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Abstract

Background: Coronavirus disease 2019 (COVID-19] is a global outbreak disease caused by the
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2] infection. Cytomegalovirus
(CMV] infection can occur in critical COVID-19 patients and is associated with adverse clinical

outcomes.

Objective: The aim of this study was to explore the clinical characteristics and outcome of CMV

infection in critical COVID-19 patients.
Design: This was a retrospective cohort study.

Methods: From May to September 2021, SARS-CoV-2 reverse transcription polymerase chain
reaction (RT-PCR]J-confirmed COVID-19 patients with intensive care unit (ICU) admission were
enrolled. CMV infection was confirmed by PCR. Baseline characteristics, critical illness data
and clinical outcomes were recorded and analyzed.

Results: Seventy-two RT-PCR-confirmed COVID-19 patients with ICU admission were included
during the study period and 48 (66.7%) patients required mechanical ventilation (MV). Overall,
in-hospital mortality was 19.4%. Twenty-one (29.2%) patients developed CMV infection.
Patients with CMV infection had a higher likelihood of diabetes, higher lactate dehydrogenase
and lactate levels, and higher proportions of MV, anticoagulant, and steroid use. Patients with
CMV infection were associated with longer duration of SARS-CoV-2 shedding, longer ICU and
hospital stay, and fewer ventilator-free days. The independent risk factor for development of
CMV infection was a higher accumulative steroid dose.

Conclusion: CMV infection adversely impacted the outcomes of critical COVID-19 patients,
resulting in longer ICU stays, longer mechanical ventilation uses and prolonged shedding of

SARS-CoV-2.
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Introduction

Coronavirus disease 2019 (COVID-19) was
declared a pandemic by the World Health
Organization on 11 March 2020. The disease
caused by the severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) virus has spread

globally, leading to the deaths of millions of peo-
ple. Roughly half of SARS-CoV-2 infections are
asymptomatic, while about 15% develop severe
pneumonia needing hospitalization and oxygen
support. Around 5% experience acute respiratory
distress syndrome, septic shock, and multiorgan
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failure, leading to high mortality rates during
China’s initial pandemic wave.l3 The severity
has changed over time, which may be due to dif-
ferent SARS-COV-2 variants, vaccination, and
advances in treatment.*> The main risk factors
for severe COVID-19 are hypertension, obesity,
type II diabetes, cardiovascular diseases, male sex
and old age.l-3> The overall estimated death rates
range from 0.3% to 1.0% but are strikingly higher
in older people.® The reason for this is not known,
but it is plausible that immune function declines
with age.”!! Recent studies have concluded that
some potential factors could be associated with
prolonged SARS-CoV-2 shedding (older individ-
uals, tocilizumab use, and corticosteroid treat-
ment, etc.), and these factors may be related to
immune system impairment.!213

Cytomegalovirus (CMV), recognized as an
important viral pathogen in immunocompro-
mised hosts also frequently affects critically ill but
immunocompetent patients, and often correlates
with adverse clinical outcomes.!41¢ The use of
corticosteroids during a patient’s intensive care
unit (ICU) stay has been described as an inde-
pendent risk factor for CMYV infection in immu-
nocompetent patients.!?

CMYV infections have also been observed in indi-
viduals with severe COVID-19.18-23 Several stud-
ies have demonstrated a correlation between
CMVY infection and adverse outcomes in critically
ill COVID-19 patients, such as the need for
mechanical ventilation (MV) and increased mor-
tality rates.?1-23 However, one study indicated
that CMV infection did not independently associ-
ate with mortality.2° To our knowledge, the asso-
ciation between SARS-CoV-2 shedding and
CMV infection remained unknown. Because
CMYV infection may induce immune dysfunc-
tion,?%2> we hypothesized that CMV infection
may be related to disease severity and prolonged
SARS-CoV-2 shedding of COVID-19. The aim
of this study was to describe the risk factors, clini-
cal course, and outcomes in COVID-19-related
severe pneumonia patients who developed CMV
infection.

Materials and methods
Study design and participants

This retrospective observational study was con-
ducted in Taipei Veteran General Hospital, a

2800-bed tertiary medical center in northern
Taiwan. During the initial COVID-19 outbreak
in Taiwan from May 2021 to September 2021,
patients admitted to the ICU with suspected
COVID-19 infection were screened for eligibility.
The inclusion criterion was patients with con-
firmed SARS-CoV-2 infection by reverse tran-
scription polymerase chain reaction (RT-PCR).
The exclusion criteria included patients with neg-
ative SARS-CoV-2 RT-PCR results or patients
without SARS-CoV-2 RT-PCR examination,
patients <18years old, or patients with human
immunodeficiency virus infection.

SARS-CoV-2 RT-PCR and shedding evaluation
SARS-CoV-2 RT-PCR was performed in a
Cobas® 6800 system (Roche, Pleasanton, CA,
USA). Selective amplification of target nucleic
acids from the sample was achieved by the use of
target-specific forward and reverse primers for the
ORF1lab nonstructural region that is unique to
SARS-CoV-2. Another conserved region in the
structural protein envelope E-gene was chosen for
pan-Sarbecovirus detection. The pan-Sarbecovi-
rus detection sets will also detect SARS-CoV-2
virus. In this study, we reviewed Ct values for
both gene targets for all RT-PCR tests that were
performed on nasopharyngeal swabs or on
endotracheal aspirates if patients were mechani-
cally ventilated, as in a previous study.26 RT-PCR
results were expressed in terms of the cycle
threshold value, and samples were considered
positive if the cycle threshold was =40. Viral
dynamics were calculated according to the cycle
threshold value (Ct value) of the SARS-CoV-2-
specific target (ORF1ab). The duration of viral
shedding was defined as days from symptom
onset to the first day of Ct value above 30, consid-
ering that previous studies showed that no virus
was isolated from samples where the Ct value was
>30, and this represented a reasonable cutoff
with a low risk of secondary transmission.27-29
Patients without Ct values >30 during their hos-
pital stay were right-censored at the time of their
last Ct value of the SARS-CoV-2 viral RT-PCR
report.

Diagnosis and definition of CMV infection

CMYV infection was defined as virus isolation or
detection of viral proteins (antigens) or nucleic
acids in any body fluid or tissue specimen, accord-
ing to previous publications.?? The nucleic acid
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amplification techniques were calibrated to a
standard calibrator, such as the World Health
Organization International Standard for human
CMV.3! In our study, CMV infection was repre-
sented by the detection of DNA in peripheral
blood by real-time quantitative PCR. The cobas®
CMYV test (cobas® 6800, Roche Molecular Systems
for Roche Diagnostics GmbH, Germany) was
used to quantify the CMYV load in the sample
(detection range: 34.5 to 1.1X107 IU/mL, 1
IU=1.1 copies). Serum CMV immunoglobulin
(IgG) data was recorded to differentiate CMV
reactivation from new infection. CMV IgG were
measured by a chemiluminescent immuno-assay
on the ARCHITECT i2000SR immunoassay ana-
lyzer (Abbott Diagnostics, Abbott Park, IL, USA),
results = 1.0 U/mL were considered reactive.

Data collection and measurements

Information regarding the demographic charac-
teristics and underlying comorbidities were
obtained from a hospital chart review. The results
of laboratory tests on ICU admission were
recorded. Disease severity was evaluated by the
Acute Physiology and Chronic Health Evaluation
(APACHE) II score3? and Sequential Organ
Failure Assessment scores.3> The application of
MV, renal replacement therapy, prone position-
ing, and extracorporeal membrane oxygenation
(ECMO) were also recorded. Medications related
to COVID-19, including corticosteroids, tocili-
zumab, remdesivir, and enoxaparin, were
obtained during ICU admission. Various types of
corticosteroids, such as dexamethasone, methyl-
prednisolone, and prednisolone, were employed
in our study population. Corticosteroids exposure
was quantified as dexamethasone equivalents. It
was measured by the accumulative dosage of dex-
amethasone in milligrams (mg) from admission
to CMV infection diagnosis in the CMYV infection
cohort, and from admission to ICU discharge or
death in the cohort without CMYV infection.

Outcome evaluation

The outcomes evaluated in the present study
included ICU stay, hospital stay, 28-day ventila-
tory-free days, and all-cause mortality rate on day
30, during ICU admission, and upon hospital dis-
charge. All patients were followed up from admis-
sion to death or discharge, with the last patient
discharged on 21 October 2021.

Vaccination

The COVID-19 outbreak in Taiwan at the study
period was caused by the alpha variant.?* Owing
to a vaccine shortage during the study period in
Taiwan, none of the study population had
received a COVID-19 vaccine.

Statistical analysis

The results are presented as the median with the
interquartile range (IQR) or number (%) when-
ever appropriate. Continuous variables were
compared by the Mann—Whitney U test, while
categorical variables were compared using
Pearson’s chi-square test, as appropriate. Odds
ratios and 95% confidence intervals (CIs) were
calculated via logistic regression. The proportion
of weaning from MYV, proportion of ICU dis-
charge, proportion of CMV infection, and viral
shedding of SARS-CoV-2, which was defined as
days from symptom onset to a Ct value >30,
were evaluated using a Kaplan—Meier survival
analysis and the log-rank test. Hazard ratios and
95% CIs were calculated using Cox proportional
hazard models and used to measure the associa-
tions between CMYV infection and viral shedding
of SARS-CoV-2, controlling for potential con-
founding factors in the multivariate model. The
cutoffs of white blood cells and accumulative ster-
oid dose were the median. The clinical variables
with significant differences were subjected to uni-
variate regression, and variables with p values
<0.1 in the univariate model were included in the
multivariate analysis. Post hoc power analysis was
conducted to evaluate the effect of sample size.
All statistical analyses were performed using IBM
SPSS Statistics for Windows/Macintosh, Version
25.0 IBM Corp., Armonk, NY, USA) and
MedCalc, Version 20.215.

The reporting of this study conforms to the
Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) statement
(Supplementary STROBE checklist).

Results

Patient characteristics

In the study period, a total of 296 patients with sus-
pected COVID-19 and ICU admission were eligi-
ble for enrollment. After excluding 224 patients
with negative SARS-CoV-2 RT-PCR reports for at
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Figure 1. Flow chart of the study.

CMYV, Cytomegalovirus; COVID-19, coronavirus disease 2019; ICU, intensive care unit; MV, mechanically ventilated;
SARS-COV-2, severe acute respiratory syndrome coronavirus 2; gPCR, quantitative polymerase chain reaction.

least two samplings, 72 RT-PCR-confirmed
COVID-19 patients were included in the analysis
(Figure 1). The demographic characteristics and
clinical features of the enrolled patients are shown
in Tables 1 and 2. Prior to the study period, three
patients underwent CMV IgG testing, and all of
them exhibited positive results. Twenty-one
(29.2%) patients developed CMYV infection during
ICU admission. Dexamethasone was prescribed in
93% (67/72) of the enrolled cases. Fourteen
(66.7%) patients with CMV infection received gan-
ciclovir as an anti-CMYV treatment, subgroup anal-
ysis of patients with CMV infection showed
ganciclovir treatment is not significantly related to
clinical outcomes. The median time from ICU
admission to CMYV infection diagnosis was 22 (IQR
12.5-31.5) days. Kaplan—Meier survival analysis of
CMYV infection after ICU admission is shown in
Supplemental Figure S1.

Compared to patients without CMV infection,
patients with CMV infection were older, had
higher rates of diabetes mellitus, were more likely
to require MV, and had higher C-reactive pro-
tein, lactate dehydrogenase, lactate, and D-dimer
levels. Patients with CMYV infection were exposed
to a higher dosage of corticosteroids and more

enoxaparin use than those without CMV

infection.

Risk factors for developing CMV infection
Univariate and multivariate analyses of clinical
factors associated with CMYV infection are shown
in Table 3. In univariate analysis, clinical factors
associated with CMYV infection included diabetes
mellitus, a higher initial serum white blood cell
count, a higher initial lactate dehydrogenase level,
a higher initial D-dimer level, mechanical ventila-
tor use, and higher accumulative dexamethasone
dose. In multivariate analysis, the independent
factor associated with CMYV infection was a higher
accumulative dexamethasone dose (aOR, 1.013,
95% CI, 1.002-1.024).

Impact of CMV infection on clinical outcomes

Comparisons of treatment outcomes between
patients with and without CMV infection are
shown in Table 2. Compared to patients without
CMV infection, patients with CMV infection had
longer hospital stays, longer ICU stays and fewer
28-days ventilator-free days. Survival analysis
demonstrated a significantly longer time to
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Table 1. Clinical characteristics of patients with COVID-19 categorized according to CMV infection status.

Variables All cases (n=72) CMV infection (n=21) Without CMV p Value

infection (n=51)

Demographics

Age, years 65.5 (57.5-74.0) 70.0 (63.5-77.0) 65.0 (55.0-72.0) 0.038
Male 47 (65.3) 15(71.4) 32(62.7) 0.482
Body mass index, kg/m? 24.2 (22.4-28.5) 22.8(21.5-27.7) 24.5 (22.9-28.4) 0.092
Underlying disease
Cardiovascular disease 6 (8.3) 1(4.8) 5(9.8) 0.469
Diabetes mellitus 25 (34.7) 12 (57.1) 13 (25.5) 0.010
Cirrhosis 11 (15.3) 4(19.0) 7 (13.7) 0.592
Chronic pulmonary disease 10 (13.9) 2(9.5) 8(15.7) 0.492
Chronic kidney disease 10 (13.9) 3(14.3) 7(13.7) 0.950
Uncured malignancy 11 (15.3) 3(14.3) 8(15.7) 0.881
Laboratory data
White blood cells, 107/L 5.98 (3.73-9.42) 6.60 (5.35-15.20) 5.70 (3.60-8.70) 0.053
Lymphocytes, 108/L 6.25 (4.34-9.03) 5.40 (4.07-8.61) 7.13 (4.50-9.20) 0.295
Albumin, g/dL 3.45(3.18-3.90) 3.45(3.10-3.68) 3.45(3.28-3.93) 0.383
C-reactive protein, mg/dL 8.38 (3.25-10.79) 9.99(3.98-17.88) 7.81(2.91-9.71) 0.044
Procalcitonin, ng/mL 0.16 (0.08-0.44) 0.17(0.11-0.78) 0.15(0.07-0.35) 0.180
Ferritin, ng/mL 1290 (657-2903) 936 (700-4569) 1298 (496-2883) 0.802
Lactate dehydrogenase, U/L 488 (312-577) 528 (398-718) 397 (288-556) 0.028
Lactate, mg/dL 16.40 (12.43-23.33) 18.50 (15.20-35.75) 15.15 (11.68-19.33) 0.007
D-dimer, ug/mL 0.95(0.51-3.13) 2.22 (0.81-14.00) 0.81(0.47-1.33) 0.012
Clinical course
Time from symptom onset to 4.00(2.0-9.0) 4.0(2.0-8.0) 4.0 (2.0-9.0) 0.501
hospital admission, days
Severity at ICU admission
Pa02/Fi02 ratio 221.0 (98.0-323.0) 118.0 (81.0-234.0) 269.5(102.5-361.8) 0.051
SOFA 6.0 (3.0-9.0) 8.0 (4.5-9.5) 5.0 (2.0-8.0) 0.058
APACHE Il 13.0 (8.0-21.8) 14.0 (9.0-25.0) 12.0 (8.0-19.0) 0.246

Continuous data are expressed as the median with the interquartile range [IQR], and categorical data are expressed as the number of patients (%).
The p value was analyzed by Chi-square test or Mann-Whitney U test.

APACHE Il, Acute Physiology and Chronic Health Evaluation IlI; FiO2, fraction of inspiration oxygen; LDH, lactate dehydrogenase; Pa02, partial
arterial pressure of oxygen; SOFA, Sequential Organ Failure Assessment score.
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Table 2. Treatment and outcomes of patients with COVID-19 categorized according to CMV infection status.
Variables All cases (n=72) CMV infection (n=21)  Without CMV p Value
infection (n=51)

Treatment
Mechanical ventilation 48 (66.7) 19 (90.5) 29 (56.9) 0.006
Newly renal replacement therapy 3(4.2) 2(9.5) 1(2.0) 0.144
Prone position 17 (23.6) 7 (33.3) 10 (19.6) 0.213
Extracorporeal membrane Oxygenation 5(6.9) 3(14.3) 2(3.9) 0.116
Tocilizumab 40 (55.6) 14 (66.7) 26 (51.0) 0.223
Remdesivir 54 (75.0) 17 (81.0] 37 (72.5) 0.454
Enoxaparin 43 (59.7) 19 (90.5) 24 (47.1) 0.001
Accumulative dose of 120 (48.0-199.8) 192.0 (123.0-262.3) 78.0 (30.0-174.0) <0.001
dexamethasone(mg)*

Outcomes
ICU length of stay, days 16.5(7.3-31.8) 52.0 (25.0-75.5) 12.0 (6.0-20.0) <0.001
Hospital length of stay, days 30.5(16.3-58.8] 66.0(33.0-98.5) 24.0(14.0-38.0) <0.001
In hospital mortality 14 (19.4) 6 (28.6) 8(15.7) 0.209
Mortality during ICU admission 13(18.1) 6 (28.6) 7(13.7) 0.137
30-days mortality 11(15.3) 3(14.3) 8(15.7) 0.881
28-days ventilator free days 5.0 (0.0-18.8) 0.0(0.0-0.0) 10.0(0.0-13.0) 0.003

*Accumulative dose of dexamethasone was counted from admission to CMV infection diagnosis in CMV infection cohort, and from admission to ICU
discharge or death in cohort without CMV infection. Data are presented as median (IQR) and n (%) unless otherwise indicated.

Continuous data are expressed as median with interquartile range [IQR], and categorical data are expressed as number of patients (%). p value is
analyzed by Chi-square test or Mann-Whitney U test.
ICU, intensive care medicine unit. N/A, not applicable.

weaning from MV and a significantly longer time
to be discharged from the ICU in patients with
CMV infection [Figure 2(a) and (b)].

CMV infection is associated with prolonged
SARS-CoV-2 shedding

We further investigated the association between
CMYV infection and viral shedding of SARS-
CoV-2. As shown in Supplemental Table S1, the
median time from symptom onset to Ct >30 was
16.5days (IQR 12-21days). The distribution of
time intervals (days) from symptom onset to
Ct > 30 between patients with and without CMV
infection is shown in Figure 3(a). Patients with
CMV infection had a longer duration of viral
shedding than patients without CMV (22 days

versus 15 days, p<<0.001). In Kaplan—Meier sur-
vival analysis, the time intervals from symptom
onset to Ct >30 were significantly prolonged in
patients with CMYV infection compared to those
without CMV infection (log-rank p<<0.001)
(Figure 3(b)). Comparisons of demographic
characteristics and clinical features between
patients with longer and shorter SARS-CoV-2
shedding days (median cut-off) are shown in
Supplemental Table S2. The patients with longer
viral shedding days had a high proportion of
CMV infection (18 wersus 3, p<<0.001) and were
exposed to a higher dosage of corticosteroids
(177.5 versus 97, p=0.049).

In Table 4, univariate and multivariate Cox
regressions were performed on the possible risk

journals.sagepub.com/home/tar


https://journals.sagepub.com/home/tar

H-C Shen, J-Y Feng et al.

Table 3. Factors associated with developing CMV infection by multivariate and univariate logistic regression analysis.

Variables Univariate Multivariate
Odds ratio 95% CI p Value Odds ratio 95% CI p Value

Body mass index 0.884 0.746-1/047 0.153

Male 1.484 0.492-4.477 0.483

Uncured malignancy 1.116 0.265-4.695 0.881

Initial lymphocyte count 0.999 0.998-1.001 0.279

Initial lactate 1.009 0.988-1.031 0.390

Diabetes mellitus 1.243 1.338-11.355 0.013 1.065 0.189-6.011 0.943
Age 1.036 0.996-1.709 0.079 1.064 0.964-1.175 0.221
Initial WBC 1.0001 1.000-1.000 0.024 1.000 1.000-1.000 0.610
Initial CRP 1.072 0.993-1.157 0.073 1.112 0.981-1.259 0.096
Initial LDH 1.002 1.000-1.005 0.043 1.001 0.997-1.004 0.734
Initial D-dimer 1.099 1.011-1.195 0.027 1.036 0.931-1.154 0.514
Initial SOFA 1.148 0.992-1.329 0.065 1.056 0.740-1.508 0.762
Machine ventilator use 7.207 1.516-34.257 0.013 0.855 0.076-9.587 0.899
Accumulative steroid dose 1.013 1.006-1.020 <0.001 1.013 1.002-1.024 0.024

Accumulative dose of dexamethasone was counted from admission to CMV infection diagnosis in CMV infection cohort, and from admission to ICU

discharge or death in cohort without CMV infection.

Cl, confidence interval; CRP, C-reactive protein; Initial, first laboratory data at admission day; LDH, lactate dehydrogenase; SOFA, Sequential Organ

Failure Assessment scores; WBC, white blood cells.

factors for a longer duration of SARS-CoV-2
shedding. CMYV infection was associated with
longer duration of SARS-CoV-2 shedding. In
univariate analysis, clinical factors associated with
a longer duration of SARS-CoV-2 shedding
included CMV infection and white blood cell
counts over 5980 cells/ul.. Multivariate analysis
revealed that only CMYV infection was indepen-
dently associated with a longer duration of SARS-
CoV-2 shedding (p=0.018).

The results derived from the accumulative dose
of dexamethasone divided by body weight (mg/
kg) are displayed in Supplemental Table S3.
These findings parallel those calculated from the
accumulative corticosteroid dose independently
of body weight. We did not find significant asso-
ciation between ganciclovir treatment for CMV
infection and clinical outcomes (Supplemental
Table S4).

Discussion

Our study demonstrated that higher dexametha-
sone exposure is an independent factor associated
with CMYV infection. We also found an adverse
impact of CMV infection on the treatment out-
comes of COVID-19 patients with ICU admis-
sion, including longer ICU stay, longer MV use,
and prolonged shedding of SARS- CoV-2. In this
retrospective cohort study that enrolled critically
ill COVID-19 patients, CMYV infection was diag-
nosed in 29.2% of the enrolled patients. Our find-
ings were in line with a recent meta-analysis and
observational study, which reported an incidence
rate of 27% in immunocompetent patients in the
ICU?5 and an incidence rate of 20.4% in COVID-
19 critically ill patients.2° However, inconsistency
in several epidemiologic studies was noted,20:35-37
with variation in the incidence of infection ranging
from 0% to as high as 98%. This inconsistency
could be explained by many factors, including the
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Figure 2. Kaplan-Meier curves for the cumulative portion of events. (a) Patients in the CMV infection group had a significantly
longer time to weaning from MV (log-rank test: p<<0.001). (b) Patients in the CMV infection group had a significantly longer time to
discharge from the ICU (log-rank test: p<0.001).

CMYV, Cytomegalovirus; ICU, intensive care unit; MV, mechanically ventilated.
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Figure 3. SARS-CoV-2 shedding and CMV infection. (a) SARS-CoV-2 shedding in patients categorized
according to CMV infection status. We defined SARS-CoV-2 shedding as RNA quantification by a cycle
threshold value (Ct value) less than 30 cycles. Data are expressed as the median with interquartile range [IQR],
and the p value was analyzed by the Mann-Whitney U test. (b) Cumulative proportion of patients with SARS-
CoV-2 RNA Ct values less than 30 by day after illness onset between patients who had CMV infection (log-rank

p<0.01).

types of patient populations studied and their
serologic status on admission, as well as the
microbiological tools used to diagnose CMV and
the type and frequencies of sampling.

Accumulative dosage of dexamethasone was an
independent factor associated with CMYV infection
in our analysis. Low dose dexamethasone is now

considered the standard of care in critically ill
COVID-19 patients, owing to its benefit in reduc-
ing mortality, which was demonstrated by The
RECOVERY Collaborative Group®® and in
increasing the number of ventilator-free days which
was demonstrated by the CoDEX randomized
clinical Trial.?®* However, corticosteroids exert
immunosuppressive effects mainly by inhibiting the
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Table 4. Univariate and multivariate Cox proportional hazard regression analysis for prediction of SARS-CoV-2 shedding days.

Variables Univariate Multivariate
Hazard ratio 95% CI p Value Hazard ratio 95% CI p Value

Diabetes mellitus 1.005 0.588-1.716 0.986

CMV infection 3.476 1.828-6.609 <0.001 2.677 1.185-6.058  0.018
Accumulative steroid dose over 120mg  1.220 0.611-2.435 0.573

Chronic pulmonary disease 0.544 0.253-1.171 0.120

Chronic kidney disease 1.959 0.887-4.328 0.096 1.379 0.497-3.478  0.484
WBC over 5.98, 10°/L 1.723 1.028-2.888 0.039 1.189 0.558-2.534  0.653

Cox regression with multivariate adduction. Accumulative dose of dexamethasone was counted from admission to CMV infection diagnosis in CMV
infection cohort, and from admission to ICU discharge or death in cohort without CMV infection. The cutoffs of WBC and accumulative steroid dose

were median.
Cl, confidence interval; WBC: white blood cell count.

activity of crucial transcriptional regulators of pro-
inflammatory genes and reducing lymphocyte lev-
els.®Therefore, exposure to systemic corticosteroids
is a risk factor for CMYV infection in patients with
severe COVID-19.1541 In our study, we observed
an increased incidence of CMYV infection in patients
with exposure to higher corticosteroid doses.
Although dexamethasone may reduce mortality in
severe COVID-19 patients, clinicians should be
aware of the potential risk of corticosteroids in
developing CMYV infection and avoid their unnec-
essary use. Higher initial CRP level had a trend of
increased risk of CMYV infection in our analysis. In
previous studies, sepsis was a risk factor for CMV
infection. The propensity of sepsis to promote
CMV infection may result from its pleiotropic
effects on the host immune system.42:43 CMYV infec-
tion is caused by immune dysregulation and inflam-
mation.**> The association of CMYV infection and
sepsis patients suggests that an inflammatory reac-
tion may induce CMYV infection.*® Another i vitro
study also demonstrated the strong relationship
between CMYV infection and human immune
response.’” Thus, the immune dysregulation
caused by SARS-CoV-2!148 may trigger CMV
infection. Regardless of corticosteroid use, SARS-
CoV-2 infection itself can also be a risk factor of
CMYV infection.

In our study, COVID-19 patients with CMV
infection were associated with longer hospital
stay, longer ICU stay, and longer days on MV
than those without CMYV infection. These find-
ings were consistent with previous studies of

CMVY infection in critically ill patients!5-16,21-23,35,36
and a recent observational study of critically ill
patients with CMV infection.2? Patients with
CMVY infection had higher serum levels of CRP,
lactate dehydrogenase, lactate, and D-dimer and
were more likely to require MV, which may indi-
cate greater disease severity. It remains uncertain
whether protocolized screening of CMYV infection
is helpful in severe COVID-19 patients for the
early diagnosis of CMV infection and whether it
improves treatment outcomes. The current
method used to detect CMV, CMV PCR, is
highly accurate regarding sensitivity and specific-
ity, but the challenge is that the detection of CMV
is highly sensitive to the timing and frequency of
testing, which is related to the window of emer-
gence of CMYV infection within the first 2 weeks of
critical illness but not earlier than 3days.43:4°
Second, it is unclear whether some cases repre-
sent innocent viral DNA shedding not necessarily
related to tissue invasiveness, and thus not requir-
ing therapy, which is an argument against routine
screening for CMV.3¢

The cycle threshold (Ct) values of SARS-CoV-2
RT-PCR were inversely correlated with viral load
and work as a semiquantitative measurement. A
higher viral load of SARS-CoV-2 was reported to
be an independent factor associated with higher
severity and worse prognosis.’%51 Prolonged viral
shedding time has been reported in ICU patients
and associated with survival status.2® However,
the characteristics of viral shedding of SARS-
CoV-2 in patients with CMV infection have rarely

journals.sagepub.com/home/tar


https://journals.sagepub.com/home/tar

THERAPEUTIC ADVANCES in
Respiratory Disease

Volume 17

been evaluated. In our study, viral shedding time
was defined as days from symptom onset to the
first day of Ct > 30, considering previous studies
showed that no virus was isolated from samples
and there was a significantly lower risk of second-
ary transmission with a Ct value >30.27-29:52
Although they tended to have a comparable Ct
value of SARS-CoV-2 RT-PCR upon diagnosis,
patients with CMV infection in our study had a
longer viral shedding time than those without
CMV infection. To the best of our knowledge,
this is the first article to describe the association
between CMV infection and prolonged SARS-
CoV-2 shedding.

Several hypotheses may explain our findings.
First, T cells have a crucial role in controlling
viral infections. CMYV causes clonal T-cell prolif-
eration and a reduction in naive T-cell diversity,
which in turn may lead to a reduced capacity for
immune responses to viral infections such as
SARS-CoV-2.25 Previous studies have concluded
that potential factors associated with prolonged
SARS-CoV-2 shedding may be related to impair-
ment of the immune system.12:13:28:29 Thus, CMV
infection may contribute to prolonged SARS-
CoV-2 shedding 9ia immune dysfunction.
Second, increased concentrations of interleu-
kin-6 have been observed in CMV-infected indi-
viduals in previous studies.’3>* CMYV infection
may trigger hyperinflammation, as mentioned in
previous publications.?5:55 Exaggerated inflam-
mation could lead to immunity dysregulation,
which might partially explain the phenomenon of
prolonged SARS-CoV-2 shedding we observed
in our study.

Our study suggests an association between CMV
infection and adverse clinical outcomes. Initiating
CMVYV prophylactic treatment is generally recom-
mended across most guidelines for patients who
have undergone organ transplants.5%:57 However,
the question of whether to treat CMYV infection in
immunocompetent critically ill patients remains
contentious.3%>8 Some research supports the
curative treatment of clinically confirmed CMV
disease, where microbiological evidence aligns
with clinical conditions attributed to CMV.>° Yet,
the advantage of preemptive treatment of subclin-
ical viral replication or prophylactic treatment in
patients at risk of developing CMYV disease is still
uncertain.®%-61 A review article proposes that
treatment for evident CMYV replication is not war-
ranted unless associated with lung infiltrates and

at least two other factors.3?” In the context of criti-
cal COVID-19 patients, a recent study found no
independent correlation between CMV pneumo-
nia and mortality following ganciclovir therapy.2°
Our research suggests that treating CMV infec-
tion appears to have no impact on clinical out-
comes. Nonetheless, given the small sample size
of patients who received anti-viral treatment for
CMV, we cannot accurately assess the treat-
ment’s effectiveness in this study. Additional clin-
ical trials are required to determine whether CMV
treatment or prophylactic intervention for high-
risk patients (like patients with higher corticoster-
oid exposure) can improve patient outcomes.

Our study had several limitations. First, this was
a single center, retrospective cohort study; only
21 CMV infection cases and 51 non-CMYV infec-
tion cases were included for analysis. We did not
calculate the sample size. However, the post hoc
power analysis was performed, even though this
was a small sample size study, the post hoc power
analysis showed the power reached 0.997.
Second, there was no protocolized screening
strategy for CMYV infection in our institution dur-
ing the study period. Therefore, the diagnosis of
CMV infection may have been delayed or under-
estimated in our COVID-19 patients. Third, as in
other observational study, we included all the
ICU admitted patients, not merely the CMV-IgG
seropositive population because CMYV serological
status was not examined routinely in clinical prac-
tice. Besides, owing to the extremely limited
number of patients tested for CMV IgG, we could
not determine if the CMV infection was reacti-
vated or a new infection in this study. Fourth, due
to limited bronchoscopy use, the lack of histologi-
cal and autopsy specimens made it difficult to dif-
ferentiate CMV disease from CMYV infection.?°
Additionally, given the restricted collection of
specimens, excluding blood, the scope of organ
involvement by CMV remained indeterminate. A
treatment recommendation for patients with
CMV infection could not be derived from our
study. Fifth, repeat testing of SARS-CoV-2 RT-
PCR was based on the clinical judgment of the
physician in-charge rather than a protocolized
procedure. The difference in respiratory speci-
mens may have also led to misestimation of the
number of viral shedding days of SARS-CoV-2.
Finally, none of the enrolled patients received
vaccination against SARS-CoV-2. Therefore, the
findings of the present study cannot be applied to
vaccinated patients. To better understand the
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relationship between CMYV infection and SARS-
CoV-2 shedding time, a well-designed prospec-
tive clinical study is needed.

Conclusion

In conclusion, a large proportion of critically ill
COVID-19 patients in our study developed CMV
infection. Higher cumulative corticosteroid dose
was found to be an independent factor for the
development of CMYV infection. Patients with
CMYV infection tended to have worse clinical out-
comes and prolonged SARS-CoV-2 shedding.
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