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Abstract

Background: Congenital cytomegalovirus infection is a leading cause of long-term sequelae. Cytomegalovirus is also
frequently transmitted to preterm infants postnatally, but these infections are mostly asymptomatic. A correlation between
cytomegalovirus genotypes and clinical manifestations has been reported previously in infants with congenital infection,
but not in preterm infants with postnatal infection.

Objectives: The main objective of this study was to investigate cytomegalovirus genotype distribution in postnatal and
congenital cytomegalovirus infection and its association with disease severity.

Methods: Infants admitted to the neonatal intensive care unit of the University Medical Center Utrecht, The Netherlands
between 2003–2010 and diagnosed with postnatal or congenital cytomegalovirus infection were included. Classification of
cytomegalovirus isolates in genotypes was performed upon amplification and sequencing of the cytomegalovirus UL55 (gB)
and UL144 genes. Clinical data, cerebral abnormalities, neurodevelopmental outcome and viral load were studied in relation
to genotype distribution.

Results: Genotyping results were obtained from 58 preterm infants with postnatal cytomegalovirus infection and 13 infants
with congenital cytomegalovirus infection. Postnatal disease was mild in all preterm infants and all had favourable outcome.
Infants with congenital infection were significantly more severely affected than infants with postnatal infection. Seventy-
seven percent of these infants were symptomatic at birth, 2/13 died and 3/13 developed long-term sequelae (median
follow-up 6 (range 2–8) years). The distribution of cytomegalovirus genotypes was comparable for postnatal and congenital
infection. UL55 genotype 1 and UL144 genotype 3 were predominant genotypes in both groups.

Conclusions: Distribution of UL55 and UL144 genotypes was similar in asymptomatic postnatal and severe congenital CMV
infection suggesting that other factors rather than cytomegalovirus UL55 and UL144 genotype are responsible for the
development of severe disease.
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Introduction

Cytomegalovirus (CMV) infection is the most common

congenital infection. Symptoms of CMV infection at birth include

intrauterine growth restriction, microcephaly, petechiae, jaundice,

hepatomegaly, retinitis, hearing loss, cerebral abnormalities and

thrombocytopenia. Congenital CMV infection may lead to death

or neurologic sequelae, including sensorineural hearing loss later

in life [1,2].

CMV is also transmitted postnatally to newborn infants, mostly

via breast milk of their CMV seropositive mothers [3]. Term born

infants have an insignificant risk of symptomatic postnatal CMV

infection, which is related to the transplacental transfer of anti-

CMV antibodies [4]. In contrast, symptoms of postnatal CMV

infection in preterm (gestational age ,32 weeks) or very low birth

weight (,1500 grams) infants may be severe and even life-

threatening and may include sepsis-like illness, pneumonia and

thrombocytopenia. However, the majority of the postnatally

infected preterm infants are also asymptomatic [5]. Limited data

suggests that neurodevelopmental outcome and hearing are

favourable in these preterm infants [6–8].
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It has been hypothesized that differences between CMV strains

may contribute to differences in virus-associated clinical manifes-

tations [9]. In various studies, considerable genetic variability was

found in CMV UL55 (gB) and UL144, enabling the assignment of

specific CMV genotypes for each of both genes. UL55 or UL144

based genotyping has been applied to investigate either epidemi-

ological or clinical associations of (congenital) CMV infection in

term infants [10–17]. Correlations between CMV genotypes and

clinical manifestations are still limited and controversial, poten-

tially due to the heterogeneous composition of the investigated

cohorts.

The aim of the present study was to determine whether

postnatal and congenital CMV infections in (pre-)term infants

were caused by specific CMV UL55 and UL144 genotypes and to

assess whether these genotypes were associated with CMV disease

severity. In addition, the correlation between genotype distribution

and viral load was evaluated.

Materials and Methods

Study population
Newborn infants admitted to the Neonatal Intensive Care Unit

of the University Medical Center, Utrecht, The Netherlands, and

diagnosed with postnatal or congenital CMV infection between

2003–2010 were included. CMV diagnostics were performed in

term infants with symptoms of congenital CMV infection (between

2003–2010), in term infants with proven maternal seroconversion

(between 2003–2010) or in preterm infants as part of a screening

study on postnatal CMV infection (between 2007–2010) [5].

Postnatal CMV infection in preterm infants was determined

when the CMV PCR in urine collected at term-equivalent age (40

weeks postmenstrual age) was positive, while the urine collected

within two weeks after birth was CMV negative. In infants of

whom urine was not collected after birth, a negative CMV PCR

on dried blood spots cards obtained within 3 days after birth was

used to exclude congenital CMV infection, as described previously

[18].

Congenital CMV infection was diagnosed if a CMV PCR in

urine was positive within 2 weeks after birth. Symptomatic

postnatal CMV disease was diagnosed in infants with clinical

manifestations of CMV disease during admission (sepsis-like

illness, pneumonia or thrombocytopenia [,150610‘9/L]), nega-

tive bacterial blood cultures and positive CMV PCR in urine and

blood at time of symptoms.

Demographic and clinical data and CMV urine loads were

collected, as defined earlier [5]. Cerebral abnormalities were

evaluated using cranial ultrasonography and magnetic resonance

imaging (MRI) during admission. Cranial ultrasonography was

repeated every week by experienced neonatologists in preterm

infants during their stay in the Neonatal Intensive Care Unit. The

MRI was performed in term infants with congenital CMV

infection shortly after birth and in preterm infants with congenital

or postnatal CMV infection at term-equivalent age using a 3-Tesla

Intera system or a 1.5-Tesla system (Philips, The Netherlands).

The results of the cranial ultrasonography and MRI were

retrospectively reviewed by two neonatologists with.20 years of

experience in neonatal neuro-imaging, as reported previously

[5,19]. Brainstem auditory evoked potentials were performed to

determine sensorineural hearing loss.

Sample collection was part of standard patient care and

therefore, informed consent was not obtained. Oral and written

information about taking a urine sample was given to the parents.

In case of a positive CMV PCR, parents were informed and

additional hearing assessment was performed over the ensuing

years. All data for this study were used and analyzed in strictly

anonymous form, according to the code of conduct for medical

research approved by the hospital’s Medical Ethical Committee.

The Medical Ethical Committee (Medisch Ethische Toetsings-

commissie) of the hospital approved the consent procedure and

current study.

DNA extraction, Polymerase Chain Reaction and
sequencing

Viral DNA was isolated from 100 ml urine using the Nuclisens

MiniMAG (BioMérieux, Boxtel, The Netherlands) and eluted in

100 ml elution buffer. The purified DNA was subsequently used

for amplification of the UL55 and UL144 genes, using both sets of

outer primers described in Table 1, which are essentially based on

Lurain et al. [10] and Stranska et al. [11] (Life Technologies,

Foster City, CA, USA). A 616-bp fragment containing the UL144

coding sequence and a 532-bp fragment containing the UL55

coding sequence were amplified using the Expand-high fidelity

amplification kit (Roche Applied Science, Penzberg, Germany).

PCR was performed in a GeneAmp2700 thermal cycler (Life

technologies), according to the following conditions: 1 hold at

94uC for 2 minutes, 10 cycles at 94uC for 15 seconds, 55uC for 30

seconds and 72uC for 1 minute, 20 cycles at 94uC for 15 seconds,

55uC for 30 seconds and 72uC for 1 minute and 5 seconds

(increased by 5 seconds every cycle), final extension at 72uC for 7

minutes. Nested PCR was performed according to the following

conditions: 1 hold at 94uC for 2 minutes, 10 cycles at 94uC for 15

seconds, 55uC for 30 seconds and 72uC for 45 seconds, 10 cycles at

94uC for 15 seconds, 55uC for 30 seconds and 72uC for 50 seconds

(increased by 5 seconds every cycle), final extension at 72uC for 7

minutes.

PCR-products were visualized upon agarose gel electrophoresis,

purified using QIAquick PCR purification columns (Qiagen

Gmbh, Germany) following the manufacturer’s instructions and

eluted in 30–100 ml nuclease-free water.

The purified PCR-products were subsequently used for cycle

sequencing in a GeneAmp2700 thermal cycler, according to the

following protocol: 25 cycles at 96uC for 10 seconds, 50uC for 5

seconds and 60uC for 4 minutes.

Reaction products were purified using EDTA-ethanol precip-

itation, prior to analysis on an ABI3700 automated sequencer (Life

technologies), using the primers described in Table 1.

The obtained electropherograms were analyzed and edited

using SeqScape data analysis software, v2.6 (Life technologies).

Full double stranded coverage was achieved for both amplified

gene fragments. The obtained consensus sequences for each of the

samples were then aligned with MEGA Alignment Explorer and

genotype classification was achieved with MEGA Tree Explorer

(MEGA, The Biodesign Institute, AZ, USA). UL144 sequences

were classified into genotype 1A, 1B, 1C, 2 or 3, according to

Lurain et al. [10], which essentially correspond to genotype A, A/

C, A/B, C or B, respectively, according to the classification of

Arav-Boger et al. [16] UL55 sequences were classified into

genotype 1, 2, 3, 4 or 5, based on several studies [10,12,16,20–23].

The reference sequences used for classification were obtained from

GenBank, Pubmed.

Statistical analysis
Statistical analysis was performed in PASW statistics (version

18.0, SPSS Inc., 2009). Proportional variables were analyzed using

chi-square test or Fisher’s exact test. Continuous variables were

analyzed using a non-parametric Mann-Whitney U test. To

compare CMV load between postnatally and congenitally infected

infants, logarithmic transformation was performed. Variances of

Neonatal CMV Genotype Distribution
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CMV load between genotypes were analyzed with the non-

parametric Kruskal-Wallis test. A p-value ,0.05 was considered

statistically significant.

Results

Clinical data
Clinical data of both groups of patients are summarized in

Table 2. The majority of the studied infants were preterm (62/71,

87%) and were identified by means of a previous study on CMV

infection in preterm infants [5]. Of 58 preterm infants with

postnatal CMV infection, five (9%) developed symptoms of CMV

disease (pneumonia [n = 3], sepsis-like illness with thrombocyto-

penia [n = 2]) while the others (91%) were asymptomatic and

identified by a screening program [5]. None of the infants with

postnatal CMV infection were treated with antiviral medication.

Infants with congenital CMV infection (n = 13) were affected

more severely than infants with postnatal CMV infection. Ten

(77%) presented at birth with symptoms of CMV disease:

Intrauterine growth restriction (n = 5), microcephaly (n = 2),

hepatosplenomegaly (n = 4), petechiae (n = 3), jaundice (n = 1),

seizures detected by electroencephalography (n = 1), thrombocy-

topenia (n = 6), anaemia (n = 2), neutropenia (n = 1). Cranial

ultrasonography was performed in all infants and showed

ventricular dilatation in two infants and presence of lenticulostriate

vasculopathy in six (46%) and germinolytic cysts in seven (54%)

infants. In addition, cerebral MRI was performed in seven

symptomatic infants and showed severe abnormalities in six

infants, including polymicrogyria (n = 1), occipital cysts (n = 1),

Table 1. Sequences of oligonucleotide primers used for CMV PCR and sequencing (12,27).

Primer name Sequence

Primers used for amplification

UL55_Outer_Forward 59-TCCGAAGCCGAAGACTCGTA-39

UL55_Outer_Reverse 59-CATTCCTCAGTGCGGTGGTT-39

UL55_Inner_Forward 59-CTGCCAAAATGACTGCAACT-39

UL55_Inner_Reverse 59-ACATCACCCATGAAACGCGC-39

UL144_Outer_Forward 59-ACAAACCGCGGAGAGGATGA-39

UL144_Outer_Reverse 59-TCAGACACGGTTCCGTAAAG-39

UL144_Inner_Forward 59-GTTCGGCCCCATGAGTTATT-39

UL144_Inner_Reverse 59-GTGTGACTTCATCGTACCGT-39

Primers used for sequencing

UL55_Sequencing_Forward 59-CTGCCAAAATGACTGCAACT-39

UL55_Sequencing_Reverse 59-ACATCACCCATGAAACGCGC-39

UL144_Sequencing_Forward 59-GTTCGGCCCCATGAGTTATT-39

UL144_Sequencing_Reverse 59-GTGTGACTTCATCGTACCGT-39

doi:10.1371/journal.pone.0108018.t001

Table 2. Demographic and clinical characteristics of 58 postnatally and 13 congenitally infected infants.

Postnatal CMV infection Congenital CMV infection P

n = 58 n = 13

Gestational age, mean, wk (SD) 28.4 (1.9) 36.5 (4.2) ,0.001

Birth weight, mean, g (SD) 1140 (330) 2530 (1030) ,0.001

Male gender, n (%) 33 (57) 8 (62) 0.759

Non-Dutch maternal origin, n (%) 27 (47) 3 (23) 0.121

Symptomatic CMV infection, n (%) a 5 (9) 10 (77) ,0.001

Mortality, n (%) 0 (0) 2 (15) 0.002

Abnormal outcome/hearing, n (%) 0 (0) 3 (23) ,0.001

Urine Log10 CMV load, median, copies/mL (IQR) 5.24 (1.43) 6.34 (1.62) 0.002

Severe MRI abnormalities, n (%) b 0 (0) 6 (86) ,0.001

Calcifications on cranial ultrasonography at term-equivalent age, n (%) 20 (35) 6 (46) 0.429

a. Symptoms of postnatal CMV infection included pneumonia (n = 3), and sepsis-like illness with thrombocytopenia (n = 2).
Symptoms of congenital CMV infection included intra-uterine growth retardation (n = 5), microcephaly (n = 2), hepatosplenomegaly (n = 4), petechiae (n = 3), jaundice
(n = 1), seizures (n = 1), thrombocytopenia (n = 6), anaemia (n = 2), and neutropenia (n = 1).
b. MRI was performed in 30 postnatally infected infants and 7 congenitally infected infants. Severe MRI abnormalities included polymicrogyria (n = 1), occipital cysts
(n = 1), ventricular dilatation (n = 1) and abnormal white matter signal intensity (n = 4).
doi:10.1371/journal.pone.0108018.t002
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ventricular dilatation (n = 1) and abnormal white matter signal

intensity (n = 4). Two infants died shortly after birth and three

developed neurodevelopmental delay or epilepsy and sensorineu-

ral hearing loss at 8, 6 and 2 years, respectively. The other eight

infants did not develop sequelae, including sensorineural hearing

loss (median time of follow-up 1.8 years, range 1–3 years). Two

(15%) infants with severe symptoms of congenital CMV infection

(seizures [n = 1], cerebral abnormalities [n = 2], hepatosplenomeg-

aly [n = 1] and abnormal automated auditory brainstem response

test [n = 2]) were treated with antiviral medication, of whom one

developed neurodevelopmental delay and sensorineural hearing

loss and one had a favourable outcome. Three asymptomatic

infants with congenital infection were born from mothers with

proven primary CMV infection during late pregnancy and had

normal outcome.

In contrast to infants with congenital infection, none of the

infants with postnatal infection developed severe cerebral abnor-

malities. The presence of lenticulostriate vasculopathy and

germinolytic cysts was seen on cranial ultrasonography in 20

(35%) and 8 (14%) infants, respectively, and was not associated

with unfavourable neurodevelopmental outcome. No additional

cerebral abnormalities were found using MRI, which was

performed in 30 (52%) preterm infants with postnatal CMV

infection. All infants with postnatal CMV infection had a

favourable outcome and normal hearing, determined between

16 months and eight years of life. None of the infants with

congenital or postnatal CMV infection developed CMV chorio-

retinitis.

Genotype assignment
A total of 86 urine samples from 73 infants were included in the

genotypic analysis. Genotyping was successful for both genes in 69

out of 73 (95%) infants, of whom 56 (81%) were postnatally

infected and 13 (19%) congenitally infected. In addition, in two

infants with postnatal CMV infection only UL144 or UL55 could

be genotyped. No genotype could be assigned for 2/73 infants due

to a repeatedly negative amplification result. In 13/73 (18%)

infants, genotyping was performed on two sequential samples

collected between one day and two months after the initial sample.

In all cases genotype assignments were identical in both samples

(data not shown). Based on the results of population sequencing of

the clinical samples, no indications for the presence of mixed

genotypes in any of the infants were observed in the electrophe-

rograms.

The genotype distribution for UL55 and UL144 was similar for

postnatal and congenital CMV infection (Table 3). With 46%

CMV UL55 genotype 1 and UL144 genotype 3 were the most

prevalent genotypes. There were no differences in UL55 and

UL144 genotypes with respect to development of lenticulostriate

vasculopathy in both groups (data not shown).

Viral load
CMV load was determined in urine samples of all infants. The

median viral load was significantly higher in congenital infection

(6.34 Log10 copies/ml [IQR 1.62]) compared to postnatal

infection (5.24 Log10 copies/ml [IQR 1.43]), p = 0.002 (Figure 1).

Table 3. UL55 and UL144 genotype distribution of postnatal and congenital CMV infection.

Genotype UL55 Postnatal (n = 57) a Congenital (n = 13) Total (n = 70)

n (%) n (%) n (%)

1 26 (46) 6 (46) 32 (46)

2 12 (21) 2 (15) 14 (20)

3 11 (19) 3 (23) 14 (20)

4 3 (5) 2 (15) 5 (7)

5 5 (9) 0 (0) 5 (7)

Genotype UL144

1A 10 (18) 4 (31) 14 (20)

1B 2 (4) 1 (8) 3 (4)

1C 1 (2) 0 (0) 1 (1)

2 19 (33) 3 (23) 22 (31)

3 25 (44) 5 (39) 30 (43)

a. In two postnatally infected infants only UL144 or UL55 could be genotyped.
doi:10.1371/journal.pone.0108018.t003

Figure 1. Log10 CMV urine load in postnatally and congenitally
infected infants. Bar in boxplot represent median viral load after log10

transformation. Upper and lower limit of boxplot represent 75th and
25th percentile, respectively. Whiskers represent 5–95% coincidence
interval. Dots represent outliers.
doi:10.1371/journal.pone.0108018.g001
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In postnatal or congenital CMV infection, there were no

statistically significant associations between viral load and UL55 or

UL144 genotypes (data not shown). When both patient groups

were combined, there was a statistical significant association

between viral load and UL55 genotypes (p = 0.018), as shown in

Figure 2A. There were no statistical differences in viral load

between UL144 genotypes, as shown in Figure 2B.

Discussion

To date, this is the first study that reported the prevalence of

various genotypes in preterm infants with proven postnatal CMV

infection, and examined the relationship between genotype and

disease severity in both postnatal and congenital CMV infection.

UL55 and UL144 genes have been demonstrated to be good

candidates for genotyping, because of the significant genetic

variation observed in these genes [10,21].

The distribution of UL55 and UL144 genotypes among the

infants with congenital infection in the present study is generally

consistent with previously reported data [10,12,17,24–26]. UL144

genotype 3 is the predominant genotype (43% of all infants), but

UL144 genotype 2 is much more represented in the present

population than in the cohort of Lurain et al. [10], 31.4% versus

9.0%, respectively. In accordance with other studies [12,26–28],

UL55 genotype 1 was the predominant genotype (46% of all

infants). UL155 genotype 2 was reported to be the predominant

genotype in Polish term newborns with congenital or postnatal

CMV infection (96–100%) [17]. There were no indications for the

presence of multiple genotypes in any of the clinical samples. It is

to be noted though, that the genotyping procedure was based on

bulk sequencing of the amplified genes, which is prone to detect

the major genotype. Mixed genotypes would only be detected if

the contribution of the minority genotype was at least 25% of the

total viral population.

In 2/73 patients the UL55 and UL144 genotypes could be

determined for neither of both genes. In each of these cases this

was due to a negative PCR result upon amplification of the gene.

Despite the well detectable viral loads (..3.000 copies/ml), the

PCR result remained negative for each of the samples upon

experiment repeat, which may indicate that the CMV strains of

these patients could harbor a mutation in one of the amplification

primers. Both of the failing samples were from patients with a

postnatal CMV infection. The missing results do not change the

overall conclusion of the research regarding the widespread

distribution of CMV genotypes in our cohort of congenital or

postnatal CMV infections.

This study shows that the UL55 and UL144 genotype

distribution of CMV appears similar whether they are vertically

(intrauterine) or horizontally (most probably through breast milk)

transmitted from mother to infant. Furthermore, we found that the

same CMV genotypes are able to cause severe CMV disease,

sensorineural hearing loss and neurodevelopmental delay in

infants infected congenitally and asymptomatic disease and normal

outcome in postnatally infected infants. This may suggest that

other factors, including other CMV genotypes, but especially time

of onset of the infection [29] and hence, stage of brain maturation,

are more important than CMV UL55 or UL144 genotype with

respect to development of severe disease.

UL55 genotype 3 was recently found to be associated with

severe manifestations of CMV disease in infants with congenital

CMV infection [12]. Furthermore, in a study by Yu et al. [24],

infants with UL55 genotype 1 and symptomatic CMV disease

were diagnosed with CMV related liver disease more frequently.

Two other recent studies by Paradowska et al. [30,31] suggest that

certain other CMV genotypes (UL73/gN and UL75/gH,

respectively) may predict neurological dysfunction (gN4 genotype)

or hearing loss and higher viral load (gH1 genotype) in

congenitally and postnatally or unproven congenitally infected

infants. Several studies on congenital CMV infection have

suggested that blood and urine CMV loads may be important

markers of CMV disease severity [24,25,31–34]. It was recently

documented that infants with postnatal CMV infection have

significantly lower urine CMV load than infants with congenital

CMV infection [35]. In the present study, it is additionally shown

that this difference consisted irrespective of genotype distribution.

None of these previously reported associations between genotypes,

high viral load and development of sequelae could be confirmed in

present study.However, this study is limited by the small sample

size and selection bias of infants with congenital infection.

With regard of the cranial ultrasonography and MRI results,

lenticulostriate vasculopathy and germinolytic cysts were frequent-

ly detected in both postnatally and congenitally infected infants

(35% and 8% versus 46% and 54%, respectively). Data on the

exact incidence of these abnormalities in the CMV negative

population are limited, but a prevalence of 4% was reported in a

NICU population for LSV and none of these infants had a CMV

infection [36]. The incidence for cysts in the absence of underlying

Figure 2. Log10 CMV urine load in both postnatally and congenitally infected infants with respect to UL55 genotypes (A) and UL144
genotypes (B). Bar in boxplot represents median viral load after log10 transformation. Upper and lower limit of boxplot represent 75th and 25th

percentile, respectively. Whiskers represent 5–95% coincidence interval. Dots represent outliers.
doi:10.1371/journal.pone.0108018.g002
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etiologies was only 0.5% [37]. Both abnormalities have been

previously associated with postnatal and congenital CMV

infection, as well as other clinical conditions [5,38]. The severe

neuro-imaging findings in congenitally infected infants correspond

to previously reported findings [19].

The sensitivity of CMV PCR of dried blood spots to exclude

congenital CMV infection has been discussed. The CMV PCR in

the current study is similar to a high-sensitivity method by Leruez-

Ville et al. [39] and has been combined with anti-CMV IgM

analysis of the dried blood spots, clinical data and viral load to

minimize the possibility of misclassification of congenitally infected

infants as postnatally infected.

In conclusion, the CMV genotype distribution in asymptomatic

postnatally infected preterm infants and severe congenitally

infected term infants was similar, which suggests that other factors

than CMV UL55 or UL144 genotype may be responsible for the

development of disease symptoms and adverse outcome. The role

of viral load in relation to genotype needs further study.
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