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Abstract 

Background  Active cytomegalovirus (CMV) infection is associated with poor prognosis in septic patients with criti-
cal illness. Patients of septic category are highly likely to benefit from prophylactic antiviral therapy. Nevertheless, 
the clinical characteristics for CMV reactivation are lacking among septic patients requiring mechanical ventilation. 
The aim of this study was to investigate the incidence, risk factors, and clinical outcomes regarding active CMV infec-
tion in mechanically ventilated patients with sepsis.

Methods  A single-center, retrospective cohort study conducted from January 2021 to December 2023 that included 
septic patients on mechanical ventilation at the intensive care unit (ICU) of a national hospital. Study participants 
were divided into active and non-active CMV infection groups based on CMV DNAemia within a 28-day hospitaliza-
tion period in ICU. Clinical features, laboratory findings, treatment measures, and clinical outcomes were compared 
between the two groups.

Results  Among 118 septic patients, 21 (17.8%) exhibited active CMV infection within 28-day ICU admission. Hemo-
globin served as an independent risk factor and predictor for active CMV infection (P < 0.05). Moreover, the duration 
of mechanical ventilation and ICU stay in active CMV infection patients were significantly higher than in the compari-
son group (P < 0.05).

Conclusions  Active CMV infection is common and associated with adverse clinical outcomes in mechanically ven-
tilated patients with sepsis. A low level of hemoglobin is an independent risk factor for active CMV infection. Further 
prospective studies are warranted to assess the efficacy of initiating prophylactic and preemptive antiviral therapies 
among patients with sepsis disorders.
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Background
Cytomegalovirus (CMV) is a ubiquitous latent viral 
infection prevalent throughout the general population 
[1]. CMV possesses the potential for reactivation under 
specific conditions, and the perilous impact is well-doc-
umented, particularly in immunocompetent patients 
with critical illness [2]. Among those patients, our pre-
vious study found the incidence of CMV reactivation 
could reach more than 30%, and were associated  with 
prolonged duration of mechanical ventilation (MV), 
increased length of hospital stay, and elevated mortality 
[2–5].

Our recent research showed that when non-immuno-
suppressed critically ill patients admitted for sepsis (and/
or septic shock), the incidence of CMV reactivation could 
be significantly increased, and similar results were found 
in other studies [4–7]. Moreover, sepsis is acknowledged 
as a significant risk factor for CMV reactivation, as the 
hyperinflammation can prompt the transition of CMV 
from latency to activation [2–7]. Patients of septic cat-
egory are highly likely to benefit from prophylactic anti-
viral therapy [8]. However, research on active CMV 
infection in mechanically ventilated patients with sepsis 
remains scarce.

Therefore, this study aimed at investigating the inci-
dence, risk factors, and clinical outcomes of active CMV 
infection among mechanically ventilated patients with 
sepsis. These results serve as an early warning for the 
identification of high-risk patients, thereby ameliorating 
the adverse clinical outcomes and providing guidance for 
antiviral therapy.

Methods
Study design and ethics
A single-center, retrospective cohort study included 
septic patients on mechanical ventilation at the res-
piratory intensive care unit (ICU) of a national hospital. 
The Ethics Committee of the First Affiliated Hospital of 
Guangzhou Medical University approved the study pro-
tocol (No. ES-2024-K084-01). Informed consent was not 
required due to the retrospective nature of the study. The 
reporting of this study adheres to the STROBE Statement 
guidelines for observational research [9].

Participants and definitions
The research team conducted a comprehensive ret-
rospective analysis of septic patients requiring MV 
admitted to the respiratory ICU at the First Affiliated 
Hospital of Guangzhou Medical University, China, from 
January 2021 to December 2023. Active CMV infection 
was ascertained through quantitative polymerase chain 
reaction (qPCR), utilizing blood plasma samples. Par-
ticipants were classified into two groups based on CMV 

DNAemia levels during their 28-day ICU stay: active 
infection group (CMV DNAemia ≥ 500 copies/mL) and 
the non-active infection group (CMV DNAemia < 500 
copies/mL). It should be noted that all participants in this 
study underwent CMV testing, and those with a CMV 
viral load of 0 copies/mL were not excluded. Active CMV 
infection was defined as viral load greater than or equal 
to 500 copies/mL in plasma [10–12]. The screening of 
the CMV viral load in the plasma was part of the routine 
clinical practice in the hospital (at least once per week).

The following inclusion and exclusion criteria were as 
follows: (1) inclusion criteria: ①Met the diagnostic cri-
teria for sepsis (SEPSIS-3 criteria) [13] within 24 h ICU 
admission; ②Required MV support. (2) exclusion crite-
ria: ①Aged < 18  years; ②Pregnant or lactation; ③ICU 
stay < 5 d or survival time < 72  h; ④Duration of MV < 5 
d; ⑤Lack of CMV detection (CMV testing was not con-
ducted in both plasma and endotracheal aspirates simul-
taneously); ⑥Readmitted to ICU or reintubation; ⑦Prior 
administration of antiviral therapy (ganciclovir, valgan-
ciclovir, aciclovir, valaciclovir, or foscarnet) before ICU 
entry; ⑧Immunocompromised: diagnosed with solid 
organ or bone marrow tumor, neutropenic, systemic glu-
cocorticoids or cytotoxic drugs were used, transplanta-
tion, connective tissue disease, and HIV; ⑨Incomplete 
clinical data.

Data collection and quality control
Clinical data from the electronic medical records of 
those enrolled patients was extracted by two independ-
ent investigators who then adjudicated the accuracy of 
the data, including clinical features, laboratory findings, 
treatment measures, complications, and clinical out-
comes. In cases of disagreement, a third reviewer (criti-
cal care specialist) resolved the differences. The collected 
data were then entered into an electronic database to 
facilitate subsequent statistical analysis.

Study outcomes
The primary outcomes included the risk factors (predic-
tive value) and clinical outcomes for active CMV infec-
tion among those participants. Moreover, the secondary 
outcomes included clinical features, laboratory findings, 
treatment measures, and complications.

Data analysis
All statistical analyses and graphical representations for 
data interpretation and visualization were performed 
using SPSS version 25.0 (SPSS Inc., Chicago, IL, USA) 
or GraphPad Prism 8.0 (GraphPad Software Inc., San 
Diego, CA, USA). Continuous variables were described 
as the mean ± standard deviation (SD) or as median with 
interquartile ranges (IQRs), and were analyzed using the 
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Wilcoxon rank-sum test for comparisons. Categorical 
variables were summarized as frequencies and percent-
ages and were compared using the chi-square test or 
Fisher’s exact test, where appropriate.

Univariate logistic regression analysis was used to iden-
tify risk factors associated with active CMV infection. 
Variables with a P-value of less than 0.05 were considered 
potential risk factors and were included in a multivariate 
logistic regression model to refine the analysis. The pre-
dictive model for active CMV infection was developed 
by calculating regression coefficients (β), odds ratios 
(ORs), and the corresponding 95% confidence intervals 
(CIs). The predictive accuracy of the model was assessed 
using the receiver operating characteristic (ROC) curve, 
with key metrics including the area under the ROC curve 
(AUC), 95% CI, P-value, optimal cut-off point, sensitivity, 
and specificity. Lengths of 30-day MV and IMV, 28-day 
ventilator-free days (VFD), and duration of 30-day ICU 
stay rates between two groups were compared using the 
Kaplan–Meier (KM) survival analysis, with statistical 
differences assessed using the log-rank test. Correlation 
coefficients between CMV load in plasma and endotra-
cheal aspirates (ETA) were calculated using the Pear-
son’s correlation coefficient. Statistical significance was 
defined as a two-sided P-value less than 0.05.

Results
Incidence of active CMV infection
Within the 28-day ICU stay of the 118 septic patients 
receiving MV who were enrolled, active CMV infection 
was identified in 21 instances, representing 17.8% of the 
total (Fig.  1A, supplement files: Table  E1). The percent-
ages of the four levels of CMV DNAemia load were 23.8% 
(500–1000 copies/mL), 47.6% (1001–5000 copies/mL), 
14.3% (5001–10000 copies/mL), and 14.3% (> 10,000 cop-
ies/mL), respectively (Fig. 1B). Out of those 21 individu-
als with CMV DNAemia, 19 (90.5%) tested positive upon 
their admission to the ICU early stage (day 0–7), and 2 

cases (9.5%) showed positive results between days 15 and 
21 (supplement files: Table  E2). Additionally, the detec-
tion rate of CMV in lower respiratory tract specimens 
(ETA) was 55.9%, demonstrating a statistically significant 
positive correlation with CMV levels in plasma speci-
mens (correlation coefficient, r = 0.916; P < 0.001) (sup-
plement files: Table E2, Figure E2).

Patient clinical characteristics
Among the 118 enrolled septic patients, 94 were male 
(79.7%). The median age for all study participants was 
67  years. The study participants median scores for 
APACHE II and SOFA were 23 and 9, respectively. The 
main cause of sepsis was severe community-acquired 
pneumonia (sCAP) (96.6%). The main comorbidities were 
hypertension (n = 58, 49.2%), diabetes (n = 51, 43.2%), and 
cardiovascular diseases (n = 33, 28.0%). Except for hyper-
tension [28.6% vs. 53.6% (n); P = 0.037] and respiratory 
rates [22 vs. 20 (bpm, median); P = 0.047], differences 
in these clinical characteristics between the two groups 
were not significant (Table 1).

Moreover, the active CMV infection group exhib-
ited lower hemoglobin (Hb) [71 vs. 98 (g/L, median); 
P = 0.001], higher aspartate aminotransferase (AST) [49.2 
vs. 35.9 (U/L, median); P = 0.046], and higher serum 
urea nitrogen (BUN) [13.2 vs. 10.0 (mmol/L, median); 
P = 0.047] levels. However, there were no significant dif-
ferences for other laboratory findings between the two 
groups (Table 2).

Treatment measures and complications
Most of the patients with active CMV infection received 
antiviral therapy [85.7% vs. 28.9% (n); P < 0.001] after ICU 
admission. Furthermore, compared to the group without 
active CMV infection, blood transfusion [81.0% vs. 48.5% 
(n); P = 0.007] and gamma globulin infusions [66.7% 
vs. 29.9% (n); P = 0.002] were found to have been highly 
administered in the group with active CMV infection 

Fig. 1  Incidence of Active CMV Infection and Level of CMV DNAemia Load. A Incidence of active cytomegalovirus (CMV) infection within 28-day 
intensive care unit (ICU) admission; B CMV DNAemia load within 28-day ICU admission
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after ICU admission. Other therapeutic measures were 
not significantly different between the two groups 
(Table 3).

Acute respiratory failure (ARF) with a prevalence of 
88.1% was found to be a major complication in septic 
patients undergoing MV. Comparison of complications 
between the two groups revealed no statistically signifi-
cant differences (Table 3).

Clinical outcomes
In-hospital duration of MV [34 vs. 20 (d, median); 
P = 0.047], IMV [32 vs. 17 (d, median); P = 0.042], and 
ICU stay [35 vs. 21 (d, median); P = 0.013] in the active 
CMV infection group were significantly higher than in 
the non-active CMV infection group (Table  3). Lengths 
of 30-day MV and IMV, and duration of 30-day ICU stay 
rates were high in the group with active CMV infection 

using the KM survival analysis (Log-rank P < 0.05) 
(Fig. 2). Other clinical outcomes between the two groups 
showed no statistically significant differences (Table 3).

Risk factors and predictive value
In the multivariate regression model, lower Hb level 
was associated with patients with active CMV infec-
tion (P < 0.05). Based on the regression coefficient (β), 
Hb [β: -0.03] was a protective factor (supplement files: 
Table E3). ROC curve was plotted for Hb level to assess 
the predictive value of active CMV infection, and found 
the AUC of Hb level was 0.73 (specificity: 66.7%, sensi-
tivity: 82.5%; P = 0.001). Furthermore, we used the cut-off 
method to obtain 76 g/L as the threshold for predicting 
active CMV infection (Fig. 3, supplement files: Table E4).

Table 1  Patients clinical features at ICU admission

ICU Intensive Care Unit, CMV Cytomegalovirus, DNAemia DNA detection by quantitative polymerase chain reaction (qPCR) on peripheral blood samples, BMI Body 
Mass Index, APACHE II Acute Physiology and Chronic Health Evaluation II, SOFA Sequential Organ Failure Assessment, sCAP Severe Community-acquired Pneumonia, 
COPD Chronic Obstructive Pulmonary Disease, CVA Cerebrovascular Accident, CKD Chronic Kidney Disease, ILD Interstitial Lung Disease
# P < 0.05; Categorical variables were expressed as n (%), Continuous variables were expressed as Mean ± SD or Median (IQRs); Bold font indicates the difference was 
statistically significant

Total
n = 118

CMV DNAemia P

Yes
(n = 21, 17.8%)

No
(n = 97, 82.2%)

Age (yrs) 67 (58–75) 64 (58–74) 68 (59–75) 0.394

Sex, n (%) - - -  > 0.999

  Male 94 (79.7) 17 (81.0) 77 (79.4) -
  Female 24 (20.3) 4 (19.0) 20 (20.6) -
Weight (kg) 59.1 ± 14.0 56.2 ± 13.8 59.8 ± 14.0 0.295

BMI (kg/m2) 21.4 ± 4.5 20.8 ± 4.5 21.6 ± 4.4 0.482

Score of disease severity
  APACHE II 23 (18–29) 23 (20–29) 23 (18–28) 0.921

  SOFA 9 (7–12) 8 (6–13) 9 (7–12) 0.924

Causes of sepsis, n (%) - - -  > 0.999

  sCAP 114 (96.6) 21 (100.0) 93 (95.9) -

  Other 4 (3.4) 0 (0.0) 4 (4.1) -

Vital signs
  Average blood pressure (mmHg) 85 ± 20 80 ± 18 86 ± 20 0.214

  Heart rate (bpm) 100 (81–117) 110 (85–120) 98 (81–112) 0.198

Respiratory rate (bpm) 20 (18–25) 22 (20–26) 20 (18–23) 0.047#

  Temperature (℃) 36.8 (36.5–37.5) 37.0 (36.5–37.8) 36.8 (36.5–37.5) 0.136

Comorbidities, n (%)
Hypertension 58 (49.2) 6 (28.6) 52 (53.6) 0.037#

  Diabetes 51 (43.2) 10 (47.6) 41 (42.3) 0.654

  Cardiovascular diseases 33 (28.0) 7 (33.3) 26 (26.8) 0.546

  COPD 33 (28.0) 3 (14.3) 30 (30.9) 0.123

  CVA 23 (19.5) 5 (23.8) 18 (18.6) 0.805

  CKD 17 (14.4) 5 (23.8) 12 (12.4) 0.312

  ILD 12 (10.2) 3 (14.3) 9 (9.3) 0.772
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Discussion
Our study revealed incidence of active CMV infection 
in septic patients on mechanical ventilation, with 17.8% 
testing positive during the 28-day ICU stay. Hb level 
emerged as a significant predictor, with lower levels indi-
cating a higher risk of active CMV infection. Patients 
with active CMV infection also exhibited longer dura-
tions of MV, IMV, and ICU stay. These findings highlight 
CMV as a crucial factor in septic patients, emphasizing 
the necessity for early intervention strategies.

Active CMV infection is a relatively frequent occur-
rence among non-immunosuppressed patients with 
critical illness. Our research team’s systematic review 
and meta-analysis not only showed that the incidence 
of CMV reactivation in immunocompetent individu-
als could reach as high as 31%, but also revealed sepsis 
as an independent risk factor for CMV reactivation [3], 
consistent with other research [2]. Furthermore, our 
two clinical studies demonstrated that among critically 
ill patients complicating sepsis or septic shock, the inci-
dence of active CMV infection significantly improved [4, 
5]. This phenomenon was further confirmed in a review 
from the authoritative team [6]. The increased incidence 
of CMV reactivation in sepsis patients may be attributed 
to the hyperinflammatory state of sepsis, which triggers 

the replication of latent CMV, leading to reactivation. 
This hypothesis has been validated in animal experiments 
showing that sepsis-associated mediators (lipopolysac-
charide, IL-6, IL-1β, TNF-α) promote the occurrence and 
progression of CMV reactivation [14, 15].

Clinical studies focusing on immunocompetent sepsis 
patients as a specific research subject have a history of 
nearly 35  years since 1990, during which approximately 
eight studies have clarified the role of CMV reactivation 
in non-immunosuppressed patients with sepsis [7, 16–
22]. The incidence of active CMV infection in this study 
was 17.8%, which is lower compared to 24%—41% inci-
dence of active CMV infection observed in other studies 
involving patients with sepsis not caused by immuno-
suppression [6, 7, 16–22]. The incidence of active CMV 
infection in our study may differ from previous findings 
due to disease background of study subjects, varying cri-
teria and detection methods. Particularly, the timing and 
duration of CMV testing in other research could influ-
ence the reported rates. As a retrospective study, ours 
might have underestimated the incidence by not captur-
ing every time point. Concurrently, the discovery that 
90.5% of study participants experienced CMV reactiva-
tion within the early stage of their ICU admission indi-
cated that these individuals might have already had CMV 

Table 2  Laboratory findings at ICU admission

ICU Intensive Care Unit, CMV Cytomegalovirus, DNAemia DNA detection by quantitative polymerase chain reaction (qPCR) on peripheral blood samples, PT 
Prothrombin Time, APTT Activated Partial Thromboplastin Time, NT-proBNP N-terminus Precursor of B-Type Natriuretic Peptide, AST Aspartate Aminotransferase, T-BIL 
Total Bilirubin, Scr Serum Creatinine, BUN Serum Urea Nitrogen
# P < 0.05; Continuous variables were expressed as Mean ± SD or Median (IQRs); Bold font indicates the difference was statistically significant

Total
n = 118

CMV DNAemia P

Yes
(n = 21, 17.8%)

No
(n = 97, 82.2%)

PaO2/FiO2 210 (144–286) 119 (134–270) 211 (146–287) 0.439

White blood cells (109/L) 11.6 (8.1–15.8) 9.9 (6.9–13.0) 12.1 (8.2–16.2) 0.098

Neutrophils (109/L) 9.9 (7.0–13.8) 8.7 (5.4–12.1) 10.3 (7.0–14.1) 0.109

Lymphocytes (109/L) 0.5 (0.4–0.8) 0.6 (0.3–0.8) 0.5 (0.4–0.8) 0.855

Monocytes (109/L) 0.5 (0.3–0.9) 0.3 (0.2–0.8) 0.5 (0.3–0.9) 0.130

Hemoglobin (g/L) 92 (74–112) 71 (69–91) 98 (79–112) 0.001#

  Platelet (109/L) 179 (126–265) 159 (81–265) 186 (127–262) 0.536

  Procalcitonin (ng/mL) 1.33 (0.25–8.04) 1.59 (0.64–17.22) 1.04 (0.25–6.00) 0.209

  Blood lactate (mmol/L) 1.6 (1.3–2.7) 1.8 (1.3–2.7) 1.6 (1.3–2.6) 0.744

  PT (s) 15.2 (14.3–16.4) 15.9 (14.6–16.6) 15.2 (14.2–16.3) 0.373

  APTT (s) 43.3 (37.6–51.7) 44.3 (36.1–56.6) 43.3 (37.8–51.4) 0.933

  Cardiac troponins (ng/ml) 41.6 (14.7–215.0) 54.7 (26.4–218.4) 39.3 (13.7–198.4) 0.275

  NT-proBNP (pg/mL) 1357 (445–5454) 2518 (1256–11,358) 1080 (412–4518) 0.061

AST (U/L) 38.9 (21.9–77.7) 49.2 (38.7–119.0) 35.9 (20.6–74.0) 0.046#

  Albumin (g/L) 31.5 ± 5.2 31.4 ± 5.5 31.5 ± 5.1 0.921

  T-BIL (μmol/L) 13.7 (9.8–20.2) 13.7 (10.5–20.2) 13.5 (9.8–18.9) 0.615

  Scr (μmol/L) 90.5 (63.2–169.7) 120.1 (71.0–213.7) 89.2 (63.3–147.1) 0.097

BUN (mmol/L) 10.3 (6.7–17.2) 13.2 (10.2–19.7) 10.0 (6.3–15.7) 0.047#
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reactivation prior to their ICU admission. Therefore, 
CMV detection should be conducted throughout the 
entire hospitalization cycle, not just upon admission to 
the ICU. Early recognition of CMV reactivation, coupled 
with timely interventional therapy, will improve poor 
prognosis in mechanically ventilated patients with sepsis. 
In addition, among acute respiratory distress syndrome 
(ARDS) patients with sepsis, those patients who received 

MV for more than 4  days had a 27% cumulative risk of 
CMV reactivation [21]. CMV reactivation in mechani-
cally ventilated patients is a matter of concern, especially 
since the causal relationship between the two needs to be 
further verified by basic research.

Consistent with our findings, prior research has estab-
lished a link between active CMV infection and certain 
clinical parameters, including low Hb levels, elevated 

Table 3  Treatment Measures, Complications, and Clinical Outcomes

ICU Intensive Care Unit, CMV Cytomegalovirus, DNAemia DNA detection by quantitative polymerase chain reaction (qPCR) on peripheral blood samples, IMV Invasive 
Mechanical Ventilation, CRRT​ Continuous Renal Replacement Therapy, ECMO Extracorporeal Membrane Oxygenation, ARF Acute Respiratory Failure, MODS Multiple 
Organ Dysfunction Syndrome, AKI Acute Kidney Failure, ARDS Acute Respiratory Distress Syndrome, AECOPD Acute Exacerbation of Chronic Obstructive Pulmonary 
Disease, AHF Acute Heart Failure, DIC Disseminated Intravascular Coagulation, VFD Ventilator-Free Days
# P < 0.05; Categorical variables were expressed as n (%), Continuous variables were expressed as Mean ± SD or Median (IQRs); Bold font indicates the difference was 
statistically significant
a In-hospital period
b Included Cyclophosphamide, Methotrexate, and Mycophenolate Mofetil
c Included Ganciclovir, Valganciclovir, or Sodium Phosphate

Total
n = 118

CMV DNAemia P

Yes
(n = 21, 17.8%)

No
(n = 97, 82.2%)

Treatment measures, n (%)
Before ICU admission
  Glucocorticoids 26 (22.0) 4 (19.1) 22 (22.7) 0.941

  Blood transfusion 12 (10.2) 5 (23.8) 7 (7.2) 0.060

  Gamma globulin infusions 12 (10.2) 2 (9.5) 10 (10.3)  > 0.999

After ICU admission
  Glucocorticoids 87 (73.7) 14 (66.7) 73 (75.3) 0.417

Blood transfusion 64 (54.2) 17 (81.0) 47 (48.5) 0.007#

Gamma globulin infusions 43 (36.4) 14 (66.7) 29 (29.9) 0.002#

  Immunosuppressive drugsb 10 (8.5) 3 (14.3) 7 (7.2) 0.534

Antiviral therapyc 46 (39.0) 18 (85.7) 28 (28.9)  < 0.001#

  IMV 110 (93.2) 19 (90.5) 91 (93.8) 0.942

  CRRT​ 42 (35.6) 11 (52.4) 31 (32.0) 0.076

  ECMO 21 (17.8) 5 (23.8) 16 (16.5) 0.631

Complications, n (%)
  ARF 104 (88.1) 18 (85.7) 86 (88.7) 0.995

  MODS 55 (46.6) 12 (57.1) 43 (44.3) 0.286

  Septic shock 42 (35.6) 6 (28.6) 36 (37.1) 0.459

  AKI 40 (33.9) 8 (38.1) 32 (33.0) 0.654

  ARDS 30 (25.4) 6 (28.6) 24 (24.7) 0.715

  AECOPD 30 (25.4) 2 (9.5) 28 (28.9) 0.065

  AHF 23 (19.5) 4 (19.1) 19 (19.6)  > 0.999

  DIC 12 (10.2) 1 (4.8) 11 (11.3) 0.613

Clinical outcomes
Length of MVa (d) 20 (11–35) 34 (17–39) 20 (11–29) 0.047#

Length of IMVa (d) 18 (10–32) 32 (12–39) 17 (10–28) 0.042#

28-day VFDa (d) 0 (0–3) 0 (0–0) 0 (0–4) 0.087

Duration of ICU stay (d) 21 (14–41) 35 (22–52) 21 (13–36) 0.013#

  Duration of hospital stay (d) 35 (20–48) 39 (23–53) 33 (19–46) 0.125

  28-day all-cause mortality, n (%) 10 (8.5) 1 (4.8) 9 (9.3) 0.809

  In-hospital all-cause mortality, n (%) 17 (14.4) 4 (19.1) 13 (13.4) 0.745
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AST and BUN. This is further supported by evidence that 
CMV infection can impair both cardiac and renal func-
tions, leading to an increase in these biochemical indi-
cators [23, 24]. The physiological disruption caused by 
CMV extends beyond these parameters, potentially con-
tributing to a broader spectrum of clinical manifestations 
and complications in affected patients.

Our research, through a multivariate logistic regression 
analysis, identified hemoglobin levels as an independent 
risk factor for active CMV infection, offering a moderate 
predictive value. This correlation seems unprecedented, 
as existing literature lacks similar findings for sepsis 
patients undergoing MV. The decline in hemoglobin 
may signify the severity of illness, given that critically ill 

Fig. 2  Effect of Active CMV Infection on Duration of IMV and ICU Stay. A Effect of active CMV infection on length of 30-day mechanical ventilation 
(MV); B Effect of active CMV infection on length of 30-day invasive mechanical ventilation (IMV); C Effect of active CMV infection on duration 
of 28-day ventilator-free days (VFD); D Effect of active CMV infection on duration of 30-day ICU stay

Fig. 3  Predictive Value of Hemoglobin for Active CMV Infection
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patients are often in a state of myelosuppression, lead-
ing to a loss of hematopoietic and immune capabilities, 
which in turn are associated with CMV reactivation [25]. 
Additionally, CMV infection, particularly in sepsis or 
septic shock patients, is a significant cause of myelosup-
pression [26–28]. This situation can lead to a reduction 
in hemoglobin levels, increasing the risk of blood trans-
fusions, which have been shown to be closely related to 
CMV reactivation through direct transmission of the 
virus from donors and indirect factors such as alloge-
neic stimulation [29]. Our study also observed a higher 
transfusion rate in the group with active CMV infection, 
which to some extent corroborates the possibility that 
transfusions may facilitate CMV reactivation. However, 
it should be noted that due to the limited sample size in 
this study, there exists the potential for a type II error.

Most of the findings suggested that active CMV infec-
tion was related to the clinical prognoses of non-immu-
nosuppressed septic patients, which is consistent with 
our findings, including longer durations of MV, IMV, and 
ICU stay. The factors contributing to these unfavorable 
outcomes are diverse, encompassing both direct injury 
(such as CMV pneumonia) and indirect injury (such as 
immune disorder) [25]. Therefore, the treatment of active 
CMV infection is considered to be of significant impor-
tance. Certainly, the timing of when clinical physicians 
initiate antiviral therapy and the choice of medications 
used may impact the final outcomes. Clinical trials about 
prophylactic and pre-emptive antiviral treatment strate-
gies did not evidently prove the benefit in immunocom-
petent critically ill patients with active CMV infection 
[8, 30]. Nevertheless, patients in the sepsis category may 
derive significant advantages from prophylactic antiviral 
therapy, although the therapeutic benefits must be care-
fully weighed against their potential side effects of the 
antiviral medications [8, 31].

In addition, there are several issues that warrant atten-
tion. Firstly, the assessment of CMV should be expanded 
to multiple specimens (lower respiratory tract speci-
mens), and our study found that the detection rate of 
CMV in the lower respiratory tract is higher, and its 
viral load correlates with that in the blood. A study sug-
gest that CMV positivity in the airway is closely related 
to adverse outcomes [32]. Secondly, the role of plasma 
CMV IgG positivity in septic patients could be further 
evaluated in the future, as recent studies have shown that 
CMV IgG positivity is associated with both short-term 
and long-term adverse clinical outcomes [33, 34]. Lastly, 
sepsis itself is a significant cause of induced immunosup-
pression, and the pathogenicity of CMV may vary at dif-
ferent stages of sepsis [28, 35, 36]. In summary, this study 
elucidates the incidence, risk factors (predictive value), 
and clinical outcomes of active CMV infection among 

mechanically ventilated patients with sepsis. These 
results serve as an early warning for the identification of 
high-risk patients, thereby ameliorating adverse clinical 
outcomes and providing guidance for antiviral therapy.

This study has several limitations. First, as it was retro-
spective in nature, it encountered limitations in pinpoint-
ing the exact time points for accurate viral detection. 
Meanwhile, constraints imposed by a limited sample size 
and the presence of unaccounted confounders contrib-
uted to the research’s shortcomings. Second, the detec-
tion of CMV DNAemia indicated active infecton in most 
cases, so the serostatus of CMV should have been further 
evaluated. Third, there was an absence of robust statisti-
cal analyses to address the deficiency in CMV sampling 
among patients who subsequently passed away or were 
discharged from the facility. Fourth, as a retrospective 
study, it lacks assessment of CMV viral load prior to 
ICU admission, co-infections, and CMV-related organ 
failures during hospitalization. Therefore, prospective, 
multicenter, propensity score-matched studies are to be 
carried out. More importantly, subsequent studies should 
evaluate the efficacy and therapeutic timing of prophy-
lactic and preemptive anti-CMV therapies in immuno-
competent mechanically ventilated patients with sepsis.

Conclusions
Active CMV infection is frequently observed to be corre-
lated with several adverse clinical outcomes in mechani-
cally ventilated patients with sepsis. A low hemoglobin 
level may serve as a risk factor and valuable predictor 
for CMV reactivation. To improve the poor prognosis 
in those patients, further prospective studies are neces-
sary to establish the efficacy of initiating preventive and 
preemptive antiviral therapies.
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