal COVID-19 confirmed 18
(RT-PCR) COVID-19 secretion patients SARS-CoV-2 (12-28)
patients 6/18 in 71 (16) infection with an days
bronchial med (IQR) age of 18 years or med
lavage 12 (80%) vs. 3 over invasively (min-
(20%) ventilated because max)
of
severe or critical
pneumonia
Simonnet, Cross- EBV Blood 34 28/34 58 (26-81) Critically ill Active NR Median Ganciclovir | / / /
2021 sectional CMV (RT-PCR) 5/34 med (min-max) COVID-19 patients (No association delay or Valgan-
France HHV6 7132 25 (73%) vs. 9 treated in ICU between ICU between ciclovir for
(27%) mortality and EBV, j(a8) CMV
CMV and HHV-6 admission  reactivation
reactivation) and initial  cases
virus DNA
detection:
EBV - 4
days
(range
0-20)
CMV 12
days
(range
1-16)
HHV6 12
days
(range
8-19)

(continued on next page)
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Table 1 (continued)

Author, year Study Herpesvirus Specimen COVID-19 Cases Non-COVID-19 Controls
Country design (detection
method) for
herpesvirus
n n Herpe Age Characteristics SARS-CoV-2 Clinical manifestation of ~ Duration®  Anti- n n Herpesvirus +  Age
svirus + Gender? infection herpesvirus infection herpesvirus Controls Gender? Characteristics
Cases® (Outcomeb) therapy
Chen, 2021 Cross- EBV Blood 67 37/67 37 years (IQR COVID-19 Active NR NR NR / / /
China sectional CMV (Serology) 0/67 30-52; range hospitalized (NR)
23-81 years) patients The
32 (47.8%) vs. 35  inclusion criteria in
(52.2%) our study were as
follows: (1) At least
one positive result
by real-time
quantitative
reverse-
transcriptase-
polymerase-chain
reaction (RT-PCR)
assay for
SARS-CoV-2 when
in hospital; (2)
Measuring the
antibodies against
EBV VCA (IgM, IgG),
EBV early antigen
(EA, IgM) and EBV
nuclear antigen
(EBNA, 1gG); (3)
Time of the onset of
symptoms to
hospital admission
less than 2 weeks.
Exclusion criteria:
(1) In hospital time
later than February
29, 2020; (2) Most
clinical information
were missing.
Gold**, 2021 Cross- EBV Blood 68d 29/68 Total 21-74 COVID-19 patients Past Long-COVID symptoms At least 4 NR / / /
USA sectional (Serology, and for 39 LC 26/39 LC NR between 21 and 74  (Long COVID) weeks
seronegative cases 29 non-LC patients years who weren‘t
RT-PCR also) 3/29 non-LC pregnant and not
patients vaccinated and/or
without symptoms
similar to long
COVID prior to
testing positive for
COVID-19.
Blumenthal, Cross- EBV Blood 104 81/104 53.0 (21.2-85.7) Hospitalized Active NR NR NR / / /
2022 sectional HHV8 (RT-PCR) 21/104 med (min-max) COVID-19 patients (NR)
South Africa 63 (60.6%) vs. 41
(39.4%)
Brooks, 2022 Prospective  EBV Plasma 67 15/67 60 (48-66) COVID-19 adult Active NR NR NR / / /
USA cohort HHV6 (qPCR) 3/67 med (IQR) patients aged >18
study 39 (58%) vs. 28 years
(42%)
Huang, 2022 Cross- CcMV Blood 75 5/75 NR COVID-19 patients Active NR NR NR / / /
Taiwan sectional EBV (PCR) 12/75 NR
Lino, 2022 Cross- HHV6 Nasopharyngeal/ 60 13/60 60.1+18.7 Hospitalized Active NR NR NR / / /
Brazil sectional throat swab mean=+sd COVID-19 patients (NR)
(RT-PCR) 37 (61.6%) vs. 23 with moderate to
(38.4%) severe disease
Su, 2022 Cohort EBV Blood 209 29/209 5618 Patients with Active NR At the NR / / |
USA study CcMV (RT-PCR) 0/209 mean=sd spectrum of acute (NR) clinical
18-89 COVID-19 severities diagnosis
min-max of
104 (48.8%) vs. COVID-19
105 (50.2%)

(continued on next page)
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Table 1 (continued)

Author, year Study Herpesvirus Specimen COVID-19 Cases Non-COVID-19 Controls
Country design (detection
method) for
herpesvirus
n n Herpe Age Characteristics SARS-CoV-2 Clinical manifestation of ~ Duration®  Anti- n n Herpesvirus +  Age
svirus + Gender? infection herpesvirus infection herpesvirus Controls Gender? Characteristics
Cases® (Outcomeb) therapy
Carneiro, Cross- HSV1 nasopharyngeal 53 25/53 63.51+15.68 Patients with Active Central nervous system NR NR / / / /
2022 sectional HSV2 swab 23/53 mean=+sd COVID-19 diagnosis (A statistically symptoms
Brazil \/A% (RT-PCR) 21/53 17-95 confirmed significant
CcMV 9/53 min-max by RT-PCR treated association was
HHV6 9/53 27 (50.9%) vs. 26 in ICUs and with observed between
HHV7 1/53 (49.1%) available consent neurological
EBV 15/53 forms signed by the changes and HHV-6
HHV8 4/53 patient or detection
guardian/legal (p=0.034))
representative.
Pregnant women
were excluded from
the study.
Gatto**, 2022 Cross CMV whole blood 431 88/431 in 65 (56-72) Patients admitted to  Active CMV-related pneumonia 17 (5-26)  Ganciclovir | / / /
Italy sectional bronchoalveolar blood med (IQR) ICUs with (Hospital mortality ~ described as new days in for 10 days
lavage 30/88 in bron- 323 (74.9%) vs. laboratory- was higher in worsening of pulmonary  blood
(RT-PCR) choalveolar 108 (25.1%) confirmed patients with gas exchange, med (IQR)
lavage SARS-CoV-2 (67.0%) than in modification of
infection and patients without chest X-ray or computed
moderate to severe  (24.5%) CMV tomography compatible
acute distress reactivation but the  with
respiratory adjusted analysis new interstitial
syndrome (ARDS), did not confirm this pneumonia, CMV blood
while Patients with  association (HR reactivation and
age < 18 years, ICU 1141, 95% CI no other causes of
length of stay (LOS)  0.757-1721, pneumonia/worsening of
< 24 h, limitation p=0.528)) pulmonary
of care or do not gas exchange.
resuscitate order
were excluded from
the study
Im, 2022 Cross- EBV Blood 269" 45/269 61.6 mean Adult COVID-19 Active NR 2.3 days NR / / / /
South Korea sectional (RT-PCR) Gr1-212 15-29 years - 15-29 years - 18 patients (>15 years) (EBV viremia was median
and Gr2-44 2/18 (6.7%) classified according  not associated with
Retrospective Gr3-10 30-39 years - 30-39 years - 36 to the 6- . COVID-19
cohort Gr4-2 0/36 (13.4%) grade system14 progression)
study Gr5-1 40-49 years - 40-49 years - 28  Patients admitted
Gr6-0 2/28 (10.4%) directly to the
50-59 years - 50-59 years - 36 intensive care unit
7/36 (13.4%) (n=29) were not
60-69 years - 60-69 years - 45 tested
5/45 (16.7%) and were excluded
70-79 years - 70-79 years - 46 from the analysis.
15/46 (17.1%) Also, patients not
> 80 years - > 80 years - 60 designated for EBV
14/60 (22.3%) PCR testing (n=53),
Gradus 1 - 109 (40.5%) vs. as well as, patients
30/212 160 (59.5%) who were not
Gradus 2 - tested within 5 days
8/44 after hospitalization
Gradus 3 - (n=8) were
4/10 excluded.

Gradus 4 - 2/2
Gradus 5 - 1/1
Gradus 6 - 0/0

(continued on next page)
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Table 1 (continued)

Author, year Study Herpesvirus Specimen COVID-19 Cases Non-COVID-19 Controls
Country design (detection
method) for
herpesvirus
n n Herpe Age Characteristics SARS-CoV-2 Clinical manifestation of ~ Duration®  Anti- n n Herpesvirus +  Age
svirus + Gender? infection herpesvirus infection herpesvirus Controls Gender? Characteristics
Cases® (Outcomeb) therapy
Meng, 2022 Cross- EBV Blood 217 55/217 NR COVID-19 patients Active NR NR NR / / /
China sectional CMV (Serology) Not reported NR defined as the (Patients with EBV
presence of reactivation have
symptoms and statistically
positive reverse nonsignificant
transcriptase higher mortality
(RT)-PCR assays rate (12 [22%] vs. 18
were in accordance  [11%], p=0.080); As
with Chinese compared to
guidelines (sixth patients with
version) COVID-19 who did
not receive
ganciclovir therapy,
ganciclovir-treated
patients had
improved survival
rate (0.98, 95% CI
[0.95, 1.00] vs. 0.88,
95% C1 [0.81, 0.95],
p=.010)
Zubchenko®*,  Case- EBV saliva, blood, and 88 68/88 NR COVID-19 patients Past NR 1-4 NR / / /
2022 control HHV6 mucous (51/68 NR (88) were divided (NR) months
Ukraine CMV membrane reactivation) into: 1) post-COVID

of the posterior
pharyngeal wall
(Serology
RT-PCR)

68/88 (39/68
reactivation)
0/88

syndrome and
reactivation of
herpesviruses (main
group) (68) and 2)
post-COVID
syndrome without
detectable DNA of
herpesviruses
(control group) (20)

J1A0)1D Y puDp J1A0UD[IA “q ‘oyupg Y

2 Gender is reported as n (%) males vs. n (%) females, POutcomes regarding active herpesvirus infection that refer to death, recovery, complications, etc, as reported in the original article, ‘Duration between SARS-CoV-2
positive result and herpesvirus clinical manifestation “Number of Herpesvirus positive cases is reported as number of positive cases out of the total number of cases 9The “long-term long COVID group” was defined as tested
positive for COVID-19 at least 90 days prior to being enrolled, and all reported one or more of the long COVID symptoms utilized for this study. The “long-term control group” was defined as tested positive for COVID-19
at least 90 days prior to enrollment, and none reported any of the long COVID symptoms we were assessing. The “short-term long COVID group” was defined as tested positive for COVID-19 21-90 days prior to enrollment,
and all reported one or more of the long COVID symptoms utilized for this study. The “short-term control group” was defined as tested positive for COVID-19 21-90 days prior to enrollment, and none reported any of the
long COVID symptoms we were assessing. ¢Long COVID subjects were those that reported one or more of the following un-abating symptoms after recovering from initial SARS-CoV-2 infection: fatigue, insomnia, headaches,
myalgia, confusion/brain fog, weakness, rash, pharyngitis, abdominal pain, tinnitus, fever over 101° F, neck lymphadenopathy, or mild-to-moderate hearing loss, fGr 1, Gr 2, Gr 3, Gr 4, and Gr 5 are Gradus 1, 2, 3, 4, 5, and 6
defines as Grade 1, symptomatic but no oxygen therapy required; Grade 2, low-flow nasal cannula oxygenation; Grade 3, high-flow nasal cannula/non-invasive ventilation; Grade 4, mechanical ventilation; Grade 5, extracorporeal
membrane oxygenation; Grade 6, death.Abbreviations: ICU - intensive care unit, SICU - sub-intensive care unit, EBV - Epstein-Barr virus, CMV - cytomegalovirus, sHLH - secondary hemophagocytic lymphohistiocytosis, NR -
not reported, CSF - cerebral-spinal fluid, LC patients- Long COVID-19 patients, non-LC - patients without Long COVID-19, USA - United States of America, Ab - antibody, SOFA - Sequential Organ Failure Assessment score.

** Long-COVID or post-COVID symptoms reported
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Figure 1. Flow diagram.

for 808 articles. According to previously defined exclusion criteria
680 articles were excluded, and 128 left for full text reading. At
last, 36 articles were selected for inclusion in the systematic re-
view, and 49 case-reports were evaluated separately. A flow dia-
gram illustrating the selection process is presented in Figure 1.
Systematic review table presents characteristics of all 36 in-
cluded publications [22-57] (Table 1). They were published from
the beginning of COVID-19 pandemic until 15t of November 2022,
with a total of 1044347 participants (9427 COVID-19 and 1034920
non-COVID-19). Cross-sectional studies were common (18/37),
then case-control studies (8/37), cohort studies (5/37), and case
series (4/37). One study included retrospective cohort and cross-
sectional study designs. Included studies were performed in 18
different countries, of which studies from China (6), United States
of America (6), and Italy (4) were the most frequent. EBV and
CMV were the most frequently analyzed herpesviruses, in 27/36
and in 21/36, respectively. HSVs were evaluated in 6/36 studies,
HSV1 alone was detected in 7/37 studies also, while HSV2 was
explored in only one study. HHV6 was examined in 9/37, VZV in 4,
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HHVS in 2, and HHV7 in 2 studies. Blood was commonly used as
a specimen for herpesvirus analysis (20/37). Nasopharyngeal and
oropharyngeal swabs and sputum were rarely used (6/37), as well
as tracheal secretion and bronchial lavage (3/34). Other specimens
(skin swab, cerebrospinal fluid, endomyocardial biopsies, saliva)
were used in one study each. Most studies used Real-Time PCR
method for a detection of herpesviruses DNA (29/36), detection
of antiviral antibodies was done in 9/36, and sequencing of viral
DNA was applied in only one study. COVID-19 cases were predom-
inantly hospitalized patients treated in intensive care unit. Their
age varied from 2 to 99 years with almost equal distribution of
genders (48% males and 52% females). Only four studies evalu-
ated past COVID-19 (as SARS-CoV-2 negative but with history of
confirmed SARS-CoV-2 infection) [24,32,52,57] and three observed
and reported long-COVID (LC) symptoms [31,32,57]. Ten studies
reported clinical manifestations of active herpesvirus infections.
The time between determination of SARS-CoV-2 positive result and
clinical manifestations and/or detection of herpesvirus infections
varied from a few days up to >6 months. There were 49 case
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Odds Ratio Odds Ratio

Study or Subgroup log[Odds Ratio] SE Weight 1V, Random, 95% CI Year IV, Random, 95% CI
Lehner, 2020 0.78 0.1 3.9% 2.18[1.79, 2.65] 2020 -
Zhu, 2020 0.8 0.03 4.4% 2.23[2.10,2.36] 2020 -
Wu, 2020 0.04 0.05 4.3% 1.04 [0.94, 1.15] 2020 T
Zhao, 2020 0.03 0.01 4.5% 1.03 [1.01, 1.05] 2020 i
Paolucci, 2021 0.88 0.03 4.4% 2.41[2.27,2.56] 2021 -
Saade, 2021 0.58 100 0.0% 1.79[0.00, 2.355E85] 2021 * »
Gold, 2021 0.43 0.06 4.3% 1.54[1.37,1.73] 2021
Chen, 2021 0.55 0.06 4.3% 1.73[1.54, 1.95] 2021 -
Basic-Jukic, 2021 0.09 0.03 4.4% 1.09[1.03, 1.16] 2021 -
Vigon, 2021 0.16 0.05 4.3% 1.17[1.06, 1.29] 2021
Simonnet, 2021 0.82 0.06 4.3% 2.27 [2.02, 2.55] 2021 -
Xie, 2021 0.13 0.03 4.4% 1.14[1.07, 1.21] 2021
Singh, 2021 0.02 0.01 4.5% 1.02[1.00, 1.04] 2021 r
Naendrup, 2021 0.35 0.06 4.3% 1.42[1.26, 1.60] 2021
Brinkmann, 2022 0.04 0.02 4.5% 1.04[1.00, 1.08] 2022 u
Blumenthal, 2022 0.78 0.04 4.4% 2.18[2.02, 2.36] 2022 -
Zubchenko, 2022 0.77 0.05 4.3% 2.16[1.96, 2.38] 2022 -
Meng, 2022 0.25 0.03 4.4% 1.28[1.21, 1.36] 2022
Im, 2022 0.17 0.02 4.5% 1.19[1.14, 1.23] 2022
Brooks, 2022 0.22 0.05 4.3% 1.25[1.13, 1.37] 2022
Cameiro, 2022 0.28 0.06 4.3% 1.32[1.18, 1.49] 2022
Aragon-Nogales, 2022 0.06 0.06 4.3% 1.06 [0.94, 1.19] 2022 T
Huang, 2022 0.16 0.04 4.4% 1.17 [1.09, 1.27] 2022
Su, 2022 0.14 0.02 4.5% 1.15[1.11,1.20] 2022
Total (95% CI) 100.0% 1.41 [1.27, 1.57]

ity 2 — . 2 = = - 12 = 999 ; t t |
Heterogeneity: Tau? = 0.06; Chi? = 2078.92, df = 23 (P < 0.00001); I* = 99% 0.2 05 1 5 5

Test for overall effect: Z = 6.33 (P < 0.00001)

Figure 2.

Meta-analysis of the prevalence of active Epstein-Barr virus infection in COVID-19 population. CI, confidence interval; IV, inverse variance; SE, standard error.

Odds Ratio Odds Ratio

Study or Subgroup log[Odds Ratio] SE Weight 1V, Random, 95% CI Year 1V, Random, 95% CI
Wenzel, 2020 0.5 0.35 2.8% 1.65[0.83, 3.27] 2020 ]
Abadias-Gradano, 2021 0.38 0.12 10.2% 1.46 [1.16, 1.85] 2021 -
Simonnet, 2021 0.22 0.07 13.2% 1.25[1.09, 1.43] 2021
Zubchenko, 2022 0.77 0.05 14.3% 2.16 [1.96, 2.38] 2022 -
Brooks, 2022 0.05 0.01 15.5% 1.05[1.03, 1.07] 2022
Cameiro, 2022 0.17 0.05 14.3% 1.19[1.07, 1.31] 2022
Romani, 2022 0.24 0.01 15.5% 1.27 [1.25, 1.30] 2022
Lino, 2022 0.22 0.05 14.3% 1.25[1.13, 1.37] 2022
Total (95% CI) 100.0% 1.34 [1.18, 1.52]

e P . Chi2 = - .12 = 989, t } + d
Heterogeneity: Tau? = 0.03; Chi? = 340.36, df = 7 (P < 0.00001); I> = 98% 02 05 y 5 5

Test for overall effect: Z = 4.47 (P < 0.00001)

Figure 3. Meta-analysis of the prevalence of active human herpesvirus 6 infection in COVID-19 population. CI, confidence interval; IV, inverse variance; SE, standard error.

reports of COVID-19 patients with active HHV infections aged
between 4 and 83 years (one case included neonates) and 44%
males. (Supplementary material: Table 4).

Meta-analysis of the prevalence of active herpesvirus infection in
COVID-19 population

Meta-analysis of the prevalence of active EBV, CMV, HSV, HSV1,
VZV, and HHV6 infection in COVID-19 population was performed.
The prevalence of active EBV infection in COVID-19 population of
41% (95% CI127%-57%) (Figure 2) was the highest. A bit lower was
the prevalence of active HHV6 infection of 34% (95% CI=18%-52%)
(Figure 3). On the third place was the prevalence of active HSV
infection 28% (95% Cl=1%-85%) (Figure 4), followed by CMV 25%
(95% Cl=1%-63%) (Figure 5), VZV 22% (95% CI=10%-35%) (Figure 6),
and HSV1 18% (95% Cl=4%-34%) (Figure 7).
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Meta-analysis of the difference in the prevalence of active herpesvirus
infection in COVID-19 and non-COVID-19 human population

Seven studies with available data about herpesvirus activity
were included in the meta-analysis of the difference in the preva-
lence of herpesvirus active infection in COVID-19 and non-COVID-
19 groups.

There was no significant difference in the prevalence of active
EBV, CMV, and HSV infection between COVID-19 and non-COVID-
19 groups (OR=3.02, 95% Cl=0.65-14.05, p=0.160, OR=1.27, 95%
C1=0.73-2.21, p=0.400, and OR=24.71, 95% CI=0.34-1802.72,
p=0.140, respectively) (Supplement material: Figure 1, 2 and 3).
But, in sensitivity analysis including studies that evaluated se-
vere COVID-19 (patients hospitalized in intensive care units, those
who required mechanical ventilation and/or lethal disease) only,
there was a significant difference in the prevalence of active
EBV infection between severe COVID-19 and non-COVID-19 groups
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Odds Ratio Odds Ratio
Study or Subgroup  log[Odds Ratio] SE Weight IV, Random, 95% CI Year IV, Random, 95% CI
Zhu, 2020 0.97 0.01 16.7% 2.64 [2.59, 2.69] 2020 "
Zhao, 2020 0.04 0.01 16.7% 1.04 [1.02, 1.06] 2020
Singh, 2021 0.001 0.0005 16.7% 1.00 [1.00, 1.00] 2021
Haslbauer, 2021 0.09 0.06 16.5% 1.09[0.97, 1.23] 2021
Meyer, 2021 0.25 0.04 16.6% 1.28[1.19, 1.39] 2021 =
Saade, 2021 0.12 0.03 16.7% 1.13[1.06, 1.20] 2021 "
Total (95% ClI) 100.0% 1.28 [0.88, 1.85]

Heterogeneity: Tau? = 0.22; Chi? = 9434.65, df = 5 (P < 0.00001); I> = 100% IO 02 0'1
Test for overall effect: Z = 1.29 (P = 0.20) ’ ’

10 50

g

Figure 4. Meta-analysis of the prevalence of active herpes simplex virus infection in COVID-19 population. CI, confidence interval; IV, inverse variance; SE, standard error.

Odds Ratio Odds Ratio
Study or Subgroup log[Odds Ratio] SE Weight 1V, Random, 95% CI Year IV, Random, 95% CI
Zhu, 2020 0.99 0.01 7.2% 2.69 [2.64, 2.74] 2020 "
Lehner, 2020 0.17 0.09 7.0% 1.19[0.99, 1.41] 2020 —
Wu, 2020 0.09 003 7.2% 1.09[1.03, 1.16] 2020 -
Naendrup, 2021 0.18 0.05 71% 1.20 [1.09, 1.32] 2021 -
Singh, 2021 0.19 004 7.2% 1.21[1.12, 1.31] 2021 -
Saade, 2021 019 0.04 7.2% 1.21[1.12,1.31] 2021 -
Simonnet, 2021 0.15 0.06 7.1% 1.16 [1.03, 1.31] 2021 -
Vigon, 2021 0.2 0.05 71% 1.22[1.11,1.35] 2021 -
Basic-Jukic, 2021 026 004 7.2% 1.30[1.20, 1.40] 2021 -
Halawi, 2021 0.004 0.003 7.2% 1.00[1.00, 1.01] 2021
Meng, 2022 025 003 7.2% 1.28 [1.21, 1.36] 2022 -
Huang, 2022 0.07 003 7.2% 1.07 [1.01, 1.14] 2022 ™
Gatto, 2022 02 0.02 7.2% 1.22[1.17,1.27] 2022 -
Cameiro, 2022 017 005 7.1% 1.19[1.07, 1.31] 2022 -
Total (95% Cl) 100.0% 1.25[0.96, 1.63] -
Heterogeneity: Tau? = 0.26; Chi2 = 9023.45, df = 13 (P < 0.00001); 12 = 100% =0_ 2 o? 5 ; 2 5=

Test for overall effect: Z=1.63 (P = 0.10)

Figure 5. Meta-analysis of the prevalence of active cytomegalovirus infection in COVID-19 population. CI, confidence interval; IV, inverse variance; SE, standard error.

Odds Ratio Odds Ratio

Study or Subgroup  log[Odds Ratio] SE Weight IV, Random, 95% CI Year 1V, Random, 95% CI
Basic-Jukic, 2021 0.01 0.01 33.7% 1.01[0.99, 1.03] 2021
Katz, 2022 0.02 0.01 33.7% 1.02[1.00, 1.04] 2022
Kahwagi, 2022 0.88 0.12 11.8% 2.41[1.91, 3.05] 2022 -
Cameiro, 2022 04 0.07 20.7% 1.49[1.30, 1.71] 2022 =
Total (95% Cl) 100.0% 1.22 [1.10, 1.35] <&

[ 2 — . Chi2 = - - 12 = 9B [ t t t !
Heterogeneity: Tau? = 0.01; Chi? = 81.76, df = 3 (P < 0.00001); 1> = 96% 0.2 05 ] 5 5

Test for overall effect: Z = 3.87 (P = 0.0001)

Figure 6. Meta-analysis of the prevalence of active varicella zoster virus infection in COVID-19 population. CI, confidence interval; IV, inverse variance; SE, standard error.

(OR=6.45, 95% Cl=1.09-38.13, p=0.040) (Figure 8). There was a 6
times higher chance for active EBV infection in COVID-19 patients
with a severe form of the disease than in non-COVID-19 controls.

Discussion

After almost three years of COVID-19 pandemic it is evident
that beside SARS-CoV-2, the course of the acute disease and its’
consequences, is driven by some other persistent pathogens, too
[58,59]. Important here is the understanding of so called ,multiple
hit model“ where the activity of one pathogen can induce the vir-
ulence of the next. Reactivation capacity of persistent pathogens in
conditions of SARS-CoV-2-induced immune dysregulation requires
a more careful and comprehensive analysis of [59]. This study
provided the first systematic review with meta-analysis of active
human herpesvirus infections in COVID-19 patients. The highest
prevalence of active HHV infection in COVID-19 population was
documented in the group of those with active EBV infection (41%).
Although there was no significant difference in the prevalence of
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active EBV, CMV or HSV infection between COVID-19 and non-
COVID-19 groups, this prevalence was nevertheless significantly
higher when comparing severe form of COVID-19 and non-COVID-
19 individuals. In fact, we showed that there was 6 times higher
chance for EBV reactivation in severe COVID-19 than in those with-
out COVID-19.

Clinical features of COVID-19 range from asymptomatic to crit-
ical differentiating in symptoms and signs [60]. SARS-CoV-2 can
infect a variety of human cell types managing to recruit numer-
ous mechanisms in order to disable and evade the host immune
response [G]. This disturbance of the innate immune functions in-
cludes unrecognizable viral replication, dysregulation of interferon
activity and/or signaling pathways initiation which leads to hy-
perinflammation and even cytokine storm [58,61-63]. In addition,
microvascular dysfunction and microthrombi deposition could be
the result of clotting cascades stimulation and multi-organ in-
jury [6]. When it comes to the synergistic or cumulative im-
pact of SARS-CoV-2 and already acquired herpesviruses on clini-
cal course and outcome of COVID-19, some similarities could be



A. Banko, D. Miljanovic and A. Cirkovic

International Journal of Infectious Diseases 130 (2023) 108-125

Odds Ratio Odds Ratio

Study or Subgroup log[Odds Ratio] SE Weight 1V, Random, 95% CI Year 1V, Random, 95% CI
Halawi, 2021 0.29 0.02 21.1% 1.34[1.29, 1.39] 2021 =
Seelle, 2021 0.06 0.05 19.1% 1.06 [0.96, 1.17] 2021 ™
Brinkmann, 2022 0.02 0.02 21.1% 1.02[0.98, 1.06] 2022 o
Katz, 2022 0.03 0.01 21.4% 1.03[1.01, 1.05] 2022 o
Cameiro, 2022 0.47 0.07 17.3% 1.60 [1.39, 1.84] 2022 =
Total (95% Cl) 100.0% 1.18 [1.04, 1.34] <&
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Figure 7. Meta-analysis of the prevalence of active herpes simplex virus type 1 infection in COVID-19 population. CI, confidence interval; IV, inverse variance; SE, standard

error.
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Figure 8. Forest plot of the difference in the prevalence of active Epstein-Barr virus infection in severe COVID-19 population in comparison with non-COVID-19 control

group. CI, confidence interval; 1V, inverse variance; SE, standard error.

found in autoimmune diseases, myalgic encephalomyelitis/chronic
fatigue syndrome (ME/CFS), immunosuppressive conditions, etc.
The basic mechanism by which HHVs are maintained in latency is
interferon-directed [64]. Thus, by disabling the host interferon re-
sponse, SARS-CoV-2 may facilitate any herpesvirus to take advan-
tage of acute COVID-19 [65]. Moreover, COVID-19-affected lympho-
cytes, particularly CD4* T, CD8* T and natural killer (NK) cells, also
undergone exhaustion and reduction [66]. This encourages reacti-
vation of latent viral infections driving additional symptoms with
modification of human gene expression, immunity and metabolism
[6]. Ten studies from this review reported clinical manifestations of
active herpesvirus infection in active or post COVID-19 population
with evaluation of outcomes that referred to death, recovery, or
complications regarding HHVs involvement. In lack of large cohorts
and systematic studies, the results from mentioned ten studies are
still inconsistent. A few studies showed higher mortality rate in
COVID-19 patients with active HHV infection such as HSV, EBV or
CMV [31,42,54]. Other studies showed no association between ac-
tive HHV infection and COVID-19 disease progression [35] not even
hospital mortality [41,51,67].

Epstein-Barr virus infection

Based on our search of all data published so far, active EBV
infection has been shown as the most prevalent HHV infection
in COVID-19 population (41%). Even though EBV has a high fre-
quency in the general population, involvement of this virus in the
development of a variety of lymphoproliferative disorders, carci-
nomas, autoimmune diseases and in individuals with immunod-
eficiency, calls for caution. Therefore, after considering only the
group of critically ill COVID-19 patients, the meta-analysis showed
statistically significant difference in active EBV infection between
this group and non-COVID-19 controls. An explanatory mechanism
of more complicated disease course and even mortality increas-
ing in patients with simultaneous EBV and SARS-CoV-2 infection is
based on the lymphocytopenia-induced inability of the cellular im-
mune system to eliminate the pathogen. This could lead to the de-
velopment of dysplasia, and potential EBV-associated malignancy
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[68]. Correlation between reduced CD8* T cells and NK counts,
EBV DNA viremia and COVID-19 severity has already been reported
[44]. Although there was no statistically significant difference in
the prevalence of active EBV infection between total COVID-19 pa-
tients and non-COVID-19 groups, this prevalence was still higher in
COVID-19 patients.

The role of EBV in the development of post infection seque-
lae such as ME/CFS and LC could be explained by the synergistic
subversion and disruption of cellular and mitochondrial pathways
during active EBV and SARS-CoV-2 infection [4]. Both viruses are
involved in p53 degradation, altered metabolic profile and mito-
chondrial biogenesis with sustained inflammatory response, which
facilitate EBV-induced fatigue in an already compromised individ-
ual [69,70].

Finally, among 26 case reports that described active EBV and
SARS-CoV-2 infection there was a variety of EBV-associated man-
ifestations such as lymphoproliferative disease, lymphadenopathy,
splenomegaly, skin rash, polyneuropathy and infectious mononu-
cleosis. COVID-19 patients also had heterogeneous underlying dis-
eases like liver, renal, heart, or hematopoietic stem cell transplan-
tation, myocarditis, cardiovascular diseases, fatigue, multisystem
inflammatory syndrome in children (MIS-C), then healthy patients,
neurological, ICU patients, or even consisted of patients with a fa-
tal outcome.

HHV6 infection

This study showed a notable prevalence of active HHV6 in-
fection in COVID-19 population of 34%. Reported cases were po-
tentially associated with pytiriasis rosea, neurological symptoms,
meningitis and hemophagocytic lymphohistocytosis. It has been
suggested that cutaneous manifestations seen in COVID-19 pa-
tients, such as erythema, vesicular eruptions, pityriasis rosea, ur-
ticarial lesions, maculopapular eruptions and livedo or necrosis
could be associated not only with SARS-CoV-2, but also with HHVs
[22,71]. Kawasaki disease might also be added to the possible as-
sociation [72]. As in moderate and critically ill patients skin lesions
are not always properly valued and described in medical reports, it
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should be noted that those lesions could actually help to indicate
HHV6 (or other HHV) co-infection with SARS-CoV-2 [39].

One of HHV6-associated complications in COVID-19 patients is
HHV6-triggered encephalitis, sometimes hidden by severity of the
clinical picture in sedated and intubated ICU patients [73]. Iden-
tification of HHV6 infection therefore might be crucial in deter-
mination of therapeutic approach since ganciclovir and foscarnet
could be used in treatment of HHV6 encephalitis and improve dis-
ease prognosis [74]. In addition, scientific reports attempted to link
HHV6 as the potential trigger of ME/CFS, as well [75,76]. Firstly,
HHV6 is neurotropic virus causing a variety of neurological dis-
orders such as dizziness, epilepsy, and encephalitis [29]. Further,
HHV6 dUTPase protein has the ability to change the structure of
synapses, neural communication, induce of cytokines leading to
disruption of the hematoencephalic barrier and penetration of in-
flammatory mediators, dendritic cells, and T cells into the brain.

HSV infection

Among 322 individuals described so far with HSVs and 176
with HSV1 only active infection, during or after acute COVID-19,
the prevalence was 28% and 18% for HSVs and HSV1, respectively.
Meta-analysis did not show statistically significant difference in
HSV prevalence between COVID-19 and non-COVID-19 groups. Pa-
tients belonging to acute and post-acute COVID-19 groups pre-
sented with skin lesions, stromal and endothelial HSV keratitis, vi-
sion loss, HSV1 meningitis or hepatitis. Some of the patients were
solid organ recipients. Individuals already harboring HSV at the
time of SARS-CoV-2 infection might have more difficulty in mount-
ing an immune response that fully clears SARS-CoV-2 from all tis-
sues. The protein ICPO is capable to directly disrupt interferon sig-
naling by both blocking the JAK-STAT pathway and downregulating
expression of interferon-stimulated genes leading to development
of chronic symptoms [37].

CMYV infection

The prevalence of active CMV infection in COVID-19 population
was 25%, described in only 495 patients. Even though no statisti-
cally significant difference was shown in CMV prevalence between
COVID-19 and non-COVID-19 groups, the capacity of CMV to exac-
erbate the clinical course and induce cytokine storm was well de-
scribed. The explanatory mechanism includes disruption of periph-
eral blood T-cell differentiation and upregulation of inflammatory
cytokines with interleukin 6 (IL-6), especially in elderly [77]. In
addition, serious lymphocytopenia in severe SARS-CoV-2 infection
could drive CMV reactivation, immune system failure and death of
T cells [68]. This systematic review revealed that active CMV infec-
tion could be associated to lymphadenopathy, splenomegaly, and
colitis in renal transplant recipients, pneumonia, skin lesions, and
neurological manifestations of COVID-19. Identification of CMV in-
fection in COVID-19 patients could be effective in adopting appro-
priate treatment for suppressing the inflammation. Kidney trans-
plant recipients particularly should be closely monitored to avoid
organ failure, as SARS-CoV-2 and CMV co-infection in this pa-
tients may aggravate the clinical status, as described in case with
myelodysplastic syndrome [78].

VZV infection

Early reports demonstrated that VZV reactivation in severe
COVID-19 correlated with the onset of septic shock [79]. After
more than two years, reactivation of VZV was documented only in
56 COVID-19 patients. Although Herpes Zoster (HZ) form of reacti-
vation was dominant in this systematic review, HZ was more often
the subject of publications dealing with COVID-19 vaccination as
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a trigger than SARS-CoV-2 infection itself. While VZV reactivation
is most commonly due to age-related memory T cells decline, it
could also occur in immunosuppressive conditions mostly due to
lymphopenia and lymphocyte exhaustion, reported in more than
80% of COVID-19 cases [80]. Although the prevalence of active VZV
infection in COVID-19 population in this systematic review was
22%, it is difficult to assess how realistic this percentage is.

HHV7 and HHVS infections

HHV7 or HHV8 active infections in SARS-CoV-2 positive in-
dividuals were reported sporadically. There were 30 HHV8 posi-
tive patients among COVID-19 hospitalized and patients with cen-
tral nervous system (CNS) symptoms and signs, those with Kaposi
sarcoma, HIV, and liver dysfunction after transplantation. Patients
with HHV7 (11) were reported in studies that included COVID-
19 patients with CNS signs and symptoms or encephalitis. As the
number of studies that analyzed these types of infections is insuf-
ficient, the prevalence of active HHV7 and HHV8 infections may be
underestimated, especially in critically ill COVID-19 patients with
neurological manifestations [29]. Neuroinflammatory potential of
HHV7 is recently even identified in Alzheimer’s brain autopsy [81].
Oncogenic and angiogenic properties of HHV8 should be kept in
mind when it comes to purplish-violaceus lesions which are char-
acteristic of Kaposi sarcoma, but may be confused with other con-
ditions seen in COVID-19 patients [82].

This study has several limitations that should be considered
when interpreting the results. They refer to the quality of included
studies that depends on their methodology (design, characteris-
tics of study groups, collected and reported variables). Prospective
studies have a higher quality in comparison with all retrospec-
tive or cross-sectional studies. COVID-19 patients with the same
severity of the disease and healthy respondents for controls should
be recommended for meta-analysis in this field. Confounding vari-
ables should be reported in order to control estimated effect from
the meta-analysis in the meta-regression. Unreported data about
specimen and method for virus detection could diminish the va-
lidity of the result and make discrepancies in the interpretation.

Conclusions

COVID-19 is a new disease with the capacity to trigger immune
disbalance. In such an environment the impairment of maintaining
human herpesvirus latency could lead to short-term or even long-
term consequences. Due to shown high prevalence of active HHVs
infection in SARS-CoV-2 positive patients, up to 41%, and 6 times
higher chance for active EBV infection in critically ill COVID-19 pa-
tients than in non-COVID-19 controls, reactivation of already har-
bored pathogens in COVID-19 patients should represent an emerg-
ing issue. To address the knowledge gap about the exact role and
consequences of herpesvirus reactivation during COVID-19 patho-
genesis, as well as to establish therapeutic protocols, large cohorts
and systematic studies are required. Future clinical trials focused
on research of herpesvirus and SARS-CoV-2 coinfections must be
prioritized to define: who, when and how to be tested, as well as
how to effectively treat all HHVs reactivations in acute and long
COVID-19 patients.
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