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Cytomegalovirus (CMV) reactivation has been described in adults with critical illness caused by diverse etiologies, especially severe 
sepsis, and observational studies have linked CMV reactivation with worse clinical outcomes in this setting. In this study, we review 
observational clinical data linking development of CMV reactivation with worse outcomes in patients in the intensive care unit, dis-
cuss potential biologically plausible mechanisms for a causal association, and summarize results of initial interventional trials that 
examined the e!ects of CMV prevention. "ese data, taken together, highlight the need for a randomized, placebo-controlled e#-
cacy trial (1) to de$nitively determine whether prevention of CMV reactivation improves clinical outcomes of patients with critical 
illness and (2) to de$ne the underlying mechanism(s).
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Sepsis is a major cause of critical illness worldwide, and asso-
ciated acute lung injury (ALI)/acute respiratory distress syn-
drome (ARDS) is associated with high morbidity and mortality, 
despite current intensive care, and this syndrome was estimated 
to cost $23 billion in 2013 in the United States [1]. Despite sub-
stantial investigation, few proven interventions other than lung 
protective ventilation [2] and fluid restriction strategies [3] have 
been developed, leaving a substantial unmet clinical need for 
novel effective strategies.

Multiple studies have demonstrated frequent herpesvirus, 
and especially cytomegalovirus (CMV), reactivation in critical 
illness caused by bacterial sepsis and an association of CMV 
reactivation with worse clinical outcomes (mortality, longer 
lengths of intensive care unit [ICU] and hospital stay, longer 
duration of mechanical ventilation, increased secondary in-
fections) [4–8]. Although multiple viruses have been shown to 
secondarily reactivate in patients with critical illness caused by 
bacterial sepsis, the largest body of evidence is for CMV [8–10]. 
Intense and dysregulated in%ammation and a compensatory 
anti-in%ammatory response, both described as important im-
mune perturbations in sepsis, have been speculated to facilitate 
secondary CMV reactivation in this setting [11–13], but spe-
ci$c mediators and pathogenesis remain unde$ned [14–16]. 
Whether development of CMV reactivation in this setting rep-
resents a marker or cause for subsequent worse outcomes is 
currently unknown, and this can only ultimately be de$nitively 

addressed by carefully conducted studies of CMV-speci$c pre-
vention/suppression and/or therapy. "ere are several lines of 
evidence compatible with the hypothesis that secondary CMV 
reactivation might cause worse outcomes in this setting, in-
cluding the following: consistent $ndings across observational 
studies of an association of CMV reactivation with worse out-
comes despite controlling for confounders; identi$cation of 
biologically plausible mechanisms (extrapolated from classi-
cally immunosuppressed populations and data from an animal 
model of sepsis-associated CMV reactivation with lung injury); 
and preliminary, hypothesis-generating analyses from a small 
clinical trial showing improvements in lung injury-associated 
clinical outcomes in those randomized to prophylactic antiviral 
drug [17].

For the purposes of this review, we consider sepsis to be an 
in%ammatory response to (most commonly) bacterial infec-
tion, characterized by profound immune dysregulation and 
life-threatening organ dysfunction [18]. We de$ne CMV re-
activation as detection of CMV replication in blood (or other 
sites) among CMV-seropositive patients subsequent to a diag-
nosis of sepsis. Although detected CMV replication could rep-
resent CMV transmitted through blood product transfusion, 
reactivation of endogenous latent infection is more likely for 
several reasons. First, in studies of hematopoietic cell transplant 
(HCT) recipients who received signi$cant numbers of blood 
products, transmission (ie, detectable CMV replication in 
blood) occurred in <5% despite profound immunosuppression 
[19]. Second, among observational studies of CMV replication 
in critical illness that included only CMV-seropositive adults, 
the incidence of CMV replication was signi$cantly higher than 
studies that included both CMV-seronegative and -seropositive 
adults [5]. In addition, the relatively early timing of detectable 
CMV replication in critically ill patients is also more compatible 
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with reactivation of endogenous latent infection rather than pri-
mary infection through transfusion [4, 20]. "e sepsis response 
has been described to consist of an initial hyperin%ammatory 
phase followed by a protracted immunosuppressive phase, both 
of which might potentially facilitate transcriptional activation of 
latent CMV (ie, reactivation) [11–13]. In this review, we focus 
on patients who may be functionally immune suppressed as a 
result of sepsis, but are not receiving exogenous immune sup-
pression, and thus are not typically considered classically im-
munocompromised patients (eg, recipients of organ or HCTs).

OBSERVATIONAL STUDIES OF CYTOMEGALOVIRUS 
REACTIVATION IN CRITICAL ILLNESS

Multiple observational studies over the past 30 years have re-
ported development of CMV reactivation and its association 
with worse clinical outcomes in adults whose initial critical ill-
ness was caused by diverse etiologies including sepsis, trauma, 
burns, major surgery, or acute myocardial infarction [4–7, 21]. 
These studies have been heterogenous (diverse patient popula-
tions, different techniques and definitions of CMV reactivation, 
various definitions, and analytic approaches) and have had 1 
or more major limitations. However, consistent key findings 
across studies have included frequent detection of CMV reac-
tivation during the course of a broad range of causes of critical 
illness, but most frequently in sepsis (pooled incidence ~30%), 
and an association of CMV reactivation with a range of adverse 
clinical outcomes [4–7, 21].

Speci$c baseline risk factors for subsequent CMV reactiv-
ation have not been consistently identi$ed [4, 7, 22, 23], al-
though several studies have found an increased risk associated 
with greater baseline severity of illness [5, 8]. However, not all 
studies have found this association [4, 6], and studies that ad-
justed for baseline severity of illness still reported an associa-
tion of CMV reactivation with increased risk for worse clinical 

outcomes [22, 24, 25]. "ese data are consistent with the hy-
pothesis that greater severity of illness may increase the risk 
for CMV reactivation, but that resultant CMV reactivation in-
dependently contributes additional risk for worse clinical out-
comes. "e lack of consistent baseline clinical predictive factors 
for CMV reactivation makes it more di#cult to identify speci$c 
“enriched” patient populations for future interventional studies 
of CMV prevention. Development of novel approaches to iden-
tify patients at highest risk for subsequent CMV reactivation 
through CMV-speci$c immunity assessment [26] or other lab-
oratory immune parameters is an important priority in the $eld 
that would allow for inclusion of more targeted populations in 
future interventional trials.

Across a number of cohort studies, CMV reactivation has 
consistently been associated with worse clinical outcomes that 
include longer duration of mechanical ventilation, higher in-
cidence of nosocomial infections (ventilator-associated pneu-
monia, bacteremia, fungal infections), longer ICU and hospital 
length of stay (LOS), and higher overall mortality (Figure 1) 
[5, 6, 27]. However, many of these studies had important lim-
itations such as small numbers of patients, study populations 
restricted to speci$c insults leading to critical illness, lack of 
quantitative methods for CMV detection, nonblinded assess-
ment of endpoints, or failure to perform comprehensive sta-
tistical analyses that addressed the lack of CMV sampling in 
patients who died or were discharged [4].

To address, at least in part, some of these limitations of prior 
studies, we conducted a prospective, observational study with 
blinded assessments of endpoints and novel statistical ap-
proaches [4] to assess the association of CMV reactivation with 
adverse clinical outcomes in CMV-seropositive adults with a 
broad range of critical illness (burns, trauma, sepsis, and car-
diac comorbidities). "e overall incidence of CMV reactivation 
at any level was 33% (39 of 120), and at >1000 copies/mL the 
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Figure 1. Pooled effect estimates of the association between cytomegalovirus (CMV) reactivation and intensive care unit mortality across multiple studies [6]. The odds 
ratio of overall mortality among patients with CMV reactivation relative to those with no reactivation was 2.02; above, improved survival was associated with no reactivation 
of CMV. CI, confidence interval. Reproduced from Lachance et al. Association between cytomegalovirus reactivation and clinical outcomes in immunocompetent critically ill 
patients: a systemic review and meta-analysis. Open Forum Infect Dis 2017;4:ofx029, by permission of Oxford University Press. 
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incidence was 20% (24 of 120) (1.4 copies/IU); frequency and 
timing of CMV reactivation varied by cause of critical illness 
(Figure 2). We used novel statistical approaches that incorpo-
rated both short-term and longer-term CMV exposure (7-day 
moving average CMV and cumulative average CMV area under 
the curve [AUC], respectively) in a proportional odds model 
adjusted for comorbidity; both measures were signi$cantly as-
sociated with higher odds of being hospitalized across a range 
of hospital LOS. More important, the cumulative average AUC 
was shown to be quantitatively associated with LOS a&er adjust-
ment for baseline factors (Figure 3). Finally, to address, at least 
in part, the issue of di!erent durations of follow-up among pa-
tients who were discharged, an analysis evaluating subsequent 
hospital LOS was conducted among the subset who were in the 
hospital and monitored for 30 days. "is landmark analysis, 
which restricts the analysis to only those subjects who survived, 
were similarly monitored, and were clinically followed until the 
designated “landmark time,” still demonstrated an independent 
association of CMV reactivation with longer subsequent hos-
pital LOS.

POTENTIAL BIOLOGICALLY PLAUSIBLE 
MECHANISMS FOR CYTOMEGALOVIRUS-
ASSOCIATED WORSE CLINICAL OUTCOMES

The timing of CMV reactivation (ie, a lag period after the 
initial insult such as bacterial sepsis) and data from obser-
vational studies demonstrating an association of CMV reac-
tivation with worse clinical outcomes are compatible with a 
hypothesis that critical illness (eg, bacterial sepsis) facilitates 
secondary CMV reactivation, and that CMV reactivation may 

then independently worsen the clinical course of critical illness 
through multiple mechanisms. There are at least 3 hypothesized 
general mechanisms to explain a potential causal relationship 
between subsequent CMV reactivation and worse clinical out-
comes: direct or indirect lung injury, amplification of systemic 
and/or lung inflammation, and secondary immunosuppression 
that increases risk for secondary nosocomial infections among 
those who survive the initial insult. These mechanisms are not 
mutually exclusive, and there could be other mechanisms that 
contribute to overall worse clinical outcomes seen in those with 
secondary CMV reactivation. Consistent with this hypothesis 
were results of a recent randomized placebo-controlled trial 
done among HCT recipients. In this study, use of an antiviral 
drug that significantly reduced CMV reactivation improved 
overall survival, even though rates of CMV disease were low 
and similar between groups [28]. These data are consistent 
with a hypothesis that CMV might contribute to worse clinical 
outcomes through multiple mechanisms and not necessarily 
through a direct impact on CMV disease-associated morbidity 
and/or mortality.

Several lines of evidence from observational data in transplant 
recipients, experimental human and animal models, and histo-
logic $ndings support a CMV-mediated lung injury hypothesis. 
First, several cohort studies have reported an association be-
tween CMV reactivation and worse lung-related clinical out-
comes such as longer durations of mechanical ventilation [4–6, 
27]. "e lungs are thought to be a major site of CMV latency and 
reactivation and target organ for disease [29, 30], as exempli$ed 
by the high rates of CMV pneumonia a&er lung transplantation 
from a seropositive donor into a seronegative recipient, and rec-
ognition of CMV pneumonia as a major manifestation of CMV 
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disease a&er HCT [31–33]. Local lung CMV reactivation could 
amplify and perpetuate lung injury through direct viral toxicity 
[7, 34–36] or by altering the balance of matrix metalloproteinase 
and metalloproteinase inhibitor expression, which have been 
linked to lung injury repair mechanisms in patients with ALI/
ARDS [37–40]. Cytomegalovirus could additionally cause lung 
injury by stimulating a lung-speci$c in%ammatory response, 
as has been described in rodents [41, 42]. In a mouse model 

of sepsis, cecal ligation and puncture (CLP) leads to e#cient 
lung reactivation of latent murine CMV (MCMV) and lung in-
jury [27, 43]. In this model, in response to CLP-induced sepsis, 
MCMV+ mice had abnormally elevated levels of lung tumor 
necrosis factor (TNF)α, interleukin (IL)-1β, neutrophil chemo-
kine KC, and macrophage-in%ammatory protein-2 messenger 
ribonucleic acid and increased pulmonary injury markers 
compared with MCMV− mice. More important, ganciclovir 
treatment shortly a&er CLP-induced sepsis prevented MCMV 
reactivation, reduced abnormal TNFα expression within the 
lung, and reduced quantitative measures of lung injury (Figure 
4). Although there are important di!erences between MCMV 
and human CMV models, studies in rodents may provide in-
sights into sepsis-induced CMV reactivation and associated 
lung injury in humans.

Cytomegalovirus has also been linked to dysregulated sys-
temic cytokine responses, including IL-6, IL-8, TNFα, and 
IL-10, as well as responses by CD8+ and gamma-delta T cells and 
macrophages [44–54]. Many of these cytokines are (1) elevated 
in patients with critical illness, (2) associated with an increased 
risk for mortality, and (3) impacted by interventions that have 
been shown to improve outcomes [55]. In the few trials of CMV 
prevention in ICU patients conducted to date, levels of IL-6, 
IL-8, and TNFα were not reduced by antiviral prophylaxis, de-
spite e!ective CMV suppression, diminishing the likelihood of 
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Figure 5. Schematic of proposed mechanisms for how cytomegalovirus (CMV) reactivation in patients with sepsis could be causally associated with worse clinical out-
comes. ICU, intensive care unit.
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this as a potential mechanism through which CMV mediates ad-
verse outcomes [17, 56, 57]. However, measurement of systemic 
(blood) cytokines might not necessarily re%ect local in%amma-
tion at relevant sites such as lung, as found in animal models.

Finally, several immune-modulating mechanisms have been 
described for CMV, including expression of a virally encoded 
immune suppressive cytokine IL-10, modulation of human leu-
kocyte antigen expression, and altered subsets of memory T 
cells, that could result in a net state of immune suppression and 
contribute to an increased risk of secondary infections among 
survivors of the initial injury [58–60]. "is hypothesis is sup-
ported by studies in solid organ and HCT recipients that re-
ported an increased risk for bacterial, fungal, or opportunistic 
infections in patients with CMV infection or disease. In addi-
tion, randomized trials of CMV prevention strategies have been 
associated with a decreased incidence of fungal or other viral 
infections [61–65]. In addition, recent data have linked CMV 
reactivation with an increased risk of nosocomial infections in 
ICU patients, including ventilator-acquired pneumonia, bacte-
remia, and fungal infections [6].

"us, multiple biologically plausible mechanisms could 
explain a causal link between CMV reactivation and worse 

outcomes in the ICU setting (Figure 5). Among these, lung 
injury due to direct and/or indirect mechanisms seems most 
likely, based on available data extrapolated from other clinical 
settings and animal studies. "ese mechanisms provide support 
for a causal role for CMV-associated adverse clinical outcomes 
in ICU patients mediated through lung injury, and when com-
bined with epidemiologic studies linking CMV reactivation 
with worse outcomes, they provide rationale and justi$cation 
for interventional trials of CMV prevention in human patients.

LESSONS FROM INITIAL INTERVENTIONAL STUDIES

Two relatively small interventional clinical trials that assessed 
the feasibility and safety of antiviral therapy to prevent CMV 
reactivation in seropositive adults with critical illness have been 
reported to date, and a third is currently in progress. Study de-
sign, inclusion criteria, and major findings of the 2 completed 
studies are summarized in Table 1.

"e $rst [56] was open-label, enrolled a broad range of pa-
tients, included a valacyclovir arm, and used ganciclovir doses 
lower than typically used for CMV prophylaxis in other popu-
lations. "is single-center study focused on feasibility and e#-
cacy of CMV suppression and explored other clinical outcomes 

Table 1. Comparison of Two Recently Completed Interventional Trials of CMV Prevention in ICU Patients

Study characteristics Cowley et al [56] Limaye et al [17]

Study design Open-label randomized controlled trial Double-blind, randomized, placebo-controlled trial
Major inclusion criteria • CMV-seropositive adults  

• Mechanically ventilated  
•  Non-immunosuppressed, nonneutropenic  

(ANC >1000) 

• CMV-seropositive adults  
• Mechanically ventilated  
• Non-immunosuppressed, nonneutropenic (ANC >1000)

Patient population • n = 124  
•  Wide array of diagnoses: 25% with trauma,  

20% with an infectious diagnosis,  12% with 
a thromboembolic or vascular  cause of critical 
illness

• n = 156  
• Trauma (12%), severe sepsis (88%)

Intervention Randomized 1:1:1 to valacyclovir, valganciclovir 
(450 mg daily), or no treatment

Randomized 1:1 to IV ganciclovir (5 mg/kg daily) or placebo

Follow-up period 28 days or until discharge from ICU 28 days or until discharge from hospital for majority of endpoints 
Primary analysis Hazard of CMV reactivation in the blood Change in IL-6 at day 14
Rate of CMV reactivation in 

control/placebo arm
27% 39%

Primary outcome Significantly lower hazard of CMV reactivation 
in the blood in combined antiviral treatment 
groups vs control (HR = .1; 95% CI .04 to .5)

No difference in change of plasma IL-6 levels between day 0 and 14

Other outcomes •  Higher mortality in valacyclovir group  
(premature discontinuation of that arm)  

•  No differences in biomarkers between arms 
(IL-6, TNFα) at days 14 and 28  

•  No differences in renal impairment or platelet 
transfusions. No neutropenia or G-CSF use.

•  CMV reactivation (at any level or >1000) was significantly lower in the 
treatment group  

• Key lung-specific outcomes among ganciclovir group (sepsis subset):  
•  Higher ventilator-free days (difference in median days 3, 95% CI 0 to 

4, P = .03) 
•  Trend for fewer mechanical ventilation days (difference in median days 

−1, 95% CI -4 to 0, P = .06) 
•  Higher PaO2:FiO2 ratio during the first 7 days of ventilation  

•  No differences in mortality, ICU or hospital length of stay, or secondary 
bacteremia/fungemia  

•  No differences in transfusion requirements, neutropenia, or prespecified 
medication-related adverse events

Abbreviations: ANC, absolute neutrophil count; CI, confidence interval; CMV, cytomegalovirus; G-CSF, granulocyte colony-stimulating factor; HR, hazard ratio; ICU, intensive care unit; IL, 
interleukin; IV, intravenous; TNF, tumor necrosis factor. 
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without formal statistical comparisons. It is interesting to 
note that there was higher mortality in the patients receiving 
valacyclovir, and this arm was stopped prematurely.

"e second trial [17] was double-blind, placebo-controlled, 
and multicenter, and it focused on populations previously 
shown to have relatively high rates of CMV reactivation (sepsis, 
trauma). "is study similarly demonstrated feasibility (ability 
to recruit and identify CMV-seropositive patients within a 
short time frame to allow for early intervention) and that the 
chosen ganciclovir regimen e!ectively suppressed CMV rep-
lication (Figure 6). "e primary outcome of this trial (change 
in IL-6 level between day 1 and 7) was not di!erent between 
groups. However, in prespeci$ed exploratory analyses among 
the sepsis subset (88% of the enrolled cohorts), there were sev-
eral improved outcomes in the ganciclovir arm, including the 
following: higher number of ventilator-free days (P = .03), 
shorter duration of mechanical ventilation (P = .06), and 
higher PaO2:FiO2 ratio among ventilated patients. In addition, 
a post hoc exploratory analysis among patients with sepsis who 
survived through day 28 showed a signi$cantly shorter dura-
tion of mechanical ventilation in the ganciclovir arm (4 vs 6.5 
median days, P = .006). "ese $ndings are compatible with 
CMV-mediated lung injury as potential mechanism(s) to ex-
plain worse outcomes in those with CMV reactivation, but this 
should be interpreted cautiously and as hypothesis-generating 

and needs to be con$rmed in further studies. "e di!erences 
between groups for these outcomes provide important back-
ground data for design of future larger trials.

A third trial evaluating the e#cacy of ganciclovir or acy-
clovir as preemptive therapy for nonexogenously immunosup-
pressed patients who reactivate CMV or herpes simplex virus 
(ClinicalTrials.gov NCT02152358) is currently ongoing.

"ese initial small trials have demonstrated feasibility of 
CMV prevention studies in the ICU setting, including sero-
logic screening and antiviral treatment initiation in mechani-
cally ventilated CMV-seropositive adults, and informed patient 
selection in this setting. Ganciclovir/valganciclovir, dosed as 
per the chosen regimens, appeared to be safe and e!ective in 
suppressing CMV replication in blood and other sites (lung). 
"e results of both trials highlighted the limitations of using 
biomarker endpoints, but they identify alternative, clinically 
relevant endpoints for use in future e#cacy trials of CMV pre-
vention in the ICU setting.

THE ROLE OF CYTOMEGALOVIRUS IN CRITICAL 
ILLNESS

A large body of evidence from observational studies has demon-
strated frequent CMV reactivation and an independent link be-
tween CMV reactivation and worse clinical outcomes in critically 
ill CMV-seropositive adults. Data from in vitro studies, mouse 
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models, and classically immunosuppressed populations have iden-
tified potential biologically plausible mechanisms to explain a 
causal link between CMV and worse outcomes. Initial small in-
terventional trials have demonstrated feasibility, adequate CMV 
suppression, and preliminary safety of selected antiviral regimens, 
and they have identified lung injury-related clinical endpoints for 
future efficacy studies. Given the major unmet clinical need, these 
data provide strong rationale for a randomized, placebo-controlled, 
efficacy trial powered to definitively determine whether preven-
tion of CMV reactivation in critically ill adults can improve lung-
associated or other clinically relevant outcomes in ICU patients.
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