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Abstract

The quantification of human cytomegalovirus (HCMV DNA) by real-time PCR is currently a primary option for laboratory

diagnosis of HCMV infection. However, the optimal sample material remains controversial due to the use of different PCR

assays. To explore the best blood component for HCMV DNA surveillance after liver transplantation, whole blood (WB), serum

(SE), and plasma (PL) specimens were collected simultaneously from targeted patients and examined for HCMV DNA using

one commercially available assay. The HCMV DNA-positive rate with WB (16.67%) was higher than that with either SE or PL

(8.33%, both P,0.01). Quantitative DNA levels in WB were of greater magnitude than those in SE (WB-SE mean log-

transformed difference, 0.99; 95%CI=0.74-1.25; P,0.0001) and PL (WB-PL mean log-transformed difference, 1.37;

95%CI=1.07-1.66; P,0.0001). Dynamic monitoring revealed that HCMV DNA in WB was positive sooner and had higher

values for a longer period of time during therapy. With earlier positive detection, higher sensitivity, and yield of greater viral

loads, WB compared favorably to SE or PL and hence is recommended as the superior material for HCMV DNA surveillance

after liver transplantation. In addition, infant recipients require more intensive monitoring and prophylactic care because of their

higher susceptibility to primary HCMV infection.
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Introduction

Human cytomegalovirus (HCMV), a b-herpesvirus,
circulates widely in the human population and causes

opportunistic infections. HCMV seroprevalence in

Chinese adults can be as high as over 90% (1).

Although the virus is usually latent in immunocompetent

individuals and produces few, obvious lesions, it remains

a serious threat to immunocompromised patients, con-

tributing to significant morbidity and mortality among

transplant recipients (2,3).

For laboratory diagnosis of HCMV infection, real-time

fluorescence quantitative (RTFQ) PCR has been a

primary tool to determine quantitative DNA loads.

However, the optimal blood component for DNA detection

is still under discussion. Peripheral blood leukocytes

(PBL) have been cited for their high sensitivity (4-7), but

there are limitations in case of leucopenia. EDTA whole

blood (WB) has been proposed as the ideal material

because of larger yields of DNA loads (8-10); and plasma

(PL) or serum (SE) were preferred for their easier sample

processing and acceptable analytical performance (11-

14). This lack of consensus may be mainly attributed to a

variety of PCR assays using different instruments,

reagents, DNA extraction methods, and conducted in

different centers, leading to interlaboratory variation and

creating increasing clinical concern (15-18).

The aim of our study was to explore the best blood

component for HCMV DNA surveillance after liver

transplantation using one commercially available assay.

Material and Methods

Patient samples
A total of 168 sets of samples (each set consisted of

WB, SE, and PL collected simultaneously from 1 patient)

were gathered from 140 liver transplant recipients (133

adults and 7 infants) during their admission to the Ren Ji

Hospital. The samples included 42 sets of serial speci-

mens obtained during clinical follow-up. SE and PL were

Correspondence: C.M. Ying, Department of Clinical Laboratory, Ren Ji Hospital, School of Medicine, Shanghai Jiao Tong University,

No. 160, Pujian Road, Pudong District, Shanghai 200127, China. Fax: ++86-021-5839-4934. E-mail: ycmzh2012@163.com

Received July 18, 2013. Accepted December 13, 2013. First published online April 7, 2014.

Brazilian Journal of Medical and Biological Research (2014) 47(4): 340-344, http://dx.doi.org/10.1590/1414-431X20133353

ISSN 1414-431X Short Communication

Braz J Med Biol Res 47(4) 2014 www.bjournal.com.br



obtained from both non-anticoagulated and EDTA-antico-

agulated blood after centrifugation at 926 g for 5 min. All

samples were stored at ––20±36C before analysis.

Sample analysis
RTFQ-PCR was performed with a commercial HCMV

kit (DaAn Gene Co., Ltd., China) using an ABI Prism 7500

Sequence Detection System (Applied Biosystems, USA).

Since the kit does not provide reagents for WB DNA

extraction, the WB samples were processed with a

Tiangen Blood Genome Extraction kit (DP318, Tiangen

Biotech Co., Ltd., China). The initial volume for DNA

extraction from WB, SE, or PL was 100 mL. According to

the manufacturer’s protocol, PCR was carried out on 96-

well plates with a 45-mL reaction volume containing 2 mL
DNA template, 3 mL Taq polymerase, and 40 mL PCR

solution. The thermocycler procedure was as follows:

initial denaturation at 936C for 2 min, followed by 10

cycles at 936C for 45 s and 556C for 60 s; 30 cycles at

936C for 30 s and 556C for 45 s. Four calibrations (4-7

log10 copies/mL), one negative and two positive controls

(weakly and highly positive, respectively) provided in the

kit were all included in each run. The limit of detection

(LOD) was 2.7 log10 copies/mL (i.e., 500 copies/mL)

according to the manufacturer’s operating manual.

Positive results below the LOD were referred to as

‘‘weakly positive’’. The three comparative specimens

(WB, SE, and PL) in each sample set were analyzed in

parallel in the same PCR experiment to avoid interassay

variation.

Statistical analysis
Chi-square and Fisher exact tests were carried out to

compare qualitative results, and paired t-tests were used

to analyze quantitative data. All calculations were done

with the SPSS 14.0 program (SPSS Inc., USA). The

statistical significance was set at P,0.05.

Results

Analysis of sensitivity
As the qualitative results obtained with SE were

identical to those for PL, they were combined into one

group for comparison with WB. As shown in Table 1, 14

(8.33%) of the sample sets tested positive and 140

(83.33%) tested negative with both WB and SE/PL. The

remaining 14 (8.33%) sets were WB-positive and SE/PL-

negative. Low DNA levels were observed in these

discrepant samples (median, 2.31 log10 copies/mL; range,

1.44-3.06 log10 copies/mL). Therefore, the positivity rate

of WB (16.67%) was much higher than that of SE/PL

(8.33%) (X2 = 76.36, P,0.01).

Comparison of HCMV DNA loads of WB, SE and PL
samples

In comparing DNA levels quantitatively, the 14 sets with

PCR-positive results for all three materials were log-

transformed and presented as DNA value ranges, quartile

ranges, andmedian viral load (Figure 1). HCMVDNA loads

observed with WB were significantly greater (paired t-test)
than those observed in either SE (WB-SE mean log-

transformed difference, 0.99; 95%CI=0.74-1.25;

P,0.0001) or PL (WB-PL mean log-transformed differ-

ence, 1.37; 95%CI=1.07-1.66; P,0.0001). No significant

difference was found between the latter two materials (SE-

PL mean log-transformed difference, 0.37; 95%CI=0.19-

0.55; P=0.6678).

Sequential monitoring of HCMV DNA during clinical
follow-up

To study the viral kinetics during the course of active

infection and antiviral therapy, we recorded two typical

cases of successive DNA values during clinical follow-up.

Case 1. A 1-year-old infant, HCMV IgM(-)/IgG(-),

received a living donor [HCMV IgM(-)/IgG(++)] liver

transplant for congenital bile duct atresia. HCMV DNA

Table 1. Positive rate of HCMV DNA in whole blood (WB) and

serum (SE)/plasma (PL).

SE/PL WB Total

Positive Negative

Positive 14 (8.33%) 0 (0.00%) 14 (8.33%)*

Negative 14 (8.33%) 140 (83.33%) 154 (91.67%)

Total 28 (16.67%)* 140 (83.33%) 168 (100.00%)

Data are reported as number with percent in parentheses.

* P,0.01 (chi-square test).

Figure 1. Quantitative comparison of HCMV DNA loads

measured with WB, SE and PL. WB: whole blood: SE: serum;

PL: plasma. Statistically significant differences (aP,0.0001,
bP=0.6678, cP,0.0001, paired t-test).
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was assayed weekly post-transplantation to guide

antiviral intervention. As shown in Figure 2A, low-level

DNA values were detected in WB at the first (2.76e++1

copies/mL) and second (7.90e++2 copies/mL) weeks after

transplantation, while the corresponding SE or PL

samples indicated no viral replication. Afterwards, DNA

values obtained with WB continued to rise to 3.34e++4

copies/mL at the third week, and high levels persisted

(4.16e++4 copies/mL) after the fourth week. The

measured viral loads sharply increased to 3.18e++3 and

1.98e++3 copies/mL for SE and PL, respectively, at the

third week and persisted at the fourth week of follow-up

(5.09e++3 and 3.13e++3 copies/mL, for SE and PL,

respectively). These values were both significantly lower

than the WB counterparts obtained at the same times.

Unfortunately, this young patient died of multiple organ

failure on the 27th day after transplantation due to poor

response to antiviral therapy.

Case 2. A 44-year-old male adult, HCMV IgM(-)/

IgG(++), was evaluated for HCMV DNA because of

abnormal liver function 1 month after standard orthotopic

liver transplantation [donor: HCMV IgM(-)/IgG(++)].

Positive results were obtained in all three samples, and,

accordingly, intravenous ganciclovir treatment (250 mg,

twice a day) was initiated immediately. Figure 2B

summarizes DNA kinetics weekly during the course of

treatment. In spite of similar declining rates and degrees,

viral loads with WB appeared to persist for a longer period

of time than the other two owing to its higher DNA levels

at baseline.

The result of HCMV DNA surveillance in these two

patients confirmed that the WB sample was positive

earlier, yielded higher viral loads, and persisted positive

longer during treatment compared with SE or PL.

Discussion

The high risk of HCMV activation after organ

transplantation has attracted wide attention in clinical

settings. Timely initiation of antiviral therapy and optimal

management for infected patients rely mainly on early

detection of viral activation as well as effective monitoring

of therapeutic response.

Our data indicated that WB is more sensitive and

yields higher DNA values than SE or PL (Table 1 and

Figure 1). The biological features of HCMV infection may

contribute to this finding. PBL is one of the usual sites that

harbor HCMV in healthy adults with latent infection. When

the virus replicates at a low level, such as at the early

stage of reactivation or at the end of certain therapeutic

regimens, only a few viruses are released into the serum

or plasma. Thus, WB material that contains a large

number of PBLs could appear to have higher viral loads

than either SE or PL. This result is also consistent with

some previously reported data (8-10). As for whether use

of different DNA extraction kits for WB introduces

technical bias, a previous report also demonstrated the

superiority of WB when employing a common extraction

method for both WB and PL (9). In this study, each set of

comparative samples (i.e., WB, SE, and PL) were

measured in parallel in one PCR experiment to maintain

the same efficiency of amplification; thus, the PCR results

could be reflective of original viral loads in corresponding

specimens. Although extra steps required for DNA

extraction from WB require additional time and expense,

its capability to detect low-level HCMV DNA could provide

clinicians with more detailed information about viral

replication, which could help guide preemptive protocols

as well as predict subsequent relapse following the

completion of certain therapeutic regimens.

Since the kinetics of DNA replication is one of the

important factors for predicting HCMV disease, monitoring

HCMV DNA during follow-up has been proposed as a

Figure 2. Monitoring of HCMV DNA for 2 clinical cases. A, 1-
year-old infant; B, 44-year-old male adult. Lozenges: whole

blood; squares: serum; triangles: plasma. The dashed line

indicates the limit of detection (2.7 log10 copies/mL).
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practical and efficient method to guide individualized

therapy (19). Surveillance in clinical Case 1 revealed that

WB samples have the advantage of showing earlier DNA

positivity and more continuous viral dynamics when

monitoring the development of HCMV disease. More-

over, Case 1 also suggests that a sharp increase in viral

load during regular monitoring may be a strong signal of a

burst of HCMV infection leading to deterioration of the

patient. In contrast, Case 2 displayed gradually decreas-

ing HCMV DNA in response to ganciclovir treatment. The

downward slope of the DNA curves implied that the

patient responded well to antiviral therapy and a good

prognosis could be anticipated. Otherwise, persistence of

high DNA levels during treatment might indicate drug

failure for some reason (e.g., drug resistance or inap-

propriate dosages). To summarize, WB was superior to

SE or PL for HCMV DNA surveillance because of earlier

positivity and more continuous and complete recording of

viral load dynamics.

With progress in transplant treatment, liver transplan-

tation has been increasingly performed to cure congenital

hepatobiliary diseases such as bile duct atresia. However,

infant recipients are very susceptible to primary HCMV

infection, which may easily be life threatening because of

their immature immune system. In our study, infant

patients showed significantly higher HCMV DNA and

IgM and much lower IgG-positive rates than adults. Thus,

more intensive monitoring (e.g., every 2-3 days instead of

every week) is recommended, and antiviral intervention

should be initiated without any delay in case of primary

HCMV infection, even at low DNA levels, as discussed in

a previous report by Kalpoe et al. (20). Nevertheless, the

number of infant cases in this study was rather small and

more cases are needed for further investigation of this

issue in the near future.

In summary, this study demonstrated that WB

compares favorably to SE or PL for HCMV DNA detection

because of higher sensitivity and greater DNA yields.

Monitoring DNA loads in WB samples by clinical follow-up

offers a practical and effective approach to guide

individualized therapy. Infant recipients who are usually

at increased risk of primary HCMV infection need closer

surveillance and more active intervention to improve

survival rates after transplantation.
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