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Abstract
Introduction: Neonatal cholestasis is a common manifestation of various pathologies. These pathologies include direct 

hepatocellular injury, defects in hepatocyte bile formation, or mechanical obstruction of bile flow. Histologically, most of the 
biliary tract diseases, infections, genetic and metabolic diseases can display parenchymal inflammation leading to the diagnosis of 
Neonatal Hepatitis (NH). Hence, NH implies a pattern of neonatal liver disease rather than a specific cause of liver injury. Among 
non-obstructive causes, various viral infections are associated with NH.  The unmasking of the etiology of NH in further patients’ 
management is extremely important. Also, the prevalence of viral associated NH varies among different studies. Therefore, we 
planned to investigate the frequency of common viral agents in infants diagnosed with Idiopathic NH (INH).

Objective: A total of 138 consecutive infants with conjugated hyperbilirubinemia undergoing liver biopsy were collected as well 
as thirty-one umbilical cord tissues belonging to normal infants as controls. Patients with known etiology of NH were excluded from 
the study, and 74 cases diagnosed with INH were enrolled. Nucleic acid from the liver tissues of patients was extracted and real-time 
PCR for the detection of EBV, CMV, HSV1, HSV2, and HHV6 was done. 

Results: The mean age of the patients at the time of liver biopsy was 70 days (minimum: 22, maximum: 98 days). There were 36 
males and 38 females. CMV DNA was detected in six patients and HHV6 DNA was detected in one patient, while all control tissues 
were negative for the viral DNAs (p<0.05). None of the other tested DNA viruses could be detected in liver tissues. In addition, none 
of the liver samples were positive for CMV inclusions in hepatocytes or biliary epithelium under the light microscope.

Conclusion: In conclusion, we found CMV DNA in six liver biopsies without any histological evidence of CMV infection. Using 
more sensitive methods such as PCR is warranted to determine viral DNAs in the liver tissues and establish their role in the 
development of NH. Further studies with larger populations should be conducted to provide more information regarding the role of 
viruses in the development of NH and compare their frequency in different populations.
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Introduction

Neonatal conjugated hyperbilirubinemia is a common 
manifestation of mechanical obstruction of bile flow, direct 
hepatocellular injury and also defects in hepatocyte bile 
formation [1]. The distinction between biliary tract obstruction 
and hepatocellular injury is critical for clinical management 
of Neonatal cholestasis. Thus, the primary goal in patients’ 
management is to differentiate obstructive and nonobstructive 
causes of hyperbilirubinemia [2]. Once the obstructive causes are 
excluded, the next step would be evaluating the nonobstructive 
etiologies of hepatocellular injury. Due to the immaturity of the 
biliary system and hepatocytes, different injuries result in similar 
clinical presentations with a significant overlap of laboratory and 
pathological findings [3]. Indeed, most of the biliary tract diseases, 
infections, genetic and metabolic diseases can display parenchymal 
inflammation leading to the diagnosis of Neonatal Hepatitis (NH) 
by pathologists. Therefore, NH means a pattern of neonatal liver 
disease instead of a specific cause of liver injury.  Advances in the 
understanding of neonatal liver diseases as well as the implication 
of new testing modalities allow for the unmasking of the etiology 
in most cases. The most common etiologies include infectious 
and metabolic diseases [4]. Metabolic causes can be suggested 
based on histological and clinical clues and can be confirmed using 
biochemical, molecular and genetic tests. However, despite all 
investigations, no etiology has been found in approximately 30% 
of infants with conjugated hyperbilirubinemia and this group of 
patients is addressed as Idiopathic Neonatal Hepatitis (INH) [3]. 

Many viruses, including Enterovirus, Adenovirus, hepatitis A‐E 
viruses, Coxsackievirus, Cytomegalovirus (CMV), Herpes simplex 
virus, Epstein Barr virus, Influenza virus and Human Herpesvirus 
6 are associated with NH [5,6]. The virus may be transmitted 
from mother to fetus or acquired after birth [7]. While most of the 
infants with congenital infection show no evidence of disease at 
birth, approximately 5% of infants have neurological, respiratory, 
hematopoietic and gastrointestinal involvement by virus leading 
to long-term sequels [5]. The prevalence of infection leading to 
NH varies in different age groups and increases with age, also 
depending on socioeconomic status and the viral detection method. 
Congenital CMV infection is observed in about 0.2 to 2.4% of all 
live births [5] with seroprevalence of 60-90% in Central Europe 
[8, 9] and the USA [8, 10, 11]. In a study by Funato [12] CMV DNA 
was detected in 58.1% of infants with NH [12]. Another study on 
Korean children showed evidence of CMV infection in 31% of the 
kids with acute non-A, B, C viral hepatitis [13]. Continuous states 
or latent infection is characteristic of infection by most of these 
viruses [6]. Therefore, positive serological tests are not sufficient to 
confirm an association of viral infection with hepatitis. Additionally, 
the overlapping histological and clinical features in infectious 
associated NH and INH result in difficulty in distinguishing 
etiologies in most cases. The etiology of NH in further patients’  

 
management is extremely important and the prevalence of viral 
associated NH varies among different studies. CMV isolation in 
liver tissues in patients with INH has been rarely reported, and 
little information exists in the literature in this regard [14-18]. 
Therefore, we planned to investigate the frequency of common viral 
agents, including CMV, EBV, HHV6, HSV1 and 2, in infants diagnosed 
with INH using Polymerase Chain Reaction (PCR). 

Methods

The study was conducted in the pathology department of 
Children Medical Center Hospital, affiliated to Tehran University 
of Medical Sciences. From April 2009 to July 2016, a total of 
138 consecutive infants with conjugated hyperbilirubinemia 
undergoing liver biopsy were collected. Thirty-one umbilical cord 
tissues belonging to normal infants with no illness in their six-
month follow up were included in the study as controls. Neonatal 
cholestasis was defined as jaundice within the first 4 months of 
age with conjugated bilirubin of more than 20% of the total serum 
bilirubin. The Biliary atresia was diagnosed according to Fischler 
et al criteria [18,19]. Patients with biliary tract obstruction, family 
history of progressive familial intrahepatic cholestasis, alpha one 
antitrypsin deficiency, known metabolic causes such as tyrosinemia, 
sepsis and those with insufficient tissues were excluded from the 
study, leading to a final number of 74 cases diagnosed with INH. No 
other defined etiologies were found in the formation of cholestasis 
in these patients, all were full-term infants with normal birth 
weights with unremarkable perinatal histories.  The diagnosis 
of INH was based on clinical findings, laboratory evaluations, 
biochemical data, imaging tests and liver biopsy. Age, gender and 
clinical manifestations were extracted from the archive. Serum 
aminotransferases (AST and ALT), Gamma Glutamyl Transpeptidase 
(GGT), total and direct bilirubin levels, serum-concentration of 
alpha one antitrypsin, sweat chloride test results, HIDA scan of 
the gallbladder and biliary system, abdominal ultrasound, TORCH 
study, intraoperative cholangiography, associated anomalies, serum 
amino acid chromatography and any other factor with possible 
etiologic importance were retrieved from medical records when 
available. Ongoing CMV infection was defined by the detection of 
serum CMV IgM or evidence of the presence of CMV in the urine 
[8-11, 20]. Hematoxylin and eosin, PAS, trichrome and reticulin-
stained slides were reviewed for all 74 cases with special attention 
to the presence of viral cytopathic effect and proper paraffin blocks 
were selected for nucleic acid extraction and PCR study. 

Nucleic Acid Purification

Using disposable blades, two 5µm sections of paraffin blocks 
were made and transferred to DNAse/RNAse free tubes followed 
by deparaffinization. Nucleic acids were extracted using Roche 
High Pure PCR Template Preparation Kit (Roche Diagnostics, 
Indianapolis, IN) as instructed by the manufacturer. Briefly, 
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deparaffinized tissue was incubated with tissue lysis buffer and 
proteinase K at 55◦C until tissue particles disappeared completely. 
Then binding buffer and isopropanol were added. The DNA was 
eluted into a final volume of 200 µL, quantified photometrically 
using nanodrop, Thermoscientific 1000, USA and stored in −70◦C. 
Each sample was subject to Real-time PCR for the detection of 
EBV, CMV, HSV1 and 2 and HHV6 (AmpliSens PCR kits, Bratislava, 
Slovak republic) on rotor gene 6000 (Corbett Research, Mortlake, 
Australia). Negative, positive and internal controls were run in each 
performed PCR assays. The study was approved by the Research 
Ethics Committee of Tehran University of medical sciences and was 
in agreement with the Helsinki Declaration. Statistical analysis was 
performed using SPSS version 16.0.1 (SPSS Inc., Chicago, IL, USA). To 
report the frequencies and differences between groups, descriptive 
statistics and Student’s t-test were employed respectively in which 
P-values of less than 0.05 were considered as significant.

Results

A total of 138 consecutive infants with conjugated 
hyperbilirubinemia undergoing liver biopsy with a final diagnosis 
of NH were studied. Cases with biliary tract obstruction, family 
history of progressive familial intrahepatic cholestasis, alpha 
one antitrypsin deficiency, known metabolic causes such as 
tyrosinemia, sepsis and those with insufficient tissues were 
excluded from the stud, leading to a final number of 74 cases.  The 
mean age of the patients at the time of liver biopsy was 70 days 
(minimum: 22, maximum: 98 days). There were 36 males and 38 
females. The clinical data was gathered with the most common 

clinical presentation being jaundice and the onset of jaundice was 
on 24.2 ±17 days of life. The mean birth weight was 2.4 ±0.7 kg.  
IgM and IgG serology for CMV were available for 52 patients and 30 
patients out of these 52 patients also had blood CMV PCR results 
in their charts. No data regarding CMV serology or blood CMV PCR 
was found for the rest of patients.  CMV IgM and IgG were positive 
in 8 and 11 patients (out of 52 patients), respectively and PCR for 
blood CMV DNA was positive in 6 patients (out of 30 patients). 
Using PCR, CMV DNA was detected in six and HHV6 DNA in one 
patient while all control tissues were negative for the viral DNAs 
(p<0.05). None of the other tested DNA viruses could be detected 
in liver tissues.  Among patients with positive CMV serology, three 
infants showed CMV DNA in the liver. These three patients also 
were positive for blood CMV DNA. For one case with positive liver 
CMV DNA no data was available regarding serology or blood CMV 
PCR. The other two cases with positive liver CMV DNA showed only 
positive viral serology (both high IgM and IgG), but negative blood 
CMV DNA PCR results.

None of the liver samples were positive for cytomegalovirus 
inclusions in hepatocytes or biliary epithelium (Figure 1). The 
mean level of serum alanine aminotransferase (ALT) levels was 
187 IU/L (12-572 IU/L), while serum alanine aminotransferase 
(AST) counterpart was 308 IU/L (29-1592 IU/L). The mean level 
of AST and ALT, GGT, total and direct bilirubin levels and serum-
concentration of alpha one antitrypsin did not differ between 
cases with positive and negative DNAs (p>0.05).  Table 1 shows the 
clinical and laboratory characteristics of patients enrolled in the 
study.

Figure 1: Liver biopsy shows neonatal hepatitis as giant cell transformation of hepatocytes in a patient with positive CMV 
serology and PCR (H&E). 
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Table 1: Shows the clinical and laboratory characteristics of patients.

     Blood CMV PCR  
(n =30) (Mean ± SD)

 Liver CMV PCR 
(n =74) (Mean ± SD)

Positive 
n=6

Negative 
n=24 P Value Positive 

n=6
Negative 

n=68 P Value

Age (days) 65 ±24 73 ±28 0.6 63 ±20 66 ±22 0.5

Birth weight (kg) 2.3 ±0.7 2.4 ±0.6 0.3 2.2 ±1.1 2.2 ± 0.7 0.3

Total bilirubin (mg/dL)  12.4±3.7 11.7±3.6 0.5  13.3±2.5 11.8±3.1 0.2

Direct bilirubin (mg/dL) 8.5±2.6 7.7±3.8 0.3 9.3±2.8 7.9±2.9 0.6

Discussion

INH is an important cause of neonatal cholestasis. Classically, 
infants with INH reveal normal biliary trees and elevated levels of 
conjugated bilirubin. The clinical picture is not unique and often 
there is an overlap with other causes of neonatal cholestasis. 
As the treatment protocols for each category of diseases differ, 
extensive radiological, histological, biochemical, microbiological 
and even molecular workup is an essential part of the diagnostic 
algorithm. Histologically, hepatic giant cells, inflammation 
and lobular cholestasis are evident while there are no clues to 
obstructive changes of biliary atresia, the paucity of intrahepatic 
bile ducts, viral inclusion or abnormally stored materials inside 
the hepatocytes. However, in the first few months of life, we 
cannot rely on histology or serology alone to rule out storage 
disease or infectious processes as the false-negative rate is high. 
As the infectious process is one of the leading causes of NH which 
can be missed on routine histological or serological studies, we 
retrospectively did PCR on liver tissues of infants diagnosed with 
INH to understand the frequency of few common viral infections as 
possible etiology and their clinical and histological correlates [1]. 
We found CMV DNA by real-time PCR system in the liver tissues of 
six patients with NH, which was not observed in the control group. 
CMV infection is one of the main causes of NH among other viruses 
[6, 9, 12, 21]. Direct evidence of the role of viruses in the disease 
process is difficult to be established; however, the detection of 
the virus from the liver tissue is regarded as evidence of the role 
of CMV in NH [6,12 9,21]. We identified IgM anti-CMV antibodies 
and markedly elevated titers of IgG anti- CMV antibodies in three 
out of six cases with positive liver CMV PCR and so CMV was the 
most likely cause of neonatal hepatitis in these infants. Primary 
CMV infection can be detected by the presence of serum anti-CMV 
IgM antibody or the seroconversion of the IgG antibody. However, in 
infants, the antibody production is limited due to the immaturity of 
the immune system resulting in negative results for anti-CMV IgM 
antibodies. In addition, the passive acquisition of antibodies from 
the mother may complicate the serodiagnosis of CMV infection. We 
reviewed all the biopsies again with special attention to the viral 
cytopathic effect in these six infants, but no viral cytopathic effect 

was observed. The absence of CMV inclusion may be related to its 
rarity in the biopsies of immunocompetent patients [6]. 

5 infants in this study were positive in terms of anti-CMV IgM but 
negative with respect to CMV DNA. This may be due to false-positive 
results, the passage of antibodies from mothers, or low sensitivity 
of our PCR assay in the presence of low levels of CMV DNA. Indeed, 
serology has a low specificity for the diagnosis of CMV hepatitis 
and cannot differentiate between active and latent infections. 
Few reports have been published describing the frequency of the 
association of CMV infection with NH. The prevalence of the finding 
of CMV in our stud is lower than in Funato et al. and Shibata et al, 
both with the rate of infection of 23–67% of infants [6, 12]. Here, 
we should mention that by different PCR techniques, the rate of 
viral DNA isolation varies. Different study populations are other 
important factors. It also implies the negative test results for other 
DNA viruses in the present study. HHV-6 DNA was detected in one 
60-day girl with mildly increased levels of ALT and AST. Although 
this virus shows replication mainly in lymphocytes, in the Pischke 
study it has also been amplified from liver tissue especially in 
patients with graft hepatitis [8].  Our study has some limitations. 
First, although we found CMV DNA in six patients with hepatitis, 
its responsibility for the development of hepatitis cannot be 
confirmed by our method. By the way, direct detection of CMV DNA 
in liver tissue can support its direct role in hepatitis development. 
Second, we cannot conclude that the negative PCR result is because 
of the absence of viruses as the amount of viral DNA may be lower 
than the test threshold. Third, blood CMV PCR and CMV serology 
results were not present in all patients so we could not determine 
the sensitivity of the tests. In summary, we found CMV DNA in six 
liver biopsies without any histological evidence of CMV infection. 
Using more sensitive methods such as PCR is warranted to find out 
CMV or other viral DNAs in the liver tissues in the absence of viral 
cytopathic effects and establish their role in the development of 
NH. Antiviral therapy may help NH recovery and reduce potential 
complications of infections. Further studies with larger populations 
should be carried out to provide more information regarding 
the role of viruses in the development of NH and compare their 
frequency in different populations.
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