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Abstract

Objective: SARS-CoV-2 infection could promote CMV reactivation,
worsening disease prognosis. This study aims to identify the poten-
tial risk factors of reactivation and mortality outcomes in COVID-19
patients.

Materials and Methods: We included admitted COVID-19 patients
in one year period in a tertiary hospital, with clinical criteria of CMV
reactivation and positive CMV DNAemia.

Results: Fifteen of 559 COVID-19 patients were diagnosed with CMV
reactivation (2.7%). 86.6% were male. Immunodepression was signi-
ficantly higher in the CMV-positive group (p=0.008). Lymphopenia
was significantly higher in CMV positive group (p=<0.001). Ferritin
(p=0.019) and IL-6 level (p=0.035) on admission appeared to be sig-
nificantly lower in this group. ICU admission (p<0.001) and bacterial
infections (p<0.001) were significant for CMV reactivation. The mor-
tality was significantly higher in the CMV-positive group (p=0.042).

Conclusion: This study raises the possible incrimination of lympho-
penia, immunosuppression, critical illness, and bacterial infections in
CMV reactivation.
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CMV reactivation
in COVID-19 patients: pouring fuel on the fire
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Introduction

The world has been fighting the severe acute res-
piratory syndrome coronavirus 2 (SARS-CoV-2) pan-
demic since December 2019, leading to more than
267 million cases and 5 million deaths until now. [1]
Its fatality is mainly attributed to the resulting acu-
te respiratory distress syndrome (ARDS), requiring
mechanical ventilation and admission to the inten-
sive care unit (ICU). [2] This condition is explained
by the severe inflammatory response generated by
“the cytokine storm” during a SARS-CoV-2 infec
tion, causing deep tissue damage. [3] All therapeutic
efforts were focused to fight against this deleterious
inflammatory state, leading to the wide prescription
of immunosuppressive molecules, notably corticos-
teroids, [4] tocilizumab [5], and baricitinib. [6]

Some reports have discussed the involvement of
the severe COVID-19 illness along with its treatment
modalities, in the reactivation of certain viruses of
the Herpesviridae family, such as the cytomegalovi-
rus (CMV), herpes simplex viruses (HSV) [7], and the
Epstein-Bar Virus (EBV) in ICU settings. [8]

The identification and the rapid treatment of
CMV reactivation are crucial in immunocompro-
mised hosts, especially hematopoietic and organ
transplant recipients, as well as in patients living
with HIV, given the worse outcome in those groups
[9]. Two cases of severe HCMV colitis were reported
by Carll et al, [10] and Khatib et al [11] in patients
with SARS-CoV-2 infection, highlighting the need to
recognize such fatal infections in critical COVID-19
patients. Therefore, this study aims to describe the
clinical and biological characteristics of COVID-19
hospitalized patients who developed CMV reactiva-
tion in order to identify the responding risk factors
and to evaluate the outcome.

Materials and Methods

This monocentric retrospective study was conduc-
ted in a tertiary hospital in Beirut, Lebanon, bet-
ween March 2020 and March 2021.
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We included all patients aged above 18 years old,
with a confirmed recent SARS-CoV-2 infection by
positive RT-PCR on nasopharyngeal or respiratory
samples, according to the Infectious Diseases So-
ciety of America (IDSA) recommendations for CO-
VID-19 diagnosis [12]. Patients who tested positive
for CMV reverse transcription polymerase chain re-
action (RT-PCR) on blood samples or on the bron-
cho-alveolar lavage fluid (BALF), performed on the
basis of clinical criteria such as respiratory deterio-
ration as defined by an increase in oxygen needs
or dyspnea or new infiltrates onset on the chest
computed tomography scan (CT scan) associated
or not to a fever in a previously stable patient, not
responsive to wide spectrum antimicrobial therapy;
unexplained persistent gastrointestinal symptoms;
or a persistent fever with cytopenia, were diagno-
sed with a possible CMV reactivation according to
the American Society of Transplantation Infectious
Diseases Community of Practice guidelines [13] and
therefore included in the study. Patients who did
not present any clinical symptoms of CMV reacti-
vation during their stay, or who tested negative for
CMV RT-PCR are considered to not have a CMV
reactivation. The quantification of CMV viral load
was done by real-time PCR using the Cobaz z 480
Analyzer with a detection limit of 91 IU/mL.

Subsequently, the patients were divided into two
groups whether they were or were not diagnosed
with CMV reactivation: COVID/ CMV positive group,
and COVID/CMV negative group. We reviewed and
collected the data for all included patients using
the medical records, after ethical (CEHDF 1846) and
administrative agreement. These data included: age
and sex, the presence of diabetes or an underlying
immunodepression, the inflammatory markers on
admission for SARS-CoV-2 infection (IL-6 and ferri-
tin levels and lymphocytes count), the treatments
used (corticosteroids, tocilizumab or baricitinib),
ICU admission for ARDS, CMV viral load, anti-viral
treatments, and duration. The outcome was defi-
ned as mortality during admission.
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Statistical analysis

The statistical analysis was conducted using I1BM
SPSS Statistics 26.0. Descriptive statistics were done
using Fisher exact test to compare the differences
between categorical variables, including: the sex,
the presence of diabetes, the presence of an un-
derlying immunodepression, corticosteroids, tocili-
zumab use, baricitinib use, ICU admission, bacterial
infections, and the mortality. The T-test was used
to compare the means of the remaining variables.
Additionally, logistic regression was used to detect
a correlation between the influence of lymphocytes
count on admission and the risk of occurrence of
CMV reactivation during hospitalization in COVID-19
patients, as well as, to assess the combined risk
of corticosteroid treatment dose and duration on
CMV reactivation. A two-tailed analysis was used,
and Alpha risk was fixed at 5%. In case of missing
values, if the percentage of missing values was less
than 5%, it was replaced with the mean of the
group studied, if it was more than 5% or was a
categorical variable the case was removed.

Results

Of the 559 COVID-19 patients admitted during the
study period, 15 were diagnosed with a probable
CMV reactivation (15/559, 2.7%), according to the
American Society of Transplantation Infectious Di-
seases Community of Practice guidelines, [13] with
positive CMV DNAemia, including 3 patients who
had simultaneously a positive CMV viral load in
broncho-alveolar lavage fluid.

Patient’s characteristics

In CMV positive population, thirteen patients
(13/15, 86.6%) were male. Six patients were immu-
nocompromised (6/15, 40%), four of which were
renal transplant recipients, one had non-Hodgkin
lymphoma treated with ongoing chemotherapy and
one had myasthenia gravis treated with azathiopri-
ne and corticosteroids. Only two patients had a pre-
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vious history of CMV reactivation, and they were
renal transplant recipients. The clinical and biologi-
cal data of the two groups are presented in Table 1.

Table 1. Descriptive and univariate analysis of the cli-
nical and biological data of the two groups.

COVID/CMV COVID/CMV

. B .
value

n=15 n=544
Mean Age year 63.6 62.8 0.82#
Male Sex ne: 13 562 0.16*
% 86.6 66.5
Comorbidities
Diabetes no- © 151 0.38*
% 40 27
Immunodeficien- Nno. 5 47
cy % EE 8.6 N

COVID-19 inflammatory markers (mean value on admission)
Lymphocyte count

(10%9/0) 0.62 117 0.001#
Fetth o] 818 5 11541 00194
(ng/mL)
IL-6 level (pg/mL) 57.08 144.4 0.035#
COVID-19 critical illness
o no. 10 120
ICU admission <.001*
% 66 22
no. 11 93
Bacterial infecti <.001*
acterial infection % 223 1
COVID-19 specific treatment
. . no. 14 433
Corticosteroids 0.32*
% 93.3 79.5
Corticosteroids daily
dose (dexamethasone 15.6 14.9 0.91#
equivalent mg)
. no. 4 75
Tocilizumab 0.25*
% 26.6 13.8
Baricitinib no- 2 ’ 0.22*
% 13.3 5.7 '
mean duration between
CMV reactivation and  33.8 11-74
COVID-19 infection-day
Mortalit ne: ° B 5 oar
J % 40 18 '
first seven-day no. 7
follow-up negative - -
CMV-PCR % 46.6

*: Fisher test; #: T test
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In a univariate analysis, there was no significant
higher percentage for men between the COVID-19
patients who reactivated CMV and those who did
not (p=0.16). Also, there was no significant diffe-
rence in age between the two groups (M=63.6,
SD=13.5 for CMV positive vs M=62.8, SD=16.6 for
CMV negative, p=0.82).

Risk factors related to the host

The presence of diabetes was not statistically asso-
ciated with a higher occurrence of CMV reactivation
(p=0.38); however, univariate analysis has demons-
trated a significantly higher percentage of CMV
reactivation in COVID-19 patients with underlying
immunodepression (p = 0.008). Although the result
is statistically significant, these fields are only weakly
associated (effect size 0.137 <0.2 Cramer’s V).

Risk factors related to the SARS-CoV-2
iliness
Factors related to the inflammatory response
When it comes to inflammatory markers on admis-
sion date for SARS-CoV-2 infection, there was a sta-
tistically significant higher lymphocyte count in CO-
VID-19/CMV negative group (M=1.16, SD=2522.5),
when compared to COVID/CMV positive group
(M=0.619, SD=308.7), (p <0.001). The binary logistic
regression indicated that a higher lymphocyte count
on admission was significantly associated with less
risk of reactivation (p=0.019, OR=0.998, 95% ClI
(0.996-0.999). Therefore, an increase of 0.1x 109/L
in lymphocyte count on admission decreased the
risk of reactivating CMV by 17.18%.

In addition, COVID/CMV positive patients had
a statistically significant lower ferritin levels (M=
818.59, SD=412.30) when compared to CO-
VID/CMV negative (M=1154.11, SD=1933.07),
p=0.019, and a statistically significant lower
IL-6 levels (M= 57.10, SD=39.95) when compa-
red to COVID/CMV negative group (M=144.44,
SD=527.62), p=0.035.
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Factors related to the SARS-CoV-2 treatments
Corticosteroid’s therapy

Fourteen patients (14/15, 93.3%) received corti-
costeroids, with a mean daily dose equivalent to
15.6 mg of IV dexamethasone (11-37), for a mean
duration of 21.9 days (12-37) before the occurren-
ce of CMV reactivation. However, there was no
significantly higher percentage of CMV reactiva-
tion in COVID-19 patients taking corticosteroids
compared to those who did not take them, p=
0.325. There was no significant difference for the
corticosteroid’s duration, between COVID-19/CMV
positive (M=21.9, SD= 7.32) and COVID-19/ CMV
negative group (M=21.7, SD= 18.02), p= 0.91. Simi-
larly, no statistical difference was detected for the
corticoid daily dose between the two groups (M=
15.6, SD=6.88 for CMV positive vs M=14.9, SD=
9.83 for CMV negative group, p=0.66). Moreover,
the binary logistic regression, for corticoid duration
(p=0.99, OR=1.00 Cl 95% (0.94-1.03)) and the daily
dose (p=0.756, OR=1.00 Cl 95% (0.96-1.06) did not
appear to affect the risk of CMV reactivation in CO-
VID-19 patients receiving corticosteroid treatment.
Corticosteroids with tocilizumab or baricitinib
Four patients (4/15, 26.6%), and 2 patients (2/15,
13.3%), received tocilizumab (p=0.25) and bariciti-
nib (p=0.22) respectively, in addition to corticoste-
roids with no identified significant difference bet-
ween the two groups.

Factors related to the critical SARS-CoV-2
iliness
Ten patients (10/15, 66.6%) were admitted to the
ICU for COVID-19-related ARDS, eight of which
(8/15, 53.3%) required mechanical ventilation.
A significantly higher percentage of COVID-19
patients admitted to the ICU reactivated CMV
(p<0.001, effect size = 0.172 <0.2 weak associa-
tion Cramer’s V).

Eleven patients (11/15, 73.3%) developed a hospi-
tal-acquired infection during their hospitalization for
COVID-19 infection. This percentage appeared to be
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statistically significant for CMV reactivation when
compared to the CMV negative group (p<0.001,
Effect Size 0.245, moderate association).

CMV reactivation data and related
outcome
Thirteen CMV-PCR were performed for respiratory
deterioration (13/15), one for persistent unexplained
diarrhea, and one for pancytopenia with fever.
CMV reactivation occurred after a mean dura-
tion of 33.8 days of the COVID-19 infection. Twelve
patients (12/15, 80%) received antiviral therapy, 11
were treated with ganciclovir and one patient with
foscarnet due to severe allergic reaction to ganci-
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clovir (Table 2). Two patients had a previous CMV
reactivation, both were immunocompromised. Two
patients died before CMV-PCR results were obtai-
ned; this delay was due to the overworked labora-
tory during the pandemic period. One patient had
a low blood viral load of 216 Ul/ml, considered not
significant by his treating physician, and therefore
didn’t require anti-viral therapy. Seven patients had
a negative viral load (7/15, 46.6%) on a seven-day
PCR follow-up. Two patients had persistent positive
viral load requiring an anti-viral treatment for more
than 21 days. All CMV reactivation data are pre-
sented in Table 2. Six patients in the CMV-positive
group died during their hospitalization (6/15, 40%).

Table 2. Clinical and microbiologic data of COVID-19 patients diagnosed with CMV reactivation.

Previous
. Clinical Immunocom-  CMV .
Patient . . . Sites
settings promised reactivat-
ion

1 Respiratory no no blood
deterioration
with sepsis

2 Respiratory yes no Blood
distress and (ongoing BALF
onset of new  chemotherapy
pulmonary for lymphoma)
infiltrates

3 Respiratory no no Blood
worsening and BALF
onset of new
pulmonary
infiltrates

4 Dyspnea and Yes yes blood
pulmonary (renal
bilateral transplant)
infiltrates

5 Dyspnea and yes no blood
pulmonary (renal
bilateral transplant)
infiltrates

6 Respiratory no no blood
deterioration
and sepsis

© Under License of Creative Commons Attribution 3.0 License

First Anti-viral Mortalit
CMV viral treatment aity
. during Comments
load and duration hosbitalization
(U/mL)  (in days) P
261000  Ganciclovir yes No clinical
(21 days) response
3970 Ganciclovir yes no clinical
49300 (6 days) response
2188 Ganciclovir no Negative first
1466000 (21 days) follow-up PCR
and clinical
remission
17700 Foscarnet yes No clinical
(17 days) response
30700 Ganciclovir no Clinical
(21 days) remission
362000 no yes Died before
the first PCR
result
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transplant)

7 Persistent blood 1800000  Ganciclovir Negative viral
unexplained (21 days) load on first
diarrhea follow-up PCR,

resolution of the
diarrhea.

8 Fever with yes no blood 1800 Ganciclovir no Negative viral
respiratory (renal (21 days) load on first
deterioration  transplant) follow-up PCR,

clinical remission

9 Respiratory no no blood 216 no no Viral load
deterioration (<500 copies/
with new mL) considered
infiltrates non-significant

by the treating
physician

10 Respiratory no no blood 2500 no yes Died before the
deterioration PCR result

1 Fever, no no Blood 2100 Ganciclovir no Negative viral
dyspnea, BALF 6050 (21 days) load on first
new bilateral follow-up PCR
pulmonary
infiltrates

12 Fever, sepsis, yes no blood 16200 Ganciclovir no Negative viral
bilateral (renal (14 days) load on first
pulmonary transplant) follow-up PCR
infiltrates

13 Sepsis and no no blood 15900 Ganciclovir no Anti-viral
respiratory (60 days) treatment until
deterioration negative viral

load; clinical
remission

14 New no no blood 12300 Ganciclovir no Negative viral
pulmonary (21 days) load on first
infiltrates follow-up PCR,

clinical remission

15 Fever with yes yes blood 9500 Ganciclovir no Anti-viral
pancytopenia (renal (49 days) treatment until

negative viral
load, clinical
improvement

This article is available at: www.iajaa.org
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The univariate analysis demonstrated a significant
higher mortality percentage of COVID-19 patients
in the CMV positive group (p= 0.04, weak associa-
tion Cramer’s V effect size =.093 < 2 weak asso-
ciation). (Table 1)

Discussion

The SARS-CoV-2 infection is known to be more se-
vere in men and generally associated with the worst
outcomes [14], which could explain the male pre-
dominance in the population study. However, CMV
reactivation was not significantly more frequent in
male COVID-19 patients (p=0.161), nor in a specific
age group (p= 0.824).

Many efforts were undertaken to establish ap-
propriate screening and prophylactic treatment gui-
delines for CMV infections, which occurred mainly
in immunocompromised hosts, especially bone ma-
rrow and solid organ transplant recipients, increasing
the morbidity and mortality rates. [13] Accordingly,
this study showed a significantly higher percentage
of CMV reactivation in COVID-19 patients who had
an underlying immunodepression (p =0.008), which
emphasizes the detection of such fatal infection in
this vulnerable population after the SARS-CoV-2 in-
fection. However, no other comorbidities, like dia-
betes, showed a significant association with CMV
reactivation in our patients.

When it comes to the SARS-CoV-2 related risk
factors, this study showed that lymphopenia was
significantly more frequent in the COVID/CMV
positive population (p < 0.001). In fact, severe SARS-
CoV-2 infection is known to cause lymphopenia,
as defined by a lymphocyte count < 1.0 x 107/L.
[3] This could explain the increased risk of CMV
reactivation in COVID-19 patients, similarly to organ
transplant recipients taking immunosuppressive
drugs, [15] and patients living with HIV with low
T lymphocytes CD4 levels. Although corticosteroid
use could further aggravate lymphopenia in such
patients, our study did not show any significant

© Under License of Creative Commons Attribution 3.0 License
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difference in the daily dose or the total duration of
corticosteroids between the two groups. However,
it is noteworthy that the mean daily dose (15.6 mg
of dexamethasone), and the mean total duration
(21.9 days) used in our center exceeded by far the
therapeutic regimen recommended by the IDSA
for the management of the severe SARS-CoV-2
infection, which is 6 mg of daily dexamethasone for
10 days. [16] Whilst many reports have suggested
the possible benefits of corticoid pulse therapy
for hyperinflammation control in critical COVID-19
patients [17-19], randomized trials are still needed
to prove its efficacy. Hence, it is important to
continuously assess the prescription of such
molecules in order to limit the related induced
immunosuppression.

Regarding the other immunosuppressive
treatments, tocilizumab, a potent IL-6 receptor
antibody, was used in our center for the management
of the severe SARS-CoV-2 infection nonresponsive
to corticosteroids therapy, with an IL-6 level above
30 pg/mL and no evidence of bacterial infection,
at a single intravenous dose of 8 mg/kg. There is
no currently available data incriminating tocilizumab
in the reactivation of CMV infection, as stated by
Mourgues et al, who found no significant increase
in CMV viral load after treatment with tocilizumab
in rheumatoid arthritis patients with longer duration
therapy [20]. Also, in our population, there was
no significant effect of tocilizumab (p=0.25) nor
baricitinib (p=0.22) use regarding CMV reactivation.
Besides, the indication of those two treatments
could reflect a more serious inflammatory state
caused by the SARS-CoV-2 illness, which could by
itself increase the risk of CMV reactivation. A re-
cent review article by Forte et al, stated that all
hyperinflammatory conditions including oxidative
stress, ischemia-reperfusion injury, and bacterial in-
fections could promote CMV reactivation through
TNF and NF-kB stimulation of the major immediate
early promoter [9]. A prospective study conducted
by Frantzeskaki et al, showed that CMV DNAemia
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was present in 13.8% of a group of critically ill, im-
munocompetent patients [21]. Our study identified
a significant higher occurrence of CMV reactivation
in ICU admitted patients (p<0.001), and those who
developed a bacterial infection during their hospi-
talization (p< 0.001). Therefore, a review conduc-
ted by Mansfield et al has discussed the possible
interaction between bacterial infections and CMV
reactivation generally occurring 7 to 28 days after
the onset of the critical illness, but this hypothesis
still needs further studies [22]. In the same perspec
tive, the cytokine storm induced by the SARS-CoV-2
infection could promote CMV reactivation through
inflammatory pathway. However, the mean value of
ferritin (M= 818.590 vs M=1154.11, p=0.019) and
IL-6 levels (M= 57.10 vs M=144.44, p=0.035) were
significantly lower in COVID-19 patients reactivating
CMV. In fact, we only mentioned the values on ad-
mission which could become higher later during the
progression of the inflammatory process, and affect
the statistical analysis, in addition to the small sam-
ple effect.
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