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Abstract

Purpose To determine the frequency of fetal infection as well as adverse pregnancy outcomes following antenatal hyperim-
munoglobulin (HIG) treatment for primary cytomegalovirus (CMV) infection in pregnancy.

Methods In our observational cohort study, data from 46 women with a primary CMV infection during pregnancy were
evaluated. Primary CMYV infection was defined by seroconversion or the presence of CMV-IgM and low CMV-IgG avidity.
All women received at least two or more infusions of HIG treatment (200 IU/kg). Congenital CMV infection (cCMV) was
diagnosed by detection of CMV in amniotic fluid and/or neonatal urine. We compared the rate of maternal—fetal transmission
from our cohort to data without treatment in the literature. The frequency of adverse pregnancy outcomes was compared to
those of live-born infants delivered in our clinic.

Results We detected 11 intrauterine infections in our cohort, which correlates to a transmission rate of 23.9%. Compared
to the transmission rate found in cases without treatment (39.9%), this is a significant reduction (P =0.026). There were no
adverse pregnancy outcomes in our cohort. The mean gestational age at delivery was 39 weeks gestation in treatment and
control group.

Conclusion The administration of HIG for prevention of maternal-fetal CMV transmission during pregnancy seems safe
and effective.
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Introduction mother is primarily infected during pregnancy. In recurrent

infections, the intrauterine transmission rate is estimated to

Congenital cytomegalovirus infection (cCMV) is the main
cause of hearing loss and mental retardation in infants with-
out genetic disorder [1]. The rate of cCMV differs depending
on whether the infection of the fetus results from a recur-
rence of an earlier CMV infection of the mother or if the
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be 0.5-1.2% [2-4]. After cCMV due to recurrent infection,
newborns are rarely symptomatic [5, 6], although severe
cases are reported [3]. In the cases of primary infection dur-
ing pregnancy, the rate of cCMV is approximately 40% [7,
8]. The rate of transmission after primary infection in the
first trimester in a German and Belgian historic cohort is
estimated to be 35.2% [9]. This paper addresses only pri-
mary CMV infection in pregnancy. The prevalence of cCMV
varies between 0.6 and 6.1% in developing countries [10]
and 0.3% in Australia [11]. Since there is no general neona-
tal CMV screening in Germany, there is no available data
on the prevalence for Germany. A retrospective data analysis
in central Germany estimates the prevalence of clinically
relevant Ccmv infection higher than 0.04% [12]. Approxi-
mately, 11% of congenitally infected infants have symptoms
of cCMYV [13]. The later the infection occurs in the mother
during pregnancy, the higher the rate of transmission, but
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the lower the rate of symptomatic infants [14]. In a recent
study of 138 children with cCMV, amniocentesis (AC)
was performed in all pregnancies, predominantly at about
20-23 weeks gestation. In the cohort of infants with a nega-
tive CMV-DNA AC, thus with intrauterine infection later
during the pregnancy, none of the children had long-term
complications after birth. In contrast, in the cohort with a
positive AC at about 20-23 weeks gestation, 14% suffered
from long-term sequelae [15].

After fetal infection, in utero therapeutic options are lim-
ited [16]. In a non-randomized and non-controlled study,
high-dose Valacyclovir was used for women with primary
CMV infection during pregnancy which resulted in a bet-
ter outcome for newborns with cCMV [17]. For in utero
treatment with Valganciclovir, there are only case reports
available [18].

For prevention of maternal—fetal transmission of CMV
during pregnancy, hyperimmunoglobulin (HIG) treatment is
controversially discussed and currently not generally recom-
mended within international guidelines [19].

In Germany, since the publication of the guidelines on
laboratory diagnostics of viral infections relevant in preg-
nancy [21], the number of voluntary CMV tests during preg-
nancy has increased. As a direct result, the consultation for
positive tests in our outpatient clinic for infectious diseases
in pregnancy rose accordingly [22]. In our outpatient clinic,
we perform a thorough consultation for women with primary
CMYV infection during pregnancy, illustrating the limited and
controversial data available. Women who requested an off-
label HIG treatment for prevention of maternal—fetal trans-
mission were offered a treatment in our clinic.

Material and methods
Patients and study design

All women who had received HIG between 01/2010 and
03/2017 in our outpatient clinic for infectious diseases in
pregnancy at the Charité—Universititsmedizin Berlin, Ger-
many, a tertiary care hospital with the intention of preven-
tion of maternal—fetal transmission, were contacted in Jan-
uary 2018 by mail. The study had local ethics committee
(EA2/135/17) approval. Information was gathered from hos-
pital charts/records, written questionnaires and partially tel-
ephone interviews. The women received information about
the study purpose, an informed consent sheet for required
signature and a data collection sheet about the pregnancy
and infant’s outcome. Women were reminded about the
study by phone and/or mail for a maximum of three times.
At the initial counselling, the option of HIG treatment
was discussed with women with primary CMV infection
during pregnancy. Primary infection of CMV was defined
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as either (a) confirmed seroconversion during pregnancy or
(b) presence of CMV-IgM and low CMV-IgG avidity. CM V-
IgGgB?2 was registered if performed. Tests were inhomoge-
neous, as most women were referred from external gynecol-
ogists and presented their external laboratory values. In the
cases of inconclusive data, the laboratory was contacted, or
a control blood sample was taken in our center.

All women in the study collective received two or more
infusions of HIG (200 IU/kg). HIG was given within a
2-week interval. After two infusions, avidity against CMV
was tested. In the cases of increased avidity, no subsequent
infusion was administered. For cases of similar avidity as
was observed during the baseline measurements, a third
infusion was administered. Each patient was informed
about the possibility of AC to confirm or rule out intrau-
terine CMYV infection. Congenital CMV infection was thus
either diagnosed by detection of CMV in amniotic fluid and/
or neonatal urine. According to our treatment protocol, all
women had ultrasound follow-up during pregnancy.

Four women were lost to follow-up during pregnancy
after AC was negative for CMV. One woman did not con-
tinue pregnancy after negative AC for other reasons. These
five women were included in the transmission analysis, but
not in the analysis on pregnancy outcome. Thus, our control
group comprised of 82 women.

Control group

For comparison of the rate of adverse pregnancy out-
comes (i.e. pregnancy-induced hypertension, preeclampsia,
eclampsia, preterm birth, AND low birth weight), we took
a matched random sample from all births in our center. The
Charité University Medical Center in Germany is a tertiary
care hospital offering specialized treatment for any risk preg-
nancies, for children with heart diseases as well as mothers
with infectious diseases and their children. For each viable
birth within our clinic in the HIG-group, to create the control
group, we matched and accessed the births that occurred
before and afterwards. When a woman from our study group
did not give birth in our clinic, we matched the two births
from the same day before and after noon. We accessed the
following parameters: pregnancy-induced hypertension,
preeclampsia, eclampsia, completed weeks of gestation at
birth, mode of birth, birth weight, head circumference at
birth, length at birth, umbilical cord pH at birth, and other
complications.

Statistical analysis

The growth standard by Voigt et al., adjusting for gestational
age at birth, was used to calculate age-adjusted and sex-
adjusted z scores for weight, length, and head circumference
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at birth [23]. Results were given as mean or median [range
or n (%)]. Groups were compared using the Fisher’s exact
test with a significance level set at 0.05. Further testing was
carried out by the Pearson Chi-square test for multiple divi-
sion of outcomes. Statistical significance was set at P <0.05.

The proportion of cases with transmission overall at any
time during pregnancy was compared to the value of 39.9%
(112/281) calculated by Feldman et al. [24]. Furthermore,
transmission rates according to trimester of infection with-
out HIG treatment for second trimester 42.0% (42/100) and
third trimester 58.6% (17/29) were also taken from Feldman
et al. The subgroup analysis of transmission before 20 weeks
gestation and the start of HIG treatment before completed
15 weeks gestation was compared to the control group used
by Kagan et al. [9] (35.2%) using the Fisher’s exact test with
a significance level set at 0.05. Statistical analysis was per-
formed using the software IBM® SPSS® Statistics Version
25.

Results
Study cohort

Between 01/2010 and 03/2017, a total of 62 women received
HIG with the intention of prevention of maternal—fetal trans-
mission in our outpatient clinic for infectious diseases. Most
infections occurred in the first trimester (72%, 33 women).
Mean interval between first suspicious lab test and HIG
administration was 23 days. Mean gestational week at first
HIG treatment was 17 weeks gestation. In the majority of
cases, the HIG treatment was started within the second tri-
mester, in nine cases within the first trimester and in three
cases after 29 weeks gestation. Three of the women who
received HIG were positive for IgG gB2. In those cases, the
indication for HIG treatment was low avidity of IgG antibod-
ies. HIG treatment was administered at least two times; how-
ever, six women received three doses. The third dosage was
applied after 4 weeks in four cases and in two cases again
after 2 weeks. Application was well tolerated, and no allergic
reactions were reported. Data on maternal—fetal transmission
were available for a total of 46 patients. Characteristics of
the study population and their treatment course are sum-
marized in Table 1.

Efficacy of transmission prophylaxis

In our cohort, 21 women decided for AC. Two ACs were
positive for CMV in the amniotic fluid. Urine results after
birth were only available for 34 neonates, of which ten
were positive. In one case, a transmission occurred later in
pregnancy after negative AC in 19 weeks gestation and the
respective child was asymptomatic. The overall transmission

rate was 23.9% (P =0.026, in comparison to 39.9% in Israeli
control group). When looking at transmissions before
23 weeks gestation confirmed via AC, the transmission rate
is 7.1% with HIG treatment (P =0.027, compared to 35.2%
in the historic German Belgian control group). However, this
subgroup is very small with only 14 ACs performed until
23 weeks gestation.

The transmission rate seems lower when HIG was
administered within the first 21 days after the first suspi-
cious lab result (19.2%, 5/26) compared to administration
of HIG beyond 3 weeks (30.0%, 6/20), but this difference is
not statistically significant (P =0.307 in the Fisher’s exact
test). The reduction in transmission of CMV from 39.9% in
the Israeli cohort compared to 19.2% in our cohort remains
significant in this subgroup analysis (P =0.028). For an
overview of transmission rates according to subgroup see
Table 2.

Follow-up of the children was received for 39 children for
a mean of 26 months (5—88 months). Of the 11 children born
with cCMYV, none had hearing impairments. Five children
were treated postnatally for CMV. Only one child was symp-
tomatic with microcephalus and development retardation.

Rate of adverse pregnancy outcomes

No pregnancy-induced hypertension, preeclampsia, or
eclampsia were observed in the study group or in the control
group. There was one case of HELLP syndrome in the con-
trol group but none in the study group. Median completed
gestational weeks at birth was 39 in both groups. There was
no significant difference regarding neonates’ growth charac-
teristics compared to our HIG treatment group, with rather
a tendency towards higher absolute values in the HIG treat-
ment group. A lower vaginal birth rate in the control group
was observed which is probably due sampling method and
hospital’s characteristic. See Table 3 for a detailed overview
of pregnancy and obstetric outcomes.

Discussion

Efficacy of HIG treatment for prevention
of maternal-fetal transmission of CMV

The role of HIG for prevention of maternal—fetal transmis-
sion during primary CMV infection in pregnancy is con-
troversially discussed [16, 19]. A non-randomized study
by Nigro et al. reported a significant reduction of cCMV
to 16% in comparison to 40% in the control group with no
obstetric adverse events [8]. The subsequent randomized-
controlled study by Revello et al. showed no significant
effect of HIG (30% HIG group vs. 44% control group;
P =0.13) but raised concerns regarding a higher rate of

@ Springer



1356

Archives of Gynecology and Obstetrics (2020) 302:1353-1359

Table 1 Characteristics and
treatment course of study

collective (n=46)

Variable Value
Maternal age (years) at delivery (n=42" 32 (21-44)
Gravida (n=46) 2.3 (1-6)
Para (n=46) 1.0 (0-4)

Pre-existing maternal diseases (n=39)

Indication for HIG treatment

(a) Confirmed seroconversion during pregnancy
(b) Presence of CMV-IgM and low CMV-IgG avidity

Positive CMV-IgG gB2 before first HIG administration

Completed weeks of gestation at first suspicious lab test (n=46)

Completed weeks of gestation at first HIG administration (n=46)

Days between first suspicious lab result and first HIG administration (n=46)
First HIG administration within 21 days after first suspicious lab result
First HIG administration later than 21 days after first suspicious lab result

Number of HIG courses
Two
Three

Number of AC performed

Completed weeks of gestation at AC? (n=19)

Rate of maternal—fetal transmission (n=46)

Detected by AC (n=21)

Detected at delivery through neonates’ urine (n=34)

Preexisting diabe-
tes mellitus: 2
(5%)

Neurodermatitis:
5 (13%)

Arterial hyperten-
sion: 1 (3%)

Autoimmune
hepatitis: 1 (3%)

Multiple sclerosis:
2 (5%)

Hashimoto thyre-
oiditis: 1 (3%)

18 (39%)

28 (61%)
3(6.5%)

14 (5-31)

17 (6-34)

23 (6-61)
N=26 (57%)
N=20 (43%)

40 (87.0%)

6 (13.0%)

21 (45.7%)
22 (17-31)
23.9% (11/46)
9.5% (2/21)
29.4% (10/34)

Data are presented as median/mean (range) or n (%)

HIG hyperimmunoglobulin, AC amniocentesis

Three women were lost to follow-up during the pregnancy, one woman decided for an induced abortion

after positive AC

2For two women we know the result of the AC, but we do not know the gestational week the AC was per-

formed

obstetrical adverse events (preterm birth, preeclampsia and
fetal growth retardation) in the HIG group compared to the
placebo group (13% vs. 2%) [7]. Furthermore the study
by Revello et al. could have reached significance level in
a greater study collective according to van Leeuwen et al.
[25]. The study by Revello et al. was criticized for various
reasons [9]. First of all, a monthly HIG administration
was performed although the half-life of HIG seems to be
only 11 days [20]. Second, women with primary infection
in the second trimester were treated and a median time
interval between the diagnosis of infection and first HIG
administration was five weeks. Third, the HIG dose admin-
istered was 100 IU per kg body weight. In a recent study
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by Kagan et al., these controversial points were addressed
and only women with primary infection during first tri-
mester of their pregnancy were included. Treatment was
initiated within 3 weeks, the gestational age at first HIG
administration was < 14 weeks and HIG was administered
at 200 IU per kg body weight biweekly until 20 weeks
gestation. Within this study protocol, the transmission rate
was significantly lower compared to the rate in a historic
cohort (7.5% intervention group vs. 35.2% in the control
group; P <0.0001) [9]. The transmission rate of 23.9% in
our study was higher despite having the same HIG-dose as
used by Kagan et al. In comparison to the Israeli control
group with a transmission rate of 39.9% (112 transmission
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Table 2_ Efﬁcacy of . Trimester of maternal primary Transmission rate without Transmission rate under P
t}rﬁgsrmsswn prophylaxis with infection treatment % (n/n) HIG treatment
a. Overall transmission (detected by AC and/or urine of neonate)
First trimester’ (n=33) 35.2% (38/108) 24.2% (8/33) 0.169
Second trimester? (n=12) 42.0% (42/100) 16.7% (2/12) 0.079
Third trimester? (n=1) 58.6% (17/29) 100% (1/1) 0.600
Overall® (n=46) 39.9% (112/281) 23.9% (11/46) 0.026%*
b. Transmission before 23 weeks gestation (detected by AC) under HIG treatment compared by study
Kagan et al 35.2%" (38/108) 2.5% (1/40) <0.000010%*
Our cohort 7.1% (1/14) 0.027*

c. Overall transmission rate under HIG treatment when HIG was administered within 21 days after first
suspicious lab result compared by study

Kagan et al 39.9%2 (112/281) 7.5% (3/40) <0.000015*
Our cohort 19.2% (5/26) 0.028*
AC amniocentesis, H/G hyperimmunoglobulin
'Data from Kagan et al
’Data from Feldman et al
P values in one-sided Fisher’s exact test. Statistically significant (P <0.05) shown asterisked
Table 3 Comparison of pregnancy outcomes and obstetric complications between HIG-treatment group and control group
Characteristics HIG treatment group (N=41) Control group (N=282) P
Median completed gestational weeks at birth (range) 39 (31-41) 39 (24-42) 0.082
GA at birth <37 weeks (n) (%) 3(7%) 13 (16%) 0.259
Mean BW in gram (range) 3484 (1695-4280) 3224 (775-4320) 0.674
Mean z score for BW (range) 0.31 (- 2.94-3.80) 0.04 (— 2.30-2.59) 0.469
Mean HC at birth in cm (range) 35.0 (30.0-37.0) 34.2 (24.0-38.0) 0.346
Mean z score for HC 0.14 (— 2.79-1.38) —0.13 (- 2.15-2.38) 0.290
Mean length at birth in cm (range) 51.4 (40.0-59.0) 50.3 (33.5-56.0) 0.152
Mean z score for length (range) 0.08 (— 3.96-3.09) —0.07 (- 1.78-2.29) 0.753
Mode of birth [n=123] 0.003*
Vaginal 33 (80%) 37 (45%)
Primary c-section 4 (10%) 25 (30%)
Secondary c-section 4 (10%) 20 (24%)
Mean umbilical cord pH (range) [n=113] 7.27 (7.04-7.48) 7.26 (7.03-7.40) 0.439

BW birth weight, HC head circumference

P: P values in the two-sided Chi-square test according to Pearson. Statistically significant (P <0.05) shown asterisked

in 281 pregnancies with no HIG treatment), this reduction
is significant (P =0.026).

The risk for the neonate is highest if the infection occurs
in the first trimester [26—30]. A recent study even suggests
that only infections up to 23 weeks gestation lead to sequelae
in the infant [15]. Hence, specifically the prevention of early
transmission in pregnancy should be of high priority. When
doing a subgroup analysis among the women who underwent
AC within the first 23 weeks gestation, we also saw a lower
rate of transmission (7.1%) than 35.2% in the historic Ger-
man Belgian control group. The rate of 7.1% is nonetheless
higher than 2.5% described by Kagan et al. First of all, our

subgroup of only 14 ACs is very small. Second of all, this
can possibly be due to less courses of treatment. Most of
the women in our collective only received two courses of
HIG, while Kagan et al. continued treatment until a median
gestational age of 16.6 weeks and applied up to six courses
of treatment [9]. Furthermore, treatment in our cohort was
initiated delayed compared to Kagan et al. The median time
lag between primary infection of the mother, approximated
in this study by first suspicious lab result, and first HIG treat-
ment course was 23 days. Only 57% of our patients received
HIG within the first 3 weeks after CMV infection. This
can be explained due to clinical reality and administrative
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barriers. Because serologic testing was performed in exter-
nal outpatient clinics, referral of patients was delayed. Fur-
thermore, sometimes in the cases of inconclusive blood
results additional laboratory parameters were ordered from
the laboratory until decision on HIG treatment was taken.
After the decision for HIG due to administrative necessities
such as the refunding of off-label treatment, a waiting period
of at least three full working days had to be kept in order for
the insurance company to check the indication.

Safety of HIG treatment in pregnancy

The second controversially discussed aspect about HIG
treatment during pregnancy are its potential side effects.
Revello et al. reported obstetrical complications (preterm
delivery, preeclampsia, and fetal growth restriction) in 7
of 53 women (13%) in the HIG group compared to 1 of
51 women (2%) in the placebo group (P =0.06) [7]. Other
authors found no increased rate of adverse events [9, 31,
32]. In our cohort, no preeclampsia occurred, and median
completed gestational week was 39 weeks. Neonate growth
parameters were not different in the HIG group compared
to the control group. A lower c-section rate in the study
group is most likely due to the sampling method where the
time of birth was not known in the study group the control
group was selected as the deliveries before and after noon
in our center of tertiary care. This is typically the time for
planned c-sections. Furthermore, the center of tertiary care
is a referral center for women and children with illnesses
necessitating c-sections as a mode of delivery. In conclusion,
according to our data, no increased rate of adverse obstet-
ric outcomes was detected and thus HIG application during
pregnancy can be regarded as safe.

Limitations of this study

The limitations in our study is the retrospective character
and the lack of randomization. Furthermore, the cohort is
very diverse. Time between infection and initiation of treat-
ment is often later than advised by Kagan et al. Moreover,
HIG was not only administered to first trimester infections.
We suggest that a national or international prospective study
with faster treatment initiation should follow.

Strength of this study

We report results from the largest German cohort of HIG
treatment during pregnancy, published so far. The results
have implications for clinical management of CMV
infection.
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Conclusion

The administration of HIG for prevention of maternal—fetal
CMYV transmission during pregnancy seems safe and effec-
tive. If HIG is applied for prevention of vertical CMV trans-
mission, it should be administered bi-weekly in an adequate
dosage until AC is performed. Treatment should be initi-
ated as soon as possible after detection of CMV infection
in pregnancy.
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