HCMYV Genetic Variability in Japanese Children

Hypervariability of ULI44 gene sequences has also
been reported [Lurain et al., 1999]. UL144 is one of the
ORF's and encodes a homolog of the herpes simplex virus
entry mediator [Benedict et al., 1999; Bale et al,
2001]. UL144 ORF can be categorized into three major
groups, however no apparent correlation between
UL144 variants and HCMV pathogenesis has been
identified [Bale et al., 2001].

There have been no similar molecular epidemiological
studies on HCMYV isolates from an Asian population
except for a few studies on gB [Shiu et al., 1994;
Numazaki et al., 2000]. HCMV clinical strains isolated
from Japanese infants and children during the last two
decades were studied. Genetic variability in the a se-
quence, UL144 region, and gB genes, and their associa-
tion with clinical course was investigated. In addition,
the findings were compared with those from Western
countries.

MATERIALS AND METHODS
Virus Strains

Seventy-four HCMV strains were studied. These
wereisolated during 1983-2003 from the urine of
60 Japanese infants and children in Sapporo, Japan.
Of these, 10 newborn babies were confirmed to have
asymptomatic congenital HCMV infection by routine
screening of urine for HCMV excretion. Forty-five pa-
tients (1 month—5 years 4 months; mean, 11 months), all
immunologically normal, had a HCMV mononucleosis
or hepatitis by perinatal or horizontal infection. Five
immunocompromised hosts (9 years 10 months—
23 years 1 month; mean, 15 years 11 months) who were
receiving anti-cancer or immunosupressive agents were
included as HCMV reactivation. Of the 74 strains,
24 were collected from 10 children, that is, 2—3 strains
were isolated serially from the same patients. The
interval between each isolation ranged from 1 month
to 1 year. The laboratory strain AD169 was also includ-
ed. Samples of urine were inoculated onto MRC-5 cells
for HCMV isolation. Virus isolates were stored at —80°C
until further examination.

DNA Isolation

Virus isolates were cultured in MRC-5 cells in 24-well
semi-microplates containing 1 ml of culture medium
(BEagle’s MEM with 2% fetal calf serum) per well. When
an extensive cytopathic effect was present, the cells
were washed once and mixed viral genomic and
cellular DNA was extracted using QlAmp DNA Minikit
(QIAGEN, Inc., Valencia, CA). Isolates were passaged
less than four times prior to DNA extraction. Of 74
stocked-virus strains, 48 could be re-isolated with tissue
culture; however, the remaining 26 strains could not,
and DNA was extracted from stored-virus fluid directly.

PCR Amplification

Three regions of the HCMV genome, that is, the a
sequence, UL144, and gB, were analyzed using poly-
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merase chain reaction (PCR). Forward primer for the ¢
sequence region was our original (TTCC CCGGGGAAT-
CAAACAG), and reverse primer was described by Zaia
et al. [1990] (TTTTTAGCGGGGGGGTGAAA). The
UL144 region was amplified using the primer pair
described by Lurain et al. [1999] (forward: TCGTATTA-
CAAACCGCGGAGAGGAT; reverse: ACTCAGACACG-
GTTCCGTAA).

After denaturing at 94°C for 5 min and cooled to 80°C,
the PCR mixture was seeded with thermostable Taq
polymerase (Promega, Madison, WI). Forty cycles of
amplification were carried out with a DNA thermal
cycler (PE-ABI, Foster city, CA). Each cycle consisted of
warming at 95°C for 40 sec, 55°C for 1 min, 72°C for
1 min, and a final extension at 72°C for 10 min. Ampli-
cons were visualized on 2% agarose gels.

gB genotypes were determined by PCR-RFLP analy-
sis using enzymes Hinf I and Rsa I as described by Chou
and Dennison [1991].

DNA Sequencing

The concentrated PCR products were sequenced
directly with the BigDye Terminator Cycle Sequencing
Kit (PE-ABI). The sequencing products were analyzed
on an ABI PRISM 3100 Genetic Analyzer (PE-ABI.
Consensus nucleotide sequences for the a sequence and
UL144 were determined by visual inspection of forward
and reverse strands.

Phylogenetic Analysis

Sequence alignments were accomplished using web
based Clustal W alignment programs. Unrooted phylo-
genetic trees were constructed for the a sequence and
UL144 DNA sequence data using the above website.
They were visualized and edited using TREE VIEW.

RESULTS
a Sequence Variability

At first, attempts were made to amplify the a sequence
gene using the primer pair described by Zaia et al.
[1990]; however, only 9 of the 74 (12%) strains (7 of the
48 re-isolated strains and 2 of the 26 stocked-virus
fluid) could be amplified. Therefore, the forward primer
was changed to our original one. As a result, the a
sequence of 60 of the 74 (81%) strains (39 re-isolated
strains and 21 stocked-virus fluid) could be amplified.
The PCR products ranged rather broadly in length from
162bp to 238bp.

PCR products were sequenced directly. Analysis of the
nucleotide sequences of the region of 60 strains revealed
differences from 0% to 43% between strains. Phyloge-
netic analysis was conducted with 48 strains except for
12 strains which were isolated from the same subjects
and had identical sequences (Fig. 1). In the unrooted
tree, there were five major groups (A, B1,B2,C1, and C2)
approximately (Fig. 1).

Each cluster consisted of 19, 8, 8, 9, and 4 strains,
respectively. There was 0%—27% nucleotide differences
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Fig. 1. Unrooted phylogenetic dendrogram showing the relationship
of 48 human cytomegalovirus (HCMV) strains with respect to a
sequence polymorphisms. AD169 strain is included. Numbers with
underlines indicate isolates from congenital infection.

among strains located in the same group. They con-
tained strains which were isolated from subjects
with variable clinical symptoms. Each cluster includes
1-3 isolates from infants with a congenital infection.
The dates of isolation of strains belonging to each group
were 1984-2002, 1990-2002, 1989-2000, 19882001,
and 1983-2001 in groups A, Bl, B2, C1, and C2,
respectively. Serial isolates from the same patients
possessed identical sequences for a sequence regions.

UL144 Variability

Sixty-three (85%) strains (all 48 re-isolated strains
and 15 stocked-virus fluid) yielded ULI44 gene PCR
products which had 737-bp length. The HCMV labora-
tory strain, that is AD169 lacks 19 ORFs including
UL144, thus AD169 did not yield amplicons [Cha et al.,
1996; Lurain et al., 1999; Bale et al., 2001].

Unrooted phylogenetic trees were edited using 52 field
isolates except for 11 isolates which had identical
sequences from the same subjects (Fig. 2). This schema
segregated 52 strains into three major groups. Phyloge-
netic trees were also made with our 52 isolates and the
strains described in Lurain et al. [1999]. We confirmed
that the group designations of our strains (1—-3) confor-
med to the scheme proposed by them (data not shown).

Each group consisted of 21, 7, and 24 strains, res-
pectively. Analysis of the nucleotide sequence of the
region of 52 strains revealed differences from 0% to 17%
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Fig. 2. Unrooted phylogenetic dendrogram showing the relationship
of 52 HCMV strains with respect to ULI144 gene variability. Numbers
with underlines indicate isolates from congenital infection. Group
designations conform to the scheme proposed by Lurain et al. [1999].

between strains. On the other hand, there were only
0%~—5% nucleotide differences among strains located in
the same group.

The dates of isolations of strains belonging to each
group extended over a long time, that is 1982-2002,
1991-2003, and 1983-2002 in groups 1, 2, and 3,

TABLE 1. Distribution of Human Cytomegalovirus (HCMV)
Glycoprotein B (gB) Genotype and Type of Infection

Group 1 2 3 4
Congenital infection 6 2 1 0
Perinatal/horizontal infection 26 0 15 0
Immunocompromised host 2 0 1 0
Total 34 2 17 0

Fifty-three strains were analyzed.
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respectively. In group 1, strains from patients with
congenital infections accounted for 33.3% (7/21), how-
ever, in groups 2 and 3, they accounted for just 0% (0/7)
and 8.3% (2/24), respectively; this difference was
statistically significant (x? test, P < 0.05).

Nine children serially secreted viruses with identical
UL144 sequences. One child secreted different strains at
1 year 7 months and 2 years 2 months old; in these the
UL144 gene differed at 25 of 624 nucleotide positions.
These two strains, that is, 1984.1 and 1984.2, were
categorized to different branches within group 1 (Fig. 2).

g¢B Variability

The gB gene of 67 of 74 (90%) strains (all 48 re-isolated
strains and 19 stocked-virus fluid) could be amplified
and analyzed by RFLP assay using enzymes, Hinf I
and Rsa I. Excepting the 14 strains isolated from the
same subjects, 34, 2, and 17 were identified as gB group
1, 2, and 3, respectively (Table I). None of our strains
were classified as group 4. There was no obvious
correlation between a certain gB genotype and the type
of disease. AD169 was identified as group 2.

Linkage of a Sequence,
UL144 Polymorphism, and gB

Strains were compared according to their unrooted
phylogenetic dendrogram of a sequence, UL144, and
gB genotypes. No apparent linkage of polymorphisms
or genotypes was observed. Group A was the dominant
genotype in a sequence (39.6% of all isolates), group 3in
UL144 (46.2% of all isolates), and group 1 in gB (68.7%
of all isolates). But no relationships were apparent
between the dominant genotypes. For example, strains
belonging to UL144 group 3 were dispersed to five
groups of a sequence and two groups of gB in almost
equal ratios (data not shown).

DISCUSSION

This is the first report on HCMV a sequence and
UL144 molecular epidemiology from an Asian country.
In the unrooted tree of the a sequence region, 48 isolates
could be classified into five groups. Each group con-
tained 4—19 strains. However, no apparent linkage of
clusters and clinical diseases was observed. The isola-
tion date of strains within each group were varied
widely, thus there was no temporal variation of field
strains. Serial isolates from the same patients possessed
identical sequences in the a sequence region. This sug-
gests that the HCMV does not easily change within
subjects even at the locus of the hypervariable a
sequence gene.

Bale et al. [2001] analyzed the genetic variability of a
sequences of HCMYV strains from healthy children in a
day care center and from subjects with a congenital
infection. They also divided strains into five groups
which primarily corresponded to nosocomial infection
within the day care center, however any correlation
between our five groups and theirs could not be tested
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because sequence data on their HCMV strains was
unavailable.

In the unrooted tree of the UL144 region, our 63
strains could be clearly classified into three major
groups (1-3). Lurain et al. [1999] analyzed UL144
genotypes of clinical HCMV isolates from immunocom-
promised patients who had had organ transplantation
or HIV infection, while Bale et al. [2001] analyzed
HCMYV from healthy children and neonates. All studies,
including in the present study, divided HCMYV strains
into three major groups with similar designations (1-3).
The patient’s clinical details in these three studies were
different, and there was considerable geographical and
temporal variation. However, all showed that groups
1 and 3 were large and group 2 was the smallest.
Therefore, the HCMV genetic distribution pattern was
similar irrespective of the geographical or temporal
variation, and of the genetic background of the host, in
terms of UL144 genetic variability.

In our study of the UL144 gene, almost all strains
causing congenital infection were located in group 1, in
contrast Bale et al. [2001] found that strains causing
congenital infections belonged mainly to group 3. This
difference cannot be resolved given the small number of
cases of congenital infection studied and a much larger
study of HCMV strains is required to determine the
correlation between congenital infection and UL144
genotype. If particular strain genotypes do infect fetuses
more readily, such knowledge would be helpful in pre-
dicting congenital infections and developing preventa-
tive measures.

Lurain et al. [1999] reported that the UL144 sequence
was maintained in all isolates from the same patient, but
Bale et al. [2001] found that serial strains from two of
four children studied displayed differences. We found
that the UL144 sequence of serial strains from 9 of
10 children was identical. But in one child, the isolate at
1year 7 months differed genetically from that at 2 years
2 months. In the unrooted phylogenetic dendrogram,
these two strains fall into different branches, although
within the same group, which implies repeated infection
with distinct HCMYV strains. However, the sequences of
the a sequence region and gB genotypes could not
differentiate these two strains, emphasizing the need for
plural analysis for differentiation of CMV field strains.

gB is a major component of the virion envelope and is
transported to the plasma membrane of infected cells
[Meyer-Konig et al., 1998a; Plotkin, 1999]. Chou and
Dennison [1991] classified HCMV strains into four
variant groups by PCR-RFLP. The hypervariability of
the gB region is well established and the correlation
between gB and pathogenicity has been examined
without any obvious relationship being found [Meyer-
Konig et al., 1998b; Lurain et al., 1999; Lukacsi et al.,
2001; Humar et al., 2003]. No correlation was found
between gB genotype and the type of disease, but the
numbers of subjects analyzed in the current study were
small. In addition, we do not know the distribution of gB
genotypes among healthy persons living in the Sapporo
region.
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In this study, the gB group 4 isolate was very un-
common (0 of all isolates), which phenomenon has now
been observed among HCMYV strains isolated in USA
and Germany [Meyer-Konig et al., 1998; Xanthakos and
Schleiss, 2003]. Therefore, this may reflect the recent
epidemiologic appearance of gB 4 strains, or differences
in infectivity or virulence. Further investigations will be
needed to elucidate these questions.

In the present study, three genes of HCMV field
strains were investigated and great variability in each
gene was observed, however there was no correlation
between variations. This implies that study of a single
gene is inadequate for investigating the molecular
epidemiology of HCMV. The infection and pathogenesis
of an individual HCMV strain may be defined by the
combination of multiple variant genes that it encodes.
The genomic variability of HCMV is important to efforts
to develop a HCMV vaccine [Plotkin, 1999]. This study
provides some basic data on the genetic variability of
HCMV in an Asian population and should help to
determine the optimal strains for vaccine development.
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Introduction

Chlamydia trachomatis has been recognized as a pathogen of nongonococcal urethritis
(NGU), salpingitis, endocervicitis, pelvic inflammatory disease (PID), inclusion
conjunctivitis of neonates, follicular conjunctivitis of adults, infantile pneumonia and
associated conditions”. Genital or ophthalmic chlamydial infections are still recognized as
a major public health problem throughout the world including Japan.

Pneumonia due to C. trachomatis is a disease limited for the most part to infants less
than 6 months of age. It has been suggested that C. trachomatis infection in pregnant
women may be related to premature labor and to perinatal death. Although transmission
of the organism from mothers to their infants generally occurs at the time of delivery
with passage of the infant through the infected cervix, the possibility of intrauterine
infection at late pregnancy has been reported®?.

Reported below are the cases of C. trachomatis respiratory tract infections in early

neonatal period with the possibility of intrauterine infection.

Materials and methods
1. Patients

Case 1 was a female born by vaginal delivery after 39 weeks’ gestation with a birth
weight 2,605 g ; Case 2 was also a female born after 40 weeks’ gestation by Caesarean
section because of fetal distress with a birth weight of 3,025 g. No asphyxia was found
at birth and there was no episode of premature rupture of membrane (PROM).
Tachypnea or cyanosis developed days 3 and 13 in Case 1 and 2 respectively. Case 3
was a male born by vaginal delivery after 37 weeks’ gestation with a birth weight of

2,982 g Case 4 was a female born after 33 weeks’ gestation also by vaginal delivery
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with a birth weight of 2,265 g. There was an episode of meconium—stained amniotic
fluid with Case 3. Chorioamnionitis was found in the placenta of Case 4. Wheeze and
tachypnea developed within one day after delivery. Case 5 was a female born after 37
weeks’ gestation also by vaginal delivery with a birth weight of 3,714 g. Tachypnea and
cyanosis developed from day 1 in Case 5.

Chest radiographs of Cases 1, 2, 3 and 4 on admission showed streaky shadows
and reticulogranular infiltrates over whole lung without hypeﬁnﬂation. That of Case 5 on
admission showed streaky shadow over the whole lung without hyperinflation. Blood
examination of Cases 1 and 2 revealed increased C-reactive protein (13.1 and 6.5 mg/
dL) and hyperleukocytosis (18,700 and 31,200/ #L) without eosinophilia.

Blood examination of Cases 3 and 4 revealed normal or slightly increased C—reactive
protein (0.10 and 0.00 mg/dL) and hyperleukocytosis (38,500/ L) in Case 4. Bacterial
cultures from throat, urine, blood, feces and cerebrospinal fluid were all negative. Human
cytomegalovirus (CMV) was isolated from urine of Case 5. Serum IgG and IgM
antibodies against CMV were detected from maternal and infantile sera. Blood
examination revealed increased C-reactive protein (2.90 mg/dL) and hyperleukocytosis
(20,800/ 1 L) without eosinophilia.

2. Microbiological Methods

Nasopharyngeal specimens were collected from the five infants within 2 weeks after
birth for antigen detection and the polymerase chain reaction (PCR) study. Endocervical
swabs of mothers during pregnancy were also obtained. The PCR assay to amplify Omp
1 gene and restriction fragment length polymorphism (RFLP) analysis were used to
detect and distinguish serotypes from genotypes of C. trachomatis*®. At the first step,
1.4 kbp DNA fragment that is larger than a full length of the Omp 1 gene was
amplified. At the second step for nested PCR, 1.2 kbp DNA fragment, a full length of
Omp 1 gene was amplified. Genotyping was performed by Hinf 1, Hind Il and Hha I
restriction analysis of amplified Omp 1.

A commercially available EIA kit was also used to detect genus—specific chlamydial
antigens®”. Maternal serum, infantile serum and cord blood samples were obtained for

standard microimmunofluorescence (MIF) assay to detect IgG and IgM antibodies against

C. trachomatis.
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Table 1 Clinical and laboratory findings of five cases

Case 1 2 3 4 5
Sex F F M F F
Gestational age (weeks) 39 40 37 33 37
Birth weight (g) 2,605 3,025 2,982 2,265 3,714
Mode of delivery Vaginal Caesarean Vaginal Vaginal Vaginal
Apgar score at 1 min after birth 9 8 7 8 7
Age at onset (days after birth) 3 13 1 0 1
Symptoms at onset Tachypnea Cyanosis Wheeze Tachypnea Tachypnea
Nasopharyngeal chlamydial antigen -+ + + + +
Nasopharyngeal chlamydial DNA + + + -+ +
Specific serum IgM antibodies

Cord biood 1:128 <1:16 <1:16 1:32 1:32

21 days after birth 1:64 1:32 1:32 1:16 <1:16

Table 2 Maternal microbiological findings during pregnancy

Mother of Case 1 2 3 4 5
Premature rupiure of membranes no no no no no
Findings of placenta unknown unknown unknown Chorio—  normal
amnionitis
Presence of endocervical no no no no no

chlamydial antigen
Serum antibodies to C. trachomatis
(20 weeks’ gestation)

igG 1 :256 not tested not tested 1 256 1 :256
lgM <1:18 not tested not tested 1 :64 <1:16
Results

Diagnosis of C. trachomatis infection was made by antigen detection or PCR assay in
nasopharyngeal swabs and by the presence of specific serum IgM antibodies by MIE The
serovar that we identified from nasopharyngeal swabs of these infants was type E only.
Treatment with ampicillin and amikacin was initiated without success. Respiratory tract
symptoms and radiological appearance improved gradually after oral clarithromycin
administration (15 mg/kg per day) for total of 14 to 28 days respectively. Clinical and
laboratory findings of the five cases are summarized in Table 1. We also examined mothers
of the five infants for C. trachomatis infections. These mothers had negative chlamydial

EIAs during pregnancy (Table 2).
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Discussion

C. trachomatis infections during pregnancy may cause a variety of perinatal
complications. Low—birth—weight infants and PROM occurred more frequently in women
infected with C. trachomatis. The fact that neonates having the symptoms of chronic
lung diseases also manifested elevated serum IgM levels suggested that these respiratory—
tract disorders arose from intrauterine infections during late pregnancy‘”. C. trachomatis
can lead to chorioamniotic infection. Chorioamnionitis is a frequent finding in
prematurity and respiratory insufficiency in premature babies and may be attributable to
intrauterine infection.

We evaluated the significance of detection of serum antibodies to C. trachomatis by
ELISA at different time of pregnancy for early diagnosis of perinatal complications®. The
incidence of perinatal complications was significantly higher in IgG and IgA antibodies—
positive pfegnant women at 30 weeks of gestational age. This fact may also indicate
maternal acquisition of re— or new chlamydial infection in later part of pregnancy.
Intrauterine C. frachomatis infections acquired near the time of labor were considered to
be associated with perinatal complications.

The serovars that we identified from Japanese infants and pregnant women were
similar to those reported in other studies from non—trachoma—endemic areas and were
thought to be mainly urogenital tract—origin“®. Similar results were also obtained from
the study of adult inclusion conjunctivitis in Japan'”. Even some of serovars originally
associated with endemic trachoma are occasionally detected in urogenital infection.
Antigenic variations of C. trachomatis were found among the strains from
nasopharyngeal, conjunctival and endocervical origins.

Erythromycin and clarithromycin were thought to be not toxic for fetuses and effective
for the treatment of endocervical infection of C. trachomatis. Some serological variants of
C. trachomatis may have different pathogeilnicity or drug-sensitivity from classic serotypes.
Early diagnosis and appropriate treatment of chlamydial infections may reduce perinatal
complications. Antigen detection of C. frachomatis from the endocervix has been utilized
widely for the purpose of the screening of chlamydial infections during pregnancy. These
tests are easily performed and less costly but have lower sensitivities than culture and
have low positive predictive values in low prevalence populations such as Japan'?.

Time of onset of respiratory tract symptoms of the five infants in the present study

was within 2 weeks after birth. One infant was born by Caesarean section. Diagnosis of
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neonatal chlamydial infections was obtained by antigen or DNA detection from
nasopharyngeal swabs and by detection of serum IgG and IgM antibodies to
C. trachomatis*®. However, chlamydial antigen was not detected from any endocervical

specimens of mothers.

Control programs emphasizing early diagnosis, targeted screening, and effective
treatment will have led to an eventual decline in the incidence of chlamydial
infections'»!®, Entirely new approaches to prevention and treatment of chlamydial
infections in infants seem to be necessary, including antimicrobial interventions and the

development of a vaccine strategy.
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