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Abstract
Background: Acute respiratory distress syndrome (ARDS) patients have been reported to have a high
seroprevalence of cytomegalovirus (CMV). However, the role of active CMV infection in ARDS patients
has not been clearly established.

Objective: This study aimed at determining the incidence, risk factors, and clinical outcomes of active
cytomegalovirus (CMV) infection in acute respiratory distress syndrome (ARDS) patients.

Methods: We retrospectively reviewed medical records for ARDS patients who had been admitted to the
intensive care unit (ICU) from January 1st, 2018 to December 31st, 2020 at a national teaching hospital
in China. Study participants were divided into active CMV infection and non-active infection groups based
on CMV DNAemia within a 28-day hospitalization period in ICU. Clinical features, laboratory �ndings,
treatment measures, and clinical outcomes were compared between the two groups.

Results: Among 168 ARDS patients, 31 (18.5%) exhibited active CMV infection within the 28-day
hospitalization period in ICU. In multivariate logistic regression analysis, monocyte counts, hemoglobin
levels, blood transfusion, and septic shock were signi�cantly independently associated with active CMV
infection (p < 0.05). Oxygenation (PaO2/FiO2) of active CMV infection patients was worse than for non-
active CMV infection (p < 0.05). Duration of invasive mechanical ventilation, 28-day ventilator-free days,
length of ICU stay, and 28-day all-cause mortality rates in active CMV infection patients were signi�cantly
higher than in those without active CMV infection (p < 0.05).

Conclusions: Active CMV infection is common among critically ill ARDS patients. Monocytes,
hemoglobin, blood transfusion, and septic shock are risk factors for active CMV infection, which has a
negative effect on oxygenation. Moreover, active CMV infection is associated with several adverse
prognoses. Prospective studies should be performed to evaluate the impact of prophylactic antiviral
therapy for prognoses among ARDS patients.

Background
As a latent viral infection, cytomegalovirus (CMV) is prevalent in the general population [1]. Under certain
circumstances, CMV may reactivate, and its hazardous nature has been proven, especially in
immunosuppressed patients, such as those under organ transplantation or with HIV infection [2]. Over the
past 20 years, active CMV infection has also been shown to occur in immunocompetent patients with
critical illness [3]. Among these patients, incidences of active CMV infection are more than 30%, and are
correlated with prolonged duration of mechanical ventilation, increased length of hospital stay, and high
case fatality [4].

Acute respiratory distress syndrome (ARDS) is a common disease in the intensive care unit (ICU). The
major cause of ARDS is severe pneumonia, in which viral pneumonia plays an important role [5].
Furthermore, atypical pathogens (herpes simplex virus and CMV) may also be responsible for infection in
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ARDS patients [6]. However, studies have not elucidated on the role of active CMV infection in ARDS
patients. Moreover, there is a need to establish their clinical incidences, risk factors, and prognoses.
Therefore, this study aimed at investigating the incidences, risk factors, and clinical outcomes of active
CMV infection in ARDS patients.

Methods
2.1 Study participants

We retrospectively reviewed medical records for ARDS patients who had been admitted to the ICU
between January 1st, 2018 and December 31st, 2020 at the First A�liated Hospital of Guangzhou
Medical University, China. Detection of active CMV infection was done using real-time PCR with blood
plasma as the sample. Study participants were divided into active CMV infection (CMV DNAemia ≥ 500
copies/mL) and non-active infection groups (CMV DNAemia < 500 copies/mL) within 28-day
hospitalization period in the ICU. The Ethics Committee of the First A�liated Hospital of Guangzhou
Medical University approved the study protocol (No. GY-2021-K04). The need for an informed consent
was waived due to the retrospective nature of the study.

2.2 Data collection

Clinical data for 168 cases were extracted from the electronic records by two independent researchers
who subsequently cross-checked the data for accuracy, including clinical features, laboratory �ndings,
treatments, complications, and clinical outcomes. Disagreements between the two researchers were
further adjudicated by a third independent reviewer who was an expert in critical care medicine. Data were
entered into an electronic database for statistical analysis.

2.3 Study de�nitions

The inclusion criteria were: i. Patients that met the diagnostic criteria for ARDS (Berlin de�nition 2012) [7]
and ii. Patients aged > 18 years. The exclusion criteria were: i. Pregnant or lactating patients; ii. Survival
time < 72 h; iii. Lack of CMV detection; and iv. Patients administered with antiviral therapy before ICU
entry.

According to the World Health Organization Standard, active CMV infection was de�ned as viral load
greater than or equal to 500 copies/mL in plasma [8]. Screening for CMV viral load in plasma was part of
routine clinical practice in the hospital.

2.4 Study outcomes

Assessed outcomes included incidences, risk factors, and prognoses of the study participants. Moreover,
we assessed the impact of CMV infection on oxygenation (PaO2/FiO2).

2.5 Statistical analysis
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Continuous variables were expressed as Mean ± SD or Median (interquartile ranges, IQRs) and compared
using the Wilcoxon rank-sum test. Categorical variables were expressed as counts and percentages, and
compared using the Fisher’s exact test. Risk factors for active CMV infection were screened in the
univariate logistic regression model, variables with p≤ 0.05 were considered potential risk factors and
were further imported into the multivariate logistic regression analysis. Active CMV infection risk model
was established by calculating the regression coe�cient (β), odds ratios (OR), and 95% con�dence
interval (CI). The receiver operating characteristic (ROC) curve was used to evaluate the predictive value
of active CMV infection. The area under ROC curve (AUC), 95% CI, p-value, cut-off, sensitivity, and
speci�city were calculated. The signi�cance threshold was set at a two-sided p≤ 0.05. Atatistical
analyses or charting were performed using SPSS version 25.0 (SPSS Inc., USA) and GraphPad Prism 8.0
(Graphpad Software Inc., USA).

Results
3.1 Active CMV infection

During the study period, a total of 4,261 patients were admitted to the ICU. Among them, 4,022 patients
were initially excluded for reasons that included: i. Not meeting the ARDS diagnostic criteria (n=3,987); ii.
Survived for less than 72 h (n=23); iii. Pregnant or lactating women (n=7), and iv. Younger than 18 years
(n=5). Preliminarily, 239 ARDS patients were screened, however, 71 were excluded for; i. Lacking CMV
detection (n=69) and ii. Receiving antiviral therapy before entering the ICU (n=2). Finally, a total of 168
ARDS patients were enrolled (Figure 1)

Among the 168 enrolled ARDS patients, there were 31 (18.5%) cases of active CMV infections within the
28-day ICU hospitalization period (Figure 1). A total of 25 (80.7%) of the 31 cases with active CMV
infection exhibited positive results at ICU admission, moreover, 4 cases at day 14 and 2 cases at day 21.

3.2 Clinical features

We recruited 168 patients with complete data, among whom 111 were male (66.1%). The mean age for all
study participants was 58 ± 15 years. Based on the median scores for APACHE  (20) and SOFA (9), the
disease was very severe. Patients with mild, moderate, and severe ARDS were 32 (19.0%), 66 (39.3%), and
70 (41.7%), respectively. The main cause of ARDS was pneumonia (91.7%). Patients' heart and
respiratory rates were higher. The main comorbidities were hypertension (n=47, 28.0%), cardiovascular
diseases (n=47, 28.0%), and connective tissue diseases (n=31, 18.5%). Except for connective tissue
disease [35.5% vs. 14.6% (n), p=0.011], differences in these clinical characteristics between the two
groups were not signi�cant (Table 1).

Moreover, the active CMV infection group exhibited low monocyte counts (median: 0.2 vs. 0.5 (109/L),
p=0.006), hemoglobin levels (median: 82 vs. 97 (g/L), p=0.009), platelet counts (median: 102 vs. 145
(109/L), p=0.012), and T-helper lymphocytes/T-suppressor lymphocytes (Th/Ts) counts (median: 0.98 vs.
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1.32, p=0.030). There were no signi�cant differences for other laboratory �ndings between the two
groups (Table 2).

3.3 Risk factors

In the multivariate regression model, monocytes [OR: 0.182, 95% CI: 0.054-0.617, p=0.006], hemoglobin
[OR: 0.974, 95% CI: 0.953-0.996, p=0.020], blood transfusion [OR: 3.790, 95% CI: 1.407-10.210, p=0.008],
and septic shock [OR: 4.889, 95% CI: 1.018-23.478, p=0.047] were independently associated with active
CMV infection in ARDS patients. Based on the regression coe�cient (β), monocytes [β: -1.702] and
hemoglobin [β: -0.026] were inhibitory factors for active CMV infection. However, blood transfusion [β:
1.332] and septic shock [β: 1.587] were found to facilitate active CMV infection (Table 3).

3.4 Treatments, complications, and clinical outcomes

Most of the patients (96.8%) with active CMV infection were administered with antiviral therapy [96.8%
vs. 0% (n), p<0.01] after ICU admission. Moreover, compared to the group without active CMV infection,
immunosuppressive drugs [29.0% vs. 9.5% (n), p=0.007] and blood transfusion [38.7% vs. 13.1% (n),
p=0.003] were found to have been highly administered in the group with active CMV infection before ICU
admission. Other therapeutic measures were not signi�cantly different between the two groups (Table 4).

Severe pneumonia with a prevalence of 91.7% was found to be a major complication in ARDS patients.
Compared to the non-active CMV infection group, the number of ARDS patients diagnosed with septic
shock [90.3% vs. 71.5% (n), p=0.037] in the active CMV infection group was higher. Although statistical
signi�cance was not reached, the rate of AECOPD was low in cases without (11.7%) than in cases with
(22.6%) active CMV infection (Table 4).

Length of invasive mechanical ventilation (IMV) [median: 42 vs. 29 (d), p=0.045], 28-day ventilator-free
days (VFD) [median: 0 vs. 0 (d), p=0.039], ICU length of stay [median: 32 vs. 22 (d), p=0.047], and the 28-
day all-cause mortality rate [51.6% vs. 26.3% (n), p=0.009] in the active CMV infection group were
signi�cantly higher than in the non-active CMV infection group (Table 4).

3.5 Oxygenation in�uence

Continuous observation of arterial oxygenation over 7 days of active infection with CMV revealed that the
CMV group exhibited worse outcomes in oxygenation within 5-day hospitalization in ICU than the non-
active CMV infection group. On day 5, oxygenation was signi�cantly worse in the active CMV group than
in the non-active CMV infection group [median: 179 vs. 193 (P/F), p=0.046] (Figure 2).

Discussion
We evaluated the incidence, risk factors, and clinical outcomes of active CMV infection in ARDS patients.
Among ARDS patients, the incidence rate of active CMV infection was 18.5%. Clinical features, including
connective tissue disease, monocytes, hemoglobin, platelet, Th/Ts, immunosuppressive drugs and blood



Page 7/20

transfusion, and septic shock were associated with active CMV infection. Monocytes, hemoglobin, blood
transfusion, and septic shock were found to be independent risk factors for active CMV infection.
Moreover, active CMV infection had a negative effect on oxygenation and was associated with adverse
prognoses.

Active CMV infection is not a rare phenomenon among patients admitted to the ICU. It has been reported
that the incidence of active CMV infection in critically ill patients is 31% [4]. However, the population
included in most of the current studies did not differentiate between speci�c disease types, especially
ARDS. Two prospective studies revealed that the incidence of active CMV infection in ARDS patients was
18.6%-22.0% [9, 10], which was comparable to our �ndings. We found that most of the patients had
active CMV infections at the time of ICU admission, implying that active CMV infection was likely to have
been present before ICU admission. Therefore, detection of active CMV infection should not be restricted
to ICU post-admission but should be extended to ICU pre-admission.

Active CMV infection has previously been associated with several conditions, including
immunosuppressive drugs, blood transfusion, and septic shock [3, 10-12], consistent with our results.
Immune dysfunction is closely correlated with the occurrence of active CMV infection [2, 13].
Immunosuppressive drugs result in suppressed immune cell (especially T lymphocytes) levels, which
inhibits viral clearance, making latent CMV infection more susceptible to active infection, as seen mostly
in transplant patients [3, 13-15]. Active CMV infection through transfusion is a challenge in the treatment
of critically ill patients. It has been reported that donations from new CMV-IgG-positive donors bear the
highest risk for transmitting CMV infections because they contain elevated CMV-DNA levels, which is a
risk factor for active CMV infection [16]. Leucocyte depletion of cellular blood products and selection of
CMV-IgG-negative donations might reduce the occurrence of active CMV infection [16, 17]. Sepsis induces
active CMV infection through sepsis-related cytokine storm, which triggers transcriptional CMV
replication, a mechanism that has been con�rmed in animal models [18, 19]. Furthermore, several studies
have shown that active CMV infection impairs hematopoiesis and immune function [20, 21], suppressing
multiple blood cell levels, consistent with our results. The reason for this association is correlated with
direct pathological damage caused by CMV infection and the indirect damage caused by in�ammatory
factors.

Active CMV infection has been strongly associated with sepsis, mechanical ventilation, as well as
hypertension induced by glucocorticoids and catecholamines. Besides, there was no correlation for
disease scores, such as the APACHE and SOFA scores. There is no evidence that CMV reactivation is age-
related, and whether it is gender-related or not has not been established [3]. Moreover, risk factors for
active CMV infection in ARDS patients have not been clearly elucidated. We found that monocytes,
hemoglobin, blood transfusion, and septic shock were independent risk factors for active CMV infection
in ARDS patients. The mechanisms through which hemoglobin, blood transfusion, and septic shock
cause active CMV infection have been described above. Monocytes are essential for effective control and
clearance of viral infections, especially their direct involvement in non-speci�c immunity and indirect
regulation of speci�c immunity [22]. Monocytes play a pivotal role in viral dissemination to organ tissues
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during primary infections and the following reactivation from latency [23]. Main targets of CMV are
monocytes, where they induce their differentiation into macrophages [23, 24]. Once CMV infected
monocytes differentiate into macrophages, expression of immediate early viral genes are detectable,
followed by viral replication and long term infectious viral particle release [23]. Furthermore, CMV have
been shown to alter the expression of monocyte transcripts and are involved in in�ammatory responses,
which enhances CMV replication [23-25]. Therefore, suppressed monocyte levels directly affect CMV
clearance and indirectly re�ect elevated CMV replication levels.

Active CMV infection is associated with adverse prognoses for critically ill patients, consistent with our
�ndings, including prolonged duration of mechanical ventilation, increased length of hospitalization, and
mortality [2-4, 9-12, 18]. These adverse prognoses are associated with various factors, including direct
injury (such as CMV pneumonia) and indirect injury (such as immune disorders) [18, 26]. We found that
active CMV infection is associated with poor oxygenation in ARDS patients, as previously reported [12].
This mechanism may be involved in the initiation of pulmonary �brosis by CMV and has been validated
in in vivo experiments [27]. CMV may be a potential factor in the development of pulmonary �brosis in
ARDS patients.

This study has several limitations. First, as a retrospective study, the time points at which accurate viral
detections were made were impossible to be determined. Second, since CMV positive cases were present
at ICU admission, only active infection incidences and not reactivation incidences could be assessed.
Third, due to the lack of CMV detection in the airways, we could not establish the clinical signi�cance of
CMV on oxygenation among ARDS patients. Therefore, prospective, multicenter studies are needed in
future. Further analysis of the effect of CMV in the airways of ARDS patients is needed, and evaluation of
CMV reactivation needs to be extended to the entire hospitalization period and not limited to the ICU stay
period.

Conclusion
Active CMV infection is a common phenomenon in ARDS patients. Monocytes, hemoglobin, blood
transfusion, and septic shock are risk factors for active CMV infection, which has a negative effect on
oxygenation. Moreover, active CMV infection is associated with several adverse clinical outcomes.
Prospective studies should aim at evaluating the impact of prophylactic antiviral therapy on the
prognosis of ARDS patients.
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  Overall Active CMV infection  

  N=168

 

Yes

(n=31, 18.5%)

No

(n=137, 81.5%)

P

Age (yr) 58 ± 15 62 ± 12 57 ± 15 0.104

Sex, n (%)       0.062

Male 111 (66.1) 25 (80.7) 86 (62.8) -

Female 57 (33.9) 6 (19.3) 51 (37.2) -

Weight (kg) 60.0 (52.5-67.0) 60.0 (51.0-67.5) 60.0 (53.3-67.0) 0.870

BMI (kg/m2) 22.4 (19.9-24.2) 22.5 (19.0-23.3) 22.1 (20.0-24.8) 0.541

Score of disease severity        

APACHE 20 (15-25) 20 (16-28) 20 (15-25) 0.469

SOFA 9 (7-12) 9 (8-12) 9 (7-12) 0.532

qSOFA 2 (1-3) 2 (1-2) 2 (1-3) 0.511

ARDS severity, n (%)        

Mild 32 (19.0) 5 (16.1) 27 (19.7) 0.802

 Moderate 66 (39.3) 14 (45.2) 52 (38.0) 0.542

Severe 70 (41.7) 12 (38.7) 58 (42.3) 0.841

Main causes of ARDS, n (%)       0.471

Pneumonia 154 (91.7) 30 (96.8) 124 (90.5) -

Other 14 (8.3) 1 (3.2) 13 (9.5) -

Vital signs        

Average blood pressure (mmHg) 77 (63-91) 78 (64-89) 76 (63-92) 0.841

Heart rate (bp) 105 (89-123) 100 (86-123) 105 (91-122) 0.827

Respiratory rate (t/m) 25 (21-31) 24 (21-30) 25 (20-31) 0.835

Temperature (℃) 37.1 (36.5-38) 37.0 (36.2-38.0) 37.2 (36.5-38.0) 0.333

Comorbidities, n (%)        

Hypertension 47 (28.0) 13 (41.9) 34 (24.8) 0.080

Cardiovascular diseases 47 (28.0) 9 (29.0) 38 (27.7) > 0.99

Connective tissue disease* 31 (18.5) 11 (35.5) 20 (14.6) 0.011
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Bronchial asthma 30 (17.9) 9 (29.0) 21 (15.3) 0.116

Malignancy 28 (16.7) 7 (22.6) 21 (15.3) 0.422

Diabetes 28 (16.7) 7 (22.6) 21 (15.3) 0.422

COPD 23 (13.7) 7 (22.6) 16 (11.7) 0.145

Cerebral thrombosis 20 (11.9) 3 (9.7) 17 (12.4) > 0.99

Bronchiectasis 14 (8.3) 3 (9.7) 11 (8.0) 0.724

a, P < 0.05; Continuous variables were expressed as Mean ± SD or Median (IQRs); *, mainly included
Systemic Lupus Erythematosus, Rheumatoid Arthritis, Dermatomyositis, Still’ s Disease and Sjogren's
Syndrome. Bold font indicates the difference was statistically signi�cant. BMI: Body Mass Index;
APACHE : Acute Physiology and Chronic Health Evaluation; SOFA: Sequential Organ Failure Assessment;
qSOFA: Quick Sequential Organ Failure Assessment; COPD: Chronic Obstructive Pulmonary Disease.

Table 2. Laboratory �ndings of the study subjects at the time of ICU admission.
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  Overall Active CMV Infection  

  N=168

 

Yes

(n=31, 18.5%)

No

(n=137, 81.5%)

P

Laboratory Findings        

White blood cells
(109/L)

10.7 (7.0-15.2) 9.8 (6.9-14.1) 10.8 (7.0-15.7) 0.594

Neutrophils (109/L) 9.9 (5.9-14.8) 9.2 (5.9-13.2) 10.0 (5.9-15.3) 0.734

Lymphocytes (109/L) 0.4 (0.2-0.8) 0.3 (0.1-0.7) 0.4 (0.2-0.8) 0.110

Monocytes (109/L) 0.4 (0.1-0.9) 0.2 (0.1-0.5) 0.5 (0.2-0.9) 0.006

Hemoglobin (g/L) 95 (80-113) 82 (72-102) 97 (84-114) 0.009

Platelet (109/L) 136 (75-209) 102 (51-141) 145 (90-222) 0.012

Procalcitonin (ng/mL) 1.48 (0.28-10.85) 1.11 (0.28) 1.62 (0.31-10.85) 0.487

Blood lactate (mmol/L) 2.1 (1.5-2.9) 2.4 (1.5-2.9) 2.0 (1.5-3.1) 0.704

PT (s) 16.1 (15.0-18.4) 16.6 (15.2-18.8) 15.9 (14.9-18.3) 0.282

APTT (s) 43.3 (38.2-55.4) 43.9 (37.3-64.2) 43.1 (38.3-54.3) 0.828

Cardiac troponins
(ng/ml)

0.08 (0.03-0.58) 0.08 (0.03-0.17) 0.08 (0.04-1.02) 0.265

NT-proBNP (pg/mL) 1738 (560-4787) 2593 (571-5785) 1718 (568-4335) 0.386

AST (U/L) 51.5 (33.6-102.6) 42.7 (32.0-62.0) 55.2 (34.2-105.1) 0.078

ALT (U/L) 28.6 (17.7-60.4) 24.1 (17.8-43.0) 30.9 (17.8-62.2) 0.086

Albumin (g/L) 31.0 (27.8-33.9) 30.5 (27.8-32.6) 30.8 (27.9-33.9) 0.456

T-BIL (μmol/L) 15.2 (10.0-27.7) 18.0 (10.5-26.5) 15.0 (10.2-28.0) 0.694

D-BIL (μmol/L) 5.0 (3.0-13.2) 6.7 (3.6-10.7) 5.0 (3.0-14.8) 0.867

Scr (μmol/L) 101 (72-172) 128 (77-193) 102 (75-166) 0.305

BUN (mmol/L) 10.4 (6.1-17.5) 12.1 (6.7-20.6) 10.4 (6.2-16.7) 0.204

T lymphocytes (%) 65.9 (53.9-74.5) 64.9 (50.8-80.8) 66.5 (57.2-73.5) 0.516

Th lymphocytes (%) 34.6 (25.1-45.7) 27.2 (24.3-35.6) 34.9 (26.8-46.4) 0.053

Ts lymphocytes (%) 24.5 (17.0-33.9) 30.5 (22.0-37.6) 23.8 (17.1-33.4) 0.066

Th/Ts 1.41 (0.89-2.33) 0.98 (0.84-1.42) 1.32 (0.87-2.50) 0.030
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IL-2 (pg/mL) 0.96 (0.58-1.31) 0.68 (0.48-1.20) 0.88 (0.58-1.30) 0.484

IL-4 (pg/mL) 1.37 (0.80-2.04) 0.87 (0.66-1.78) 1.48 (0.86-2.12) 0.211

IL-6 (pg/mL) 53.23 (14.14-
163.67)

64.49 (18.20-
178.96)

51.24 (12.84-
142.75)

0.273

IL-10 (pg/mL) 6.88 (3.82-17.86) 6.80 (4.85-22.75) 6.98 (3.69-11.60) 0.560

TNF-α (pg/mL) 1.04 (0.74-1.65) 0.90 (0.64-1.16) 1.06 (0.73-1.58) 0.114

INF-γ (pg/mL) 1.20 (0.68-2.41) 1.14 (0.65-3.09) 1.16 (0.70-2.11) 0.891

a, P < 0.05; Continuous variables were expressed as Mean ± SD or Median (IQRs); Bold font indicates the
difference was statistically signi�cant. PT: Prothrombin Time; APTT: Activated Partial Thromboplastin
Time; NT-proBNP: N-terminus Precursor of B-Type Natriuretic Peptide; AST: Aspartate Aminotransferase;
ALT: Alanine Transaminase; T-BIL: Total Bilirubin; D-BIL: Direct Bilirubin; Scr: Serum Creatinine; BUN:
Serum Urea Nitrogen; Th: T-helper Lymphocytes; Ts: T-suppressor Lymphocytes; IL: Interleukin; TNF:
Tumor Necrosis Factor; INF: Interferon.

Table 3. Risk factors for active CMV infection in ARDS patients.

Variables β OR (95% CI) P

Univariate logistic regression      

Connective tissue disease 1.169 3.217 (1.341-7.721) 0.009

Monocytes -1.383 0.251 (0.083-0.755) 0.014

Hemoglobin -0.024 0.976 (0.958-0.995) 0.015

Platelet -0.005 0.995 (0.990-0.999) 0.027

Immunosuppressive drugsb 1.362 3.902 (1.489-10.225) 0.006

Blood transfusionb 1.429 4.175 (1.738-10.030) 0.001

Septic shock 1.312 3.714 (1.067-12.927) 0.039

Multivariate logistic regression      

Monocytes -1.702 0.182 (0.054-0.617) 0.006

Hemoglobin -0.026 0.974 (0.953-0.996) 0.020

Blood transfusionb 1.332 3.790 (1.407-10.210) 0.008

Septic shock 1.587 4.889 (1.018-23.478) 0.047

b, Before ICU Admission. β: Regression Coe�cient; OR: Odds Ratio; CI: Con�dence Interval.
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Table 4. Treatments, complications, and clinical outcomes.
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  Overall Active CMV Infection  

  N=168

 

Yes

(n=31, 18.5%)

No

(n=137, 81.5%)

P

Treatment, n (%)        

Before ICU admission        

Glucocorticoids 74 (44.1) 15 (48.4) 59 (43.1) 0.689

Immunosuppressive drugs^ 22 (13.1) 9 (29.0) 13 (9.5) 0.007

Gamma globulin infusions 25 (14.9) 6 (19.4) 19 (13.9) 0.414

Blood transfusion 30 (17.9) 12 (38.7) 18 (13.1) 0.003

After ICU admission        

Glucocorticoids 46 (27.4) 10 (32.3) 36 (26.3) 0.509

Immunosuppressive drugs^ 8 (4.8) 2 (6.5) 6 (4.4) 0.641

Gamma globulin infusions 32 (19.1) 8 (25.8) 24 (17.5) 0.314

Blood transfusion 74 (44.1) 18 (58.1) 56 (40.9) 0.109

Antiviral therapy# 30 (17.9) 30 (96.8) 0 (0) < 0.01

CRRT 60 (35.7) 13 (41.9) 47 (34.3) 0.537

ECMO 26 (15.5) 6 (19.4) 20 (14.6) 0.582

Complications, n (%)        

Septic shock 126 (75.0) 28 (90.3) 98 (71.5) 0.037

AKI 83 (49.4) 17 (54.8) 66 (48.2) 0.554

DIC 42 (25.0) 9 (29.0) 33 (24.1) 0.646

AHF 32 (19.1) 7 (22.6) 25 (18.3) 0.614

AECOPD 23 (13.7) 7 (22.6) 16 (11.7) 0.145

Clinical Outcomes        

Length of IMV (d) 31 (12-68) 42 (29-123) 29 (10-59) 0.045

28-day VFD (d) 0 (0-15) 0 (0-0) 0 (0-18) 0.039

ICU length of stay (d) 24 (13-50) 32 (16-82) 22 (12-49) 0.047

Length of hospital stay (d) 35 (20-59) 37 (22-90) 35 (19-58) 0.222

28-day all-cause mortality, n (%) 52 (31.0) 16 (51.6) 36 (26.3) 0.009
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a, P < 0.05; Continuous variables were expressed as Mean ± SD or Median (IQRs); #, mainly included
Ganciclovir, Valganciclovir, or Sodium Phosphate; ^, mainly included Cyclophosphamide, Methotrexate,
and Mycophenolate Mofetil. Bold font indicates the difference was statistically signi�cant. CRRT:
Continuous Renal Replacement Therapy; ECMO: Extracorporeal Membrane Oxygenation; AHF: Acute
Heart Failure; AKI: Acute Kidney Failure; DIC: Disseminated Intravascular Coagulation; IMV: Invasive
Mechanical Ventilation; VFD: Ventilator-free Days.

Figures

Figure 1

Flowchart for patient enrollment.



Page 20/20

Figure 2

Oxygenation levels for the study participants *p< 0.05
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