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Background: The human cytomegalovirus (HCMV) is a common pathogen which usually remains asymptomatic in the healthy adults;
however, it can cause a symptomatic disease in the immunocompromised patients. The risk of infection with HCMV increases in ulcerative
colitis (UC) patients as a result of receiving immunosuppressive agents.

Objectives: This study aimed to determine the prevalence and the glycoprotein B genotypes of HCMV among the patients with HCMV
disease superimposed on an UC flare that required hospitalization in Imam Khomeini Hospital in Ahvaz, Iran, during 2010- 2012.
Patients and Methods: In this case-control study, formalin-fixed paraffin-embedded intestinal tissue samples were taken from 98
patients with UC disease including 53 males and 45 females (mean age + standard deviation, 38.95 +17.93) and 67 control patients with
noninflammatory disease who were referred to Imam Khomeini Hospital during 2010-2012. Detection of HCMV genome in intestinal
samples was carried out by seminested polymerase chain reaction. Glycoprotein B genotypes were determined by sequencing.

Results: Among 98 patients with UC, only 12 (12.2%) patients were positive for HCMV genome, while the HCMV genome was not detected in
any of the controls. (P=0.002). The distribution of HCMV gB genotypes in 12 CMV-positive UC patients was as follow: gB1, 11(91.7%) and gB3,
1(8.3%). The most prevalent genotype in CMV-positive UC patients was gBL1.

Conclusions: In this study, high prevalence of 91.7% HCMV gB1 genotype was predominant among HCMV-positive UC patients, which

suggests that there might be an association between HCMV gB genotype 1and UC disease.
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1. Background

Inflammatory bowel disease (IBD) is defined as chronic
inflammatory disease of the gastrointestinal tract with
several periods of clinical relapse and remission. There
are two forms of IBD including Crohn’s disease (CD) and
ulcerative colitis (UC) (1). Ulcerative colitis is usually
more frequent than CD (2). It affects the colon and its
symptoms are bloody diarrhea and rectal bleeding (3,
4). Crohn’s disease often affects the terminal ileum and
colon with symptoms, such as abdominal pain, diarrhea
and weight loss (1). Gastrointestinal cancer may be seen
in both forms of IBD (1). Although it is said that several
factors, including genetic and environmental, bacterial
and viral, nutritional, psychological and immunologi-
cal factors seem to be involved in causing IBD, the exact
etiology of this disease has not been known yet (5). In
this study, we focused on the viral factors. As we know,
IBD has several periods of clinical relapse and remis-
sion and this feature is similar to infections caused by

viruses of Herpesviridae family (1). Human cytomegalo-
virus (HCMV) is a double stranded DNA virus which be-
longs to the Herpesviridae family and is a beta human
herpesvirus type 5 (6, 7). Human cytomegalovirus affects
between 40% and 100% of the general population (6, 8);
it usually remains asymptomatic in the healthy adults;
however, it can cause symptomatic disease in the immu-
nocompromised patients (7). Human cytomegalovirus
disease may occur in various organs. HCMV infections
involve any part of the gastrointestinal tract,and induce
ulcers with hemorrhage (4). Recently, an association be-
tween IBD and the presence of HCMV has been reported
(4, 9). The risk of infection with HCMV increases in IBD
patients as a result of receiving immunosuppressive
agents (10, 11), and this viral infection evoke the sever-
ity of inflammatory diseases (12, 13); however, the role of
antiviral treatment is also unclear. To date, there haven’t
been any controlled trials of antiviral therapy to clarify
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this issue (8); therefore, we cannot decide about the use
of antiviral therapy in these patients (6). More studies
are needed to confirm this.

Human cytomegalovirus shows genetic variations in
virulent genes, such as UL55 (14, 15). The UL55 gene en-
codes glycoprotein B (gB), which is the major envelope
glycoprotein of CMV (15, 16). On the basis of genetic varia-
tion in the UL55 gene, HCMV can be classified into 4 gly-
coprotein B (gB) genotypes (17). Also, the HCMV gB has an
important role in tissue tropism, virus penetration into
the host cell and fusion of infected cells. Therefore, it is
an important target for humoral and cellular immune
responses (15). Since the UC is recurrent and is one of the
important causes for referring to the specialist, hospi-
talization of the patients accompany with work-loss and
high treatment costs (3), an evaluation of rapid diagnosis
of HCMV infection is important for an appropriate anti-
viral treatment and to prevent the serious complications
of the disease. This study was conducted to detect HCMV
DNA in intestinal tissue specimens of patients with flare
UC by the nested polymerase chain reaction (PCR) in Ah-
vaz city, Iran. Ahvaz city is the center of Khuzestan prov-
ince located in the south-west of Iran with 1.5 million
populations.

2. Objectives

This study aimed to determine the prevalence and the
glycoprotein B genotypes of HCMV among the patients
with HCMV disease superimposed on an UC flare that
required hospitalization in Imam Khomeini Hospital in
Ahvaz, Iran, during 2010- 2012.

3. Patients and Methods

3.1. Patients and Samples

Intestinal samples were taken from 98 patients with UC
disease including 53 males and 45 females (mean age +
SD, 38.95 +17.93) referred to Imam Khomeini Hospital in
Ahvaz city, Iran, during 2010 - 2012. All patients were di-
agnosed with UC by clinical, laboratory, endoscopic, and
histological findings in accordance with Leonard-Jones
criteria (18). The control group consisted of 67 individu-
als with noninflammatory disease, who were evaluated
by colonoscopy for anemia, change bowel habit or rectal
bleeding, granolomatosis or colonal papilomatosis dis-
eases, and were matched in age (£ 5 years), sex, and date

of hospital admission with the UC patients. A written in-
formed consent was obtained from all patients as well as
control subjects.

3.2. Molecular Study

3.2.1. Preparation of Formalin-Fixed, Paraffin-Embed-
ded Colon Tissues for DNA Extraction

Tissue sections (20 um thick; 8 or 10 sections from each
block) were deparaffinized with 1 mL xylene in 1.5 mL
DNase-free micro tubes at 45°C for 15 minutes. After 15
minutes, xylene was removed and this step was repeated
twice. The tissues were washed with ethanol 100%, 80%,
60% and then ethanol 40%. The tubes were kept at room
temperature with an opened cap to completely evapo-
rate ethanol.

3.2.2. DNA Extraction

The DNA extraction from deparaffinized colon speci-
mens was performed by the high- pure PCR template
preparation kit (Roche, Germany) according to the man-
ufacturer’s instructions. The extracted DNA was eluted in
100 pL DNase-free Mili-Q water and stored at-20° C before
being used as a template to detect CMV DNA.

3.2.3. Seminested Polymerase Chain Reaction Assay

Human cytomegalovirus DNA was detected using the
seminested PCR with the paired primers conserved for
the gB gene (UL55 region) including, gB1043/gB 1724 and
gB1043/gB1604 (15, 19). The sequences of PCR primers
used in this study are listed in Table 1.

Human beta-globin gene was used as internal control
to check the absence of PCR inhibitors and DNA quality
(20). DNA quality was evaluated by PCR using forward
primer PCO3: 5-ACACAACTGTGTTCACTAGC-3’ and reverse
primer PCO4: 5-CAACITCATCCACGTTCACC-3’ that amplify
a 110 bp product from the human p-globin gene (21). The
first PCR was conducted in a total volume of 25 puL of a
reaction buffer that included the following components:
0.4 uM of each gB1043 and gB1724 outer primer (10 pmol/
reaction), 200 uM of each of the 4 deoxynucleotides, 100
ng DNA template, 1.25 U of Taq DNA polymerase, 1 x PCR
buffer containing 1.5 mmol/L MgCl, and DNase-free Mili-
Q water. PCR components were purchased from Roche
Company (Germany).

Table 1. Nested PCR Primer Sequences

Primer Sequence Primer Pair Product Size
gB1043 (nt1043-1061): 5-TCTGGGAAGCCTCGGAACG-3 gB1043(gB 1724 680 - 685 bp
gB1724 (nt1724-1704): 5-GAGTAGCAGCGTCCTGGCGA-3
gB1604 (nt1621-1604): 5-GAAACGCGCGGCAATCGG-3 gB1043/gB1604 580-583 bp
2 Jundishapur ] Microbiol. 2015;8(2):e17458
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Themocycler (TC-512, Techne, UK) was programmed with
an initial denaturation for 5 minutes at 95°C, and then fol-
lowed by 35 cycles consisting of a denaturation step, 94°C
for 40 seconds, an annealing step, 57° C for 50 seconds, and
an extension step was 72°C for 60 seconds. The final exten-
sion cycle was 72° C for 5 minutes. For the second reaction,
2 uL of the first PCR product was added to a tube contain-
ing the 0.4 pM of each gB1043 and gB1604 inner primers
(10 pmol/reaction), with the same PCR reagents as in the
first reaction. Second thermocycling conditions were as
follows: Initial denaturation at 95°C for 5 minutes, 35 cy-
cles consisting of 94° C for 40 seconds, 58° C for 50 seconds,
72°C for 60 seconds, and 72° C for 5 minutes. PCR products
were analyzed by electrophoresis on 2% agarose gel (Cina-
gene, Iran) containing DNA Safe Stain and electrophoresed
for about 45 minutes at 100 volts in 0.5 x TBE buffer. The
gel was visualized on UV Transilluminater (Vilber Lour-
mat, France). A DNA band with = 580 bp was considered
as a positive sample and subjected to genotyping. The se-
quence of both strands was determined.

3.2.4. DNA Sequencing Assay

The CMV-positive PCR products were purified with a
QIAQuick PCR purification kit (Qiagen, United Kingdom)
and were subjected for automated sequencing (Taka-
pozist Co., Tehran, Iran). Nucleotide sequences of CMV
strains were aligned using ClustalW (22).

3.3. Nucleotide Sequence Accession Numbers and
Phylogenetic Analysis

Genotyping of HCMV glycoprotein B (gB) was carried
out by sequencing for 12 CMV-positive samples. The Phy-
logenetic tree analysis was used to compare the genetic
distances for all 12 isolates. The phylogenetic tree was
constructed by the neighbor-joining method with the
Bootstrap test of phylogeny in Molecular Evolutionary
Genetics Analysis (MEGA) program, version 4 (23, 24).
Bootstrap resampling strategy and reconstruction were
carried out 1000 times to confirm the reliability of the
phylogenetic tree (25).

3.4. Statistical Analysis

All data were presented as mean * SD or frequencies.
Clinical characteristics were compared using the chi-
square test or Fisher’s exact test and Student’s t-test. Data
were processed by SPSS for statistical analysis (SPSS Inc.,
Chicago, IL) and P-values of 0.05 or less reported as statis-
tically significance.

4.Results

A total of 98 cases with flare UC, including 53 males
and 45 females (mean age + SD, 38.95 + 17.93), referred to
Imam Khomeini Hospital in Ahvaz city during 2010-2012,
and 67 controls with noninflammatory disease, who were
matched in age (£ 5 years), sex, and date of hospital admis-
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sion with UC patients, were participated in this study. The
common intestinal locations for UC were proctitis (13.3%),
pancolitis (19.4%), rectosigmoid (21.4%), left-side colitis
(11.2%), rectosigmoid-decending colon (18.4%) and extend
colitis (16.3%). The highest rate of UC was observed in recto-
sigmoid and pancolitis, whereas the lowest rate was in left
colitis. Sixty-one (62%) flare UC patients were treated with
immunosuppresive drugs during sampling. The duration
of flare UC disease was 4.53 +3.54 years. The demographic
and clinical profiles of the 98 flare UC patients are sum-
marized in Table 2. The histopathologic examination con-
firmed diagnosis of UC in all patients of the case group;
whereas the absence of any inflammatory disease was con-
firmed in the control group. The B-globin DNA was detect-
able in all formalin-fixed paraffin-embedded specimens.

Table 2. Demographic and Clinical Parameters of Patients
Included in the Study

Characteristics and Parameters Values
Age,y 38.95+17.932
Duration of Disease, y 4.53+3542
Gender?
Male 53 (54.1)
Female 45(45.9)
Intestinal Location P
Proctitis 13(13.3)
Pancolitis 19 (19.4)
Rectosigmoid 21(21.4)
Left-sided colitis 11(11.2)
Rectosigmoid-decending colon 18 (18.4)
Up to transverse colon 16 (16.3)
Immunosuppressive Drug User b
No 37(38)
Yes 61(62)
Race P
Persian 69 (70.4)
Arabic 29 (29.6)
PlaceP
Urban 89 (90.8)
Rural 9(9.2)
Education
Diploma and post diploma 62(63.3)
Under diploma 36(36.7)
Other Sick
Anemia 16 (16.3)
Hypertension 5(5.1)
PSC 8(8.2)
Thyroid disorder 9(9.2)
Diabetes 6(6.1)
Hepatitis 3(31)
None 51(52)

4 values are Presented as Mean #S.D.
Values are Presented as No.(%).
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The HCMV genome in the intestinal tissue was found
in 12 (12.2%) UC patients. Figure 1 shows the =~ 580bp PCR
product. All of the biopsy samples of the control group
were negative for HCMV. These 12 CMV-positive UC pa-
tients were 8 males (66.7%) and 4 females (33.3%) with
mean age * SD of 35.17 + 9.85. The highest rate of the in-
testinal location of UC was in pancolitis (41.7%). Table 3
summarizes the association of various demographic and
clinical variables associated with CMV-infection. In this
study, detection of CMV genome in the intestine was com-
monly associated with UC(P=0.002). However, detection
of CMV genome was not statistically associated with age
and sex, duration of disease, race, place, education, loca-
tion of disease, and use of immunosuppressive drugs.

The GenBank accession numbers for the HCMV se-
quences isolated from CMV-positive UC patients in this
article are KC525998, KC525999, KC526000, KC526001,
KC526002, KC526003, KC526004, KC526005, KC526006,
KC526007, and KC526008. Figure 2 shows the trees gener-
ated by using sequences from gB gene region. The result
of CMV-genotyping by sequencing based on MEGA

Figure 1. The Nested Polymerase Chain Reaction Amplification of Human

Cytomegalovirus DNA From Biopsy Sample

Abbreviations: Lane M, molecular size maker, 100 bp DNA ladder; lane N,
negative controls; Lane P, positive control; Lane 1-8, amplified products
( ~580bp) on agarose gel electrophoresis.

Table 3. Demographic and Clinical Data for Cytomegalovirus -Positive and Cytomegalovirus -Negative UC Patients

Characteristics and parameters CMV-positive (n=12) CMV-negative (n=86) P value
Age,y? 35.17+9.85 39.48 +18.76 0.229
Duration of disease, y ¢ 3.27+2.74 4.70 £3.61 0.192
Gender P
Male 8(66.7) 45(52.3) 035
Female 4(333) 41(47.2)
Intestinal location?
Proctitis 2(16.7) 11(12.8) 0.351
Pancolitis 5(41.7) 14 (16.3)
Rectosigmoid 1(8.3) 20(23.3)
Left-sided colitis 1(83) 10 (11.6)
Rectosigmoid-decending colon 1(8.3) 17(19.8)
Up to transverse colon 2(16.7) 14 (16.3)
Immunosuppressive Drug User b
No 5(41.7) 32(37.2) 0.765
Yes 7(58.3) 54 (62.8)
Race P
Persian 6(50) 63(73.3) 0.098
Arabic 6(50) 23(26.7)
place P
Urban 10 (83.3) 79 (91.9) 0.338
Rural 2(16.7) 7(8.1)
Education
Diploma and post diploma 8(66.7) 54 (62.8) 0.798
Under diploma 4(333) 32(37.2)
Other Sick
Anemia 2(16.7) 14 (16.3) 0.273
Hypertension 1(8.3) 4(4.7)
PSC 3(25) 5(5.8)
Thyroid disorder 0(0.0) 9(10.5)
Diabetes 0(0.0) 6(6.9)
Hepatitis 0(0.0) 3(3.5)
None 6(50) 45(52.3)

EValues are Presented as Mean + S.D.
Values are Presented as No.(%).
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Figure 2. Phylogenetic Tree Based on gb Gene Sequences of Cytomegalovi-
rus-Isolates From Intestinal Biopsy of 12 Cytomegalovirus -Positive Ulcer-
ative Colitis Patients During 2010 and 2012

@ KC526001(gB1)
|- ®KC526004(gB1)
@ KC526998(gB1)
® KC526005(gB1)
47

| ®KC526006(gB1)

® KC526000(gB1)

°
56| ® KC526007(gB1)

® KC525999(gB1)

98 @ KC526003(gB1)

“M60929.1(gB1
97 (gB1)

L AKC526008(gB1)

M60926.1(gB4)

M60931.1(gB2)

IA KC526002(gB3)

100] \igs2281 (gB3)

0.02

The Genbank accession numbers for the sequences are as follows:
m60929.1 for Genotype gb1, M60931 for Genotype gb2, M85228.1 for geno-
type gb3, M60926.1 for genotype gb4. The phylogenetic tree analysis was
conducted with sequences corresponding to nt positions 1047 to 1624
within the gb gene and constructed using the neighbor-joining method
in mega4.

software revealed 11 cases (91.7%) for gB1, and 1 case (8.3%)
for gB3 genotypes, respectively among the UC patients.
The most prevalent genotype in HCMV-positive flare UC
patients was gB1.

5. Discussion

The human cytomegalovirus is a common pathogen,
which occurs early in life. It usually causes asymptomatic
infections and remains persistent in healthy individuals
(9), but it causes symptomatic diseases in immunocom-
promised patients. In these patients, the HCMV disease
may occur in various organs (7). In recent years, the role
of HCMV disease in IBD has been described (26, 27) and
HCMV tends to invade and stay in inflammatory areas
(28). Orvar et al. proposed that the cross-reactive immune
responses between human and viral proteins might
cause an autoimmune response, which lead to IBD (29).
On the other hand, IBD patients are in immunodeficien-
cy state as a result of treating with immunosuppressive
agents; therefore, the risk of HCMV infection increases in
these patients and this virus can worsen the condition of
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IBD (10, 11). Thus, HCMV infection might cause UC or occur
as aresult of UC injuries in the intestinal mucosa. The ex-
actrole of HCMV in UC disease is still unclear (28).

In recent years, some studies have reported the high
prevalence of HCMV in intestinal tissue biopsies among
IBD patients in different regions of the world (9, 28), and
even CMV cytotoxic auto antibodies have been detected
in more than 50% of patients with either UC or CD (30,
31). Criscuoli et al. discovered CMV infection prevalence
of 21.4% among IBD patients in Italy (32). In another sur-
vey, Kandiel et al. studied the prevalence of CMV infec-
tion in patients with IBD. In their study, CMV infection
prevalence was 21%- 34% among American patients (12).
In the present study, the HCMV prevalence was evaluated
in flare UC patients in comparison with individuals with
noninflammatory disease as control group. In the intes-
tinal biopsy, CMV genome was detected in 12.2% of UC
patients but not detected in the control group. Recently,
some studies have reported that there is an association
between CMV infection and IBD (10, 28, 32).

In our study, an association was observed between the
presence of CMV in the intestinal biopsy and UC disease.
However, no significant difference was found between
CMV-positive UC patients and CMV-negative UC patients
regarding several demographic and clinical parameters.
Cottone et al. studied the prevalence of CMV infection
among IBD patients in Italy. In their study, CMV was diag-
nosed in the rectal specimens of seven (five with UC and
two with CD) out of 19 (36%) patients with refractory dis-
ease. They came to this conclusion that the CMV infection
is a frequent cause of IBD (26). In another survey, Wada
et al. detected CMV infection in 16 of 47 patients (34%)
with UC in Japan. Proportion of female patients, age at
the time of determination was significantly higher in
the CMV-positive group (59.1%) than in the CMV-negative
group (13.6%). The prevalence of endoscopically severe
UC was higher in patients with CMV antigenemia than in
those without CMV antigenemia (P = 0.016) (27).

Dimitroulia et al. studied frequent detection of CMV in
the intestine of patients with IBD in Greece. In their study;,
CMV genome was found in 27.1% of the IBD patients, while
in the control group was 2.2%. Since the CMV infection
was frequently found in patients with IBD as compared
with the control group, they came to this conclusion that
detection of CMV genome in the intestine was associ-
ated with IBD (9). Although there was an association be-
tween HCMV and UC disease, the exact role of CMV in IBD
patients is still unclear; some studies suggest that CMV
has a nonpathogenic role in the intestine of IBD patients,
while others report the adverse effects of CMV on clinical
results of IBD patients (13,32, 33). This diversity of clinical
outcome of CMV might be explained by studies on the ge-
notyping of the virus.

In previous studies, the gB genotype 1and gB genotype
2 were found more frequently in different groups such as
bone marrow, stem cell and renal transplant recipients,
immunocompromised and HIV infected patients (16, 34,
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35). However, among gB type 1 and type 2, gB type 1 was
the most frequent (16), while type 2 was more frequent in
HIV-infected patients (35, 36). Some studies revealed that
mixed gB genotype infections are associated with higher
viral loads, delayed viral clearance, virulence patterns, vi-
rologic outcomes, progression to CMV disease, increased
rate of graft rejection, more often coinfections with other
herpesviruses and sever clinical manifestation (14, 16, 37).
In our study, the result of CMV genotyping revealed 11
(91.7%) for gB1, and 1(8.3%) for gB3 genotypes, respectively
among the UC patients. In present study, HCMV gB1 geno-
type was predominant, which suggests that there might
be an association between gB genotype 1and UC disease.
More investigation is needed to confirm this.

Regarding HCMV genotypes, Coaquette et al. found gB1
(28.9%) , gB2 (19.6%), gB3 (23.7%); gB4 (2.0%) and mixed
genotypes in 25.8% among immunocompromised pa-
tients, and revealed that the presence of multiple gB
genotypes in infected patients associated with severe
clinical outcomes in contrast to patients infected with a
single gB genotype (16). Gonzalez-Ramirez et al. studied
the frequency distribution of CMV genotypes in Mexican
children with allogeneic bone-marrow transplantation.
They found gB1 (30%), gB2 (27%), gB3 (13%), gB4 (3%) and
mixed genotypes in 8/30 patients (27%). In their study,
genotypes gB2 and gB1 had the highest frequency (34). In
another study, Dieamant et al. determined the distribu-
tion of gB genotypes in allogeneic hematopoietic stem-
cell transplant (HSCT) recipients with CMV infection in
Brazil. They found gB1(46.6%), gB2 (33.3%), gB3 (6.7%); gB4
(6.7%) and mixed infection (6.7%) genotypes in this popu-
lation. In their study, genotype gB type 1 was the most
prevalent genotype, and they revealed that the mixture
of HCMV gB genotypes was associate with gastrointesti-
nal disease (17).

Genotype information is important for predicting tro-
pism and virulence of HCMV, treatment and antiviral
resistance, progression to HCMV disease, graft rejection,
viral loads and recurrent infection (14, 38). Since glyco-
protein B (gB) is involved in virulence, virulence differs
among different CMV genotypes (15, 38). Moreover, geno-
type determines the length of therapy e.g. mixed gB geno-
type infections are associated with higher viral loads and
delayed viral clearance (14, 37). In addition, for treatment
purposes, detection of HCMV genotypes in different re-
gions and different groups of patients can be used for the
purpose of molecular epidemiology (14). Furthermore,
these findings can facilitate the choice of recombinant
HCMV glycoprotein vaccine required to immunize high-
risk group (39).

In conclusion, in this case-control study, overall CMV
prevalence was 12.2% among the UC patients (P = 0.002).
In present study, high prevalence of 91.7% CMV gB1 geno-
type was observed among the flare UC patients, which
suggests that there might be an association between the
gB genotype 1 and UC disease. However, further studies
are needed to confirm this.
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