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Earlier and higher rates of 
cytomegalovirus infection in pediatric 
liver transplant recipients as compared 
to adults: An observational study
Yogita Verma, Ekta Gupta, Niteen Kumar1, Nadeem Hasnain, Ajeet Singh Bhadoria2, 
Viniyendra Pamecha1, Rajeev Khanna3

Abstract:
AIM: To study and compare the incidence and time of occurrence of cytomegalovirus (CMV) infection 
in the posttransplant period in adult and pediatric liver transplant recipients.
MATERIALS AND METHODS: Consecutive live donor liver transplant recipients not on CMV 
prophylaxis, were prospectively enrolled from March 2012 to September 2015 and followed up for 1 
year post transplant to look for CMV infection. For analysis, patients were divided into pediatric (up 
to 18 years) and adult (>18 years) age groups.
RESULTS: The study population of 146 patients consisted of 132 adult and 14 pediatric patients. 
Overall CMV infection posttransplant was seen in 54/146 (36.98%) patients, and 16/54 (29.6%) 
patients developed CMV disease. Post-transplant CMV infection rate was significantly higher in 
pediatric patients(10/14 [71.4%])  as compared to adults (44/132 [33.4%]) (P = 0.004). Among adults, 
CMV infection was seen in 22 (50%) patients in the 1st month, 13 (29.5%) patients in the 2nd month, 
5 (11.4%) patients in the 3rd month, 2 (4.5%) patients in the 4th month, and 1 (2.3%) patient each 
in the 5th and 6th month. However, in pediatric patients, all the patients having CMV infection had it 
in the 1st-month posttransplant (P = 0.003). The median time of occurrence of CMV infection was 
11.5 (7.75–19.00) days in pediatric patients versus 30 (18.5–54.5) days in adult patients (P = 0.001).
CONCLUSIONS: The results of this study show a clear difference in the incidence and timeline of 
posttransplant CMV infection in pediatric patients as compared to adults.
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Introduction

Cytomegalovirus (CMV) is a herpes 
virus causing infection in 40%–100% 

populat ion worldwide. [1,2] Pr imary 
infection with CMV results in latency. CMV 
infection and disease remain a major health 
concern after liver transplantation.[3‑6] 
The effects of CMV infection after solid 
organ transplantation may be serious 
ranging from tissue‑invasive disease to 
graft rejection and mortality in some 
cases.[3]

The incidence of CMV infection in the 
posttransplant period is dependent 
upon factors such as lack of preexisting 
CMV‑specific humoral/cell‑mediated 
immunity, coinfections (HHV‑6/HHV‑7), 
immune deficiencies, immunosuppressive 
therapy, and prophylactic therapy among 
others.[6,7] CMV serostatus of the donor and 
recipient is the most important predictor of 
CMV infection and disease posttransplant.[6] 
Most of the CMV infection and disease in 
the posttransplant period is a result of CMV 
reactivation due to the immunosuppression 
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in case of CMV‑seropositive transplant recipients. In 
patients not receiving any prophylactic therapy, most 
of the clinical effects of CMV occur in the first 3 months 
posttransplant, and it is estimated that 18%–29% of 
liver transplant recipients might develop CMV disease 
within 12 months posttransplant.[3,8] However, in patients 
receiving prophylactic therapy, CMV disease occurs 
3–6 months after completing the prophylactic therapy 
and is known as “late‑onset CMV disease.”[3,9]

In the present era where modern surgical techniques and 
improved immunosuppressive regimens have increased 
the survival rates to >90% in children, more pediatric 
patients are undergoing liver transplantation than 
before.[10] In children undergoing solid organ transplant, 
various pretransplant factors such as age, exposure to 
infectious agents (CMV/Epstein–Barr virus), immunity, 
and vaccination status influence the type and severity 
of infections experienced after transplant.[10,11] Therefore, 
to provide better care to the pediatric liver transplant 
recipients, it is important to understand the kinetics 
of posttransplant CMV infection in these patients as 
compared to adults. The objective of this study was to 
study and compare the incidence and time of occurrence 
of CMV infection in the posttransplant period in adult 
and pediatric liver transplant recipients.

Materials and Methods

Study design
This prospective study was conducted in our center 
on liver transplant recipients. Consecutive patients 
undergoing live donor liver transplant at the institute 
were enrolled from March 2012 to September 2015 and 
followed up for 12 months posttransplant. Patients 
who were HIV coinfected, unwilling to give consent, 
received cadaveric liver transplant or another organ 
cotransplant along with liver were excluded from the 
study. Patients who died during the follow‑up period 
were excluded from the analysis. Patients were divided 
into adults (>18 years) and pediatric (up to 18 years) for 
the purpose of analysis.

CMV infection and disease were diagnosed and defined 
as per the recommendations.[12] CMV‑DNA positivity in 
the blood (DNAemia) was considered as the evidence 
of CMV infection. CMV disease, i.e., CMV infection 
with attributable symptoms, was further categorized 
as CMV syndrome (fever, malaise, leukopenia, 
and/or thrombocytopenia) and CMV tissue‑invasive 
disease (detection of CMV in the tissue specimen).

Immunosuppression protocol
All patients received triple‑regimen immunosuppression 
(tacrolimus + mycophenolate mofetil + steroid). 
The trough level of tacrolimus was maintained at 

5–10 ng/mL. Steroids were tapered in majority by the 
end of 3 months.

Preemptive therapy
None of the liver transplant recipients was on anti‑CMV 
prophylaxis. Patients were clinically examined for signs 
and symptoms of CMV infection every month. Patients 
were given preemptive treatment if the CMV viral load 
was >500 copies/ml (significant viremia), regardless of 
clinical manifestations as per the Institution Protocol. 
The patients received preemptive therapy consisting 
of intravenous ganciclovir (5 mg/kg, 12 hourly) or oral 
valganciclovir (900 mg twice daily) until the patient 
became negative for CMV infection. Therapy was 
stopped once two consecutive samples taken 2 weeks 
apart were negative for CMV DNA.

Sample collection
Pretransplant blood samples were collected in 
ethylenediaminetetraacetic acid vials from all transplant 
recipients and their respective donors for CMV IgG 
antibody detection and polymerase chain reaction (PCR) 
for CMV‑DNA detection. Plasma levels of CMV‑DNA 
were measured every week up to 1 month, every 
fortnight up to 2 months, and monthly up to 1‑year 
posttransplant.

Cytomegalovirus IgG detection
Determination of  IgG antibodies to CMV in 
plasma was done by the Architect CMV‑IgG assay 
(Abbott Laboratories, Chicago, IL, USA) which is a 
chemiluminescent microparticle immunoassay as per 
the manufacturer’s instructions. The cutoff values were 
calculated based on each individual run to determine 
each sample as reactive or nonreactive.

Cytomegalovirus real-time polymerase chain 
reaction
Plasma was separated from the blood collected from the 
patients, and viral DNA was extracted using High Pure 
Viral Nucleic Acid Kit (Roche Diagnostics GmbH, Roche 
Applied Science, Germany) as per the manufacturer’s 
instructions. Quantitative Real‑Time PCR for CMV was 
performed in plasma samples using the LightCycler® 480 
II Real‑Time PCR System (Roche Life Science, USA). This 
assay targets viral glycoprotein gene gpB (UL 55), 226 bp 
in size using Light DNA master hybridization probe. 
Results were expressed as copies of virus/ml plasma. 
The linear range of the test is 102–106 copies/mL with 
the lower limit of detection being 10 copies/mL.

Statistical analysis
Quantitative variables were expressed as median with 
range, and qualitative variables were expressed as 
percentage. Chi‑square test was used to compare the data 
in two groups. A “P” < 0.05 was considered statistically 
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significant. Statistical analysis was done using SPSS 
version 20 (SPSS Inc., Chicago, IL, USA).

Ethical considerations
The study design and methodology were approved by 
the Institutional Ethics Committee.

Results

Baseline characteristics of the study population
A total of 163 patients were screened. Nine patients 
were excluded from the study as they did not fulfill the 
inclusion criteria. Eight patients died during the follow‑up 
period and hence excluded from the analysis. The final 
analysis included 146 patients [Figure 1] which consisted 
of 114 (78%) males and 32 (22%) females. There were 132 
adult and 14 pediatric patients in the study population. 
The CMV serostatus in all 14 pediatric patients was 
D + R+ (D = donor, R = recipient), whereas among adults, 
128 were D + R + and 4 were D − R + [Table 1].

The most common indication for liver transplant was 
cryptogenic liver disease, followed by alcoholic liver 
disease, acute liver failure of unknown etiology, and 
chronic hepatitis B and C [Table 2].

Cytomegalovirus infection
CMV‑DNA was not detected by PCR in any  patient 
in the pretransplant blood samples. Overall CMV 
infection was seen in 54/146 (36.98%) patients in the 
posttransplant period. Posttransplant CMV infection 
rate was significantly higher in pediatric 10/14 (71.4%) 
as compared to adult 44/132 (33.4%) patients (P = 0.004). 
Significant viremia (CMV viral load of >500 copies/ml) 
was seen in 32/44 adult and 7/10 pediatric patients 
showing CMV infection.

Timeline of CMV infection posttransplant is represented 
in Table 3. Majority of patients having CMV infection had 
it in the first 3 months posttransplant. Among adults, a 
total of 44 patients had CMV infection. Out of these, CMV 

Figure 1: Flow diagram depicting the study population and number of patients with 
cytomegalovirus infection posttransplant

infection was seen in 22 (50%) patients in the 1st month, 
13 (29.5%) patients in the 2nd month, 5 (11.4%) patients 
in the 3rd month, 2 (4.5%) patients in the 4th month, 
and 1 (2.3%) patient each in the 5th and 6th month. No 
CMV infection was seen in any patient in the follow‑up 
duration of 7th–12th month. In the pediatric age group, 
all 10 patients had CMV infection in the 1st‑month 
posttransplant and none after that. This difference in the 
timeline of posttransplant CMV infection between adult 
and pediatric liver transplant recipients was found to be 
statistically significant (P = 0.003) [Table 3].

CMV infection was observed significantly earlier 
in pediatric patients as compared to adults. The 
median time of occurrence of CMV infection was 
11.5 (7.75–19.00) days in pediatric patients versus 
30 (18.5–54.5) days in adult patients (P = 0.001). The 
median viral load of CMV in adult patients was 
1.49 × 103 (3.90 × 102–8.67 × 103) copies/ml as compared 
to 4.81 × 103 (3.45 × 102–10.77 × 103) copies/ml in pediatric 

Table 2: End-stage liver disease in adult and 
pediatric live donor liver transplant recipients

Cause Adults 
(n=132), n (%)

Pediatric 
(n=14), n (%)

Cryptogenic 47 (35.61) 1 (7.14)
ALD 33 (25) Nil (0)
ALF 16 (12.12) 9 (64.28)
CLD-B 13 (9.9) Nil (0)
CLD-C 6 (4.55) Nil (0)
Primary biliary cirrhosis 5 (3.8) Nil (0)
CLD-NASH 2 (1.5) Nil (0)
Secondary biliary cirrhosis 2 (1.5) Nil (0)
Wilson’s disease 2 (1.5) Nil (0)
Drug-induced (ATT) 2 (1.5) Nil (0)
ACLF 2 (1.5) 2 (14.29)
Autoimmune hepatitis 1 (0.76) Nil (0)
Biliary atresia 1 (0.76) 2 (14.29)
ALF = Acute liver failure, CLD = Chronic liver disease, CLD-B = CLD due 
to hepatitis B virus, CLD-C = CLD due to hepatitis C virus, ALD = Alcoholic 
liver disease, NASH = Nonalcoholic steatohepatitis, ATT = Antituberculosis 
treatment, ACLF = Acute on chronic liver failure

Table 1: Baseline characteristics of the study 
population

Adults 
>18 years (%)

Pediatric patients 
Up to 18 years (%)

Number of subjects 132 (90.4) 14 (9.6)
Mean age (years) 42.9±11.09 6.8±3.29
Males 104 (78.78) 10 (71.42)
Females 32 (21.22) 4 (28.58)
Pretransplant CMV serostatus 
of D/R

D+R+ 128 (96.96) 14 (100)
D−R+ 4 (3.04) Nil (0)
D+R− Nil (0) Nil (0)
D−R− Nil (0) Nil (0)

D = Donor, R = Recipient, CMV = Cytomegalovirus
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patients. However, the difference was statistically 
insignificant [Figure 2].

CMV disease was seen in 16/54 (29.6%) patients (fever, 
malaise, abnormal leukocyte counts/thrombocytopenia) 
and no patient developed tissue‑invasive disease. A total 
of 2/10 (20%) pediatric patients and 14/44 (31.8%) adults 
developed CMV disease. The median time of occurrence 
of CMV disease was 32 (8.4–76.5) days. The median 
viral load in patients who developed CMV disease was 
1.74 × 103 (1.96 × 102–5.3 × 105) copies/ml as compared 
to 1.52 × 103 (1.18 × 102–6.8 × 104) copies/ml in patients 
with only CMV infection. This difference was statistically 
insignificant. All CMV infections were successfully treated 
with ganciclovir/valganciclovir as part of preemptive 
therapy as per the institute’s protocol mentioned above. 
No difference in outcome of patients with CMV infection 
and CMV disease was found in this study.

Discussion

The rates of CMV infection and disease in the 
posttransplant period vary with the serostatus of 

Table 3: Comparison of cytomegalovirus infection between adult and pediatric liver transplant recipients

Parameter Adult patients (n=132), n (%) Pediatric patients (n=14), n (%) P

CMV infection 44/132 (33.4) 10/14 (71.4) 0.004
<500 copies/ml 12 3
>500 copies/ml 32 7
Median viral load (copies/ml) (range) 1.49×103 (3.90×102-8.67×103) 4.81×103 (3.45×102-10.77×103) 0.54
1st month 22 (50) 10 (100) 0.003
2nd month 13 (29.5) Nil
3rd month 5 (11.4) Nil
4th month 2 (4.5) Nil
5th and 6th month 1 (2.3) each Nil
7th-12th month Nil Nil
Median days to CMV infection 30 (18.5–54.5) 11.5 (7.75–19.00) 0.001
CMV = Cytomegalovirus

donor and recipient and the administration of antiviral 
prophylaxis along with other factors.[3,6,8,13,14] This study 
dealt only with CMV‑seropositive transplant recipients 
and none of them received antiviral prophylaxis. 
The overall rates of CMV infection and disease were 
found to be 36.9% and 10.95%, respectively. It has been 
estimated that in the absence of antiviral prophylaxis, 
the rate of CMV disease in the 1st‑year posttransplant 
is between 8% and 19% in CMV‑seropositive liver 
transplant recipients.[3,8] The results of the present study 
are concordant with the same.

Overall, highest rate of CMV infection was observed 
in the first 3 months with more than half of the 
infections occurring in the 1st‑month posttransplant. 
The timeline is highly dependent on factors such as 
levels of immunosuppression and preventive strategy 
adopted.[8,9,15,16] Reports have appeared in literature in 
recent times stating that majority of the CMV infections 
take place in the first 3‑month posttransplant.[3,6] 
However, there is an interesting trend to be noticed in 
the timeline of CMV infection in the present study as all 
the CMV infections in children and majority of infections 
in adults were seen in the 1st‑month posttransplant. The 
pretransplant CMV‑seropositive status of the transplant 
recipients and the absence of antiviral prophylaxis might 
have led to this finding.

If the CMV infection rates in adults and pediatric 
population are looked at separately, a significantly higher 
rate of CMV infection (71.4%) was observed in pediatric 
patients as compared to adults (33.4%) (P = 0.004). The 
median time to CMV infection was also significantly lesser 
in pediatric patients (11.5 days vs 30 days) (P = 0.001). 
There are no recent studies which compare the incidence 
of CMV infection in adult and pediatric liver transplant 
recipients. However, Breinig et al.[17] in 1987 reported high 
rates of CMV reactivation in children (88%) in the USA, 
which were similar to those in adults. Preventive and 
immunosuppressive strategies have evolved a lot since 
then and have reduced the incidence of CMV infection 

Figure 2: Box-plot representing median cytomegalovirus load 
(after log transformation) in adult and pediatric liver transplant recipients (P = 0.54)
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and disease. In a recent study from London, the authors 
have reported CMV infection rate of 66.7% in D + R + 
pediatric liver transplant recipients,[18] which is similar 
to the results of this study.

In our center, we mostly deal with CMV‑ seropositive 
patients and preemptive‑preventive strategy is being 
followed in accordance with the guidelines by Kotton 
et al.[7] There are no clear guidelines stating the time 
when the monitoring should start posttransplant.[7,19] The 
results of the study suggest that it should be immediately 
after transplant, especially in children to avoid missing 
significant yet asymptomatic CMV infection. The 
small study population of the children is however a 
limiting factor in this study and the findings need to be 
established by conducting a similar study on a larger 
scale in seropositive population.

Future directions
The dynamics of CMV reactivation seem to be different 
in the pediatric population, and therefore separate 
guidelines might be needed to cater to such patients. 
Long‑term prospective studies and randomized control 
trials need to be taken up in India to fine tune the existing 
preventive strategies.

Conclusions

The results of this study show a clear difference in the 
incidence and timeline of posttransplant CMV infection 
in pediatric patients as compared to adults. Larger 
studies should be done to establish this observation 
and decide upon the preventive strategies to be adopted 
(antiviral prophylaxis/preemptive therapy) in pediatric 
liver transplant recipients.
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