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Risk Factors for Cytomegalovirus 
Reactivation and Its Impact on Clinical 
Outcomes in Immunocompetent 
Seropositive Patients Admitted to the 
Intensive Care Unit: A Single-Center 
Prospective Observational Study

ABSTRACT 
Objective: Monitoring cytomegalovirus (CMV) plasma DNAemia is not used in routine clin-
ical practice for immunocompetent patients. However, immunocompetent patients in the 
intensive care unit (ICU) may develop transient immunosuppression due to severe illness 
and its treatment, potentially leading to CMV reactivation. This study aimed to investigate 
the incidence, risk factors, and clinical outcomes of CMV reactivation in non-immunocom-
promised patients in the intensive care unit (ICU).

Materials and Methods: Patients admitted to the Internal Medicine and Anesthesia ICUs 
were included. CMV-seropositive patients who met inclusion criteria were monitored daily. 
Quantitative real-time polymerase chain reaction (qPCR) was performed on days 0, 3, 7, 14, 
21, and 28 to determine CMV plasma DNAemia. Patients’ data was recorded and analyzed 
by dividing them into reactivation and non-reactivation groups. 

Results: CMV reactivation occurred in 26 of 146 patients (17.8%), with a mean onset of 10 
± 4.72 days after ICU admission (range: 3–21 days). The reactivation rates in different ICU  
populations were found to be 31.5% in patients with septic shock, 25% in those with 
COVID-19, 23.8% in those with sepsis, 18.4% in mechanically ventilated patients, and 11.4% 
following trauma or surgery. In multivariate analysis, sepsis at ICU admission (odds ratio 
[OR] 2.88, 95% confidence interval [CI]: 1.017–8.157), Acute Physiology and Chronic Health 
Evaluation II (APACHE II) score at ICU admission (OR 1.062, 95% CI: 1.003–1.126), and du-
ration of illness before admission (OR 1.048, 95% CI: 1.001–1.097) were independently as-
sociated with CMV reactivation. The incidence of fungemia after ICU admission was sig-
nificantly higher in the group with CMV reactivation. Mortality rates, ICU duration, and 
hospital stay were comparable between the two groups.
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INTRODUCTION

Cytomegalovirus (CMV) is a DNA belonging to 
the family Herpesviridae and subfamily Beta-
herpesvirinae. CMV seropositivity rate in Tür-

kiye varies between 85% and 100% (1-2). Following 
primary infection, CMV remains latent for life in 
myeloid cells, such as monocytes, macrophages, 
and dendritic cells (3). It can reactivate when the 
immune system is compromised, leading to un-
controlled viral replication and symptomatic CMV 
disease. 

In immunocompromised patients, CMV disease can 
occur with severe manifestations, such as pneumo-
nia, ileocolitis, retinitis, encephalitis, hepatitis, and 
esophagitis. CMV is a common opportunistic infec-
tious agent in immunocompromised patients, but it 
often causes asymptomatic infections in immuno-
competent patients. Therefore, routine monitoring 
of CMV plasma DNAemia is not recommended for 
immunocompetent patients in clinical practice. 

However, immunocompetent intensive care unit 
(ICU) patients may develop transient immunosup-
pression due to the severity of their illness and the 
treatment, which can potentially lead to CMV reac-
tivation. Recent studies have reported varying rates 
of CMV reactivation in immunocompetent ICU pa-
tients (4–10). However, the actual rates of CMV re-
activation in this group, the impact of reactivation 
on patient outcomes, and which patient groups re-
quire prophylaxis or treatment for CMV infection 
remain controversial. 

This prospective, observational study aimed to de-
termine the frequency of CMV reactivation, identify 
high-risk patient groups, and evaluate the impact 
of CMV reactivation on patient outcomes, including 
mortality, ICU stay, and hospital stay, in non-im-
munocompromised, CMV seropositive ICU patients.

MATERIALS AND METHODS 

Patient Selection
Our study was conducted in the Internal Medi-
cine and Anesthesia ICUs of a university hospital 
between January 2021 and January 2022. The sam-
ple size was calculated using the OpenEpi program 
(Open Source Epidemiologic Statistics for Public 
Health, Version 3.01; www.openepi.com) under the 
guidance of the Department of Public Health. In the 
last six months, 590 patients were admitted to our 
ICUs, and 95% of the adult population was consid-
ered CMV seropositive. The frequency of CMV re-
activation has been reported to be approximately 
20% in recent meta-analyses (4, 6, 11). Based on the 
assumption that the reactivation rate in CMV-sero-
positive patients in the ICU is 20%, a sample size 
of approximately 175 participants was calculated, 
with a 5% margin of error and a 95% confidence 
level. CMV-seropositive ICU patients who were not 
immunocompromised were included in the study. 

HIGHLIGHTS

• Increasing levels of cytomegalovirus (CMV) DNA 
across consecutive measurements are more valu-
able than a single value. 

• The incidence of CMV reactivation in immuno-
competent intensive care unit (ICU) patients was 
17.8% (26/146), with subgroup analyses revealing 
rates ranging from 11.4% to 31.5% across differ-
ent patient populations.

• Higher APACHE II scores, sepsis at ICU admission, 
and longer duration of illness before ICU admis-
sion were independently associated with reacti-
vation.

• A significant association was found between re-
activation and fungemia after ICU admission; 
however, no association was found with mortality 
or morbidity.

Conclusion: Consistent with previous studies, our findings suggested that the presence of 
infection, especially sepsis, during ICU admission is the most significant risk factor for CMV 
reactivation. The identification of sepsis and high APACHE II score as independent risk fac-
tors supported the association between severe sepsis-related illness and CMV reactivation. 
In patients with risk factors, CMV reactivation may serve as a marker of disease severity 
and the level of immunosuppression.

Keywords: cytomegalovirus, reactivation, immunocompetent, intensive care unit, sepsis
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 Patients with age <18 years, expected survival time 
of <72 hours, ICU length of stay (LOS) <7 days, 
known immunosuppression (solid organ transplan-
tation, stem cell transplantation, immunosuppres-
sive therapy, high-dose steroid or chemotherapy 
within the last six months before ICU admission, 
primary immunodeficiency, HIV, and neutropenia) 
and pregnant patients were excluded from the 
study.

Data Collection 
The demographic characteristics of patients, ICU 
admission diagnoses, duration of illness before ICU 
admission (duration of hospitalization before ad-
mission to the ICU), disease severity defined by the 
Acute Physiology and Chronic Health Evaluation II 
(APACHE II) score (12), presence and source of in-
fection, the presence of sepsis and septic shock (13), 
and degree of organ dysfunction quantified by the 
Sequential Organ Failure Assessment (SOFA) score 
(14) at ICU admission were recorded. The patients 
were followed for 28 days. The requirement for in-
vasive mechanical ventilation (IMV) and ICU-ac-
quired infections (bacterial and fungal infections 
that developed within 48 hours after admission to 
the ICU) were recorded during the follow-up period. 
LOS in the ICU, hospital stay duration, and 14-day 
and 28-day mortality rates were documented post-
ICU discharge or death using a standardized Case 
Report/Data Record Form.

Sepsis is defined as a life-threatening organ dys-
function caused by an abnormal host response to 
infection. Organ dysfunction is defined as an in-
crease of ≥2 points in the SOFA score. Septic shock 
is defined as a condition in which hypotension 
caused by sepsis cannot be stabilized despite vaso-
pressor treatment (with the need to maintain mean 
arterial pressure ≥65 mmHg) and a serum lactate 
level ≥2 mmol/L (13).

Laboratory Protocols
CMV serology (CMV IgG) analysis
Anti-CMV immunoglobulin G (IgG) was detected 
within the first 24 hours of ICU admission by en-
zyme-linked immunosorbent assay (ELISA). The 
Architect CMV IgG Reagent Kit (Abbott, USA) and 
the Architect i2000SR Immunoassay Analyzer (Ab-
bott, USA) were used. Test results were reported 

 according to the manufacturer’s instructions for 
the kit. Anti-CMV IgG concentration of ≥6 AU/mL 
was considered positive, and an IgG concentration 
of <6 AU/mL was considered negative. 

CMV DNA identification
Blood samples were collected from CMV-seroposi-
tive patients on days 0, 3, 7, 14, 21, and 28 and then 
centrifuged. The plasma samples were stored at 
−80°C until DNA extraction.

Viral DNA extraction
Viral DNA was extracted from 200 μL plasma using 
the Qiasymphony DSP Virus/Pathogen Midi kit (Qia-
gen, Germany) and the Qiasymphony SP extraction 
device (Qiagen, Germany), according to the manu-
facturer’s protocol.

Quantitation of CMV DNA
Quantitative real-time polymerase chain reaction 
(qPCR) was used to detect CMV DNA in plasma sam-
ples. The artus CMV QS-RGQ Kit (Qiagen, Germany) 
was used for in vitro amplification, and the reaction 
was run on a Rotor-Gene Q Real-Time PCR Cycler 
(Qiagen, Germany). Results were recorded in copies 
per milliliter (copies/mL) according to established 
standards. Test results were reported according to 
the manufacturer's instructions. The detection lim-
it of the assay was 45 copies/mL (equivalent to 70 
international units [IU]/mL), and the linear quanti-
fication range was from 80–1×108 copies/mL. CMV 
reactivation was defined as DNAemia> 80 copies/
mL in plasma, which is the detection threshold of 
the method used.

Statistical analysis
The Shapiro-Wilk test was used to assess the normal-
ity of the distribution of continuous variables. The 
Mann-Whitney U test was applied to compare the 
nonparametric data means between the two bina-
ry groups. The Chi-square or Fisher's exact test was 
used to compare the group percentage distributions. 
Descriptive statistics were presented as medians 
with interquartile ranges (IQRs) or means ± standard 
deviations (SDs), along with percentage distributions. 

Variables with a p-value p<0.05 were consid-
ered statistically significant. Potential risk factors 
(p<0.05) were assessed using multivariate logistic 
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 regression analysis with the backward conditional 
method. The parameters to be included in the logis-
tic regression analysis were previously assessed for 
multicollinearity. The CMV reactivation risk model 
was established by calculating the regression coef-
ficients (β), odds ratios (ORs), and 95% confidence 
intervals (CIs).

Ethical Approval
This study was approved by the Non-Intervention-
al Research Ethics Committee of Dokuz Eylül Uni-
versity on April 3, 2019 (Approval No: 4682-GOA, 
2019/08-24). 

RESULTS 
Baseline Characteristics of the Study Population
Initially, 202 patients who met the study’s inclusion 
criteria were enrolled. However, 56 patients (27.7%) 
were excluded from the study because two patients 
were CMV-seronegative, and 54 patients could not 
be sampled on the seventh day due to discharge or 
death. Thus, 146 patients were included in the study 
(85 males [58.2%]; median age: 73 years [range: 18–
96]). Of these, 109 patients (74.6%) had chronic dis-
eases, including hypertension (n=69), diabetes mel-
litus (n=38), coronary artery disease (n=32), chronic 
obstructive pulmonary disease (n=27), and chron-
ic renal failure (n=11). Malignancy was present in 
15 patients (10.2%). No significant difference was 
found between the presence of comorbidities, in-
cluding malignancy, and CMV reactivation. No sta-
tistically significant difference was found between 
CMV reactivation and the demographic character-
istics of the patients (Table 1).

Incidence of CMV Reactivation
A total of 610 plasma samples were analyzed, with 
each patient contributing between 2 and 5 sam-
ples (median: 3). CMV reactivation occurred in 26 
(17.8%) patients with a mean onset of 10 ± 4.72 days 
after ICU admission. 

In 21 out of 26 patients, at least two consecutive 
CMV DNA elevations were detected. In these pa-
tients, CMV DNA levels progressively increased 
during surveillance, indicating ongoing activa-
tion. CMV DNA levels in the reactivation group are 
shown in Table 2. Reactivation rates in various ICU 
subgroups were as follows: 

• 31.5% (12/38) in patients with septic shock, 

• 25% (10/40) in patients with COVID-19, 

• 23.8% (20/84) in patients with sepsis, 

• 18.4% (22/119) in mechanically ventilated patients,

• 11.4% (4/35) in patients with following trauma or 
surgery. 

Reactivation was detected in three patients on day 
3, 15 patients on day 7, seven patients on day 14, 
and one patient on day 21. Within the first seven 
days, reactivation was detected in 69.2% (18/26) of 
the patients.

ICU Admission Diagnoses and Follow-Up Data
The ICU admission diagnoses data of the patients 
are presented in Table 1. The patient population 
consisted of medical (n=111, 76%), surgical (n=28, 
19.2%), and trauma (n=7, 4.8%) cases. The medi-
an duration of illness before ICU admission was 1 
day (range: 0–73 days). Among all patients, 33.5% 
(49/146) were admitted directly to the ICU without 
prior hospitalization, and reactivation occurred in 
four of these patients (one on day 7 and three on 
day 14). Among these patients, 79.5% (39/49) were 
admitted to the ICU for medical reasons, 12.3% 
(6/49) were post-surgical, and 8.2% (4/49) were ad-
mitted because of trauma. An infection was pres-
ent at the time of ICU admission in 25 patients who 
were directly admitted to the ICU (24 medical and 
one post-surgical). 

At ICU admission, 87 patients (59.5%) had an infec-
tion (81 medical and six surgical), with the respi-
ratory system being the most common site. A sta-
tistically significant association was found between 
CMV reactivation and the presence of infection at 
admission (p=0.047). Of the patients, 44 (30.1%) re-
quired vasopressors upon ICU admission: six due to 
non-septic causes (e.g., cardiogenic or hemorrhagic 
shock) and 38 due to septic shock. The association 
between sepsis, septic shock, the requirement of 
vasopressors, and CMV reactivation was statistical-
ly significant at ICU admission. 

A statistically significant difference was also ob-
served between CMV reactivation and the APACHE 
II score upon ICU admission (p=0.039). At the time 
of ICU admission and follow-up, 81.5% (119/146) of 
patients required IMV. However, there was no statis-
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tically significant difference between IMV require-
ment and CMV reactivation (p=0.785).

Risk factors for CMV reactivation, including du-
ration of illness before ICU admission, sepsis, 
septic shock, vasopressor requirement, APACHE 
II score, and presence of infection on admission, 
were evaluated for multicollinearity. Strong cor-
relations were observed between septic shock and 
both vasopressor requirement and the presence 
of infection on admission. Sepsis, septic shock, 
APACHE II, and pre-ICU length of stay variables 
were evaluated using logistic regression analysis 
(Backward Conditional). The essential indepen-
dent variables, age, and gender, were also includ-
ed in the analysis. 

After logistic regression analysis, longer duration of 
illness before ICU admission, high APACHE II score, 

and the presence of sepsis were identified as inde-
pendent risk factors for CMV reactivation. Sepsis at 
ICU admission was the most significant risk factor, 
with an odds ratio (OR) of 2.88 (95% CI: 1.017–8.157). 
The model’s Nagelkerke R² was 0.171, and the om-
nibus test for model fit was statistically significant 
(p=0.003) (Table 3).

Clinical Outcomes
Patients were followed until the 28th day of ICU 
admission. There was no significant difference be-
tween patients with and without CMV reactivation 
in terms of ICU and hospital length of stay, 14-day 
mortality, or 28-day mortality rates (Table 4). 

In the CMV reactivation group, bacteremia was ob-
served in 69.2% (18/26) of patients, and fungemia 
occurred in 26.9% (7/26) after ICU admission. Bac-
teremia occurred before reactivation in 10 of the 

CMV reactivation (n=26)
n (%)

No reactivation (n=120)
 n (%)

All patients (n=146)
n (%) p

Age (year), median (IQR) 74.5 (24–96) 72.5 (18–96) 73 (18–96) 0.464

Sex (male) 11 (42.3) 74 (61.6) 85 (58.2) 0.070

Comorbidities 19 (73) 90 (75) 109 (74.6) 0.838

ICU admission diagnoses

Medical 22 (84.6) 89 (74.2) 111 (76)

0.258Other 4 (15.4) 31 (25.8) 35 (24)

Post-surgical / Trauma 4/0 24/7 28/7

Duration of illness before ICU 
admission (day), median (IQR) 3 (0–73) 1 (0–30) 1 (0–73) 0.034

Site of infection 20 (77) 67 (55.8) 87 (59.5) 0.047

Sepsis 20 (76.9) 64 (53.3) 84 (57.5) 0.027

Septic shock 12 (46.1) 26 (21.6) 38 (26) 0.010

Vasopressor 13 (50) 31 (25.8) 44 (30.1) 0.015

APACHE II, median (IQR) 23.5 (9–39) 20 (9–44) 20 (9–44) 0.028

SOFA score, median (IQR) 8 (3–14) 7 (3–16) 8 (3–16) 0.371

PaO2/FiO2 mmHg, median (IQR) 199 (101–400) 226 (90–500) 225 (90–500) 0.072

COVID-19 10 (38.4) 30 (25) 40 (27.3) 0.163

IMV 22 (84.6) 97 (80.8) 119 (81.5) 0.785

Table 1. Demographic characteristics, intensive care unit admission data.

CMV: Cytomegalovirus, ICU: Intensive care unit, APACHE: Acute Physiology and Chronic Health Evaluation, SOFA: Sequential Organ Failure 
Assessment, PaO2/FiO2: Oxygen partial pressure/fractional inspired oxygen, IMV: Invasive mechanical ventilation (ICU admission and follow-up).
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18 patients, while it occurred after reactivation in 
eight patients. Fungemia occurred before reactiva-
tion in two of the seven patients, while it occurred 
after reactivation in five patients. Although no sta-
tistically significant relationship was identified be-
tween bacteremia and CMV reactivation (p=0.823), 
a statistically significant correlation was observed 
between fungemia and reactivation (p=0.024).

DISCUSSION

Previous studies in specific populations, such as 
those with sepsis, trauma, burns, major surgery, or 
acute myocardial infarction, have shown that CMV 
reactivation occurs in ICU patients in the setting of 
severe illness due to various etiologies. This study 
focused on examining CMV reactivation across 

Patients Sex
Day 3

CMV DNA  
(copy/mL)

Day 7
CMV DNA  
(copy/mL)

Day 14
CMV DNA  
(copy/mL)

Day 21
CMV DNA  
(copy/mL)

Day 28
CMV DNA  
(copy/mL)

1 M 1450 8383 - - -

2 F 148 640 - - -

3 M 784 3276 7489 19204 1718

4 M - 94 2517 - -

5 M - 9744 - - -

6 F - 1409 - - -

   7 F - - 223 2996 5338

8 F - - 191 1450 8383

9 F - 172 - - -

10 F - 546 447 1247 5680

11 M - 186 403 1454 -

12 F - - 326 698 1230

13 F - - 213 1260

14 F - - 125 698 538

15 M - 296 - - -

16 F - 815 696 - -

17 F - - 144 992 -

18 F - 294 1658 2302 -

19 M - 396 6494 5129 -

20 F - 53,222 161,702 - -

21 M - 188 1282 - -

22 F - 220 - - -

23 M - 373 1280 - -

24 M - - 4882 32,645 -

25 F - - 536 12,777 20,146

26 M - 663 4802 - -

Table 2. CMV DNA levels in the reactivation group.

M: Male, F: Female, CMV: Cytomegalovirus.
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various patient groups, excluding those who were 
immunosuppressed. The incidence of CMV reacti-
vation was 17.8%, with a frequency of reactivation 
ranging from 11.4% to 31.5%. This data highlights 
the significance of patient-related risk factors 
during ICU admission. These findings indicate a 
high frequency of CMV reactivation in patients who 
had an infection at the time of ICU admission. 

However, we did not perform a subgroup analysis 
because of the low number of patients with reac-
tivation, given the single value of CMV DNA posi-
tivity. We believe that showing increasing levels of 
CMV DNA in consecutive measurements is more 
valuable for CMV reactivation. 

Recent studies have reported varying rates of CMV 
reactivation in immunocompetent ICU patients. 

Lachance et al. (15) suggested that the incidence 
of CMV reactivation in immunocompetent ICU pa-
tients varied from 9% to 71%. Zhang et al. (4) per-
formed weekly CMV DNA monitoring in blood sam-
ples from 71 CMV-seropositive immunocompetent 
patients, and CMV reactivation occurred in 13 pa-
tients (18.3%), with a median time to reactivation of 
seven days. Similarly, a meta-analysis of 18 studies 
involving 2,398 immunocompetent ICU patients re-
ported that CMV infection occurred in 27% of cases 
and CMV reactivation in 31% (16). 

As with reactivation rates, the timing of CMV reac-
tivation also varies. For instance, Lambe et al. (5), 
Walton et al. (7), and Tomino et al. (17) reported 
CMV reactivation occurring at a median of 7 to 13 
days after ICU admission. These differences in the 
frequency and timing of CMV reactivation in im-
munocompetent ICU patients are associated with 
several factors, including the characteristics of the 
patient population (such as primary illness and 
disease severity), materials examined, diagnostic 
methods used, CMV PCR testing intervals, and pa-
tient follow-up periods.

Our study found that CMV reactivation risk factors 
include pre-ICU treatment duration, infection at ICU 
admission, sepsis, septic shock, vasopressor require-
ment, and high APACHE II scores. Although various 
risk factors have been identified in recent studies, 
reactivation is especially observed in adults with se-
vere illness caused by sepsis (4, 7, 15, 18). In sepsis 
and septic shock, apoptosis of CD4+ and CD8+ T lym-

OR (95% CI) p

Sepsis 2.88 (1.017–8.157) 0.046

APACHE II 1.062 (1.003–1.126) 0.041

Duration of illness before 
admission 1.048 (1.001–1.097) 0.045

Sex 2.41 (0.963–86.053) 0.06

Table 3. Multivariate logistic regression analysis of risk 
factors associated with CMV reactivation. 

Diseases CMV reactivation 
(n=26)

No reactivation 
(n=120)

All patients 
(n=146) p

ICU LOS, median (IQR) 20 (7–64) 15 (7–94) 16 (7–94) 0.099

Hospital LOS, median (IQR) 26.5 (11–127) 24.5 (8–114) 25.5 (8–127) 0.311

14-day all-cause mortality, n (%) 3 (11.5) 24 (20) 27 (18.4) 0.314

28-day all-cause mortality, n (%) 13 (50) 56 (46.6) 69 (47.2) 0.758

Infection after reactivation, n (%)

Bacteremia 10 (38.4) 49 (40.8) 59 (40.4) 0.823

Fungemia 5 (19.23) 7 (5.8) 12 (8.2) 0.024

Table 4. Clinical outcomes of patients with and without reactivation.

Nagelkerke R²=0.171; Omnibus test p=0.003.

CMV: Cytomegalovirus, β: Regression coefficient, OR: Odds ratio,  
CI: Confidence interval, APACHE: Acute Physiology And Chronic Health 
Evaluation.

CMV: Cytomegalovirus, ICU: Intensive care unit, LOS: Length of stay, IQR: Interquartile range.
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phocytes (19–21), dysfunction of natural killer (NK) 
cells (22), production of proinflammatory cytokines 
including interleukin (IL)-1, IL-6, IL-8 and tumor 
necrosis factor-alpha (TNF-α) (5, 23), and hypoxia 
are observed. Consequently, immune mechanisms 
controlling viral reactivation are affected, leading to 
prolonged immunosuppression that facilitates the 
reactivation of herpesviruses, especially CMV. 

In our study, after multivariate analysis, sepsis at 
ICU admission was identified as the most signifi-
cant risk factor, with an OR of 2.88 (95% CI: 1.017–
8.157). Our findings are consistent with previous 
studies, which have shown that CMV reactivation 
frequently occurs in patients with sepsis. For exam-
ple, Zhang et al. (4) demonstrated that sepsis is an 
independent risk factor for CMV reactivation, with 
an OR of 2.32 (4). Studies examining only patients 
with sepsis and septic shock have reported high re-
activation rates: 40% by Heininger et al. (18), 36% 
by Kalil et al. (24), and 32% by von Müller et al. (25). 
Walton et al. (7) showed that two or more herpes-
virus reactivations occurred in 42.7% of patients di-
agnosed with sepsis (CMV reactivation 24.2%). Their 
study found that the rates of herpesvirus detection 
in septic patients were similar to those reported in 
patients undergoing stem cell and organ transplan-
tation, providing strong evidence that sepsis leads 
to immunosuppression. The authors suggested that 
serial monitoring of herpesvirus viral loads could be 
useful as an indicator of the host's immune  status. 

All of these studies, including ours, indicate that the 
presence of infection, especially sepsis, at ICU ad-
mission is a major risk factor for CMV reactivation. 
Moreover, the recent study results indicate that the 
risk of reactivation increases with the severity of 
the disease (6, 7, 9, 26). Imlay et al. (26) identified 
the severity of the disease and the development of 
secondary bacterial infections as the main mech-
anisms of viral reactivation in immunocompetent 
patients. In our study, identifying a high APACHE 
II score (OR: 1.062; 95% CI: 1.003–1.126) as an in-
dependent risk factor for reactivation supports the 
association between sepsis-induced severe illness 
and reactivation.

Additionally, the duration of pre-ICU treatment 
(OR: 1.048; 95% CI: 1.001–1.097) was independently 

associated with CMV reactivation. The duration of 
pre-ICU treatment increases the risk of bacterial in-
fection and sepsis; therefore, the risk of reactivation 
is thought to increase with prolonged hospitaliza-
tion. Previous studies have reported that catechol-
amine treatments increase the risk of CMV reacti-
vation (11, 27). However, in our study, the effect of 
catecholamine use on CMV reactivation could not 
be evaluated independently of septic shock, as 86% 
(38/44) of the patients who used catecholamines 
also had septic shock. In our study, 59.7% (40/67) 
of patients with pneumonia required ICU hospital-
ization due to COVID-19. In patients infected with 
COVID-19, reactivation was detected at a rate of 
25% (10/40), consistent with recent studies; howev-
er, this rate was not statistically significant (6, 28). 
Critical illness is a risk factor for CMV reactivation; 
therefore, the specific role of COVID-19 infection 
may not have been determined.

Although the potential for CMV reactivation in 
ICU patients is recognized, its pathogenicity and 
impact on clinical outcomes remain controversial. 
In many studies, CMV reactivation has been asso-
ciated with worse outcomes, including prolonged 
mechanical ventilation, extended ICU and hospital 
stays, nosocomial infections, and mortality (4, 7, 
15, 16, 18, 24). For example, Kalil et al. (24) report-
ed a strong association between CMV infection and 
mortality, with an odds ratio of approximately 2. 
Similarly, Heininger et al. (18) found that patients 
with CMV reactivation had significantly longer ICU 
and hospital stays, as well as mechanical ventila-
tion duration, compared to those without reactiva-
tion. At the same time, mortality rates were simi-
lar between the two groups. Potential mechanisms 
explaining worse outcomes in patients with CMV 
reactivation include organ damage caused by cyto-
pathogenic effects and immune activation, as well 
as secondary immunosuppression (26). In addition 
to studies suggesting that reactivation affects the 
clinical outcomes of patients, there are also studies 
indicating that it serves as a marker for the sever-
ity of the disease and the degree of immunosup-
pression without necessarily requiring treatment 
(6, 10, 29). 

In our study, there was no significant difference 
between patients with and without CMV reactiva-
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tion regarding LOS in the ICU and hospital, 14-day 
mortality, and 28-day mortality. Our results suggest 
that CMV reactivation may be a marker of disease 
severity rather than a factor influencing clinical 
outcomes. However, whether it directly contributes 
to outcomes or indicates severe disease and im-
munosuppression remains unclear. Further studies 
evaluating CMV-specific therapies are needed to 
clarify this distinction.

The causal relationship between nosocomial in-
fections and CMV reactivation has not yet been 
clarified. Many studies have reported that reac-
tivation increases the risk of bacterial and fun-
gal infections. Gatto et al. (6), Walton et al. (7), 
Lachance et al. (15), Imlay et al. (26), and Kuo CW 
et al. (30) evaluated CMV reactivation as a risk fac-
tor for invasive pulmonary aspergillosis and sec-
ondary bacterial infections. On the other hand, 
some studies suggest that bacterial and fungal in-
fections that develop during ICU stays may facil-
itate CMV reactivation through secondary immu-
nosuppression (20). In our study, the evaluation 
of secondary infections following reactivation re-
vealed a significant association between fungemia 
and reactivation, whereas no statistically signifi-
cant relationship was found between bacteremia 
and reactivation. Further studies are required to 
elucidate the temporal and causal links between 
these infections.

This study has several limitations. The primary lim-
itation is the absence of a control group and the 
exclusion of patients admitted to wards other than 
the ICU due to financial constraints. Additional-
ly, the sample size was not initially calculated for 
all study outcomes. However, retrospective power 
analysis revealed that the effect of the presence of 
COVID-19 was detected with a power of 20.5%, the 
effect of IMV use with a power of 2.99%, the effect 
on the SOFA score with a power of 33.76%, the ef-
fect on the PaO₂/FiO₂ ratio with a power of 33.7%, 
the effect on the age ratio with a power of 22.45%, 
the effect on the sex ratio with a power of 38.26%, 
the effect on the comorbidity ratio with a pow-
er of 90.41%, and the effect on the ICU admission 
diagnosis ratio with a power of 12.13%. The power 
analysis suggests that the non-significant findings 
may be attributable to insufficient sample size, in-

dicating the need for further research with larger 
cohorts. Moreover, the day of CMV reactivation, 
duration of follow-up, and potential confounders 
during this period may have affected clinical out-
comes. Since this study was conducted at a single 
center with a small number of patients meeting the 
criteria, subgroup analyses could not be performed. 
Additionally, CMV detection was limited to blood 
samples; CMV disease and end-organ involvement 
were not evaluated. For these reasons, a significant 
relationship between clinical outcomes and CMV 
may not have been detected. The studies evaluated, 
including ours, are observational and cannot deter-
mine whether CMV is a cause or a marker of worse 
clinical outcomes.

In conclusion, the frequency of CMV reactivation 
in non-immunocompromised, CMV-seropositive 
ICU patients varies depending on patient charac-
teristics. A longer duration of illness before ICU 
admission, higher APACHE II scores, and the pres-
ence of sepsis at admission were identified as in-
dependent risk factors for CMV reactivation. No-
tably, reactivation was observed in one-third of 
patients with septic shock, and sepsis increased 
the risk by 2.88 times. While a significant associ-
ation was observed between fungemia and reacti-
vation, no statistically significant differences were 
found between patients with and without CMV re-
activation in terms of length of ICU and hospital 
stay, mortality during follow-up, and in-hospital 
mortality. These findings suggest that CMV reac-
tivation may be a marker of disease severity and 
degree of immunosuppression. Whether CMV is a 
contributing factor to the  severity of the disease 
or merely a bystander is still a matter of debate. 
To determine the causal role of CMV on clinical 
outcomes, multicenter, interventional, prospective 
randomized controlled trials evaluating antiviral 
therapy are necessary.
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