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Abstract

BACKGROUND

Cytomegalovirus (CMV) is the most common viral pathogen after liver trans-
plantation (LT). Although reactivation of CMV infection is generally described in
the context of immunosuppression, it has also been described in critically ill
immunocompetent patients including cirrhotic patients.

AIM
To determine the incidence of reactivated CMV prior to LT.

METHODS

This was a prospective cohort study evaluating adult patients who underwent LT
between 2014 and 2016. A plasma sample was obtained from all patients for CMV
quantitative real-time PCR testing right before transplantation. Patients were
followed for at least 1 year to assess the following outcomes: Incidence of CMV
infection, organ rejection and overall mortality.
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RESULTS

A total of 72 patients were enrolled. Four patients died before transplantation,
thus 68 patients were followed up for a median of 44 mo (20-50 mo). In 23/72
patients (31.9%) CMV was reactivated before transplantation. Post-transplan-
tation, 16/68 (23.5%) patients had CMV infection and that was significantly
associated with the recipient being CMV negative and a CMV-positive donor. Pre-
transplant CMV reactivation was not associated with overall mortality (log rank:
0.9).

CONCLUSION

This study shows that CMV infection is common in patients with chronic liver
disease just before LT, but the clinical impact of this infection seems to be
negligible.

Key Words: Liver transplantation; Cytomegalovirus infection; Quantitative real-time PCR;
Risk factors; Liver cirrhosis; Molecular biology
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Core Tip: Cytomegalovirus (CMV) commonly reactivates before liver transplantation in
patients with chronic liver conditions. This prospective cohort study demonstrates for
the first time that although frequent, CMV reactivation has limited clinical impact
when occurring just before liver transplantation.
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INTRODUCTION

Cytomegalovirus (CMV) is the most common viral pathogen after liver transplantation
(LT). Most infections occur between the 3 and the 12" postoperative week, reaching
the highest incidence around the 5" post-transplant week. The overall incidence of
CMV infection is between 50%-60% in liver transplant recipients, with 20%-30% of
patients demonstrating symptomatic infection[1]. The incidence of post-transplant
CMYV infection depends mainly on the recipient and donor serological profile.
Accordingly, it is more frequent in the context of positive immunoglobulin G (IgG)
CMV serology in donors, and negative recipients (i.e., D+/R- status), with more than
half of these patients developing visceral disease, in the absence of antiviral
prophylaxis[2]. The lowest-risk groups include positive serology for both donors and
recipients (D+/R+ status) and a negative status for both donors and recipients (D-/R-).
The incidence of CMV infection in such low-risk groups ranges between 5%-40%[3].
Intense immunosuppression and fulminant hepatitis transplantation are also
important risk factors for infection.

Although reactivation of CMV infection is mostly described in the context of overt
immunosuppression, reactivation may also occur in critically ill immunocompetent
patients[4-7] associated with increased mortality[8,9]. A subgroup of particular interest
is patients with chronic liver diseases[10,11]. Whether CMYV reactivation in these
individuals that are listed for LT has any impact on post-transplant outcomes has not
been determined[12]. Therefore, here we investigate the frequency and impact of CMV
reactivation in patients with chronic liver disease on the waiting list for LT. In
particular, we were interested to study the impact of plasma circulating CMV DNA in
terms of organ rejection, reactivation of CMV post-transplantation and overall
mortality.
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MATERIALS AND METHODS

This was a prospective cohort study that evaluated adult (= 18 years of age) patients
with chronic liver disease listed to undergo LT at Santa Casa de Misericérdia de Porto
Alegre. Santa Casa is a referral hospital for organ transplantation in Latin America,
and performs approximately 60 liver transplant procedures every year. Patients were
non-consecutively enrolled between the years 2014 and 2016.

Clinical and demographic data obtained in this study included age, gender,
presence of comorbidities, Model for End-Stage Liver Disease (MELD) score, donor
and recipient IgG serostatus for CMV infection, presence of hepatitis B virus (HBV)
infection, hepatitis C virus (HCV) infection, renal insufficiency, hepatocarcinoma,
fulminant hepatitis and re-transplantation.

Patients were followed for a minimum of 1 year after LT. During this period, all
episodes of CMV reactivation [detected by either quantitative real-time PCR (qRT-
PCR) and/or pp65 antigenemia] were documented, as well as events of CMV disease,
organ rejection and overall mortality. Screening for CMV reactivation was performed
monthly for the first three months after transplantation or whenever the patient
presented with clinical symptoms such as fever, fatigue, organ rejection or in the case
of diagnostic uncertainty (according to the institutional protocol of low resource
countries). Antiviral prophylaxis was not used, instead preemptive treatment against
CMV was applied to all patients, including sero-discordant patients.

Molecular tests

At the time the enrolled participants were called in for LT, 4 mL of plasma was
collected in an ethylene diamine tetraacetic acid tube centrifuged at 1300 g for 15 min
and frozen at -80°C until nucleic acid extraction for analysis of CMV qRT-PCR.

DNA was extracted using the Qiagen DNA Mini Kit (Qiagen Inc., Valencia, United
States) following the manufacturer’s instructions. qRT-PCR reactions were performed
using an in-house assay calibrated with the 1* WHO International Standard for
Human Cytomegalovirus for Nucleic Acid Amplification Techniques NIBSC code:
09/162 that targets the genes UL 34 and UL 80.5. Primers and probes used in this
study were described by Ho and Barry and the sequences are shown in the supple-
mentary material with some modifications in the probe design[13]. The reagents and
concentration of the qRT-PCR reaction are shown in the supplementary material.
Amplification was performed in an 7500 real-time PCR system (Thermo Scientific,
United States), the thermocycling conditions for the qRT-PCR reaction were: 1 cycle of
2 min at 50°C; 2 min at 95°C; followed by 40 cycles of 15 s at 95°C, and 1 min at 60°C.
The results are reported in International Units (IU/mL) according to CMV World
Health Organization standards[14]. The limit of detection and quantification of the test
was 60.26 IU/mL, and the results were considered positive only above this cut-off
value.

Statistical analysis

Statistical calculations were performed using SPSS 20.0 software. The Chi-square test
or Fisher’s exact test compared categorical variables, as appropriate. For continuous
variables, we used the Student t-test or Mann-Whitney test, as appropriate. Multi-
variate analysis with a logistic regression model was used to estimate the probability
of an association between active CMV infection immediately before the procedure and
post-transplant reactivation. All variables demonstrating P < 0.20 at univariate
analysis were considered for multivariate analysis, in addition to the variables of
known biological significance. Kaplan Meier and Cox regression tests were used to
evaluate predictors of mortality. For all statistical tests used, a value of P < 0.05 was
considered statistically significant.

Sample size calculation

Considering the primary endpoint of the study and based on studies showing that
approximately 50% of cirrhotic patients have detectable plasma CMV DNA[15], 64
patients would need to be studied, considering an alpha error of 0.05 and 80% of
power. Thus, respecting a confidence interval of 95%, and to account for possible
losses (10%), we estimated to include 70 patients.

Ethical aspects

This study was approved by the Research Ethics Committee at Santa Casa de Miseri-
cordia of Porto Alegre, No. 294/2010. All patients signed an informed consent form
and agreed to participate in the study.
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RESULTS

A total of 72 patients were enrolled in the study. Four patients died before
transplantation; thus, 68 patients were followed up for a median of 44 mo (25%-75%
percentile: 20-50 mo). Clinical and demographic characteristics of the patients are
shown in Table 1. The majority of patients were female (70.8%) had active chronic
hepatitis C infection (63.9%) and hepatocellular carcinoma (58.3%). Only 5 patients
(6.9%) were CMV sero-discordant (D+/R-).

CMYV reactivation was demonstrated in 31.9% (23/72) of patients before
transplantation. Median plasma CMV DNA concentration in these patients was 1.212
IU/mL (25%-75% percentile: 560-4.197 IU/mL). In addition, two IgG negative patients
had CMV reactivation but none received treatment at that time (7.486 and 7.917
UI/mL). Following LT, CMV infection occurred in 16/67 patients (23.8%) including
two patients with IgG negative/PCR positive. At univariate analysis, the only statist-
ically significant factor associated with post-transplant CMV infection was a CMV
negative recipient with a positive CMV donor (Table 2). Multivariate analysis
confirmed this as the only statistically significant factor for the prediction of post-
transplant CMV infection [Odds ratio (OR): 11.5; 95% confidence interval (CI): 1.1-120;
P=0.04].

The crude mortality rate was 20/68 (29.4%), median 7.7 mo (perc 25-75: 1-12), and
7/22 (31.8%) in patients with pre-transplant CMV reactivation (P = 0.763). In Kaplan-
Meier analyses, pre-transplant CMV reactivation had no impact on mortality following
LT (log rank: 0.92) (Figure 1). Cox regression analysis also identified no statistically
significant factor for mortality in this cohort.

DISCUSSION

This is the first study to document the frequency of CMV infection just before LT in
patients with chronic liver disease, using a very sensitive diagnostic tool (qPCR). We
observed a high frequency of CMV infection in these patients (31.9%), even though it
had no impact on clinically significant variables in the post-transplant period,
including CMV infection/disease, organ rejection and mortality. CMV viremic
patients usually had a low CMYV viral load (median: 1212 IU/mL).

Our results were probably influenced by the profile of patients being transplanted
in our institution, which follows the modified Milan criteria[16], together with the
proportion of patients with hepatocellular carcinoma (58.3%), as these patients usually
have better performance with a lower MELD, which could induce a lower CMV
reactivation rate. Nevertheless, in a similar study, a pre-LT reactivation incidence of
0.7% was found, much lower than that in our study[12]. Our findings were similar to
the incidence of reactivation in intensive care patients (31%; 95%CI: 24%-39%) as
shown in a recent meta-analysis[9].

When comparing with the findings in the literature, Lapinski et al[17] evaluated 123
patients with chronic HCV hepatitis for the presence of CMV infection, also
determined by qPCR. CMV DNAemia, predominantly at low levels, was detected in
18 (14.6%) patients. Similar to our study, there was no correlation with HCV viral load,
and detection of CMV DNA did not result in clinical and laboratory changes[17].
Bayram et al[15] quantitatively evaluated the presence of CMV infection in liver biopsy
samples from 44 patients with chronic HBV and 25 patients with chronic HCV
infection. CMV infection was demonstrated by qPCR in 52.3% of patients with HBV
and in 36% of patients with HCV. Histological activity scores (necroinflammation and
fibrosis) were worse in patients who were infected with CMV[15].

We observed that CMV was reactivated in 23% of patients in the post-transplant
period, which is comparable to other studies[1-3] as most of them were low or
moderate risk for infection (CMV receptor positive in 93%). Moreover, we did not find
any association between reactivation before transplantation and reactivation after
transplantation in both univariate and multivariate analyses. According to the
literature, only a high risk for CMV infection (D+/R-) was statistically associated with
CMYV reactivation following LT (OR:11.5, 95%CI: 1.1-120, P = 0.04). We also did not
identify pre-transplant CMV reactivation as a risk factor for organ rejection or overall
mortality when both 30 d and 1-year mortality were considered.

This investigation has several limitations, including being a single-center study. In
addition, patient selection occurred by convenience (sampling was not consecutive),
which may have added some selection bias. Given that the reactivation rate was lower
than initially expected (32% vs 50%), despite the sample calculation, we had small
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Table 1 Patient characteristics and frequency of cytomegalovirus reactivation before liver transplantation

Total (%) Reactivation (%) RR (95%Cl) P value

Number of patients (%) 72 (100) 23 (32)

Gender (male) 21 (29.2) 7 (33.3) 1.09 (0.37-3.23) 0.871
Mean age, years (SD) 56.3 (9.6) 57.3 (9.2) NA 0.900
MELD, median (IqR) 12 (14) 12 (12) NA 0.712
Lymphocyte count, median (IqR) 929 (808) 929 (770) NA 0.471
CMV receptor IgG-negative 5(8.7) 2 (40) 0.68 (0.11-4.40) 0.652
HCV 46 (63.9) 15 (32.6) 1.09 (0.39-3.1) 0.872
HBV 5(6.9) 1(20) 0.51 (0.05-4.9) 1.000
Hepatocarcinoma 42 (58.3) 14 (33.3) 1.17 (0.42-3.2) 0.765
Fulminant hepatitis 2(3) 0 NA NA
Diabetes mellitus 24 (33.3) 8(33.3) 1.1 (0.38-3.13) 0.858
Renal failure 8 (11.1) 5 (62.5) 4.26 (0.92-19.7) 0.100
Re-transplant 2 (3) 0 NA NA

CI: Confidence interval; IqR: Interquartile range; MELD: Model for end-stage liver disease; NA: Not applicable; RR: Relative risk; SD: Standard deviation;
CMV: Cytomegalovirus; HCV: Hepatitis C virus; HBV: Hepatitis B virus; IgG: Immunoglobulin G.

Table 2 Predictors of cytomegalovirus infection after liver transplantation

CMV (%) No CMV (%) RR (95%Cl) P value

Number of patients (%) 16/68 (23.5) 52/68 (76.5%)

CMV reactivation before transplantation 7/16 (43.8) 15/52 (28.8) 1.91 (0.6-6.1) 0.265
Quantitative PCR pre-transplant (IU/mL), mean (SD) 2862 (5696) 868 (2756) NA 0.154
Gender (male) 4/16 (25) 16/52 (30.8) 0.75 (0.2-2.7) 0.762
Mean age, years (SD) 55 (10.3) 57.3 (8) NA 0.373
MELD score, median (IqR) 11 (4) 12 (11) NA 0.254
Lymphocyte count, median (IqR) 1101 (1109) 918 (754) NA 0.580
Organ rejection 3/16 (18.7) 8/52 (15.3) 1.27 (0.3-5.5) 0.716
CMV-negative receptor 3/16 (18.7) 1/52 (1.9) 11.7 (1.1-122.6) 0.038
Hepatitis C infection 9/16 (56.2) 34/52 (65.4) 0.7 (0.2-2.1) 0.508
Hepatitis B infection 1/16 (6.2) 4/52(7.7) 0.8 (0.1-7.1) 0.100
Hepatocarcinoma 9/16 (56.2) 30/52 (57.7) 0.9 (0.3-2.9) 0.919
Fulminant hepatitis 0 1/52(1.9) NA NA
Diabetes mellitus 6/16 (37.5) 16/52 (30.8) 1.3 (0.4-4.3) 0.615
Renal failure 2/7 (12.5) 5/52(9.6) 1.3 (0.2-7.7) 0.664
Re-transplantation 1/16 (6.2) 1/52 (1.9) 3.4 (0.2-57.7) 0.418

CI: Confidence interval; IqR: Interquartile range; IU: International units; MELD: Model for end-stage liver disease; NA: Not applicable; RR: Relative risk;
SD: Standard deviation; CMV: Cytomegalovirus.

numbers of some of the events, which may have mainly affected the multivariate
analysis.
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Figure 1 In Kaplan-Meier analyses pre-transplant cytomegalovirus reactivation had no impact on mortality following liver transplantation

(log rank: 0.92). CMV: Cytomegalovirus.
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CONCLUSION

The findings of this study suggest that pre-transplant CMV reactivation has no
influence on LT results, and has no impact on post-transplant CMV reactivation or
overall mortality. Based on this study, screening for CMV DNAemia before LT does
not seem justified. A larger sample size, better quality and multicenter studies are
required to fully elucidate this issue.

ARTICLE HIGHLIGHTS

Research background

The overall incidence of cytomegalovirus (CMV) infection is between 50%-60% in liver
transplant recipients, with 20%-30% of patients demonstrating a symptomatic
infection[1]. The incidence of post-transplant CMV infection depends mainly on the
recipient and donor serological profile. The lowest-risk groups include positive
serology for both donors and recipients (D+/R+ status) and a negative status for both
donors and recipients (D-/R-). Although reactivation of CMV infection is mostly
described in the context of overt immunosuppression, reactivation may also occur in
critically ill immunocompetent patients[4-7] associated with increased mortality[8,9].

Research motivation

A subgroup of particular interest is patients with chronic liver diseases[10,11].
Whether CMV reactivation in these individuals that are listed for liver transplantation
has any impact on post-transplant outcomes has not been determined[12].

Research objectives
To determine the incidence of reactivated CMV prior to liver transplantation.

Research methods

This was a prospective cohort study that evaluated adult (= 18 years of age) patients
with chronic liver disease listed to undergo liver transplantation at a referral hospital
for organ transplantation in Latin America. Patients were followed for a minimum of 1
year after liver transplantation. During this period, all episodes of CMV reactivation
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[detected by either quantitative real-time PCR (qRT-PCR) and/or pp65 antigenemia]
were documented, as well as events of CMV disease, organ rejection and overall
mortality. Screening for CMV reactivation was performed monthly for the first three
months after transplantation or whenever the patient presented with clinical
symptoms. At the time the enrolled participants were called in for liver transplan-
tation, plasma was collected for analysis of CMV qRT-PCR.

Research results

A total of 72 patients were enrolled in the study. Four patients died before
transplantation, thus 68 patients were followed up for a median of 44 mo (25%-75%
percentile: 20-50 mo). CMV reactivation was demonstrated in 31.9% (23/72) of patients
before transplantation. Median plasma CMV DNA concentration in these patients was
1.212 IU/mL (25%-75% percentile: 560-4.197 IU/mL). Following liver transplantation,
CMYV infection occurred in 16/ 67 patients (23.8%).

The crude mortality rate was 20/68 (29.4%), median 7.7 mo (perc 25-75: 1-12), and
7/22 (31.8%) in patients with pre-transplant CMV reactivation (P = 0.763). In Kaplan-
Meier analyses, pre-transplant CMV reactivation had no impact on mortality following
liver transplantation (log rank: 0.92) (Figure 1). Cox regression analysis also identified
no statistically significant factor for mortality in this cohort.

Research conclusions

The findings of this study suggest that pre-transplant CMV reactivation has no
influence on liver transplantation results, and has no impact on post-transplant CMV
reactivation or overall mortality.

Research perspectives

Based on this study, screening for CMV DNAemia before liver transplantation does
not seem justified. A larger sample size, better quality and multicenter studies are
required to fully elucidate this issue.
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