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Background. Congenital cytomegalovirus (CMV) is an important cause of neurological problems, particularly
sensorineural hearing loss, but data on long-term sequelae and the impact of nonprimary maternal infection are
limited. We report updated findings on childhood outcomes from 2 large prospective studies.

Methods. Pregnant women in Malmö, Sweden, and London, United Kingdom, were included between 1977
and 1986, and newborns were screened for CMV (virus culture of urine or saliva). Cases and matched controls
underwent regular, detailed developmental assessments up to at least age 5 years.

Results. One hundred seventy-six congenitally infected infants were identified among >50 000 screened
(Malmö: 76 [4.6/1000 births]; London: 100 [3.2/1000 births]); 214 controls were selected. Symptoms were record-
ed in 11% of CMV-infected neonates (19/176) and were mostly mild; only 1 neonate had neurological symptoms.
At follow-up, 7% of infants (11/154) were classified as having mild, 5% (7/154) moderate, and 6% (9/154) severe
neurological sequelae. Four of 161 controls (2%) had mild impairment. Among children symptomatic at birth,
42% (8/19) had sequelae, versus 14% (19/135) of the asymptomatic infants (P = .006). All moderate/severe
outcomes were identified by age 1; mild sequelae were first identified at age 2–5 years in 6 children, and age 6–7
years in 3. Among the 16 children with moderate/severe outcomes, 2 had mothers with confirmed and 7 with
presumed nonprimary infection.

Conclusions. Moderate or severe outcomes were reported in 11% of children with congenital CMV identified
through population screening, all by 1 year; all impairment detected after this age was mild. Nonprimary infec-
tions contributed substantially to the burden of childhood congenital CMV disease.

Keywords. cytomegalovirus infection; congenital infection; infections in pregnancy; sensorineural hearing
loss; long-term follow-up.

Cytomegalovirus (CMV) is a common congenital in-
fection, affecting approximately 0.2%–0.5% of newborns
in Europe [1]. Although most infants with congenital
CMV are asymptomatic at birth, about 10%–15%

present with symptoms [2]; a substantial proportion of
these (approximately 40%–60%) develop long-term
sequelae, such as sensorineural hearing loss (SNHL),
cerebral palsy, mental retardation, and visual impair-
ments [1]. Sequelae are most frequent among infants
with neurological signs at birth. CMV-related prob-
lems, particularly SNHL, also develop in about 10%–

15% of children who are asymptomatic at birth. Cases
of late-onset hearing loss have been reported [3–5],
but it is unclear to what extent asymptomatic children
remain at risk in the long term. Transmission of CMV
from mother to fetus can result from primary mater-
nal infection in pregnancy or following reactivation of
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a previous infection or reinfection with a new strain (nonpri-
mary infection). Evidence from early prospective studies dem-
onstrated that neurological damage could occur following
nonprimary infection [6–8], but it remains uncertain whether
the risk differs according to type of maternal infection.

A better understanding of the natural history of congenital
CMV infection is needed to inform decisions about preven-
tion and treatment, as well as cost-effectiveness analyses.
However, long-term follow up is challenging and few studies
of congenital CMV have monitored children beyond 2–3 years
of age [1]. In a 2007 meta-analysis, only 1 study was identified,
from Sweden, which included comprehensive assessment of
hearing and developmental outcomes beyond 3 years of age
[1, 9]. To address some of these gaps, we report findings from
another long-term prospective study of congenital CMV, in
the United Kingdom, combined with the previously reported
data from Sweden. Both studies, carried out in the 1970s–
1980s, relied on population-based screening of newborns, with
detailed follow-up of cases and matched controls until at least
5 years of age.

METHODS

Malmö Study
Pregnant women delivering between 1977 and 1985 at the
only hospital in Malmö were included [8, 9]; blood samples
collected in routine care at the first antenatal visit, 24 and 32
weeks’ gestation, and delivery were retrieved. For multiparous
women, preconception sera were frequently available in a
serum bank. All babies were tested for congenital CMV by
virus culture of urine samples taken within 2 weeks of birth.
When congenital CMV was diagnosed, all available maternal
sera were tested for CMV immunoglobulin G (IgG) and immu-
noglobulin M (IgM) [10]. For mothers of children with seque-
lae, results were confirmed by blinded analyses with sensitive
IgM tests in London (P. Griffiths) and Stockholm (M. For-
sgren); sera were preabsorbed to avoid false-positive IgM reac-
tions due to rheumatoid factors [9]. From 1978 to 1981, first or
25th consecutive births after index cases were selected as age-
matched controls if negative for congenital CMV.

All cases and controls were examined by a pediatrician at
birth and on multiple occasions in early life and up to age 10
years; assessments included neurologic, audiologic, and oph-
thalmologic status and/or development [8–11]. Hearing was
assessed using age-appropriate tests, including auropalpebral
reflex, observation tests (pure tones, informal sounds, BOEL
test), peep-show audiometry, and play audiometry [11]. Neu-
rodevelopmental examination at 2 years of age was based on
the Griffiths developmental scale adapted to Swedish stan-
dards [8, 10, 12]. At 7 years, gross and fine motor functions
were assessed using the Stott test (scores of 0 to −2, normal; −3

to −10, abnormal) and intellectual development was assessed
using the Wechsler Intelligence Scale for Children [10].

West London Study
Women were recruited between 1979 and 1986 from antenatal
clinics in 3 hospitals serving local populations with a broad
mix of sociodemographic characteristics [7, 13]. Blood
samples, collected at first antenatal visit and after 27 and 35
weeks’ gestation, were tested for CMV IgG and IgM. Throat
swabs were taken from all babies in the first week of life; if
CMV was detected by virus culture, congenital infection was
confirmed on urine samples collected within 2 weeks of birth.
Urine samples were also taken from infants of mothers with
confirmed primary infection in pregnancy. At one hospital
where women were recruited for the first year only, infant
screening continued for another 5 years; all those with con-
genital infection were included in the study and maternal
booking and postnatal bloods were retrieved where possible to
ascertain type of maternal infection. Because of the diverse so-
ciodemographic profile of the London population, controls
were matched for maternal ethnic origin (white, black, Asian),
country of birth, age at booking, parity, marital status, social
class, and infant’s month of birth and sex [7]. Information was
collected on infant condition at birth as part of the routine
newborn examination. Cases and controls were assessed for
vision, speech, hearing, and general development by the study
pediatrician on up to 7 occasions between 6 weeks and 5
years. At 9 months and 3 years full audiological assessment
was carried out; at 3 years this included pure-tone audiometry,
or, if not possible, a distraction hearing test. Neurodevelop-
mental examination at 2 years was based on the Griffiths de-
velopmental scale [12, 14]. The 5-year assessment included
audiological and neurodevelopmental examinations, and for
those with normal development or mild sequelae, measure-
ment of intelligence quotient (IQ) using the Wechsler Pre-
School Primary Scale of Intelligence [15].

Ethical Considerations
The Malmö study was approved by the Ethics Committee of
the Medical Faculty of the University of Lund. The West
London Study was approved by the local ethics committees at
the 3 hospitals.

Definitions
Type of maternal infection was classified as confirmed or
presumed primary or nonprimary (Table 1). In both studies,
any symptoms noted at the routine newborn examination
were recorded, and in this analysis, infants were classified as
symptomatic at birth based on presence of 1 or more of the
following: petechiae, tachypnea, hepatomegaly, splenomegaly,
thrombocytopenia, seizures, microcephaly, and hypotonia.
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Growth retardation was not classified as a symptom. Delivery
at <37 weeks’ gestation was considered preterm.

Children were classified as having normal development, or
mild, moderate, or severe impairment. Development was con-
sidered normal following a satisfactory neurodevelopmental
examination, including audiology, with no other problems
identified. Unilateral SNHL of any severity, mild bilateral
SNHL (20–39 dB hearing loss in the better ear), mild motor
impairment with minimal implications, or clinically recog-
nized developmental or language delay in the absence of
hearing loss or other problems were classified as mild impair-
ment. Moderate impairment included moderate (40–69 dB) or
severe (70 dB or more in the better ear) bilateral SNHL
without any other identified problem, mild bilateral SNHL
and mild cerebral palsy, or moderate learning difficulties.
Severe disability or multiple problems, for example, moderate
or severe bilateral SNHL in association with other problem(s),
moderate or severe cerebral palsy, or severe learning difficul-
ties, were classified as severe impairment.

Statistical Analyses
Categorical variables were compared using χ2 test or Fisher
exact test where appropriate. P values for comparison of IQ
test scores were obtained with a 2-sample t test for overall IQ
and performance IQ, and with the Kruskal-Wallis test for
verbal IQ, as variances were significantly different (P = .01).
Analyses were carried out in Stata version 11 (StataCorp,
College Station, Texas).

RESULTS

Study Populations
Overall, 16 474 of 19 589 live newborns (84%) were tested for
CMV in the Malmö study; 76 were positive, an incidence of
4.6 per 1000 births (95% confidence interval [CI], 3.6–5.8),
and 62 controls were selected. In the London study, 19 354 of
21 213 live-born infants (91%) were tested, following screening
of 21 917 women. Congenital CMV was diagnosed in 61
infants, an incidence of 3.2 per 1000 births (95% CI, 2.4–4.0).
Fifty-nine screened women had confirmed primary infection
in pregnancy; all delivered live-born infants, 25 with congeni-
tal CMV (included in the 61 above). An additional 39 congen-
itally infected infants were identified through newborn
screening of approximately 15 000 infants whose mothers
were not enrolled in pregnancy. In total, 152 London controls
were selected. Combining the populations, about 50 000
infants were screened and 176 children with congenital CMV
identified. A higher proportion of mothers of infants with
congenital CMV in London were ≤20 years of age compared
with Malmö (P < .001; Table 2). Seventy-one percent of
mothers of infected infants in London were white, 22% black,
and 7% Asian, whereas all Malmö mothers were white, reflect-
ing the local populations.

Overall, 11% (19/176; 95% CI, 6.6–16.3) of infants were
classified as symptomatic at birth, with a higher proportion in
Malmö (18%) than in London (5%, P = .004; Table 3). Symp-
toms included petechiae alone (10, all in Malmö), tachypnea
(3, all in London), hepatomegaly and/or splenomegaly (4, 3
also with petechiae), hypotonia (1), and hypertonia and mi-
crocephaly (1, severe clinical presentation). In addition, 6
infants (3%) classified as asymptomatic were small for gesta-
tional age. None received antiviral treatment. Three Malmö
controls were reported to have petechiae.

Outcomes in Children With Congenital CMV
Follow-up information was available at age ≥5 years for 87% of
children (Figure 1; Malmö, 88%; London, 87%; P = .82). Most
children saw the study pediatrician at last visit, but for 4 children
information was obtained from another healthcare professional
or the parent. Half (77/152) were last seen at age 5 years, 5%
(7/152) at age 6, and 45% (68/152) at 7 or older (all but 3 from
Malmö). Two children with impairment were last seen at ages 2
and 4 years but are included in summary data as their problems
would not have resolved by 5 years (bilateral SNHL and mental
retardation, respectively). The remaining 22 children without
follow-up information at 5 years were all asymptomatic at birth,
with no health problems reported when last seen (Figure 1).

Eighty-two percent of children with known outcome at 5
years had no developmental problems reported (Figure 1); 7%
were classified as having mild, 5% moderate, and 6% severe

Table 1. Classification of Maternal Cytomegalovirus Infection in
Pregnancy

Classification Summary

Confirmed
primary

First blood sample in pregnancy CMV IgG negative
and subsequent sample CMV IgG positive
(seroconversion confirmed by retesting of
samples in pair) (n = 48); or IgG negative on
single antenatal blood sample and infant born
with confirmed congenital infection (n = 11);

Presumed
primary

First antenatal blood sample CMV IgM
positive (n = 23)

Confirmed
nonprimary

CMV IgG positive on a blood sample collected
before conception (eg, in a previous pregnancy)
(n = 21)

Presumed
nonprimary

CMV IgG positive/IgM negative on initial blood
sample taken in the first trimester of pregnancy
(n = 23); or a 4-fold or greater rise in CMV IgG
titer in paired samples without the appearance
of CMV IgM (n = 1)

Unclassified Test results not fulfilling above criteria, or no
maternal samples available (n = 49)

Abbreviations: CMV, cytomegalovirus; IgG, immunoglobulin G; IgM, immuno-
globulin M.
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impairment, with no difference by study (Table 3, P = .52).
There were no deaths. Overall, 14 of 154 children (9%) had
SNHL, which was bilateral moderate or severe in 8. One child
with moderate sequelae, whose mother’s infection was unclas-
sified, was also diagnosed with fetal alcohol syndrome [7].

Forty-two percent of children classified as symptomatic at
birth had sequelae, compared with 14% of asymptomatic chil-
dren (P = .006; Table 3). The one child with neurological signs
at birth was severely impaired (spastic quadriplegia, optic
atrophy); visual problems were not reported in any other child.

All moderate and severe sequelae were reported in the first
year of life (Figure 1). Mild impairment was first reported in 6
children between 2 and 5 years, and one at age 6. Three children
were diagnosed with unilateral SNHL after 1 year of age (at 2, 3,
and 4 years). Among 68 children with information on outcome
at age ≥7 years, 2 with previously normal development had mild
impairment reported (1 mild developmental and motor im-
pairment [Stott test −4], the other a borderline abnormal Stott
test [−3]) [9]. Forty children in Malmö were also seen at
around age 10, with no major illnesses reported [10, 16].

Outcomes in Control Children
In the Malmö study, 50 of 62 controls (81%) were followed up
to age 4 and 39 (63%) to age 7 years; at age 7, all were

developing normally apart from 1 child with mild motor im-
pairment (Stott test −3).

In the London study, 73% of control children (111/152)
were followed up to median age 5.5 years (range, 4.7–7.2
years), and 97% of these (108) were developing normally. One
child had unilateral SNHL, and 2 had mild motor impairment.
All 41 control children lost to follow-up before age 5 were de-
veloping normally when last seen.

Cognitive Development
In the London study, mean development scores at age 2
among children with congenital CMV but no neurological
symptoms at that time were similar to controls (101.1 ± 10.4,
n = 35, vs 101.2 ± 10.4, n = 73), as reported elsewhere [14].
Among children with normal development or mild impair-
ment at age 5, IQ was measured in 90% of cases (69/77) and
97% of controls (108/111). Overall and performance IQ scores
were not significantly different between cases and controls
(Table 4); congenitally infected children had a lower median
verbal IQ score, but this did not reach statistical significance.

As reported elsewhere, there were no developmental or in-
tellectual differences between cases and controls in Malmö at
21 months or 7 years, respectively [10]. Based on the Griffiths
scale, mean scores (6.3 ± 2.3 among 32 cases, 6.1 ± 1.9 among

Figure 1. Follow-up status, outcome, and timing of identification of sequelae in children with congenital cytomegalovirus. Abbreviations: CMV, cyto-
megalovirus; LTF, lost to follow-up; mths, months of age; n*, number with symptoms at birth; yr(s), year(s) of age.
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51 controls) and the proportion classified as abnormal (cases,
19%; controls, 16%) were similar. At age 7, there were no dif-
ferences in mean scores on the Wechsler Intelligence Scale for
Children (cases: 5.8 ± 2; controls: 6.4 ± 1.6), or in the propor-
tion scoring below normal (cases, 3/25, controls, 2/41) [10].

Type of Maternal Infection
Type of infection (confirmed or presumed) was determined
for 82% of Malmö and 65% of London women (Table 5).
Eighty percent of London women were classified as having
primary infection (confirmed or presumed), compared with

Table 2. Maternal Demographics and Infant Characteristics for Children With Congenital Cytomegalovirus and Controls in Malmö and
London

Malmö West London

Children With
Congenital CMV Controls

Children With
Congenital CMV Controls

No. % No. % No. % No. %

Total 76 62 100 152
Maternal age at booking, y

15–19 2 2.6 3 4.8 22 24.2 35 23.0

20–24 31 40.8 15 24.2 23 25.3 40 26.3
25–29 23 30.3 22 35.5 24 26.4 40 26.3

30–34 16 21.1 19 30.6 14 15.4 27 17.8

35–39 4 5.3 3 4.8 8 8.8 10 6.6
Parity

Primiparous 48 63.2 29 46.8 56 56.6 93 61.2

Multiparous 28 36.8 33 53.2 43 43.4 59 38.8
Infant sexa

Female 39 51.3 29 58.0 47 47.0 72 47.4

Male 37 48.7 21 42.0 53 53.0 80 52.6
Gestational agea

Term 72 94.7 49 98.0 85 93.4 141 92.8

Preterm 4 5.3 1 2.0 6 6.6 11 7.2

Abbreviation: CMV, cytomegalovirus.
a For control infants in the Malmö study, data were only available for the 50 who were followed up to at least age 4.

Table 3. Outcome According to Presence of Symptoms at Birth in Children With Congenital Cytomegalovirus

Symptoms at Birth No. (%)
No. With Known

Outcomesa

Outcome at Last Follow-up

Any Adverse
Outcome, %

Normal Mild Moderate Severe

No. (%) No. (%) No. (%) No. (%)

Combined

Asymptomatic 157 (89.2) 135 116 (85.9) 9 (6.7) 6 (4.4) 4 (3.0) 14.1
Symptomatic 19 (10.8) 19 11 (57.9) 2 (10.5) 1 (5.3) 5 (26.3) 42.1

Total 176 (100.0) 154 127 (82.5) 11 (7.1) 7 (4.6) 9 (5.8) 17.5

Malmö
Asymptomatic 62 (81.6) 53 44 (83.0) 3 (5.7) 3 (5.7) 3 (5.7) 17.0

Symptomatic 14 (18.4) 14 10 (71.4) 1 (7.1) 0 (0.0) 3 (21.4) 28.6

Total 76 (100.0) 67 54 (80.6) 4 (6.0) 3 (4.5) 6 (9.0) 19.4
West London

Asymptomatic 95 (95.0) 82 72 (87.8) 6 (7.3) 3 (3.7) 1 (1.2) 12.2

Symptomatic 5 (5.0) 5 1 (20.0) 1 (20.0) 1 (20.0) 2 (40.0) 80.0
Total 100 (100.0) 87 73 (83.9) 7 (8.1) 4 (4.6) 3 (3.4) 16.1

a Includes all children with follow-up information reported at ≥5 years of age, as well as 2 children with sequelae who were last seen at 2 and 4 years of age. All
those lost to follow-up before 5 years were asymptomatic at birth.
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48% in Malmö (P < .001). Among the 16 children with mod-
erate/severe outcomes, 2 had mothers with confirmed nonpri-
mary infection, and 7 had mothers with presumed nonprimary
infection (Table 5). SNHL was reported in 15% of children
following nonprimary maternal infection (6/39, 5 moderate/
severe bilateral; 1/17 for confirmed nonprimary infection) and
5% following primary infection (4/73, 2 moderate/severe bilat-
eral; 0/53 for confirmed primary infection) (P = .09). Timing
of primary infection (confirmed or presumed) for the 5 women
whose infants had moderate/severe outcomes was first trimes-
ter (n = 3), first or second (n = 1), and second or third (n = 1).

DISCUSSION

In these 2 large population-based studies with comprehensive
follow-up to at least age 5, all moderate and severe sequelae of
congenital CMV infection were apparent in the first year of
life, and about half resulted from confirmed or probable non-
primary maternal infection. Mild problems, many of minimal
consequence, were identified in 7% of children with congenital
CMV, and 2% of uninfected controls, and were mostly identi-
fied after 1 year of age. At 5–7 years, there was little evidence
of cognitive deficit among children with otherwise normal de-
velopment. Visual impairment was reported in one child and
there were no recorded deaths.

Birth prevalence of congenital CMV in Malmö and West
London (4.6 and 3.2 per 1000 births, respectively) was similar

to rates reported in other population-based studies in re-
source-rich settings [4, 17–19]. The higher rate in Malmö
could relate to higher maternal seroprevalence, 72% [20] com-
pared with 54% in London [13]. In line with other studies
[21–23], we found no evidence of an excess of preterm births
in congenitally infected infants, and the overall rate of 6% was
consistent with population rates in the United Kingdom and
Sweden [24, 25].

In these 2 studies, only 1 child had obvious neurological
manifestations at birth, and most other neonatal symptoms of
congenital CMV were mild. The proportion of newborns with
symptoms reported (11%) is consistent with a recent review,
in which 12.7% of 810 newborns across 15 studies were symp-
tomatic [1]. However, there was variation in prevalence and
type of symptoms reported between the Malmö and London
studies, and across those included in the review, highlighting
the need for standardized protocols and definitions [2]. Differ-
ences could have been due to differential ascertainment of
mild symptoms such as petechiae or low-grade hepatospleno-
megaly, which might not have been routinely recorded. In the
United Kingdom, as in Sweden, children diagnosed with con-
genital CMV through routine clinical care usually have multi-
ple symptoms and/or neurological signs at birth [26]. In the
absence of our studies, other than the child with severe clinical
presentation at birth, most children would probably have re-
mained undiagnosed.

Among children developing normally at age 1, there was
little evidence of subsequent deterioration. Late-onset hearing
loss has been reported in other studies at ages ranging from 8
months to 6 years [4, 5, 27]. In our studies, mild or moderate
unilateral hearing loss was reported in 3 children after age
1. No differences in cognitive performance were identified at
age 5 between normal/mildly impaired children with congeni-
tal CMV and controls in the London study, or at age 7 in the
Malmö study [10, 16]. Similarly, in a comparable population-
based study of 64 congenitally infected children and matched
controls in Canada (birth prevalence: 0.4%), IQ scores were
reportedly within the normal range for cases and controls at
3–5 years of age [28].

This analysis highlights the contribution of nonprimary
maternal infection to the burden of congenital CMV disease
in childhood, even in countries where maternal seroprevalence
is relatively low [29]. In our studies, type of maternal infection
was unclassified or presumed for a substantial proportion of
children, limiting the interpretation of our results. A better
understanding of the risk of sequelae according to type of ma-
ternal infection is needed, ideally from studies with good as-
certainment of seroconversion, reactivation and reinfection,
and updated virological tools (eg, IgG avidity testing).
However, it is clear that concerted prevention strategies should
target both primary and nonprimary infection in pregnancy.

Table 4. Comparison of Intelligence Quotient Scores at Age 5
Years Between Children With Congenital Cytomegalovirus and
Controls in the West London Study

Children With
Congenital CMV Controls

P ValueaIQ Score (n = 69) (n = 108)

Overall IQ

Median 109.0 111.5
Mean 111.7 113.0

Variance 246.6 185.0 .561

Performance IQ
Median 118.0 118.0

Mean 119.3 118.1

Variance 201.6 198.8 .566
Verbal IQ

Median 97.0 105.5

Mean 102.6 106.0
Variance 315.6 186.2 .056

Abbreviations: CMV, cytomegalovirus; IQ, intelligence quotient.
a Obtained with 2-sample t test for overall IQ and performance IQ, and with
Kruskal-Wallis test for verbal IQ, as variances were significantly different
(P = .01).
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Although these 2 studies were carried out >20 years ago,
they remain unique in that both cases and controls were iden-
tified through large-scale population-based screening with no
external referral. The presence of national health systems in
both countries meant that all pregnant women residing within
the hospital catchment areas were eligible for inclusion.
Follow-up was carried out within the healthcare setting at fre-
quent and regular intervals, and similar standard protocols
were used, with detailed examinations including physical,
developmental, and cognitive assessments. Identification of
symptoms at birth and adverse outcomes in some controls
highlights the importance of selecting appropriate comparison
groups. Nevertheless, although follow-up was longer than in
many other studies, the full spectrum of cognitive difficulties
may not be apparent at 5–7 years, and continued formal eval-
uation at later ages is desirable.

In conclusion, although these studies shed light on the
natural history of congenital CMV in untreated populations, a
better understanding of the relationship between presentation
at birth and subsequent outcome is required to inform consid-
eration of the potential risks and benefits of treatment. Future

large-scale studies should ensure that cases and controls are
followed up long-term, and that appropriate maternal blood
samples are collected to adequately characterize type of mater-
nal infection.
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