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TORCH serological marker on cholestasis
with the occurrence of bhiliary atresia and
its clinical manifestations
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ABSTRACT

Background and objectives. Biliary atresia occurs due to multifactorial etiology, and it was recently suggested that peri-
natal infection with TORCH, especially Cytomegalovirus (CMV), triggers inflammation of the bile ducts.

This study aims to evaluate the TORCH infection on cholestasis with the occurrence of biliary atresia and its clinical
manifestations.

Materials and methods. A prospective single-center study was performed on 113 cholestatic infants and classified into
two groups based on their positivity of immunoglobulin M and G (IgM and IgG). They were tested for CMV, Rubella, and
Toxoplasmosis by a Gold Standard Diagnostics ELISA kit in our laboratory. Clinical conditions, laboratory tests (Aspartate
Aminotransferase (AST), Alanine Aminotransferase (ALT), y-glutamyl transpeptidase (GGT), and liver histopathology
between the two groups were analyzed with p < 0.05, which was considered significant.

Results. Out of 113 infants of cholestasis, 94.7% (n = 107) were CMV IgG-positive, followed by Rubella IgG-positive (47.8%,
n=54). Rubella and toxoplasma IgM antibodies were least commonly found in cholestasis (8% and 7.1%, respectively).
CMV IgG-positive status was noted to be older at the onset of jaundice. Infants with Rubella IgG-positive had less inci-
dence of extrahepatic cholestasis (37.7% vs 62.3%) and liver fibrosis (39% vs 61%) (p<0.05). There was no difference in
sex, birth weight, gestational age, AST, ALT, GGT, coagulation hemostasis, and abdominal USG abnormality based on torch
serological markers (p>0.05).

Conclusion: CMV infection mostly occurs in infants with cholestasis, followed by rubella infection. TORCH infection
screening may be necessary in all infants with cholestasis.
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INTRODUCTION

Cholestatic jaundice is found in 1 in 2500 term
babies born [1]. Most infant cholestasis is caused by
extrahepatic biliary atresia [2,3]. Inflammation with
extensive fibrosing of the intra- and extrahepatic
bile ducts occurs in biliary atresia [4,5]. It causes se-
vere cholangiopathy [5]. Obstruction of bile flow
causes damage to liver cells, which will lead to cir-
rhosis and liver failure [4,5]. Biliary atresia can de-
stroy the liver and cause portal hypertension to end-
stage cirrhosis if treated late [4,6].

Some studies have implicated congenital infec-
tions, specifically TORCH (Toxoplasma, Rubella,

Cytomegalovirus (CMV), and Herpes Simplex Virus
(HSV) type 1 and type 2, as potential causes of
neonatal cholestasis [7]. There is a lot of discussion
surrounding the potential role of CMV in causing
extrahepatic biliary atresia (EHBA) due to its
known ability to cause damage to the intrahepatic
bile ducts [8]. Since there has been ongoing debate
and uncertainty surrounding the potential correla-
tion between infectious agents and postnatal bile
duct obstruction, this study aimed to evaluate the ef-
fects of TORCH infection on cholestasis, as well as
the development of biliary atresia and its clinical
symptoms.

Corresponding author:
Bagus Setyoboedi
E-mail: bagus.setyoboedi@fk.unair.ac.id

RomaniaN JourNAL oF Pebiatrics — VoLume 72, No. 4, 2023

Article History:
Received: 10 December 2023
Accepted: 27 December 2023

167



168

MATERIALS AND METHODS

This study is a prospective study conducted on
cholestatic infants treated at Dr Soetomo General
Academic Hospital, Surabaya, Indonesia. The inclu-
sion criteria in this study were children with choles-
tasis who visited the pediatric hepatology depart-
ment at Dr Soetomo General Academic Hospital,
Surabaya, in 2020-2022. Cholestasis is indicated by
an increase in serum direct bilirubin levels >1 mg/dl
if total serum bilirubin levels were <5 mg/dl and se-
rum direct bilirubin levels >20% if total serum bili-
rubin >5 mg/dl. Meanwhile, the exclusion criteria in
this study were other congenital abnormalities.
Clinical examination, liver function tests, imaging,
and percutaneous liver biopsies were performed
according to standard clinical guidelines. CMYV,
Rubella, and Toxoplasma IgG and IgM testing were
performed by ELISA using a Gold Standard Diagnos-
tics ELISA Kkit. Positive serology results for the
following TORCH antibodies: IgM anti-Toxoplasma
>0.6 index units; IgG anti-Toxoplasma >3 IU/mL; IgM
anti-Rubella >1.6 index units; IgG anti-Rubella
>10 IU/mL; IgM anti-CMV >1 index unit; IgG anti-
CMV 26 AU/mL. Informed consent was obtained
from parents before the study.

Data Analysis

Descriptive analyses are described as Mean + SD
for regularly distributed values, median (min-max)
range for non-normally distributed values, or num-
ber and percentage. The Kolmogorov-Smirnov test
analyzes numerical data normality. Differences in
quantitative data were compared using the Mann-
Whitney test for abnormal distribution. Differences
in qualitative data were compared using Pearson’s
chi-square, Fisher’s Exact, and Continuity Correc-
tion. Significance is indicated by the P-value <0.05.
Statistical analysis was performed using the SPSS
statistical package version 21.

RESULTS

Out of 113 cholestatic infants, 75.3% had extrahe-
patic cholestasis with a median age of 10.30 (1.7-
39.5) weeks and a mean age of onset jaundice of 2
(1-16) weeks. A total of 64 (56.5%) were boys, and 59
(72.8%) had liver fibrosis (Table 1).

In this study, there were 113 infants with choles-
tasis. This study found that as many as 107 (94.7%)
cases of cholestasis had CMV IgG positive at presen-
tation. Among the serological tests studied, CMV IgG
was the most frequently found, followed by Rubella
IgG, the most common (94.7% and 47.8%, respective-
ly) in the study population. Rubella and toxoplasma
IgM antibodies were the least common (8% and
7.1%, respectively) (Table 2).

RomaNiaN JoURNAL oF Pebiatrics — VoLume 72, No. 4, 2023

TABLE 1. Basic characteristics of subjects

Characteristics n (%)
Age, months 10,30 (1,7-39,5)
Onset of jaundice, week 2 (1-16)
Men, n (%) 64 (56,5)
Birth weight, gram 3000 (900-4200)
Gestational age, week 38 (28-41)
Cesarean Section 49 (43,4)
Hypertension portal 57 (50,4)
Ascites 25(22,1)
Triangular cord sign/ 53 (56,4)
Contracted gall bladder
Extrahepatic cholestasis 61 (75,3)
Fibrosis 59 (72,8)

Laboratory Measurement Mean % SD Median (min — max)

Hb 10,9 (3,4-21,5)
WBC 12,65 (4,45-31,94)
Platelet 354,56 + 196,46

Albumin 3,57 (1,35-4,79)

7,50 (1,4-23,39)

Direct Bilirubin

Total Bilirubin 10,60 (2,2-34,06)
APTT 33,55 (11,4-70,6)
PPT 12 (9-55,7)

GGT 253 (21,36 —2386,00)
AST 210 (29,9 -1642)
ALT 143 (22,3 - 560)

TABLE 2. TORCH serological examination in subject with
cholestasis

Reactive Non-reactive
n (%) n (%)

IgG CMV 107 (94,7%) 6 (5,3%)
IgM CMV 39 (34,5%) 74 (65,5%)
IgG Rubella 54 (47,8%) 59 (52,2%)
IgM Rubella 9 (8%) 104 (92%)
IgG Toxoplasma 27 (23,9%) 86 (76,1%)
IgM Toxoplasma 8(7,1%) 105 (92,9%)

IgM: immunoglobulin M; 1gG: immunoglobulin G; CMV: Cytomegalovirus

Out of 113 infants with cholestasis, 94.7% (n =
107) were CMV IgG positive, followed by Rubella IgG
positive (47.8%, n=54). Rubella and toxoplasma IgM
antibodies were least commonly found in cholesta-
sis (8% and 7.1%, respectively). CMV IgG-positive
status was noted to be older at the onset of jaundice.
Infants with Rubella IgG-positive had less incidence
of extrahepatic cholestasis (37.7% vs. 62.3%) and
liver fibrosis (39% vs. 61%) (p<0.05). There was no
difference in sex, birth weight, gestational age,
Aspartate Aminotransferase (AST), Alanine Ami-
notransferase (ALT), y-glutamyl transpeptidase
(GGT), coagulation hemostasis, and abdominal USG
abnormality based on torch serological markers
(Table 3).
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TABLE 3. Differences in TORCH serology results based on supporting examinations
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1gG anti CMV IgM anti CMV | IgG anti Rubella | IgM anti Rubella | 1gG anti Toxo IgM anti Toxo
Variable NR | Reactive| NR |Reactive| NR |Reactive| NR |Reactive| NR |Reactive| NR | Reactive
(%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%)
USG Normal 7.3 92.7 58.5 41.5 46.3 53.7 87.8 12.2 80.5 19.5 95.1 4.9
Abnormal 5.7 94.3 67.9 32.1 62.3 33.7 94.3 5.7 79.2 20.8 90.6 9.4
P value 1.000¢ 0.470¢ 0.183¢ 0.290¢ 1.000¢ 0.463¢
Liver Yes 5.1 94.9 55.9 44.1 61.0 39.0 94.9 5.1 83.1 16.9 94.9 5.1
fibrosis | No 4.5 95.5 72.7 27.3 27.3 72.7 86.4 13.6 63.6 36.4 95.5 4.5
P value 1.000¢ 0.263¢ 0.0149* 0.337¢ 0.076¢° 1.000¢
Biopsy Intrahepatic | 10.0 90.0 70.0 30.0 20.0 80.0 100.0 0.0 65.0 35.0 100.0 0.0
Extrahepatic | 3.3 96.7 57.4 42.6 62.3 37.7 90.2 9/8 82.0 18.0 93.4 6.6
P value 0.354¢ 0.460¢ 0.002¢* 0.328° 0.130¢ 0.567¢

c: Fisher’s Exact Test; d: Continuity Correction; p significant < 0,05

DISCUSSION

Congenital or perinatal viral infections are asso-
ciated with neonatal cholestasis [9]. Most neonatal
cholestasis is caused by biliary atresia [10]. In this
study, 61 (75.3%) had extrahepatic cholestasis as a
sign of biliary atresia, and 59 (72.8%) had liver fibro-
sis. Several studies suggest that biliary atresia is not
a congenital anomaly. Still, it occurs due to an in-
flammatory mechanism triggered by an infection
that triggers an autoimmune response that targets
the bile duct, which results in chronic fibrosclerotic
injury [11]. Recent studies have shown that activa-
tion of the immune response leading to bile duct
injury plays an important role in promoting the
process of fibrogenesis in the bile ducts [5]. Immu-
nological studies show a dysregulation of the im-
mune system after viral infection involving the role
of helper T cells, B cells, and natural killer cells,
which cause the mechanism of bile epithelial dam-
age [11]. Patients with biliary atresia had been test-
ed for multiple viruses in previous studies. Cyto-
megalovirus (CMV) is the most common virus
associated with biliary atresia [12]. A high incidence
of CMV infection was found in neonatal cholestasis
[13]. Previous studies have also shown that the prog-
nosis of biliary atresia is poor in infants with CMV
[14,15].

An emerging theory regarding the pathogenesis
of biliary atresia is that viral infection initiates
biliary tract damage through the induction of an
abnormal autoimmune response, even after the vi-
rus has been eliminated [13,15]. Therefore, the
mechanism of acquired or perinatal biliary atresia
is a progressive inflammatory injury to the bile
ducts, leading to fibrosis and destruction of the ex-
trahepatic and intrahepatic bile ducts due to the vi-
ral infection [14,16]. Studies in experimental ani-
mals and humans show the influence of the
environment, especially CMV, on damage to the bil-
iary system [17].

In this study, out of 113 infants of cholestasis,
94.7% (n = 107) were CMV IgG positive. This study is
consistent with pre-existing studies. CMV is a dou-
ble-stranded DNA virus from the Herpesviridae
family most commonly found within the bile duct
epithelia of biliary atresia patients [13,18]. Studies
in China show that the majority of biliary atresia pa-
tients are infected with CMV [19]. Th-17 cells infil-
trate the liver and are found predominately in CMV-
associated biliary atresia [20]. CMV causes induction
of CD8+ lymphocyte infiltration [21]. Another study
found a higher deposit of immunoglobulin M (IgM)
in the hepatocellular canaliculi membrane in pa-
tients with biliary atresia with CMV infection than
in biliary atresia patients who were not infected
with CMV [22]. TORCH infection occurred in 22% of
cases of neonatal cholestasis, which was CMV-domi-
nated. In cases of cholestasis, IgG TORCH infection,
which was a transplacental transfer from the moth-
er, was obtained [23].

Rubella IgG was this study’s next most common
antibody type, accounting for 47.8% (n = 54). Vari-
ous viruses, such as CMV and rubella, have been
suggested as potential causes of hepatobiliary inju-
ry in animals. However, no definitive causative
agent has been identified. Studies indicate that the
coexistence of various infections, including syphilis,
rubella, toxoplasmosis, and herpes virus, can result
in neonatal cholestasis, coagulopathy, and growth
retardation. Usually, newborns with these infec-
tions present with jaundice within the first 24 hours
of life [1].

According to this study, the least common anti-
bodies in cases of cholestasis were toxoplasma and
IgM rubella (8% and 7.1%, respectively). Infants
who tested positive for Rubella IgG showed a lower
occurrence of extrahepatic cholestasis (37.7% vs
62.3%) and liver fibrosis (39% vs 61%) (p <0.05). This
is consistent with another study that indicated
TORCH infection as the primary cause of intrahe-
patic cholestasis [24].
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This study showed no difference in sex, birth
weight, gestational age, AST, ALT, GGT, coagulation
hemostasis, and abdominal USG abnormality based
on torch serological markers. Previous studies have
shown that increased levels of transaminases in the
blood (AST, ALT) may be present, suggesting poten-
tial damage to the liver cells, although not conclu-
sively. Alkaline phosphatase levels may increase in
cholestasis, similar to its occurrence during bone
growth. Increased levels of GGT suggest a possible
biliary obstruction [25]. A different study found that
extrahepatic cholestasis leads to a significant rise in
GGT and alkaline phosphate (ALP) levels [26].
Serum GGT is important for distinguishing extra-
hepatic biliary atresia from other causes of cholesta-
sis. Early abdominal ultrasonography for all cases
with infantile cholestasis and training on identify-
ing the triangular cord sign to help diagnose infants
with extrahepatic biliary atresia early and early
surgical intervention [27]. Abdominal ultrasonogra-
phy is the most helpful imaging test to assess choles-
tasis [28]. Although it is operator-dependent, ab-
dominal ultrasonography shows a high degree of
accuracy in identifying extrahepatic obstruction
and distinguishing it from intrahepatic biliary dila-
tation [29].

Studies show evidence of complex innate immu-
nity, such as oxidative stress, metabolic changes,
and induction of epigenetic changes, including the
AGE-RAGE pathway, with macrophages that have a
central role in modulating the inflammatory re-
sponse in biliary atresia, enabling non-surgical ther-
apy [30]. A high prevalence of autoantibodies is
found in biliary atresia, including ANA and ANCA
[31]. Another study stated that IgM autoantibodies
were also found to predominate in cholangiocytes
in the first year after Kasai Porto-enterostomy in pa-
tients with biliary atresia, such as anti-CHI3L1, anti-
DLL-4, and anti-SFTPD IgM autoantibodies suggest-
ing that autoimmunity plays a role in bile duct
injury [32]. In biliary atresia, hypo-inflammatory
macrophages, expanded cytotoxic T cells, TNF-q,
IFN-y-activated genes (STAT-1), Thl cytokines
(TNF-a, lymphotactin, IL-12p40, and MIP -1y), im-
paired Kupffer cells, deficiency of natural killer (NK)
and Treg cells were found [18,33]. In biliary atresia
with reactive CMV-IgM, there is a decrease in Tregs
compared to non-CMV due to autoantibodies and ac-
tivated hepatic T-lymphocytes [15,33]. Tregs that are
deficient in number and function lead to an exag-
gerated inflammatory response, leading to “by-
stander” bile duct injury and increasing trends of
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autoimmunity targeted to subsequent bile ducts.
Conditions mediated by autoimmune mechanisms
predispose to excessive inflammation that injures
the bile ducts [33].

Currently, the treatment of biliary atresia is still
carried out with Kasai porto-enterostomy (KPE);
however, in almost 50% of patients with KPE, it fails
to improve bile flow and causes intrahepatic chol-
angiopathy [34]. Although in some countries, biliary
atresia currently has a life expectancy of up to 89%,
and 30% of patients with biliary atresia do not need
liver transplantation into adulthood, good outcomes
are not always achieved in all countries, especially
in limited resources for liver transplantation [35].
By understanding the mechanism of biliary atresia,
which is based on immune dysregulation, it is hoped
that the possibility of forming new therapeutic tar-
gets can be studied further to suppress the occur-
rence of fibrosis in the bile ducts and eliminate the
need for liver transplantation.

CONCLUSION

CMV infection mostly occurs in infants with
cholestasis, followed by rubella infection. TORCH
infection screening may be necessary in infants
with cholestasis. By thoroughly examining the ma-
ternal history and consulting with the obstetrician
and neonatal intensive care team, valuable insights
can be gained regarding placental abnormalities,
which can guide the investigation of potential infec-
tions.
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