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Objectives: To evaluate the prevalence of cytomegalovirus (CMV) infection in preterm

infants with cholestasis.

Study design: Preterm infants (<37 weeks gestational age) with cholestasis were

tested for CMV DNA using Taqman PCR in blood cells from sedimented whole blood,

plasma, and urine. Infants were regarded as positive for CMV if any sample was tested

positive. Their mothers were tested for CMV serostatus simultaneously. A control group

of non-cholestatic preterm infants, and their mothers, were tested at a similar age.

Results: A total of 69 preterm infants with a median gestational age of 26 weeks and

5 days were included, 45 cholestatic and 24 non-cholestatic. Of the cholestatic infants,

31/45 (69%) were CMV positive vs. 3/24 (13%) of the non-cholestatic infants (p < 0.001).

Cholestatic infants were equally preterm as the non-cholestatic ones, but were more

severely ill. After adjusting for the risk factors necrotizing enterocolitis, prolonged

parenteral nutrition, and gestational age, being CMV positive remained significantly

associated with cholestasis in a multivariable logistic regression model. Characteristics

of CMV-positive and -negative cholestatic infants showed differences only for necrotizing

enterocolitis, occurring in 55% (17/31) of CMV positive vs. 21% (3/14) of CMV negative

(p = 0.054), and mortality. Eight cholestatic CMV-positive infants died (26%) vs. none of

the CMV-negative infants (p = 0.044).

Conclusions: CMVDNAwas detected in two out of three cholestatic preterm infants, by

far more often than in the non-cholestatic control group. Cholestasis with simultaneous

detection of CMV DNA may be associated with increased mortality.

Keywords: cytomegalovirus, liver diseases, cholestasis, preterm infants, neonatal intensive care (unit), neonatal

hyperbilirubinemia, neonatal jaundice
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INTRODUCTION

Human cytomegalovirus (CMV) infection is among the most
common viral infections in neonates (1). Early in life, CMV
may infect the fetus during pregnancy, the child at labor, or
postnatally. The outcome of a congenital infectionmay vary from
asymptomatic to multiple severe symptoms and then present
with low birth weight, microcephaly, liver disease with jaundice,
retinitis, hearing and vision loss, and developmental and motor
delays (2, 3).

In a meta-analysis, the prevalence of congenital CMV
infection (cCMV)was estimated to 0.64%, with higher prevalence
in low-income countries, and 11% were estimated to be
symptomatic (3). Kadambari et al. found an increase in hospital
diagnoses of cCMV infections in England over the last decades,
presumably due to improved diagnostics. They also found that a
substantial burden of disease lay among the preterm infants in
neonatal wards (4).

Postnatally acquired CMV infection (pCMV) in neonates is
less well-studied. It occurs mainly through breast milk, but also
through blood products or via horizontal transmission (5, 6). It
is considered to be less often symptomatic in term infants than
in preterm infants. In preterm infants, a stronger association to
symptomatic disease and a more unfavorable outcome has been
described (7). CMV has also been detected in surgical intestinal
specimens (8) in preterm infants with necrotizing enterocolitis
(NEC), but it is unclear if and how the virus is involved in the
pathogenesis of this disease.

CMV is known to affect the liver, both in congenitally infected
infants and when infected later in life. The rates of hepatic
involvement in cCMV differ between studies. Dreher et al.
reported in 2014 that>50% of neonates with symptomatic cCMV
had conjugated hyperbilirubinemia (9). In 2015, Bilavsky et al.
found that 6.6% of the symptomatic cCMV-infected neonates
in their study had hepatic involvement, and 3% of them were
cholestatic (10). Cholestasis in term infants is a rare condition
of different causes where biliary atresia is the most common
(11). CMV has been associated with biliary atresia and other
cholestatic conditions in infancy (12–16). In preterm infants,
cholestasis is far more common than in term infants, and the
condition is related to prolonged parenteral nutrition, often
due to feeding intolerance secondary to bowel disease such as
NEC with subsequent intestinal failure (17–19), but the potential
importance of CMV in this condition is not well-investigated.
Neuberger et al. reported conjugated hyperbilirubinemia in 3/40
of infants with birth weight <1,000 g or gestational age <30
weeks postnatally, infected with CMV through breast milk, vs.
1/40 in matched controls, a non-significant difference (20). The
aim of this study was to evaluate the prevalence of CMV infection
in preterm infants with and without cholestasis.

Abbreviations: CMV, cytomegalovirus; cCMV, congenital CMV infection;

pCMV, postnatal CMV infection; NEC, necrotizing enterocolitis; DNA,

deoxyribonucleic acid; IgG, immunoglobulin G; IgM, immunoglobulin M; CMV-

IE, cytomegalovirus immediate early DNA; PCR, polymerase chain reaction;

qPCR, quantitative PCR; CT, cycle threshold; SNQ, Swedish neonatal quality

register; IVH, intraventricular hemorrhage; ROP, retinopathy of prematurity;

BPD, bronchopulmonary dysplasia.

MATERIALS AND METHODS

The study was performed prospectively at the neonatal units at
Karolinska University Hospital, Stockholm, Sweden. Inclusion
criteria were preterm infants (gestational age < 37 weeks)
admitted to the hospital’s neonatal units fromMarch 2008 to July
2010 who subsequently developed cholestasis during the neonatal
period. Cholestasis was defined as conjugated serum bilirubin
≥30 µmol/L, and more than 20% of the total serum bilirubin
level. A total of 45 cholestatic preterm infants were included.

A control group of 24 preterm infants without cholestasis born
from January 2015 to September 2017 was recruited from the
same neonatal units and was matched for gestational age.

Blood and urine samples were collected from all infants as well
as blood samples from the mothers to analyze the presence of
CMV deoxyribonucleic acid (DNA) and CMV immunoglobulin
G (IgG) and immunoglobulin M (IgM) in serum. In the
cholestatic group, these samples were collected as soon as possible
after cholestasis was detected. Samples from the control group
were collected at 3–6 weeks postnatal age. This age for sampling
was chosen not to precede the average age at onset of cholestasis
in different populations of preterm newborn infants described
(21–23). The blood samples for the study were always collected
at the same point in time when blood tests for clinical reasons
were performed, to avoid unnecessary pain for the infant. A
maximum amount of 0.5ml of blood was drawn to minimize the
negative effects on hemodynamics and iron status of the infant.
After sedimentation of cells, the plasma was removed and the rest
of the whole blood sample was analyzed separately. The urine
sample was collected from a consecutive urine portion after blood
sampling. Maternal testing was done on the same day as infant
blood sampling.

Serology
Maternal plasma samples were tested for CMV-specific IgG
and IgM using Enzygnost Anti-CMV/IgG and Enzygnost Anti-
CMV/IgM kits according to the manufacturer’s instructions;
a cutoff value of OD: 0.2 was considered positive (Siemens
Healthcare Diagnostics Products, Germany).

DNA Extraction and Taqman PCR Assay
(qPCR)
DNA was extracted from infant sedimented whole blood
and plasma samples, respectively, with QIAamp DNA Blood
Mini Kit (Qiagen, US), and plasma and urine samples with
QIAamp DNA Kit (Qiagen) according to the manufacturer’s
instructions. Extracted DNA was quantified using Nanodrop
2000 (Thermo Fisher Scientific). Approximately 100 ng of
DNA per sample was amplified with TaqMan Fast Universal
PCR Master Mix (Life Technologies) using specific CMV
immediate early DNA (CMV-IE DNA) primers: Forward Primer
Seq GTGACCCATGTGCTTATGACTCTAT, Reverse Primer
Seq CTCAACATAGTCTGCAGGAACGT, and IEDNA-probes
Reporter TTGGTCACGGGTGTCTC Quencher (custom-made
TaqMan assays, Applied Biosystems) (24).

RNase P (as housekeeping gene, assay ID, 4316844, Life
Technologies, Thermo Fisher Scientific Corporation) was used
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TABLE 1 | Characteristics of cholestatic and non-cholestatic preterm infants.

Cholestatic (n = 45)a Non-cholestatic (n = 24)a pb

Mother and pregnancy

Maternal age, years 31 (27, 35) 33 (29.5, 35) 0.32

Singleton 36/45 (80) 20/24 (83) 1.00

Caesarian section 33/45 (73) 16/24 (67) 0.59

Neonatal characteristics

Gestational age, week+days 26+5 (25+4, 29+1) 26+4 (24+6, 27+3) 0.31

Birth weight, g 963 (738, 1,194), n = 44 777 (606, 1,002) 0.053

Small for gestational age 15/44 (34) 8/24 (33) 1.00

Female gender 21/45 (47) 10/24 (42) 0.80

Neonatal course

Mechanical ventilation, days 23 (12, 36) 5.5 (0, 11) <0.0001*

Erythrocyte transfusions 14 (11, 21) 6 (3.5, 8) <0.000001*

Lowest thrombocyte count, 109/L 43 (15, 77) 146 (68, 188) <0.00001*

Sepsis 28/45 (62) 8/24 (33) 0.026*

Patent ductus arteriosus 29/45 (64) 9/24 (38) 0.043*

IVH, ≥grade 3 5/45 (11) 1/24 (4) 0.657

NEC, ≥stage 2 20/45 (44) 1/24 (4) <0.001*

Stoma 11/45 (24) 0/24 (0) <0.01*

Nutrition and growth

Age regaining birth weight, days 7 (5, 11.5), n = 35 7 (6, 10) 0.94

Parenteral nutrition, ≥2 weeks 42/45 (93) 11/24 (46) <0.0001*

Any maternal breast milk 36/45 (87) 23/24 (96) 0.408

Any donor breast milk 32/44 (73) 20/21 (95) 0.046*

Liver function tests

ALT peak, µkat/Lc 1.45 (0.79, 2.27), n = 44 0.15 (0.11, 0.20), n = 16 <0.0000001*

AST peak, µkat/Lc 2.53 (1.51, 4.10), n = 44 0.46 (0.35, 0.64), n = 15 <0.0000001*

γ-GT peak, µkat/Lc 2.80 (2.00, 4.80), n = 41 0.57 (0.52, 1.1), n = 9 <0.0001*

Outcomes

BPD 24/40 (60) 8/24 (33) 0.070

ROP ≥ stage 3 12/42 (29) 4/24 (17) 0.375

Mortality 8/45 (18) 1/24 (4) 0.15

IVH, intraventricular hemorrhage; NEC, necrotizing enterocolitis; ALT, alanine aminotransferase; AST, aspartate aminotransferase; γ -GT, gamma glutamyl transpeptidase; BPD,

bronchopulmonary dysplasia; ROP, retinopathy of prematurity.
an/N (%) for proportions, median ([IQR:] 25th percentile, 75th percentile) for continuous variables.
bFisher exact test for proportions, Mann–Whitney U-test for continuous variables.
c1 µkat/L ≈ 60 U/L. Upper reference: ALT < 0.85 µkat/L, AST < 1.4 µkat/L, γ -GT < 0.27 µkat/L.
*Statistical significance.

for normalization. The polymerase chain reaction (PCR) was
performed using a 7900HT Fast Real-Time PCR system (Applied
Biosystems, USA). Positive and negative controls were DNA from
CMV strain-AD169 infected and uninfected fibroblasts (MRC5,
ATCC). The 1CT method was used for calculation of cycle
threshold (CT) values.

The CT for the quantitative PCR was set at 35 for a
positive test. Positive PCR results were recorded for each sample:
sedimented whole blood, plasma, and urine. Infants who were
positive in any test were categorized as CMV positive and all
others were considered CMV negative. If there were missing data
for any CMV PCR sample, the result was assumed to be negative
to avoid overestimating the results.

Clinical data were collected from hospital medical records
and the Swedish neonatal quality register (SNQ). Small for

gestational age was defined as birth weight <2 standard
deviations below the mean. Sepsis was defined as blood culture
positive and patent ductus arteriosus as requiring any treatment
(pharmacological and/or surgical). Intraventricular hemorrhage
(IVH) was reported according to grade (25), NEC according
to Bell’s stage ≥2 (26), and retinopathy of prematurity (ROP)
according to grade (27). Bronchopulmonary dysplasia (BPD) was
defined as need for oxygen at 36 weeks corrected gestational
age (28). Age of cholestasis onset was set to the first day of age
fulfilling the definition of cholestasis described earlier. Mortality
reported was death before discharge from neonatal care.

All clinical data were collected before registering the results
of the CMV PCR tests in the database in order to blind the
researchers as much as possible and reduce the risk for bias.
Comparisons were made between the cholestatic infants and the
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TABLE 2 | CMV status in cholestatic and non-cholestatic infants.

Cholestatic

(n = 45)a
Non-cholestatic

(n = 24)a
pb

Maternal CMV serostatus

IgG +, IgM − 23/34 (68) 11/16 (69) 1.00

IgG +, IgM + 2/34 (6) 0/16 (0) 1.00

IgG −, IgM + 1/34 (3) 0/16 (0) 1.00

IgG −, IgM − 8/34 (24) 5/16 (31) 0.73

Infant CMV DNA PCR

Sedimented whole blood + 12/45 (27) 3/24 (13) 0.23

Urine + 6/30 (20) 0/21 (0) 0.036*

Plasma + 27/45 (60) 0/18 (0) 0.000007*

Positive in any sample 31/45 (69) 3/24 (13) <0.000009*

Age at blood sampling,

days

32 (19, 41),

n = 41

29 (27, 38),

n = 22

0.53

CMV, cytomegalovirus; IgG, immunoglobulin G; IgM, immunoglobulin M.
an/N (%) for proportions, median ([IQR:] 25th percentile, 75th percentile) for continuous

variables.
bFisher exact test for proportions, Mann–Whitney U-test for continuous variables.
*Statistical significance.

non-cholestatic reference group, and within the cholestasis group
between the CMV-positive and CMV-negative infants.

Statistical Analysis
SPSS for Mac version 26.0 (IBM, Armonk, NY, USA) was used
for data management and statistical analyses. Fisher exact test
was used as significance test for proportions. When medians
and interquartile range was reported for continuous variables,
Mann–WhitneyU-test was used. Logistic regression was used for
calculating odds ratios for infant CMV status and known risk
factors for cholestasis, and adjusted odds ratios were calculated
in a multivariable model. Significance level was always set at 5%.

RESULTS

Cholestatic vs. Non-cholestatic Preterm
Infants
A total of 69 infants were included in the study, with a median
gestational age of 26 weeks and 5 days and birth weight 0.845 kg.
Nine infants in the cholestasis group and four in the non-
cholestasis group were from duplex pregnancies. The cholestasis
group (n = 45) and the non-cholestatic reference group (n =

24) were similar regarding baseline characteristics as shown in
Table 1. The median gestational age was 26 5/7 weeks (range
23 1/7–35 2/7 weeks) for cholestatic infants, and 26 4/7 weeks
(range 23 3/7–33 4/7 weeks) for the non-cholestatic controls.
The proportion of very preterm infants (<32 weeks) was 37/45
(82.2%) among the cholestatic and 22/24 (91.7%) among the
non-cholestatic infants (p= 0.48).

The cholestatic infants had a more complicated neonatal
course with a greater need for mechanical ventilation and longer
time with parenteral nutrition, which was also reflected in more
cases of NEC and treatment-requiring patent ductus arteriosus
(Table 1).

The maternal CMV serostatus did not differ between the
cholestatic and the non-cholestatic infants, as shown in Table 2,
and was consistent with the estimated seroprevalence in the
population (27). In 11 cases for the cholestatic group and 8
cases in the non-cholestatic group, a blood test was not obtained
from the mother. Three of 34 (8.8%) mothers to the cholestatic
infants were CMV IgM positive, but none of 24 mothers of the
non-cholestatic infants.

The prevalence of any positive CMVPCR test was significantly
higher among the cholestatic infants than in the reference group,
68.9% vs. 12.5% (Table 2). The most profound differences were
seen in the plasma and urine samples, although there were some
missing data regarding these samples, as shown in Figure 1.
Figure 1 also shows the delta CT values for CMV-IE from the
qPCR analysis. Missing samples from the infants were mainly
due to difficulties in obtaining urine samples or due to the small
amount of blood drawn from the infants, not always allowing
for both sedimented blood cell and plasma PCR analysis. The
distribution of positive CMV-IE DNA samples from different
sample locations is shown in Supplementary Figure 1. One
CMV-positive cholestatic infant was treated with ganciclovir. In
this patient, at the discretion of the clinicians, CMV DNA was
analyzed and found negative by PCR on stored Guthrie card
used for neonatal screening program (29). A congenital infection
was considered to be ruled out and peri- or postnatal infection
was assumed.

ALT, AST, and GT levels were significantly higher in
cholestatic infants than in non-cholestatic controls (Table 1).
Peak conjugated bilirubin levels correlated strongly to peak ALT
(r = 0.76, p < 0.001) and peak AST (r = 0.82, p < 0.001)
but not to γ-GT (r = 0.26, p = 0.075) using Spearman’s rank
correlation. None of the cholestatic infants were diagnosed with
biliary atresia. The vast majority was diagnosed as cholestasis due
to prematurity and need for parenteral nutrition. In addition,
one case of hypothyroidism was found and treated among the
cholestatic infants, but no other infant was diagnosed with any
other endocrinological or metabolic disorders. The levels of α-1-
antitrypsin were determined in 10 of the cholestatic infants, and
all had normal levels.

CMV-Positive vs. CMV-Negative
Cholestatic Infants
In Table 3, the CMV-positive cholestatic infants are compared
to the CMV-negative cholestatic infants. The baseline
characteristics did not differ between groups. The course of
cholestasis showed no difference between CMV-positive and
CMV-negative infants, neither did severity of cholestasis,
measured as peak conjugated bilirubin. Of the CMV-positive
cholestatic infants, 17/31 (55%) had NEC as compared to 3/14
(21%) of the CMV-negative infants, a difference just above
the significance level (p = 0.054). Notably, all eight (17.7%)
cholestatic infants who died were CMV positive, while none of
the CMV-negative infants died (p = 0.044, Table 3). Among the
CMV-positive cholestatic infants, 8/31 (26%) died. Seven of the
deceased infants had ongoing cholestasis at the time of death.
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FIGURE 1 | Delta CT levels for CMV-IE DNA in samples from sedimented whole blood (A), plasma (B), and urine (C) from Taqman PCR assay. Mann–Whitney U-test

was used as significance test for distributions. CT, cycle threshold; CMV-IE DNA, cytomegalovirus immediate early DNA.

There was no difference in the incidence of BPD or ROP between
CMV-positive and CMV-negative infants (Table 3).

Risk Factors for Cholestasis
Crude odds ratios for CMV status and the known risk factors
of prolonged parenteral nutrition (≥2 weeks) and NEC (≥Bell’s
stage 2), as well as the odds ratio for gestational age are presented
in Table 4. Matching for GA was attempted but incomplete
and it was therefore included as a factor to adjust for. The
significant crude association between being CMV DNA positive
and having a diagnosis of cholestasis remained after adjusting
for the variables described above (Table 4). Models including
sepsis (alone or in combination with NEC) instead of NEC alone
therefore yielded similar results (data not shown).

DISCUSSION

The aim of this study was to examine the prevalence of CMV in
cholestatic preterm infants. Our main finding was that CMV-IE
DNA was found in more than two-thirds of preterm infants with
cholestasis in the neonatal wards.

The prevalence of CMV-IE DNA in sedimented whole blood,
plasma, or urine was significantly higher in cholestatic preterm
infants than in non-cholestatic preterm control infants with
similar gestational age and postnatal age. The two groups differed
significantly in other aspects as well. For example, cholestatic
infants were sicker with more ventilatory support and sepsis and
also had higher rates of known risk factors for cholestasis such as
NEC with intestinal failure and prolonged parenteral nutrition.
When adjusting for these risk factors, and for gestational age,
being CMV positive remained associated with cholestasis.

The seroprevalence of maternal CMV IgG did not differ
between the groups, and neither did the rate of being fed
maternal breast milk. The IgM prevalence trended higher in
mothers of cholestatic infants than expected among healthy

individuals who rarely are CMV IgM positive (30), but this
was not statistically significant possibly due to low number of
individuals in each group.

As the prevalence of CMV in cholestatic infants was higher
than in non-cholestatic controls, the question arises; how did
the cholestatic infants become infected with CMV? It is possible
that some of them had a congenital infection or were infected
at birth. The infection could also be transferred by breast
milk, but both groups had a similar rate of being fed breast
milk. The cholestatic infants were sicker and required more
mechanical ventilation, parenteral nutrition, and transfusion
of blood products, wherefore it cannot be excluded that the
infection could be iatrogenic. CMV is present in a latent state
in monocytes in CMV-positive blood donors. These monocytes
are eliminated by filters prior to transfusion, taking away
most, but not all the cells that potentially could transfer latent
CMV. CMV is reactivated from latency in macrophages upon
inflammatory stimuli (31, 32). If CMV-positive monocytes are
still present in erythrocyte concentrates given to patients, the
virus may reactivate from latency when monocytes differentiate
into macrophages, especially in those with high ongoing
inflammatory activity such as patients with sepsis or NEC. In the
present study, we do not have information regarding timing of
transfusions, i.e., before or after the patients became cholestatic
or developed NEC. However, if the virus reaches the liver, it could
participate in the pathogenesis of cholestasis. Likewise, if entering
into inflamed tissues such as in the bowel of NEC patients, the
virus could potentially worsen the inflammation and affect the
patient’s prognosis. In support of this hypothesis, CMV has been
detected in a high proportion of intestinal surgical specimens in
preterm infants with NEC (33).We therefore speculate that CMV
replication taking place in the intestines of preterm infants may
be a source of CMV DNA in plasma. It is also possible that the
liver in cholestatic infants has infected foci releasing virus into
the circulation.
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TABLE 3 | CMV-positive vs. CMV-negative cholestatic infants.

CMV PCR in any sample (sedimented whole blood, plasma or urine) pb

Positive (n = 31)a Negative (n = 14)a

Mother and pregnancy

Maternal age 31 (27, 35) 32.5 (27, 35) 0.74

Preeclampsia 6/31 (19) 0/14 (0) 0.16

Chorioamnionitis 6/31 (19) 3/14 (21) 1.00

Steroids, antenatal 27/31 (87) 12/14 (86) 1.00

Cesarean delivery 23/31 (74) 10/14 (71) 1.00

Neonatal characteristics

Gestational age, week+day 27+0 (26+0, 29+2) 26+1 (25+1, 26+6) 0.19

Birth weight, g 997 (735, 1,235), n = 30 903 (748, 1,070) 0.61

Female gender 14/31 (45) 7/14 (50) 1.00

Small for gestational age 10/30 (33) 5/14 (36) 1.00

Cholestasis

Age at cholestasis onset, days 18 (7.5, 23) 20 (8, 30) 0.55

Duration cholestasis, CB < 30 µmol/L 67 (28, 84), n = 23 77 (71, 99) 0.13

TB peak before cholestasis onset, µmol/L 164 (140, 208), n = 29 170 (120, 200) 0.80

TB peak during cholestasis, µmol/L 168 (144, 271) 150 (106, 241) 0.35

CB peak, µmol/L 117 (70, 195) 113 (75, 164) 0.85

Age at peak CB, days 40 (24, 61) 49 (32, 65) 0.57

ALT peak, µkat/Lc 1.05 (0.76, 1.97) 1.94 (1.38, 2.54), n = 13 0.21

AST peak, µkat/Lc 2.30 (1.49, 3.29) 3.96 (1.98, 4,78) 0.27

γ-GT peak, µkat/Lc 3.05 (2.00, 4.95), n = 28 2.60 (1.70, 3.80), n = 13 0.31

INR peak 2.3 (1.8, 2.7) 2.3 (1.9, 2.9) 0.66

Lowest thrombocyte count, 109/L 34 (13, 84.5) 52.5 (23, 74) 0.48

Vitamin K treatment 25/30 (83) 14/14 (100) 0.16

Ursodeoxycholic acid treatment 26/29 (90) 14/14 (100) 0.54

Maternal CMV serostatus

IgG +, IgM – 15/22 (68) 8/12 (67) 1.00

IgG +, IgM + 1/22 (5) 1/12 (8) 1.00

IgG −, IgM + 0/22 (0) 1/12 (8) 0.35

IgG –, IgM – 6/22 (27) 2/12 (17) 0.68

Neonatal course

Mechanical ventilation, days 24 (12, 40) 23 (16, 33) 0.94

Lowest thrombocyte count, × 109/L 34 (13, 85) 53 (23, 74) 0.48

Sepsis 21/31 (67) 7/14 (50) 0.33

Blood transfusions 14 (9, 21) 17 (13, 21) 0.42

Necrotizing enterocolitis 17/31 (55) 3/14 (21) 0.054

Stoma 9/31 (29) 2/14 (14) 0.46

Patent ductus arteriosus 19/31 (61) 10/14 (71) 0.38

IVH, ≥grade 3 4/31 (13) 1/14 (7) 1.00

Nutrition and growth

Any maternal breast milk 26/31 (84) 13/14 (93) 0.65

Maternal breast milk before cholestasis 20/29 (69) 8/14 (57) 0.51

Any donor breast milk 22/30 (73) 10/14 (71) 1.00

Donor breast milk before cholestasis 19/29 (66) 10/14 (71) 1.00

Parenteral nutrition, ≥2 weeks 29/31 (94) 13/14 (93) 0.48

Clinoleic (Baxter) at any time 14/31 (45) 8/14 (57) 0.53

Intralipid (Fresenius Kabi) at any time 20/31 (65) 8/14 (57) 0.74

Omegaven (Fresenius Kabi) at any time 13/31 (42) 6/14 (43) 1.00

(Continued)
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TABLE 3 | Continued

CMV PCR in any sample (sedimented whole blood, plasma or urine) pb

Positive (n = 31)a Negative (n = 14)a

Outcomes

ROP, ≥grade 3 8/28 (29) 4/14 (29) 1.00

BPD, grade 2 or higher 15/26 (58) 9/14 (64) 0.75

Mortality 8/31 (26) 0/14 (0) 0.044*

Hearing disability in childhood 3/13 (23) 1/10 (10) 0.60

CMV, cytomegalovirus; PCR, polymerase chain reaction; CB, conjugated bilirubin; TB, total bilirubin; ALT, alanine aminotransferase; AST, aspartate aminotransferase; γ -GT, gamma

glutamyl transpeptidase; INR, international normalized ratio; IgG, immunoglobulin G; IgM, immunoglobulin M; IVH, intraventricular hemorrhage; ROP, retinopathy of prematurity; BPD,

bronchopulmonary dysplasia.
an/N (%) for proportions, median ([IQR:] 25th percentile, 75th percentile) for continuous variables.
bFisher exact test for proportions, Mann–Whitney U-test for continuous variables.
c1 µkat/L ≈ 60 U/L. Upper reference: ALT < 0.85 µkat/L, AST < 1.4 µkat/L, γ -GT < 0.27 µkat/L.
*Statistical significance.

TABLE 4 | CMV and risk factors for cholestasis, multivariate analysis.

Crude OR 95% CI p Adjusted OR 95% CI p

CMV DNA positivea 15.5 4.0, 60.7 0.000082* 5.5 1.1, 26.6 0.036*

PN ≥2 weeksb 16.6 4.0, 68.5 0.00011* 29.6 2.3, 377.4 0.0091*

Necrotizing enterocolitisc 18.4 2.3, 148.3 0.0062* 6.4 0.66, 61.7 0.11

Gestational aged 1.14 0.94, 1.38 0.18 1.41 0.98, 2.02 0.065

Multivariable logistic regression model for positive CMV DNA adjusted for known risk factors for cholestasis. Nagelkerke R square for model: 0.61.
aCMV DNA positive in sedimented whole blood, plasma or urine. Reference: CMV DNA negative in all locations.
bReference: PN <2 weeks.
cReference: No diagnosis of necrotizing enterocolitis ≥Bell’s stage 2.
dPer additional day of gestational age.

OR, odds ratio; CI, confidence interval; CMV, cytomegalovirus; DNA, deoxyribonucleic acid; PN, parenteral nutrition.

When comparing CMV-positive and negative cholestatic
infants, the groups were very similar regarding the neonatal
course and morbidities except for a trend of more NEC among
the CMV-positive cholestatic infants.

Of concern is that among cholestatic infants who died, all were
CMV positive. Mortality before discharge was 26% among CMV-
positive cholestatic infants, while none of the CMV-negative
cholestatic infants died. Mortality figures can be hard to compare
between different groups, but to put in perspective, this figure
could be compared to the neonatal mortality (death on day 0–
27 of life in live born infants) in preterm infants (<37 weeks)
in 2009 and 2016, which was virtually unchanged in Sweden at
a level around 1.8% during the time period 2008–2017 (official
data from the National Board of Health and Welfare in Sweden,
Socialstyrelsen.se) or to the 1-year mortality of 8.9% in infants
with gestational age of 26 full weeks at birth in Sweden in 2020
(official statistics from the Swedish Neonatal Quality Register,
snq.se). If CMV actually contributes to higher mortality, it would
be important to evaluate if antiviral treatment can prevent the
potentially negative effects of the virus on the patient’s condition.

In order to define patients potentially in need of such antiviral
treatment, systematic detection of CMV would be needed. Since
we observed that CMV tests could be positive in one sample
location and negative in another in the same infant, it may be
necessary to test for CMV in samples obtained from several
locations to detect viral DNA in clinical practice.

The strength of this study is the prospective approach, the
sampling from several locations, and the inclusion of a control
group without cholestasis. To our knowledge, this type of
prospective study has not been performed earlier in this specific
patient population. This study has several weaknesses. One
weakness is that there were some missing data due to incomplete
sampling, but assuming missing samples to be negative for
CMV reduces the risk of over-interpretation of the results.
The fact that the control group was enrolled at a later time
point than the cholestatic cases is another weakness. The cases
and controls had similar gestational ages and were sampled at
similar ages, and the same laboratory facilities used the same
method for PCR analysis, but the fact that they were included in
different time periods increases the risk of introducing unknown
bias. We aimed at including 45 control infants to match the
45 cholestatic infants, but had to terminate inclusion due to
difficulties in finding enough non-cholestatic preterm infants
within reasonable time that fulfilled the criteria for inclusion.
Another weakness is that the design of the study prevents us from
distinguishing between congenital and postnatal CMV infection.
To address this, a cohort study with early and repeated tests
should be performed.

The design of the study prevents us from drawing firm
conclusions on causality of CMV infection and cholestasis. We
cannot conclude whether the CMV detected in the infants was
transmitted congenitally or postnatally, even though we assume
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that the great majority of our cohort was postnatally exposed.
However, when considering the very clear difference in CMV rate
between cholestatic and non-cholestatic preterm infants found in
this study, we would argue that further studies are warranted on
the prevalence and importance of CMV in cholestasis in preterm
infants, with the possibility to add controlled studies on the use
of antiviral drugs, especially since all the patients who died were
among those who were CMV positive.

We conclude that CMV DNA can be detected in two out
of three preterm infants with cholestasis, which is a much
higher rate than in age-matched controls. Samples from several
locations may be needed to detect viral DNA. Cholestasis with
simultaneous detection of CMVDNA seems to be associated with
a more severe outcome.
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