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Abstract
Background. Reactivation of human cytomegalovirus (CMV) occurs in non-immunocompromised
patients with or without speci�c organ involvement, but it is still unknown whether it has a clinical
implication on long-term prognosis or not.

Methods. A retrospective cohort study evaluating non-immunocompromised adult patients with CMV
reactivation was conducted during the period between January 2010 and February 2018. Patients were
divided into ganciclovir-treated and non-treated groups. Patients who died within 30 days from CMV
reactivation were excluded as they died from complex causes of conditions. Survivors were followed for
30-months to evaluate long-term prognosis.

Results. A total of 136 patients with CMV reactivation was included, consisting of 66 ganciclovir-treated
(48.5%) and 70 non-treated (51.5%) patients. Overall, patients were old-aged (median 70 years old) and
most were treated with pneumonia of any cause (91.2%). More patients in ganciclovir-treated group were
treated at intensive care unit (43.9% vs 24.3%, respectively) and had higher viral load over 5,000
copies/ml (48.5% vs 22.9%) than non-treated group (all P < 0.05). Primary and secondary endpoints
including 30-months survival (28.0 vs 38.9%, respectively) and 12-months survival (40.3% vs 49.2%) were
not statistically different between the ganciclovir-treated and non-treated groups. In the multivariate
analyses, ganciclovir treatment was not associated with 30-months survival (HR 1.307 95% CI 0.759-
2.251) and 12-months survival (HR 1.533 95% CI 0.895-2.624).

Conclusion. In a retrospective cohort study evaluating non-immunocompromised patients with CMV
reactivation, ganciclovir treatment was not associated with long-term prognosis. Antiviral treatment in
this condition would not be necessary unless organ involvement is suspected.

Introduction
Human cytomegalovirus (CMV) is an important viral pathogen in immunocompromised patients,
especially those with human immunode�ciency virus (HIV) infection, receiving solid organ
transplantation (SOT), or receiving hematopoietic stem cell transplantation (HCST) [1]. Non-
immunocompromised patients, broadly de�ning those without HIV infection or exogenous immune-
suppression, had not been considered at-risk populations for CMV diseases. However, growing evidence
suggests that CMV reactivation also occurs in non-immunocompromised patients with severe illness and
would be associated with higher mortality and prolonged hospitalization [2–10]. CMV reactivation in
these hosts could be an indicator of severe illness rather than a determinant. However, it has been
suggested that CMV infection may cause chronic in�ammation and potentially associated with adverse
outcomes such as cardiovascular events [11]. It is still unclear whether CMV reactivation would cause
chronic in�ammation and has adverse effects on long term prognosis. Because the clinical signi�cance
of CMV reactivation is unknown, treatment with patients with CMV reactivation has not been determined.
Therefore, the impact of antiviral treatment for CMV reactivation on long term clinical outcome in non-
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immunocompromised patients is also unknown [5, 7, 12]. Ganciclovir, an antiviral agent, is the available
treatment for CMV infection only in immunocompromised patients. However, we administered ganciclovir
to several critically ill, non-immunocompromised patients with CMV reactivation. Therefore, we compared
whether the long-term prognosis differ by antiviral treatment in non-immunocompromised patients with
CMV reactivation.

Methods

Patients
This is a retrospective cohort study of patients with CMV reactivation at Konkuk University Hospital, a
850-bed, community-based tertiary medical center in Seoul, Republic of Korea between January 2010 and
February 2018. Patients were tested for CMV real time polymerase chain reaction (RT-PCR) based on the
clinical judgement of the attending physician. CMV reactivation was de�ned as CMV DNAemia (> 270
copies/ml) in blood by RT-PCR. Patients with hematologic or oncological disorders, with HIV infection, or
with previous history of pathologically con�rmed CMV disease, or those who had received solid organ
transplantation or those who discontinued ganciclovir within 3 days or received other antiviral agents
were excluded. Patients who died within 30 days were excluded from the analysis (Fig. 1).

Clinical data collection
Data were collected from hospital database including the administrative, pharmaceutical, and laboratory
information at Konkuk university Hospital. Clinical records were reviewed, including treatment with
ganciclovir, age, sex, the presence of underlying disease, intensive care unit (ICU) stay, length of hospital
stay after CMV reactivation, mechanical ventilation, pneumonia, and maximum titer of CMV PCR. The
severity of underlying disease at the time of CMV reactivation was estimated using Charlson’s weighted
index of comorbidity (CWIs). The severity of illness at the time of CMV reactivation was assessed using
quick sequential organ failure assessment (qSOFA) score. The primary endpoint was the 30-months
survival. The secondary endpoints were 90 days survival rand 1 year survival.

CMV PCR assays
The Real-Q CMV DNA quanti�cation kit (Real-Q assay; BioSewoom, Seoul, Korea) was used for detection
of CMV DNA in blood. The kit is designed to detect CMV genome in puri�ed DNA samples via the gene
coding for the glycoprotein B (gB) and allows for fast and reliable assessment of CM-viral loads from
various samples, including whole blood, plasma, serum, or urine, using real-time PCR [13]. Results are
indicated in copies per milliliter of plasma (copies/ml).

Statistical analysis
The baseline characteristics were compared between the groups of patients treated and not treated
antiviral agent using Mann-Whitney U test for continuous variables and Fisher’s exact tests for
categorical variables. We used Cox proportional hazard regression analysis to evaluate the association
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between antiviral treatment and long termprognosis. In the multivariate-adjusted model, we included ICU
stays (yes/no), qSOFA score, CWIs, age, CMV PCR titer more than 5,000 copies/ml (yes/no), and variables
with statistical signi�cance in the univariate analysis were included in the multivariate analysis. For all
analyses, a two-tailed p value < 0.05 was considered statistically signi�cant. IBM SPSS Statistics version
25.0 for Windows (IBM, Armonk, NY, USA) was used for all statistical analyses. The present study was
approved by Institutional review board (IRB) of Konkuk university of medical center. Informed consent
was waived by the IRB of Konkuk university of medical center since the electronic medical record was
reviewed retrospectively with de-personalized identi�cation number

Results

Patients characteristics
A total of 737 patients were positive of CMV PCR in blood, of which 136 adult patients with CMV
reactivation were �nally included in the study cohort (Fig. 1). Demographic characteristics of the patients
between ganciclovir treated group and non-ganciclovir treated group are shown in Table 1. 66 patients
were treated with ganciclovir (48.5%). There were no signi�cant differences between the ganciclovir
treated group and non-ganciclovir treated group with regard to age, sex, mechanical ventilation, qSOFA
and CWIs. The proportion of patients who stayed in ICU (43.9% vs. 24.3%, P = 0.015) and who had > 30
days of hospitalization (63.6% vs 44.3%, P = 0.024) were higher in the ganciclovir treated group compared
to the non-treated group (Table 1). The number of patient with CMV PCR titer over 5,000 copies/ml is
higher in ganciclovir-treated group than non-treated group (48.5% vs 22.9%, P = 0.002).
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Table 1
Baseline characteristics of patients between ganciclovir treated group and non-ganciclovir treated group
Variables Ganciclovir treated

(n = 66)

Ganciclovir

non-treated

(n = 70)

P value

Sex, male 47 (71.2) 40 (57.1) 0.088

Age (years) 71.5 (62.25-80) 69 (59.75-76) 0.419

Pneumonia 60 (90.9) 64 (91.4) 0.915

Severity variables      

ICU 29 (43.9) 17 (24.3) 0.015

Mechanical ventilation 16 (24.2) 10 (14.3) 0.140

Quick SOFA 1 (0–2) 1 (1–1) 0.650

CWI 1 (1–2) 1 (0-1.25) 0.177

Hospital days > 30 days

after CMV positive

42 (63.6) 31 (44.3) 0.024

CMV PCR titer > 5,000 32(48.5) 16 (22.9) < 0.002

CMV positive duration 12 (9–19) 8.5 (7-15.5) 0.137

Progress to CMV pneumonitis 10 (15.2) 0 (0) 0.001

Endpoint      

30 months survival-rate 14/50 (28) 21/54 (38.9) 0.240

1 years survival-rate 25/62 (40.3) 30/61 (49.2) 0.323

90 days survival rate 47/63 (74.6) 60/69 (87) 0.070

Cardiovascular event 4 (6.1) 2 (2.9) 0.363

Data are expressed as number (%) of patients or median (IQR)

Abbreviations : ICU, intesive care unit; SOFA, sequential organ failure assessment ; CWI, Charlson’s
weighted index of comorbidity; CMV, Cytomegalovirus ; PCR, polymerase chain reaction

Long term prognosis in patients with CMV reactivation
In the univariable analysis, no variables were positively associated with 30-months survival. In the
multivariable analysis, qSOFA score (HR 1.472; 95% CI 1.001–2.163, P = 0.049) were signi�cantly
associated with 30-months survival. Ganciclovir treatment was not associated with 30-months survival
(HR 1.307; 95% CI 0.759–2.251, P = 0334) (Table 2). The 1-year survival also showed statistically similar
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results. In the multivariable analysis, qSOFA score was signi�cantly associated with 1-year survival (HR
1.595; 95% CI 1.049–2.426, P = 0.029). Ganciclovir treatment was not associated with 1-year (Table S1)
and 90 days survival (Table S2).

Table 2
Association between baseline characteristics of patients and 30-months survival

  Univariate   Multivariate  

  HR (95% CI) P value HR (95% CI) P value

Sex 1.231 (0.739–2.050) 0.425    

Age 0.985 (0.970–1.001) 0.062 0.987 (0.971–1.004) 0.132

Ganciclovir treated 1.175 (0.727–1.898) 0.511 1.307 (0.759–2.251) 0.334

Pneumonia 1.353 (0.543–3.369) 0.516    

ICU 0.943 (0.566–1.570) 0.821 0.656 (0.354–1.213) 0.179

Mechanical ventilation 1.367 (0.779-2.400) 0.276    

Quick SOFA 1.326 (0.935–1.880) 0.113 1.472 (1.001–2.163) 0.049

CWI 0.884 (0.689–1.135) 0.335 0.904 (0.699–1.168) 0.796

Hospital days > 30 0.893 (0.553–1.442) 0.644    

CMV PCR titer > 50,000 1.094 (0.648–1.848) 0.736 0.926 (0.519–1.654) 0.796

Progress to

CMV disease

0.377 (0.092–1.541) 0.175    

Cardiovascular event 1.276 (0.312–5.221) 0.734    

Abbreviations : ICU, intesive care unit; SOFA, sequential organ failure assessment ; CWI, Charlson’s
weighted index of comorbidity; CMV, Cytomegalovirus ; PCR, polymerase chain reaction

Discussion
There was no statistically signi�cant association between ganciclovir treatment and long term prognosis
in the multivariate analysis. As far as we know, this is the �rst study to compare long-term
prognosisbetween ganciclovir treated group and non-ganciclovir treated group in non-
immunocompromised patients with CMV reactivation. There are several studies on the association
between CMV reactivation and poor prognosis such as mortality, longer hospitalization and mechanical
ventilation among critically ill immunocompetent patients [4–6, 10, 14–16]. Although the direct adverse
effects of CMV infection on various organs have been suggested [10, 17], clinical signi�cance of CMV
reactivation based solely on blood CMV titers is still unknown. In addition, whether CMV reactivation is
associated with increased risk of death or whether it is simply another marker of critically ill status



Page 7/11

including impairment of cell-mediated immunity is still controversial [5, 7, 12]. Because the meaning of
CMV reactivation is unknown, treatment with patients with CMV reactivation has not been determined.
Therefore, there are is no clinical guideline on when to administer antiviral agent for CMV reactivation in
non-immunocompromised patients. This study could be one of the evidence suggesting that treatment of
CMV reactivation in non-immunocompromised patients may not be necessary.

Patients who died within 30 days after CMV reactivation were excluded from the study because patients
with severe state are more likely to receive ganciclovir and could show higher mortality rate. Despite
excluding patients who died within 30 days after CMV reactivation, patients who stayed in ICU or
hospitalized more than 30 days de�nitely received more ganciclovir treatment. Ten out of 66 patients who
treated with ganciclovir probably progressed to CMV pneumonitis which showed broncho-alveloar lavage
(BAL) or sputum CMV PCR over 10,000 copies/ml. On the other hand, no patient out of 70 patients who
were not received ganciclovir progressed to CMV pneumonitis. CMV PCR titer was signi�cantly higher in
the ganciclovir treated group. Even if there is insu�cient evidence of ganciclovir treatment in non-
immunocompromised patients, it would be the result re�ecting the efforts of the physicians to try
anything to critically ill patients. However, there was no statistically signi�cant association between
ganciclovir treatment and 30-months survival in the multivariate analysis. The result of this study that
qSOFA scores correlate with CMV reactivation is the same result as studies con�rming CMV reactivation
found in critically ill patients [6, 7, 16].CMV as a potential risk factor for the development of
cardiovascular disease has been the suggested by means of several epidemiologic, clinical, and
laboratory studies [11, 18]. Therefore, we also assessed the development of cardiovascular events
according to ganciclovir treatment in study patients. Four patients out of 136 patients developed
cardiovascular event, but there were no statistically differences between ganciclovir treated group and
non-ganciclovir treated group. (6.1% vs 2.9%, P = 0.363)

In the present study, we includes patients with chronic obstructive pulmonary disease, interstitial lung
disease, or connective tissue diseases. As a result, long-term or high-dose steroid users were also
included. Strictly speaking, it could be di�cult to say them non-immunocompromised. It was thought that
patients with these underlying diseases were equally distributed in the ganciclovir treated group and non-
ganciclovir treated group, so it would not have a signi�cant effect on the study results.

Our study has several limitations. First, it was a retrospective study, it is subject to confounding by
indication. Treatment of ganciclovir were not randomized and was likely to be provided to patients with
higher severity and higher risk of mortality. Systematic monitoring of CMV PCR titer was not performed
and nearly half of patients had lost follow up within 30 months after discharge. Second, there is a
potential selection bias because the test for CMV PCR was performed in a selective group of patients.
Third, this study was based on patients at a single center and the results may not be generalizable to
other population. Fourth, the side effects of drug in ganciclovir treated group could not be assessed.
Finally, we do not know the serologic status of included patients. The prevalence of CMV-speci�c
antibody varies in the worldwide, and seroprevalence in the Korean population has been reported to be
relatively high. Although there are no nation-wide surveillance data in Korea, some studies targeted
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special group such as pregnancy and solid organ transplantation have reported 96–98% CMV IgG
seroprevalence. Because we could assume that most patients in this study were CMV seropositive, we did
not collect data on CMV-speci�c antibody results [19, 20].

In conclusion, our study showed that ganciclovir treatment of CMV reactivation in non-
immunocompromised patients did not improve long termprognosis. Further randomized controlled trials
are needed to evaluate the clinical impact of antiviral agents effect on CMV reactivation in non-
immunocompromised patients.

Abbreviations
CMV
Cytomegalovirus ; HIV:human immunode�ciency virus ; SOT:solid organ transplantation ;
HSCT:hematopoietic stem cell transplantation ; RT-PCR:Reverse-transcriptase polymerase chain reaction ;
ICU:intensive care unit ; CWIs:Charlson’s weighted index of comorbidity ; qSOFA:quick sequential organ
failure assessment
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Figure 1

Flowchart of study population among patients with CMV reactivationv
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