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Abstract

Background: Main problem in cytomegalovirus (CMV) neonatal hepatitis diagnostic approach in developing country is
the lack of virology examination. Serology is the most affordable examinations. Methods: This cross-sectional study was
done at Dr. Soetomo Hospital, December 2011-April 2012. Inclusion criteria were jaundice, hepatomegaly, elevated
direct bilirubin >2 mg/dLif total bilirubin <5 mg/dLor >20% if total bilirubin >5 mg/dL, and elevated aminotransferases
>1.5 normal within first 3 months. The immunocompromised patient was excluded. McNemar and Kappa analyzed
statistics. Results: From 30 enrolled-patients, 12 subjects were positive PCR CMV. The AUC was 0.968 (95% confidence
interval 0.915-1.020; p<0.0001). The cut-off of IgM anti-CMV with best sensitivity (sn) and specificity (sp) value was 0.8
(sn 100%, sp 83.3%), 1.0 (sn 91.7%, sp 88.9%), 1.1 (sn 83.3%, sp 88.9%), 1.2 (sn 83.3%, sp 88.9%), dan 1.3 (sn 83.3%, sp
94.4%). Conclusions: The anti-CMV IgM serology examination has a high accuracy in the diagnosis of CMV neonatal
hepatitis in a patient with clinical signs of jaundice, hepatomegaly, the increasing of direct bilirubin, and an increase in
aminotransferase enzyme, with a cut-off value of 1.3 index units. The anti-CMV IgM serology examination can be
applied in lieu of PCR for alternative diagnosis of CMV neonatal hepatitis.
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INTRODUCTION

Cytomegalo virus infections still become the cause of most neonatal hepatitis. Main problems in CMV
neonatal hepatitis approach in developing countries is the lack of virology examination facilities such as
culture, PCR, and antigenemia which is actually recommended assets of diagnostic examination which
recommended by experts. In developing countries, serology test become the most available and
affordable examinations 2.

Range of CMV neonatal hepatitis clinical manifestations are very large, the most occurring cases are
icterus, direct hyperbilirubinemia, hepatomegaly, and the increasing of aminotransferase enzyme B3I
Most are self-limiting; however, some can develop into becoming chronic, ongoing, even deadly about
2.8-13% case '°. About 4-7% cases caused liver failures which need liver transplantations 68 The accuracy
of CMV neonatal hepatitis diagnostic is the key of successful therapies and determining prognosis (5,201
The gold standard of CMV neonatal hepatitis diagnostic is virus detection in liver tissue or body fluids such
as blood and urine by culture examinations. The using of serology in the approach of CMV neonatal
hepatitis diagnostics is still in arguments due to lack of sensitivity and specificities, however in fact in many
countries serology is still in use as first steps of suspected case before the examinations of PCR or
antigenemia (1112]

This research aimed to the bridge of diagnostic difficulties realities in a field with the importance of
accuracy diagnostic approaches by researching the accuracy of serology IgM anti CMV examinations by
using more limited inclusion criteria such as most occurring clinical manifests. This result of this research
can be used as alternative diagnostics in CMV neonatal hepatitis.

MATERIAL & METHODS

This research is a diagnostic trial, using cross-sectional approaches. Research was made in the outpatient
clinic and pediatric ward of Dr. Soetomo Hospital Surabaya since January-June 2012. Research samples are
inpatient in children care rooms or outpatients in pediatric policlinic of RSUD Dr. Soetomo Surabaya,
which meet the inclusion and exclusion criteria. Inclusion criteria are patients which indicate clinic
manifestations in the first three months as follow: icterus, hepatomegali, bilirubin direct level serum >2
mg/dL if bilirubin total <5 mg/dL or 20% from total bilirubin if total bilirubin >5 mg/dL, and the
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increasing of aminotransferase enzyme serum is 1.5 time than normal,
that is ALT > 70 IU and AST > 55 IU, and also have signed the informed
consent. The informed consent was obtained from parents to get their
approval of this research. Patient history of treatment by using
ganciclovir, HIV infections, miliary tuberculosis, malnutrition, and the
history of using immunosuppressant medicine such as corticosteroid
and Sito statistic drugs. The research flowchart was explained in the
following figure.

Patients at outpatient clinic and pediatric ward
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Figure 1: The flowchart of this research

The serology CMV examinations in this study done by using ELISA
(indirect) in BalaiBesarLaboratoriumKesehatan Surabaya by using

Table 1: Descriptions of clinical manifestations of subject research

cytolisaindec diagnostic kit dariINDEC (sensitivity 94.4% and specificity
94.7%). Grade I1gM anti CMV is positive if the result is 21.0 index units.
The PCR CMV examination was held in ITD UNAIR using Q/Aamp DNA
kit from QIAGEN (primers 5'-GGA TCC GCA TGG CAT TCA CGT ATG T-3’
and 5-GAA TTC AGT GGA TAA CCT GCG GCG A-3’). Those primers
sequence have 100% sensitivity and 90% specificity ol

Statistic analysis in the form of descriptive analysis to calculate
sensitivity (sn), specificity (sp), positive predictive value (PPV), negative
predictive value (NPV), likelihood ratio (LR), and prevalence (pretest
probability) and inferential analysis in the form of Kappa Association
and Mc Nemar Test with grade of significance (a) of 5%. Data was
analyzed by SPSS program series 17.0. The ethical clearance was
obtained by ethics committee Dr. Soetomo Hospital. The informed
consent was obtained from parents to get their approval of this
research.

RESULTS

30 patients become the samples of this research, most of them are
men with sex ratio 1:1.7. Median age of all subjects is 3 months,
minimal age 2 months and maximum age 5 months. All the subjects are
less than 6 months of age and none of them are less than 2 months.
Based on PCR results, the research subjects divided into two groups
firstly PCR positive Group and secondly, PCR negative group. There are
12 subjects indicate positive PCR CMV or vertical CMV neonatal
hepatitis diagnostics; therefore, prevalence of CMV neonatal hepatitis
in this research is 40%. Statistically, there is no significant difference
between age (p 0.593) and sex (p 0.750) with PCR result, as well as
there is no significant difference between age (p 0.757) and sex (p
0.571) with IgM anti CMV result.

The description of clinical manifestations in this research was divided
into several groups. Group classification according to clinical symptoms
such as hepatomegaly divided into 2 groups which are 2-4 cm and > 4
cm, level ALT divided into 3 groups which are>70-<100 1U/L, 100-200
IU/L, and > 200 IU/L, and level AST divided 3 groups which are >55-
<100 1U/L, 100-200 IU/L, and > 200 IU/L (table 1).

L . . PCR positive PCR negative
Clinical manifestations n=12 n=18 p

Hepatomegaly (cm)

2-4,n 0 7 0,014*
>4, n 12 11
bilirubin total level (mg/dL)

median (range) 11,3 (7,2-15,7) 12,5 (6,7-25,1) 0,340
bilirubin direct level (mg/dL)

median (range) 7,7 (4,2-12,4) 9,0 (4,4-18,0) 0,151
ALT (IU/L) level

median (range) 86,5 (75-333) 129,5 (80-677) 0,238
>70-<100, n 7 4

100-200, n 4 10
>200, n 1 4
AST (1U/L) level

median (range) 193,5 (99-322) 162,5 (91-962) 0,355
>55-<100, n 1 3

100-200, n 5 9
>200, n 6 6

*p<0.05 (significant)

Icterus clinical symptoms is not analyzed due to all the subjects contain
icterus. All PCR positive subjects include hepatomegali sized > 4 cm.
Total median bilirubin in PCR positive group (11.3 mg/dL) is lower than
PCR negative group (12.5 mg/dL), however, statistically the difference
do not indicate significance. Subjects with the highest bilirubin level of

25.1 mg/dL have bilirubin direct level of 18 mg/dLand PCR negative
result. Total median bilirubin total of all subjects is 11.5 (range 6.7-
25.1) mg/dL. As well as the results of total bilirubin, direct median
bilirubin in PCR positive group (7.7 mg/dL) is lower than PCR negative
group (9.0 mg/dL), statistically the difference does not indicate
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significance. The highest direct bilirubin level is 18 mg/dL with PCR
negative results. Direct median bilirubin of all subjects is 7.9 (range 4.2
-18) mg/dL.

The distributions of ALT level indicate that median level ALT PCR
negative group (129.5 1U/L) is higher than PCR positive group (86.5
IU/L), however statistically the difference is not significant. The highes
ALT level is 677 IU/L, the subject has AST level of 775 IU/L and indicates
PCR negative results. In PCR positive groups, the biggest part is in >70-
<100 IU/L group, and followed by 100-200 IU/L group and > 200 IU/L
group. Median level ALT of all subjects is 123 (range 75-677) IU/L.
Different with ALT level, median level AST of PCR positive group (193.5
IU/L) higher than PCR negative group (162.5 IU/L), statistically the
differences are insignificant. The highest level of AST is 962 IU/L, the
subjects has ALT level of 213 IU/L and PCR negative result. In PCR
positive groups, the biggest part is in > 200 IU/L groups, the followed
by 100-200 IU/L groups and >55-<100 IU/L groups. Median level of AST
of all subjects is 175 (range 91-962) 1U/L.

In PCR positive groups, median score of IgM anti CMV is 1.8 (range 0.9-
2.8) index units, the score is higher and more statistically significant
(p<0.0001) than PCR negative group median which is only 0.4 (range
0.04-1.39) index unit and the whole subjects median at 0.8 (range 0.04-
2.79) index units. The highest IgM anti CMV grade in this research is
2.79 index units, subject age is 3 months, male, having PCR positive
result, and hepatomegaly of > 4 cm, total bilirubin of 14.08 mg/dL,
direct bilirubin 12.39 mg/dL, ALT level of 179 IU/L, and AST level of 276
IU/L (figure 2).
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Figure 2: Distribution of IgM anti CMV value based on PCR results of p<0.0001.
Cut-off grade was 1.0 index units

IgM anti CMV grades are analyzed by using ROC curve in order to
obtain the highest sensitivity and specificity cut-off grade (figure 3).
The ROC curve area dimension (AUC, area under the curve) is 0.968
with 95% confidence interval 0.915-1.020 and grade p<0.0001
(significant). From the ROC curve 5 grade of cut-off IgM anti CMV
obtained with the highest sensitivity and specificity grade of 0.8
(sensitivity 100% and specificity 83.3%), 0.9 (sensitivity 91.7% and
specificity 83.3%), 1.1 (sensitivity 83.3% and specificity 88.9%), 1.2
(sensitivity 83.3% and specificity 88.9%), and 1.3 (sensitivity 83.3% and
specificity 94.4%). If using cut-off grade of 1.0 result of sensitivity
91.7% and specification 88.9% obtained(sensitivity and specificity of
commercial kit is 94.4% and 94.7%).
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Figure 3: ROC curve of IgM anti CMV scores;size of area under the curve (AUC) is
0.968 with 95% confidence interval 0.915-1.020 and p<0.0001 (significant)

The accuracy of an examination is determined by sensitivity,
spesifications, positive predictive value, negative predictive value, and
likelihood ratio. The accuracy is said to be high if the grade of
sensitivity, specificity, positive predictive value, negative predictive
value, and likelihood ratio is also high. The LR grades that consider to
be significant is if it is higher than 10. The LR grade (positive) above 10
is obtained in grade cut-off of 1.3. Table 2 below shows the accuracy of
each cut-off grade of IgM anti CMV.

Table 2: The accuracy of IgM anti CMV Serology in CMV neonatal hepatitis diagnostic

Variable cut-offgrade of IgM anti CMV
(95% Cl) 0.8 0.9 1.0* 1.1 1.2 1.3
Sn (%) 100 91.7 91.7 833 833 83.3
(69.9-100) (59.8-99.6) (59.8-98.1) (50.9-97.1) (50.9-97.1) (50.9-97.1)
Sp (%) 83.3 83.3 88.9 88.9 88.9 94.4
(57.7-95.6) (57.7-95.6) (63.9-98.1) (63.9-98.1) (63.9-98.1) (70.6-99.7)
PPV (%) 80 78.6 84.6 833 833 90.9
(51.4-94.7) (48.8-94.3) (53.7-97.3) (50.9-97.1) (50.9-97.1) (57.1-99.5)
NPV (%) 100 93.8 94.1 88.9 88.9 89.5
(74.7-100) (67.7-99.7) (69.2-99.7) (88.9-98.1) (63.9-98.1) (65.5-98.2)
LR + 6.0 5.5 8.3 7.5 7.5 15
(2.0-14) (1.9-16) (2.2-31) (1.9-28) (1.9-28) (2.2-102)
IR - 0.0 0.1 0.1 0.2 0.2 0,2
(0.0-0.7) (0.0-0.7) (0.0-0.6) (0.1-0.7) (0.1-0.7) (0.1-0.6)
Prevalence (%) 40 40 40 40 40 40
Pretest odds 0.7 0.7 0.7 0.7 0.7 0.7
Post-test odds 4.0 3.7 5.5 5.0 5.0 10
Kappa Test (p)** <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
McNemar Test (p)*** 0.250 0.625 1.000 1.000 1.000 1.000

Sn, sensitivity; Sp, specificity; PPV, positive predictive value; NPV, negative predictive value; LR, likelihood ratio; Cl, confidence interval

*cut-off from commercial kit; **p>0.05, no variation; ***p<0.05, compatible
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If using cut-off grade of 1.3 index units then below table 2x2 as shown
in table 3 is acquired. There is 1 false positive subject and 2 false
negative subjects.

Tabel 3: Table 2x2 between IgM anti CMV (cut-off 1.3 index unit) with
PCR

PCR

Serology Positive Negative Amount
IgM positive 10 1 11
IgM negative 2 17 19
12 18 30
DISCUSSION

From this research, we obtain prevalence of CMV neonatal hepatitis of
40%. In the previous study, the diagnostics of CMV neonatal hepatitis
was using I1gM anti CMV serology and the prevalence obtained by
about 40-43% % The youngest age of PCR positive groups is 2
months and nobody is under 2 month of age. This indicates that the
age of the patient when firstly diagnosed as CMV neonatal hepatitis is
2-3 month. Therefore, the neonatal hepatitis cannot be determined
due to congenital or perinatal because the age limit diagnostic to
differentiate neonatal hepatitis congenital or perinatal is at the age of
2 weeks. Such condition is not quite different with other developing
countries such as India and Brazil with the average age of patient firstly
consult to approach neonatal hepatitis diagnostic is about 2-3 months
1617 n developed countries, the screening of CMV infections for
newborn baby has been conducted therefore congenital cases is
known and can have early therapy, besides TORCH examinations
including CMV routine procedure in pregnancy examinations [18,19]

From clinical symptoms observed, there is a significant difference with
PCR result on hepatomegaly. For other clinical symptoms (the
increasing of bilirubin and aminotransferase), there is no significant
difference betweenPCR positive group and PCR negative group; this
means clinical manifestations only cannot differentiate between CMV
neonatal hepatitis and non CMV.

Hepatomegaly is not only acquired by physical examination, but also
from ultrasound. The dimensions of hepatomegaly in this research are
divided into 2 groups which are 2-4 cm and>4 cm. The divide was made
on the research of Braicu, in 2004, which grouping liver dimensions
into 3 groups which was <2 cm, 2-4 cm, and >4 c¢cm; group of<2 cm is
the non-hepatomegaly group. The literature stated that a child
identified as a hepatomegaly if liver felt more than 2 cm under right
costa arcus >?!), All the PCR positive subjects in this research occurred
to have hepatomegaly >4 cm. Hepatomegaly percentage in CMV
neonatal hepatitis in other researches are 32% byLiberek (2002) Bl
32% byDistefano (2002) *? 62.5% byBraicu (2004) ', and 55.5% by
Tasic (2005) 2 The findings prove that hepatomegaly is considerable
clinical symptom in CMV neonatal hepatitis. Even though clinical
manifestation of CMV neonatal hepatitis is very large, however CMV
infection should be considered if patients suffered persistent icterus
which found hepatomegaly Bl

In PCR positive subject the direct bilirubin level increased until 68%
from total bilirubin level. The pattern of cholestatic bilirubin increasing
is the typical pattern of hyperbilirubinemia in CMV neonatal hepatitis
although the cause of cholestatic hyperbilirubinemia is not caused by
CMV infection. In the increasing of cholestatic bilirubin, the increasing
bilirubin is the direct bilirubin. In CMV neonatal hepatitis, the bilirubin
direct level can acquire more than 50% of bilirubin total level,
therefore, the direct bilirubin level becomes the reference 1424 11 this
research, we use the limit of direct bilirubin of 2 mg/dLfollowing the
cholestasis criteria from Dr. Soetomo Hospital. The limit of direct

bilirubin level that became the reference is almost the same as other
researches by about 1-2 mg/dL. NAPSGHAN specify cholestasis criteria
with limit direct bilirubin of> 1mg/dL 5] Other researcher such as
Liberek (2002) and Oliveira (2002) using direct bilirubin level limit of>
1.5 mg/dLand> 2 mg/dL.

The increasing of ALT in PCR positive group indicates light increasing
(1.5-2 times from normal), on the other hand, the increasing of AST
indicates medium increasing (6-10 times from normal). The maximum
ALT is 333 IU/L (7 times from normal grade, medium increasing) and
maximum AST is 322 IU/L (10 times from normal grade, medium
increasing). Those description are unlikely with the previous research
which indicates the distributions of ALT as well as AST is around 1.5-2
times from normal grade that is ALT level of 70-100 IU/L, AST level of
55-100 IU/L, and not more than 200 IU/L. Different from Shibata, in
2005, it found that the peak amino transferase can reach 700 IU/L (15
times from normal grade, medium-high increasing). Unfortunately,
Shibata did not explain regarding the height of the mentioned
aminotransferase level. The degree of the increasing of
aminotransferase can be classified as low, medium, and high.sthe
large classifications of amino transfeases level used are classifications
of Giannini (2005) and Thapa (2007). Giannini classification is called low
if <5 times from normal grade, medium if 5-10 times from normal
grade, and high of >10 times from normal grade; whereas Thapa
classification, is called low if 1-3 times from normal grade, medium if 3-

20 times from normal grade, and high if >20 times from normal grade
[27,28]

The increasing of aminotransferase (78-100%) is a clinical symptoms
that commonly found than hepatomegaly (32-62.5%) and the
increasing of direct bilirubin (60-80%). The increasing of
aminotransferase could be an early symptom of CMV neonatal
hepatitis (e, 29 Commonly, aminotransferase test do not provide
specific informations regarding certain liver illness diagnostics,
however the increasing of ALT is more specific for liver failure. In
research conducted by Chiba (1975), there is significant positive
correlation between the findings of CMV virus in the subject with the
increasing of ALT @9,

We found in this research that there is gap between the dimension of
hepatomegaly with the increasing of ALT level (hepatomegaly>4 cm
versus ALT >70-<100 IU/L). The CMV infections itself do not create
massive malfunction in liver thus there is only light increasing of
aminotransferase and light hepatomegaly happened. Braicu (2004)
categorized hepatomegaly criteria as CMV neonatal hepatitis are <2 cm
(40%), 2-4 cm (40%), and >4 cm (20%) 09 The explanation of the gap
that the degree of aminotransferase increasing is not correlated with
the clinical measurement of hepatomegaly (20

The highlight result of this research indicates that the serology
examinations indicate by IgM anti CMV have high accuracyin CMV
neonatal hepatitis diagnostics. The accuracy valued by sensitivity,
specificity, positive predictive value, negative predictive value, and
likelihood ratio. A diagnostic examinations said to be having high
accuracy if the diagnostic parameters created is also having a high
grade BO it the MV serology using determined cut-off value of 1.0
index units, we found the sensitivity of 91.7%, specificity of 88.9%,
positive prediction value of 84.6%, negative prediction value of 94.1%,
positive likelihood ratio of 8.3, and negative likelihood ratio of 0.1
(whereas sensitivity and specification factory 94.4% and 94.7%)
acquired. Based on that results, the accuracy of IgM anti CMV with cut-
off 1.0 is high enough. We also conducted analysis using ROC curve to
obtain the best cut-off value by arrangement between sensitivity and
specificity. The best cut-off value is the highest point at the upper-left
diagonal line on ROC curve.
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The width of AUC is 0.968 with 95% confidence interval 0.915-1.020
(p<0.0001). The width of AUC is considered large and significant. From
ROC curve, we also obtained 5 cut-off value of IgM anti CMV with the
highest sensitivity and specificity value that is 0.8, 0.9, 1.1, 1.2, and 1.3
index units. From the calculation of the cut-off we obtained result as
follow cut-off 0.8 (sensitivity 100% and specificity 83.3%), 0.9
(sensitivity 91.7% and specificity 83.3%), 1.1 (sensitivity 83.3% and
specificity 88.9%), 1.2 (sensitivity 83.3% and specificity 88.9%), and 1.3
(sensitivity 83.3% and specificity 94.4%). In ROC curve, the farthest
point from the diagonal line is in cut-off 1.0 and 1.3 index units.

In the arrangement of the under, mentioned sensitivity and specificity
we must pay attention to the main goal of the conducted serology
examination.In the case of CMV neonatal hepatitis, the importance of
serology examinations is to approach the diagnostics, therefore the
examinations with high sensitivity value (to avoid false negative) and
also high specificity (to avoid false positive) is required. The cut-off
value which are already calculated (0.8, 0.9, 1.0, 1.1, 1.2, and 1.3) have
high enough sensitivity and specificity by about 83.3-100%.

The 100% sensitivity result gained incut-off value of 0.8 index units. If
we use a sensitive test, the normal result gained (negative result) can
be used to get rid of the illness as we usually use in a screening test.
The screening requires test with high sensitivity to be applied in
asymptomatic patients. However, using serology CMV as a screening
test requires higher diagnostic confirmation which filled by PCR and
antigenemia. In limited facility like in Indonesia especially in Surabaya,
the PCR or antigenemia are not always available. In our reference
journals we also found out that the serology is still conducted as the
early step of CMV neonatal hepatitis diagnostics, and no matter how
much the titer is, it always be confirmed with PCR or antigenemia (4,
%l Funato and Shibata conducted CMV neonatal hepatitis screening
test with qualitative PCR, if the result was positive then it was
continued with quantitative PCR (cut-off 10 copies/ ug DNA) to start
the therapy [14.26]

The highest specificity result of 94.4% gained in cut-off value of
1.3index units. In the chosen of diagnostic examination for the purpose
of approaching diagnosis the high specificity is required. In a specific
test, the abnormal result obtained (positive test result) could be used
to determine the existence of illness. High specificity will avoid false
positive which in CMV hepatitis case will avoid ganciclovir therapy
which is not required ol

The likelihood ratio (LR) component is also assessment guidelines of
the accuracy diagnostics of an examination. The bigger of LR value
(positive) indicates, the bigger the examinations separate the ill
subjects and the non-ill ones. The LR value (positive) which considered
important is 10 or more B9 In this research, the LR value (positive)
above 10 acquired in cut-off value of 1.3 index units.

The decision-making using a kind of diagnostic testing also indicated
from the ability of diagnostic test equipments increasing the pretest
probability value into post-test probability B9 n this research, the
biggest cut-off value which increase pre-post probability value is cut-off
value of 1.3 index units (pretest probability 40% and post-test
probability 90,9%). On second place is cut-off value of 1.0 index units
(pretest probability 40% and post-test probability 84,6%).

The threshold model from Puker and Kassirer which described
decision-making model based on pretest probability mentioned that if
pretest probability diagnostic test 25-65% then it is better to conduct
diagnostic test B2 |n this research, the obtained pretest probability is
40% therefore the examination of serology IgM anti CMV is better
conducted to patient with inclusion criteria mentioned in this research.
It makes the direction of the controversy either the capability or

incapability of serology examination conducted as alternative diagnosis
for CMV neonatal hepatitis.

In this research, there are 2 patients with negative false result and 1

patient with positive false result. In negative false result, it could

explainthatlgMhas not been produced due to immature infant system

26 viirus Epstein barr can stimulate B cells to produce antibodies and

the mentioned antibodies will be detected as anti CMV antibodies. This
. - N, 112, 32]

explains the positive false results in this research .

The cut-off value of anti-CMV IgM in the diagnosis of CMV neonatal
hepatitis are recommended based on this study was1.3 index units, it is
based on the farthest point from the diagonal line on the ROC curve,
has a positive LR value of 10 and it is the greatest among the other cut-
off, and also can raise the value of pretest probability into post-test
probability greatest among the other cut-off. That mentioned cut-off
value was set at the likely patient who had jaundice, hepatomegaly,
increasing direct bilirubin level, and an increasing aminotransferases
level.

CONCLUSION

The anti-CMV IgM serology examination has a high accuracy in the
diagnosis of CMV neonatal hepatitis in patient with clinical signs of
jaundice, hepatomegaly, the increasing of direct bilirubin, and an
increase in aminotransferase enzyme, with a cut-off value of 1.3 index
units. The anti-CMV IgM serology examination can be applied in lieu of
PCR for alternative diagnosis of CMV neonatal hepatitis.

The possibility of dual infection in cases of CMV neonatal hepatitis can
not bee eliminated therefore the examination to search for a etiology
beside CMV of neonatal hepatitis also needs to be carried out.
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