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Retrospectively diagnosing congenital cytomegalovirus
infections in symptomatic infants is challenging
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Abstract
Aim: Our aim was to analyse the diagnostic workup of hospitalised infants with
symptoms of congenital cytomegalovirus (CMV) infections.
Methods: This retrospective study was carried out at the University Hospital

2
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Frankfurt, Germany, from 2008 to 2017 on infants aged 4 weeks to 12 months presenting with neurological symptoms consistent with congenital CMV infections.
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Results: We studied 117 infants, and workup data for CMV infections were available
for 84%. Of these, 54% were immunoglobulin G- and immunoglobulin M-seronegative
for CMV or immunoglobulin G-seropositive with no viral shedding. Congenital CMV
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infection was excluded in these cases. In 16%, the CMV workup was incomplete,
precluding a definitive diagnosis. Dried blood spots (DBS) were requested from 30%.
CMV polymerase chain reaction was negative in 19 of these 29 infants, and CMV
deoxyribonucleic acid detection confirmed congenital CMV infections in six patients.
DBS had been destroyed in line with German law in four cases. Congenital CMV infections were diagnosed (5%) or excluded (62%) in 67% of patients and unanswered
in the remaining 33%.
Conclusion: Diagnoses of congenital CMV infections were widely considered and
found in 5%. CMV was not stringently investigated in all patients or remained elusive
due to German law on destroying DBS.
KEYWORDS
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hearing loss3 in the Western world. Congenital CMV infections are
clinically silent in approximately 90% of affected newborn infants.4,5

Congenital cytomegalovirus (CMV) infections are estimated to occur
1

Therefore, suspicion often only arises later in infancy or childhood.

in 0.2%-0.5% of all live births in Germany. They are the most fre-

An estimated 13.5% of primarily asymptomatic congenital CMV-

quent non-genetic cause of developmental delays2 and sensorineural

infected newborns will suffer neurodevelopmental sequelae.5 Some

Abbreviations: CI, confidence interval; CMV, cytomegalovirus; CSF, cerebrospinal fluid; DBS, dried blood spots; DNA, deoxyribonucleic acid; Ig, immunoglobulin; PCR, polymerase chain
reaction.
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of the possible presenting symptoms include microcephaly,6 developmental delays,7 epilepsy and sensorineural hearing loss,3,8,9 all of
which prompt neuropaediatric evaluations.
Distinguishing between congenital CMV and postnatal CMV
infections is critical, as the long-term complications and treatment
recommendations differ significantly.10-12 Proving a congenital CMV
infection requires the detection of viral shedding or the presence
of viral deoxyribonucleic acid (DNA) in the newborn infant within
3 weeks of birth.10,11 If CMV is detected later in life, it could be the
result of either congenital CMV or postnatal CMV infections.10,11
Congenital CMV is not included in the nationwide newborn screening programmes. Therefore, diagnosis of congenital CMV beyond the
newborn period can be challenging. A diagnosis is possible if a dried

Key notes
• This study analysed the retrospective diagnosis of
congenital cytomegalovirus (CMV) infections in 117
hospitalised infants aged 4 weeks to 12 months with
neurological symptoms.
• Workup data for CMV infections were available for 84%,
and congenital CMV infections were found in 5% of the
study cohort, underlining the clinical relevance of this
differential diagnosis.
• However, it was not possible to reach a congenital CMV
diagnosis in one-third of the cases.

blood spot (DBS), the only remaining routine sample from this critical
time period, is available and CMV DNA is detected by polymerase
chain reaction (PCR) analysis.13,14 German data protection laws require the destruction of DBS after 3 months,15 which can make the

example, cholestasis in a child with biliary atresia was disregarded.

retrospective diagnosis of congenital CMV infections impossible.

Subsequent virological diagnostic tests were reviewed and evalu-

The differential diagnoses of children presenting with devel-

ated for eligible patients. Anti-CMV immunoglobulin (Ig) G and M an-

opmental delays, epilepsy and other typical signs and symptoms

tibody testing was performed with the Enzygnost CMV IgG and IgM

of congenital CMV infections are broad, often resulting in exten-

assay (Siemens) according to the manufacturer's instructions, using

sive workups to determine the genetic, metabolic and perinatal

the Behring ELISA Processor BEP 2000 (now Siemens Healthcare

causes. Analyses for congenital infections are usually included in

Diagnostics). The results were recorded semi-quantitatively as arbi-

the laboratory investigations. However, the correct interpretation

trary units per millilitre (AU/mL).

of the results and initiation of follow-up investigations, if indicated,

To assess CMV DNA load, internally controlled CMV real-time

require time, financial and personal resources, as well as back-

polymerase chain reaction (PCR) using the TaqMan Gen Ex Master

ground knowledge. We sought to evaluate the current diagnostic

Mix (Life Technologies) and the ABI7900 sequence detection system

workup for possible congenital CMV infections in infants older than

(Life Technologies) 23 was performed. For internal control, we added

3 weeks of age in clinical practice at our institution. We aimed to

a defined number of cell culture supernatant-derived murine CMV,

assess the comprehensiveness of the laboratory investigations and

namely Smith strain ATCC VR-1399 virions (American Type Culture

the success rate in terms of making or excluding a congenital CMV

Collection). 23 Detection of CMV DNA using dried blood spots (DBS)

infection diagnosis.

as the sample material and real-time PCR as the analytic method was
performed according to previously described methods. 24 CMV isolation from urine samples in cells was performed as previously de-
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scribed using human foreskin fibroblasts as indicator cells. 25,26
The statistical analysis was performed by calculating the exact

Inpatients aged 4 weeks to 12 months who presented to our Clinic

Clopper-Pearson 95% confidence intervals (CIs) for patient group

for Children and Adolescents at the University Hospital Frankfurt,

proportions, according to the diagnostic workup they received and

Main, Germany, were included in this retrospective study. The pe-

the final results regarding their congenital CMV infection status.

riod from 2008 to 2017 was covered. The patient charts were re-

This study was approved by the Ethics Committee of the

trieved from our electronic hospital information system by searching

Department Medicine at the University Hospital Frankfurt, Goethe

for a number of keywords describing potential signs and symptoms

University, Germany (reference number: 158/18).

of congenital CMV infections. These were as follows: calcifications,16 cerebral palsy,16,17 cholestasis,7,18 congenital CMV,18,19 cystic
lesions,16 delayed myelination,16,20 elevated transaminases,7,18 epi7

lepsy, hearing loss,

3,9

7,18,19

hepatopathy,
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16,20

leukoencephalopathy,

microcephaly,6,7 polymicrogyria,16,20 psychomotor retardation,7,21

A total of 117 patients were included from 2008 to 2017. Congenital

pyramidal signs,16,20 retinitis, 22 speech delay6,21 and visual impair-

CMV infections were not considered as a differential diagnosis in 19 of

ment. 22 Various German words, spellings and abbreviations were

the infants (16%, 95% CI 10%-24%), but they were for the remaining 98

used to ensure that all patients were identified. The charts were

(84%, 95% CI 76%-90%) patients (Figure 1). The virological investiga-

reviewed individually to ascertain their pertinence to the question

tions included CMV serology of the blood or cerebrospinal fluid (CSF),

posed. Infants were excluded if there was a clear diagnosis other

PCR analysis for CMV DNA of the blood or urine or CSF and CMV cul-

than congenital CMV infection to explain their symptoms. For

tures of the urine. Only four of the mothers of the infants had known

|
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F I G U R E 1 Depiction of the diagnostic workup process for the 117 selected infants with possible congenital CMV (cCMV) infections
(percentages, which refer to the whole cohort, and 95% confidence intervals are reported). A definitive diagnosis, meaning confirmed or
excluded congenital CMV infection at best, could be made with virtual certainty in 67% (95% CI 57%-75%) of infants. In 33% (95% CI 25%43%) of the patients, no definitive congenital CMV infection diagnoses could be made

CMV serology results, and two of these mothers were seronegative.
This excluded a congenital CMV infection in the child.

Regarding the entire cohort of 117 infants, 78 (67%, 95% CI
57%-75%) patients had a reliable diagnosis: 6/117 (5%, 95% CI 2%-

In total, 53/98 (54%, 95% CI 44%-64%) infants were sero-

11%) were confirmed to have congenital CMV infections and 72/117

negative for CMV IgG and IgM or were seropositive for CMV IgG

(62%, 95% CI 52%-70%) were excluded, at best, from having one. In

without viral shedding. Hence, congenital CMV infections were

39/117 (33%, 95% CI 25%-43%) patients, the differential diagnosis

excluded. DBS were requested from 29/98 patients (30%, 95% CI

of a congenital CMV infection remained unanswered.

21%-40%) with positive CMV serology and/or virus shedding in
the urine. These were compatible with congenital CMV infections,
postnatal CMV infections or maternal CMV IgG transfer in utero.
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The CMV PCR analysis was negative in 19/29 (65%, 95% CI 46%82%) of the infants. Congenital CMV infections were confirmed

Congenital CMV infections can manifest clinically at birth with symp-

by detecting CMV DNA in the DBS of 6/29 (21%, 95% CI 8%-40%)

toms such as petechiae (55%-76%),7,18 jaundice (40%-81%),7 hepato-

patients (Figure 1). All of them showed hearing loss as one clinical

splenomegaly (17%-76%)7,18,19 and microcephaly (30%-53%).7,18

symptom (Table 1). Three out of these six subsequently received

Alternatively, they can present with delayed detected sequelae,

antiviral therapy. In 4/29 (14%, 95% CI 4%-32%) cases, DBS were

which mainly consist of sensorineural hearing loss (7%-56%),7,9,18

not available for testing.

and neurodevelopmental impairment (16%-27%).7 If the symptoms

In 16/98 infants (16%, 95% CI 10%-25%), the CMV workups were

appear beyond 3 weeks of life, targeted investigations are necessary

incomplete, for example only CMV PCR in cerebrospinal fluid, pre-

to retrospectively verify or exclude the differential diagnosis of con-

cluding a definitive diagnosis.

genital CMV infection. We hypothesised that this question would

Workups for any CMV infections were not performed in 19/117
(16%, 95% CI 10%-24%) patients.

often be incompletely addressed in clinical practice. Therefore, we
aimed to analyse the diagnostic workups of infants with symptoms
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TA B L E 1 Number of selected patients by symptom(s) of our screening and final diagnosis (multiple selections possible), aged 1.4-11.5 mo,
mean: 5.2 mo. In total, 49 patients were female, and 68 were male
Symptoms

No. of selected patients

cCMV confirmed

cCMV excluded

No cCMV
diagnosis possible

Epilepsy

28

0

15

13

Hearing loss

21

6

9

6

Psychomotor retardation

17

1

14

2

Cholestasis

16

0

10

6

Microcephaly

14

1

7

6

Speech delay

14

0

10

4

Elevated transaminases

12

0

6

6

Hepatopathy

8

0

5

3

CNS cystic lesions

2

0

2

0

Retinitis

2

0

2

0

CNS calcifications

1

0

1

0

Cerebral palsy

1

1

0

0

Migration disorders

1

0

1

0

Polymicrogyria

1

0

1

0

Pyramidal sings

1

0

1

0

Delayed myelination

0

0

0

0

Leukoencephalopathy

0

0

0

0

Visual impairment

0

0

0

0

if negative

F I G U R E 2 Graduated diagnostic workup plan for the retrospective diagnosis or exclusion of congenital CMV infections in patients aged
4 wk to 12 mo
consistent with congenital CMV infections in the clinical daily rou-

67% of patients. This rate was higher than expected. To the best

tine at our institution.

of our knowledge, no comparable data have been published so far.

The response to the primary outcome parameter was that congenital CMV infections were diagnosed (5%) or excluded (62%) in

Therefore, further studies are needed to analyse the retrospective
congenital CMV detection rates in other clinical settings.
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In our cohort, congenital CMV infections were considered in the

Therefore, the DBS of the infant should be evaluated for CMV

vast majority (98/117, 84%) of patients older than 3 weeks of age

DNA by PCR, which is the key examination for the retrospective

with consistent clinical symptoms. Comprehensive investigations

congenital CMV diagnosis. If CMV is detected in the DBS; then, a

were performed in 82/98 (84%) of these infants. Using broad viro-

congenital CMV infection in the child is verified. In light of the cur-

logical diagnostic methods with the available materials, congenital

rent limited detection rates for this method, and the variable pres-

CMV infections could essentially be excluded in 72/82 patients

ence and degree of CMV viraemia in an affected newborn infant at

(87%) and confirmed in 6/82 infants (7%) by detecting CMV DNA

the time of DBS sampling, a negative CMV PCR result from the DBS

through PCR of the DBS. This represented a relevant subgroup of

does not reliably exclude a congenital CMV infection. Nevertheless,

the cohort investigated. In addition, three families opted for off-la-

a negative CMV PCR result makes this diagnosis highly unlikely, es-

bel antiviral therapy with valganciclovir in the light of the potential

pecially if optimised diagnostic options and elution techniques are

benefits, even if it is started beyond the newborn period. 27,28

used24,30 and the detection rate limitation of approximately 200-

It must be considered that the sensitivity of CMV PCR from DBS

400 copies/mL 24,30 is reached.

varies according to the chosen method13,14 and this can result in a

Our study had limitations, which mainly consisted of its retro-

potential underdiagnosis of congenital CMV infections. Therefore,

spective design and its reliance on the data acquired and noted by

the number of patients with congenital CMV infections in our cohort

clinicians and the coded patient symptoms in our electronic hospital

could have been even higher. This uncertainty will persist as long as

information system during the study period. In addition, the results

congenital CMV screening is not established. It was very important

of our cohort were influenced by the heterogeneity of the chosen

for the patients and parents described in our cohort for us to find

diagnostic methods. Prospective studies are urgently needed to ver-

a diagnosis that explained the presenting symptoms, because that

ify the results of this analysis, the first one published to date, on the

diagnosis could lead to a causal or at least symptomatic therapeutic

challenges of retrospectively diagnosing congenital CMV infections

approach. Having a diagnosis can help to set up a tailored follow-up

in symptomatic infants.

programme for patients and avoid unnecessary, potentially painful
diagnostic procedures.
In 4/82 cases (5%) of broad CMV investigations, the diagnosis re-
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mained elusive because DBSs were unavailable for testing since they
were destroyed after 3 months according to the strict German data

In infants beyond the newborn period up to 1 year of age, clinical

protection laws.15 To the best of our knowledge, there is no other coun-

symptoms consistent with congenital CMV infection are numerous.

try in Europe or Northern America where the elimination of residual

The important distinctions between congenital CMV and postnatal

blood samples from DBS is so restrictively regulated as in Germany.15

CMV infections were not stringently investigated in all cases. This

Investigations for suspected congenital CMV infections are

was probably due to the lack of guidelines or tests remained incom-

available within the routine diagnostics of hospitals in industrialised

plete because DBS were destroyed after 3 months according to

countries. However, our data showed that in daily practice without

German law.

a specific standard operating procedure (SOP), clinicians did not
always stringently follow the diagnostic workup until a congenital

AC K N OW L E D G E M E N T S

CMV infection was retrospectively verified or confidently excluded.

We are grateful to Professor Eva Herrmann, from the Institute of

Therefore, we propose the following graduated diagnostic workup

Biostatistics and Mathematical Modelling, Goethe University,

plan for infants from 4 weeks to 12 months of age, which should be

Frankfurt and Farsad-Assadi Mahin-Dokht, from the Division of

feasible in daily clinical or even outpatient practice (Figure 2).

Software and Information Systems, University Hospital Frankfurt

As the first step, the CMV IgG serology of the mother should

for their assistance and also to the clinicians who coded the patients'

be analysed. If there are no detectable CMV IgG antibodies in the

symptoms in our electronic hospital information system during the

healthy mother, a congenital CMV infection in her child can be

study period.

excluded.
If the mother is CMV IgG-positive, the serology of the infant
should be evaluated for CMV IgG. In the event that no CMV IgG

C O N FL I C T S O F I N T E R E S T
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antibodies are detected in the infant, a congenital CMV infection
can be excluded if the child is clinically non-immunocompromised.
If the child is CMV IgG-seropositive, the urine should be checked
for CMV shedding by PCR or short-term culture as the next diagnos-
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tic step. In the event that CMV is not detectable in the infant's urine,
a congenital CMV infection can be excluded because untreated
children shed CMV for longer than 1 year. 29 If CMV is found in the
child's urine, this could be the result of a congenitally or postnatally
acquired CMV infection.
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