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IntroductionIntroduction

� Cytomegalovirus (CMV) has long been recognized as 

an important viral pathogen in immunocompromised 

hosts.

� Direct effects

� viral replication and resultant tissue injury

� Indirect effects (in immunocompromised patients)

� secondary bacterial and fungal infections,

� predisposition to specific malignancies such as Epstein-Barr virus–
associated posttransplant lymphoproliferative disorder, 

� cardiovascular disease

� mortality



IntroductionIntroduction

� The role of CMV infection in 
immunocompetent patients with critical illness 
has been investigated, most demonstrated that 
CMV infection occurs commonly in critically illCMV infection occurs commonly in critically ill
patients and is associated with 1 or more adverse 
clinical outcomes.



METHODS

Study Design

� 6 ICUs at 2 separate hospitals at a large university-

affiliated academic medical center between 2004 and 

2006

� Daily screening of new medical-surgical admissions to Daily screening of new medical-surgical admissions to 

each ICU was performed by study personnel, and 

patients who met other inclusion criteria underwent 

CMVserologic screening within 24 hours. 

� (burn [BICU], cardiac care [CICU], medical [MICU], and 

trauma [TICU]) 



METHODS

Study Design

� Only patients who were newly admitted to the 
ICU from home or a baseline residential setting 
were included

� Excluded� Excluded
� Those who were CMV-seronegative.

� Enrolled and underwent prospective clinical 
assessments 
� Cytomegalovirus-seropositive patients who met all 

other inclusion criteria



METHODS

Study Design

� Plasma samples were collected 3 times weekly 

and stored at −20°C for subsequent CMV PCR 
analysis

� All clinical information was collected  � All clinical information was collected  
prospectively by study personnel who were 
blinded to the CMV PCR results

� Patients were followed up prospectively until 
death or hospital discharge.



METHODS

Inclusion and Exclusion Criteria

� The inclusion criteria included 
� ability to give informed consent (either patient or next of kin); 

� age at least 18 years 

� admission 
� BICU with at least 40% body surface burn or at least 20% body � BICU with at least 40% body surface burn or at least 20% body 

surface burn with inhalation injury

� TICU with an Injury Severity Score higher than 15 and more than 4 
U packed red blood cells within 24 hours 

� MICU with suspected or documented sepsis

� CICU with a diagnosis of acute myocardial infarction

� expected survival more than 72 hours

� CMV seropositivity.



METHODS

Inclusion and Exclusion Criteria

� The exclusion criteria were
� Inability to give informed consent; 

� Age younger than 18 years; 

� Expected survival less than 72 hours; 

Within the last 7 days, use of the antiviral agents � Within the last 7 days, use of the antiviral agents 
cidofovir, foscarnet, ganciclovir, or valacyclovir; (herpes 
simplex virus treatment doses of acyclovir, valacyclovir, or famciclovir were permitted) 

� Known or suspected human immunodeficiency virus 
infection 

� Known or suspected underlying immune deficiency (transplant, 
congenital immunodeficiency, or receipt of immunosuppressive medications [prednisone, 
azathioprine, tacrolimus, cyclosporin, sirolimus, or cyclophosphamide] within 30 days).



METHODS

Definitions

� Major infections included pneumonia or bacteremia.

� Pneumonia was diagnosed on the basis of radiographic 

pulmonary infiltrates and a quantitative bacterial culture of 

bronchoalveolar lavage demonstrating at least 10000 colony-

forming units per milliliterforming units per milliliter

� Bacteremia was defined as signs or symptoms of infection 

(fever, leukocytosis) and isolation of a bacterial pathogen 

from at least 1 blood culture.

� Exclusion: (single positive blood cultures) due to coagulase-negative 
staphylococci and other known common blood culture contaminants, 
including diphtheroids and Bacillus species



METHODS

Definitions

� The Acute Physiology and Chronic Health 
Evaluation (APACHE) II score and the Injury 
Severity Score were calculated within 24 hours 
of admission to the ICUof admission to the ICU



METHODS

CMV Assays

� Antibodies to CMV indicating prior CMV 
infection were assessed using a commercial 
enzyme immunoassay kit for detection of total 
antibodies to CMV (Abbott CMV Total AB EIA, antibodies to CMV (Abbott CMV Total AB EIA, 
Abbott Laboratories, Abbott Park, Illinois)

� Cytomegalovirus DNA was quantified in stored 
plasma samples using a previously described 
real-time PCR assay



METHODS

Statistical Analysis

� In a landmark analysis of patients still 
hospitalized by 30 days after admission was 
calculated for patients who had reactivated CMV 
prior to day 30 and those who had not.prior to day 30 and those who had not.



METHODS

Statistical Analysis

� This specific time point (30 days )for the 
landmark analysis was chosen because 

� all patients had equal follow-up  assessments of 

CMV reactivation, because virtually all patients who CMV reactivation, because virtually all patients who 

ever had CMV reactivation had done so by 30 days, 

� Consideration a biologically relevant time lag for 

CMV effects.



METHODS

Statistical Analysis

� Proportions of days transfused or ventilated 
were calculated by summing the number of days 
the patient was transfused or ventilated by the  
total number of days followed up, to a total number of days followed up, to a 
maximum of 30 days for the composite end-
point analysis.



METHODS

Statistical Analysis

� Potential risk factors for CMV reactivation 
included 
� age

� race race 

� sex

� unit

� baseline APACHE II score

� baseline transfusion receipt

� baseline ventilator use



METHODS

Statistical Analysis

� Potential risk factors for the composite end 
point included 

� major infection

� CMV viral load measurements � CMV viral load measurements 

� the proportion of hospitalized days spent transfused 

or ventilated



METHODS

Statistical Analysis

� We modeled CMV viral load in 2 ways: 

� the average area under the curve (AUC) to reflect all 

follow-up  

� the 7-day moving average to reflect a shorter � the 7-day moving average to reflect a shorter 

window of follow-up. 

� we used these methods to smooth the viral load 
peaks and nadirs. 



METHODS

Statistical Analysis

� The average AUC of CMV was calculated for 
each day of follow-up by summing each 
patient’s CMV PCR measurements and dividing 
by the number of days followed up thus far. by the number of days followed up thus far. 

� The 7-day moving average was calculated for 
each day of follow-up by summing the CMV 
PCR measurements over the previous 7 days 
and calculating the average value 



METHODS

Statistical Analysis

� All reported P values are 2-sided and P<.05 was 
considered significant.



RESULTS

Study Population

� A total of 221 patients were initially screened for 

inclusion in the study

� 101 were excluded on the basis of 

� negative CMV serologic result (n=78), negative CMV serologic result (n=78), 

� death or discharge within 72 hours of admission (n=8), 

� inability to provide informed consent (n=9), 

� other miscellaneous reasons (n=6), 

� leaving 120 patients who comprised the study 

population. 



RESULTS

Study Population



RESULTS

Incidence and Quantitation

of CMV Reactivation (Viremia)



RESULTS

Incidence and Quantitation

of CMV Reactivation (Viremia)

� Among patients in whom viremia ever 
developed, 37 of 39 (95%) did so within the first 
30 days after admission to the ICU and half 
within the first 12 days (range, 3-57 days to first within the first 12 days (range, 3-57 days to first 
detectable viremia)

� The cumulative incidence estimate of CMV  
viremia at greater than 1000 copies/mL was 
20%



RESULTS

Incidence and Quantitation

of CMV Reactivation (Viremia)



RESULTS

Incidence and Quantitation

of CMV Reactivation (Viremia)



RESULTS

Risk Factors for CMV Reactivation



RESULTS

Risk Factors for Death or Continued

Hospitalization by 30 Days
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Risk Factors for Death or Continued

Hospitalization by 30 Days



RESULTS

Risk Factors for Increased

Hospital LOS



RESULTS

Risk Factors for Increased

Hospital LOS



COMMENT

� We demonstrated that 

� Reactivation of CMV occurs frequently 

� Independently and quantitatively associated with a 

clinically relevant end point of continued clinically relevant end point of continued 

hospitalization or death  by 30 days after admission 

to the ICU.



COMMENT

� Use of the partial proportional odds models
allowed us to control for the observed 
relationship between LOS and onset of CMV 
reactivation, thereby allowing the relationship of reactivation, thereby allowing the relationship of 
CMV reactivation and subsequent LOS to be 
assessed throughout the hospital stay.



COMMENT

� Given the concern that longer LOS would lead 
to a greater opportunity to detect CMV 
reactivation (and, thus, potentially lead to a spurious association 

between CMV reactivation and LOS), we performed a between CMV reactivation and LOS), we performed a 
landmark analysis among those who were 
hospitalized for at least 30 days (a time point at which 95% 

of those who ultimately ever had reactivation of CMV had done so,  and also 
a subset who all had a uniform duration of monitoring for CMV).



COMMENT

� The association between CMV reactivation and 
prolonged hospitalization or death remained 
robust throughout all of the analyses.

� Our data are consistent with the possibility that � Our data are consistent with the possibility that 
CMV reactivation is causally related to 
prolongation of hospital stay in this clinical 
setting, and this contention is also supported by 
animal studies



� We emphasize that an observational study 
design cannot establish causality and that the 
data presented herein are also consistent with 
the possibility that CMV reactivation is simply a the possibility that CMV reactivation is simply a 
marker (rather than a determinant) for prolonged hospital 
stay. 



� We did not find an association between severity 
of illness and risk of CMV reactivation (as 
assessed by the APACHE II score), thereby 
diminishing the likelihood that CMV diminishing the likelihood that CMV 
reactivation was simply a surrogate marker of 
illness severity.



� We believe that a randomized, placebo 
controlled trial of antiviral prophylaxis is both 
warranted and feasible and should be a priority 
among studies to improve the outcomes of among studies to improve the outcomes of 
patients with critical illness.



� The mechanism(s) association between CMV 
and adverse clinical outcomes are not defined in 
the present study. 

� One is direct CMV pathogenicity, but appears to be � One is direct CMV pathogenicity, but appears to be 

uncommon. 

� Another possibility is that 1 or more CMV indirect 

effects are cytomegalovirus-mediated 

immunosuppression

� secondary infections and CMV-mediated lung injury



� There were several strengths of the present study, 

including 

� the prospective, blinded design, 

� inclusion of a broad range of critically ill patients, 

� use of quantitative CMV assessments, and 

� use of comprehensive statistical analyses with an adequate 

number and frequency of clinically relevant end points. 

� This is the largest study conducted to date, and the 

results are statistically robust



� The study also had potential limitations. 

� Monitoring for CMV reactivation was not 

performed in discharged patients. It is possible, though we think it 

is unlikely, that some discharged patients may have first reactivated CMV after hospital 

discharge, which would make it more difficult to conclude that CMV had a biologically discharge, which would make it more difficult to conclude that CMV had a biologically 

significant effect. 

� There is also a potential concern that the association 

between CMV reactivation and prolonged hospital 

stay could be related to a greater opportunity to 

detect CMV reactivation in those with longer 

hospital stays 



� In summary, we have demonstrated an 
independent and quantitative association 
between CMV viral load and prolonged LOS in 
a broad range of immunocompetent patients 
with critical illness. with critical illness. 

� These findings, combined with data from prior 
investigations, provide a strong rationale for a 
randomized controlled trial of antiviral 
prophylaxis in this clinical setting.  



�� Thank youThank you


