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Abstract

Objectives—To estimate birth prevalence of congenital cytomegalovirus (cCMV) in HIV-
exposed uninfected children born in the current era of combination antiretroviral therapy and
describe cCMV-related neurodevelopmental and hearing outcomes.

Study design—The Surveillance Monitoring for ART Toxicities cohort study follows HIV-
exposed uninfected children at 22 sites in the US and Puerto Rico. Birth cCMV prevalence was
estimated in a subset of participants who had blood pellets collected within three weeks of birth
and underwent =1 of 6 assessments evaluating cognitive and language development including an
audiologic examination between 1 and 5 years of age. Detection of CMV DNA by polymerase
chain reaction testing of peripheral blood mononuclear cells was used to diagnose cCMV.
Proportions of suboptimal assessment scores were compared by cCMV status using Fisher exact
test.

Results—Mothers of 895 eligible HIV-exposed uninfected children delivered between 2007 and
2015. Most (90%) were on combination antiretroviral therapy, 88% had an HIV viral load of <400
copies/mL, and 93% had CD4 cell counts of 2200 cells/uL. Eight infants were diagnosed with
cCMV, yielding an estimated prevalence of 0.89% (95% CI, 0.39%—1.75%). After adjusting for a
sensitivity of 70%—75% for the testing method, projected prevalence was 1.2%-1.3%. No
differences were observed in cognitive, language and hearing assessments by cCMV status.

Conclusions—Although birth cCMV prevalence in HIV-exposed uninfected children born to
women with well-controlled HIV is trending down compared with earlier combination
antiretroviral therapy-era estimates, it is above the 0.4% reported for the general US population.
HIV-exposed uninfected children remain at increased risk for cCMV.

Cytomegalovirus (CMV) is ubiquitous with world-wide distribution and is the leading cause
of congenital infections and nongenetic hearing loss in children. Birth prevalence of
congenital CMV (cCMV) infection varies widely, is population dependent, and parallels
maternal seroprevalence.! The cCMV and hearing multicenter screening study conducted at
seven centers within the US reported a birth prevalence of 0.4%.2 Lower socioeconomic
status and young maternal age are other important demographic characteristics associated
with higher birth prevalence. Cohort studies in high-income countries before the
implementation of combination antiretroviral (ARV) therapy (CART) have shown rates of in
utero transmission of CMV in infants born to women living with HIV-1 (WLHIV) infection
ranging from 2.5% to 9.2%, identifying this subpopulation of women as very high risk.3-7
Of these studies, those that specifically examined the birth prevalence of cCMV in HIV-
exposed uninfected infants reported estimates that ranged from 2.8% to 4.5%.3-° The
Pediatric Pulmonary and Cardiovascular Complications Study of infants born to WLHIV
from 1990 to 1994 reported a prevalence of 4.3% in HIV-exposed uninfected infants, well
above the general population.# Studies that addressed cCMV prevalence following
implementation of cCART showed inconsistent conclusions. The French Perinatal Cohort
Study demonstrated a decline of cCMV from 3.0% in 1993-1996 to 1.5% in 2001-2004, as
did a Spanish study by Marin Gabriel et al, from 9.2% in 1987-1996 to 1.3% in 1997—
2003.5:6 Other investigators have reported an overall high cCMV prevalence occurring in the
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era of CART: 4.8% from 1997-2002, 3% from 1997-2005, and 2.2% from 1997-2013.58.9
We are now on the verge of entering the third decade in the era of cART, with mother-to-
child transmission rates of HIV well below 1%, and approximately 8700 infants born
annually in the US who are HIV-exposed and uninfected.10

We therefore undertook this study to estimate the birth prevalence of cCMV in HIV-exposed
uninfected infants and children followed in the Surveillance Monitoring for ART Toxicities
(SMARTT) cohort who were born to WLHIV over the last 10 years at participating clinical
sites in the US and Puerto Rico.1! Most of these women were closely monitored and treated
with cART during their pregnancy; their HIV infection was well-controlled. Their children
underwent longitudinal neurodevelopmental (ND) testing from 1 through 5 years of age, just
before entrance into kindergarten, and so we also sought to compare hearing and ND
outcomes in HIV-exposed uninfected children with and without cCMV.

SMARTT is an ongoing observational cohort study conducted at 22 sites within the US,
including Puerto Rico, that evaluates the growth and development of HIV-exposed
uninfected children. The dynamic cohort of SMARTT commenced enrolling HIV-exposed
uninfected infants at birth in 2007 and as of February 1, 2017, had accrued 2579 infants and
children. Medical history, physical examinations, and a battery of ND assessments were
performed at protocoldefined intervals as previously described; this included a peripheral
blood mononuclear cell (PBMC) pellet collected from infants at birth.11:12 Medical
diagnoses were obtained from the medical record and indexed using the MedDRA coding
system.13 The study was approved by the Institutional Review Boards of the Harvard T. H.
Chan School of Public Health and all participating sites. Written informed consent was
obtained from legal guardians.

The birth prevalence of cCMV was estimated in a subset of the SMARTT dynamic
component participants meeting 2 specific inclusion criteria outlined elsewhere in this
article: first, they must have had >1 of 6 assessments (5 ND and one audiology, described
elsewhere in this article) performed at ages 1 through 5 years and second, a PBMC pellet
collected at <3 weeks of life. All cases of cCMV identified were categorized as symptomatic
or asymptomatic, and their ND outcomes described.

Diagnosis of Symptomatic and Asymptomatic cCMV

All PBMC pellets in participants meeting inclusion criteria had DNA extracted and tested by
a CMV DNA polymerase chain reaction (PCR) assay in a laboratory at the University of
California, San Diego, using nested PCR as previously described.14 A diagnosis of cCMV
was made based on a positive result. Children with cCMV were categorized as symptomatic
if any of the following signs were present at birth: microcephaly, small for gestational age,
petechial or purpuric rash, hepatosplenomegaly, neurologic deficits, or seizures.1® If none of
these signs were present, cCCMV-positive participants were categorized as asymptomatic.
Small for gestational age was defined as a birth weight of <10th percentile and microcephaly
as a head circumference of <3rd percentile for gestational age.16
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For children without a PBMC pellet collected at <3 weeks of life, the SMARTT database of
MedDRA diagnoses was queried for all cCMV diagnoses. Some participating sites routinely
screen all HIV-exposed uninfected newborns for CMV, whereas other sites do not conduct
routine screening, but may have identified cCMV based on an evaluation of symptoms. Each
identified case was reviewed to ascertain that cases met the study definition of cCMV:
positive urine CMV culture, salivary nucleic acid amplification testing, or other diagnostic
testing performed within the first 3 weeks of life. To avoid introducing bias, only cases
identified by testing an available PBMC pellet were included in the estimate of cCMV
prevalence.

ND and Hearing Assessments

Longitudinal examination of developmental outcomes of language, intelligence, and hearing
that were part of the SMARTT battery of assessments were evaluated based on data
submitted as of August 1, 2018. At 1 year of age, the MacArthur-Bates Communicative
Development Inventory and the Bayley Scales of Infant and Toddler Development were
performed.17.18 At 2 years of age, the Ages and Stages was performed.19 At 5 years of age,
the Wechsler Preschool and Primary Scale of Intelligence, the Test of Language
Development, and a comprehensive audiologic evaluation using earphones were performed.
20.21 For this study ND scores of >1 SD below the normative mean were categorized as
lower than normal. Sensorineural hearing loss was defined as pure tone average of worse ear
of >25 dB hearing level at 0.5, 1.0, 2.0, and 4.0 kHz, after excluding children with flat
tympanograms. The MacArthur-Bates Communicative Development Inventory and Ages and
Stages were administered in Spanish or English; the Bayley Scales of Infant and Toddler
Development, Wechsler Preschool and Primary Scale of Intelligence, and Test of Language
Development was available and administered in English.

Statistical Analyses

Results

The proportion with cCMV infection in the tested sample was determined, along with the
Clopper-Pearson exact 95% CI. For developmental outcomes at ages 1, 2, and 5 years,
summary statistics were calculated for continuous measures by cCMV infection status and
the groups were compared with a Wilcoxon rank-sum test. The continuous outcome
measures were also used to define discrete outcome groups (lower or delayed in
development, vs normal), and for these and other discrete measures the cross-tabulation
frequencies were calculated, and the 2 groups were compared with the Fisher exact test. The
same approach was followed for basic demographic, delivery, and newborn characteristics,
measures of maternal HIV disease severity and treatment (HIV RNA viral load, CD4 cell
count and percent, and ARV exposure during pregnancy), and for measures of caregiver
education and income. Due to the low number of cCMV events observed, no models were fit
for comparison of ND outcomes by cCMV status adjusting for other covariates.

As of February 1, 2017, there were 2212 HIV-exposed uninfected participants in the
dynamic cohort who were =1 year of age, of whom 895 met study criteria for estimation of
cCMV birth prevalence (Figure 1). The major reason for exclusion from study was lack of a
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birth PBMC sample. Compared with the 1317 excluded children, the 895 children were less

often African American (63% vs 79%), more often Hispanic (40% vs 23%), and had slightly
better maternal HIV disease control status (87% vs 82% with suppressed viral load and 93%
vs 88% with CD4 =200 cells/mL).

Of the 895 patients who met study criteria, 8 had a positive CMV DNA PCR, yielding
estimated birth prevalence for cCMV of 0.89% (95% CI, 0.39%-1.75%). Six were
asymptomatic and 2 were symptomatic. One of these 8 children already had a known
diagnosis of cCMV recorded in the SMARTT database. Of the 1317 participants who did
not meet the inclusion criteria, an additional 5 cases of cCMV were reported in the
SMARTT database: 4 were identified by routine birth screening performed according to the
clinical sites standard practice, and 1 was symptomatic at birth, prompting evaluation and
subsequent diagnosis.

Maternal and Birth Characteristics

The mothers delivered in the US and Puerto Rico between 2007 and 2015 and ranged in age
from 15.2 to 50.1 years (median, 29.1 years; IQR, 24.6-33.6 years), with 55% selfidentified
as African American, 32% as White, and 40% as Latino (Table). Of participants with
available data, 31% of mothers reported not receiving a high school degree, and 77%
reported annual household income of £620 000. These caregiver demographic characteristics
were not different by child’s cCMV status. Among 895 mothers, 90% were on CART at
some point during their pregnancy, 6% on ARV regimens not constituting cART, and 1%
who received no ARV treatment (no data available for 3%). Exposures during pregnancy to
5 ARV drug classes are shown and similar by cCMV status. The proportion of mothers
whose last (before delivery) available HIV viral load was <400 copies/mL and last CD4 cell
counts =200 cells/uL were 88.0% and 92.9%, respectively. Mothers of children with cCMV
were more likely to have a last CD4* T cell before delivery of <20% compared with mothers
of uninfected children (37.5% vs 12.8%; P=.07). Preterm deliveries occurred for 16% of all
HIV-exposed uninfected children, but in none of the 8 with cCMV identified by PCR. The
mean number of years of follow-up (equivalent to age) for HIV-exposed uninfected children
with cCMV was 7.2 years (range, 4.5-9.5 years) compared with 5.9 years (range, 1.610.3
years) for those without (P=.1). There were no differences in newborn head circumference,
weight, or length by cCMV status. Six of 8 newborns with cCMV fell within normal
percentiles for weight, length, and head circumference for gestational age. Two babies had
symptomatic cCMV by study criteria: both were small for gestational age, one at the 8th and
the other at the 5th percentile for weight. They were not identified by their sites as cCMV
infected at birth, but by PCR testing. One baby failed the newborn hearing screen (but
passed on repeat testing).

ND Outcomes through 5 Years of Age

Only the 8 participants identified by PCR testing were included in the comparison with
CMV uninfected children. There were no differences in dichotomized outcomes for lower
performance by cCMV status (Figure 2; available at www.jpeds.com). Likewise, comparison
of continuous measures such as mean and median scores showed no differences between the
2 groups.
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Discussion

Well into the era of CART, we demonstrate a cCMV birth prevalence of 0.9% in HIV-
exposed uninfected children born in the US and Puerto Rico between 2007 and 2015.
Compared with the highly sensitive salivary and urine nucleic acid tests used to detect
cCMYV, blood PBMC DNA PCR is 270%—75% sensitive in detecting infants with cCMV.
22,23 \\fe therefore project a birth prevalence between 1.2% and 1.3% in HIV-exposed
uninfected children in the era of CART as a more realistic estimate, and one that is above
what has been reported in the general US population, but below previously discussed
estimates of prevalence before the era of CART.

Several reasons exist for the high rate of in utero CMV transmission in WLHIV in the pre-
CART era. Both HIV and CMV are more prevalent in women of lower socioeconomic status,
where there is almost universal co-infection. There is an established association between
maternal immunosuppression with CD4 cell counts of <200 cells/uL and cCMYV infection, a
finding confirmed in this study as well.>24 Evidence also suggests an association between
high HIV viral load and increased CMV shedding in genital secretions and urine in pregnant
WLHIV.25

We hypothesize that higher transmission rates of congenital infection in babies born to
WLHIV can occur from either reactivation or reinfection with CMV in these mothers,
producing higher CMV viremia and/or more frequent episodes of viremia as a result of their
impaired immunity, and that with effective CART the prevalence trends closer to that
observed in the general population.26:27

Previous studies on the cCCMV prevalence in the era of cART have not been consistent in
showing a decrease compared with the pre-cART era. Our cohort’s prevalence was lower
than and consistent with the decline in birth prevalence reported by Guibert et al (1.5%) and
Marin Gabriel et al (1.3%).56 Duryea et al, with a rate of 3% for their HIV-exposed infants,
felt it was difficult to place their prevalence in context with the reported literature because
their institution served a population of minority women mostly of low socioeconomic status
who may have had a higher baseline prevalence of cCMV.8 Frederick et al, with a rate of
4.8% thought their prevalence may have been higher because most mothers were diagnosed
with HIV during their pregnancy and referred to their clinic after the first trimester as
opposed to pre-pregnancy.’

The SMARTT cohort represents infants born to WLHIV most of whom are receiving CART
and have well-controlled HIV infection. Our data for deliveries between 2007 and 2015
reflect this: 90% of these women were receiving cART, 88% had suppressed viral loads, and
93% had CD4 cell counts of >200 cells/uL before delivery. Hence, they did not have many
of the risk factors associated with increased transmission rates described elsewhere in this
article. Our data support that HIV-exposed uninfected infants born to WLHIV who are well-
controlled in antenatal care and without immune suppression in the cART era will likely
have lower cCMV prevalence than has been reported previously. Nevertheless, HIV-exposed
uninfected children remain at elevated risk for this congenital infection. A possible
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explanation may be related to the socioeconomic issues that characterize the mothers of
HIV-exposed uninfected children followed in SMARTT.

We speculate that some ARVs may have anti-CMV activity possibly affecting in utero
transmission. Nelfinavir, a protease inhibitor with anti-CMV activity, was not associated
with protection against cCMV in HIV-exposed uninfected children.? Integrase inhibitors
demonstrate in vitro anti-CMV activity; however, this property has not yet been
demonstrated in vivo.28 We did not find an association with specific ARVs and in utero
transmission of CMV in this study, although we acknowledge our sample size may not have
been sufficient to detect one.

We were unable to show differences in hearing, language, and ND outcomes in HIV-exposed
uninfected children with and without cCMV. Because approximately 1 in 5 children are
expected to develop disability following congenital infection with CMV, our small group of
8 children is not large enough to show these differences if they do exist.29 A limitation of
this study is that many children did not have PBMCs available for testing. We noted
differences in race/ethnicity distribution and a slightly better average HIV disease control
status in mothers of children who had blood pellets available and ND test results than
mothers of children who did not. If a missing PBMC sample or ND test was associated with
cCMV infection, then the estimate of prevalence would be biased. A strength is that our
cohort, drawn from 22 sites across the US and Puerto Rico, provides a broad representation
of the population of HIV-exposed uninfected children, which permits for greater
generalizability of our finding.

Although birth prevalence of cCMV in HIV-exposed uninfected children in the cART era is
lower than previous estimates, these children are still at increased risk for this congenital
infection. With approximately 8700 HIV-exposed uninfected infants born annually in the
US, large cohort studies such as SMARTT may help shed light on the longterm outcomes of
cCMV in this population.
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HIV-exposed uninfected children as
of Feb 1, 2017

In this cohort 2212 HIV-exposed
uninfected children were 21 year of age

|

1746 met first criteria of 21 of 6 ND
assessments between 1-5years of age

466 without any ND assessment
between 1-5years of age

.

Second study criteria: collection of
blood PBMCs <3 weeks of life

851 had no blood PBMC <3 weeks

v

895 HIV-exposed uninfected children met
all study criteria

1317 HIV-exposed uninfected children did not

meet study criteria

diagnosis of cCMV

Review of SMARTT
database for site P
diagnosis of cCMV

CMV PCR on blood PBMC
B with positive result for

887 HIV-exposed

not have cCMV 2 symptomatic

uninfected children did| | had cCMV: 6 asymptomatic,

8 HIV-exposed uninfected children | | 5 HIV-exposed uninfected children
identified with cCMV: 4 asymptomatic,

one symptomatic

Figurel.

Flow chart describing the identification of cCMV infection in HIV-exposed uninfected
children followed in the Surveillance Monitoring of Antiretroviral Therapy and Toxicity
Study. @Surveillance Monitoring for Antiretroviral Therapy Toxicities cohort.
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cCMV Positive®

cCMV Negative®

n=28(.89%) n =887 (99.11%)
| WNL" | | Lower | | WNL® | | Lower | | il |

MacArthur-Bates Communicative o o 577 163

1 Development Inventory (CDI) Bi{ea%) 1(14%) (78%) (22%) =H8
Yr

Bayley Scales of Infant and Toddler o o 297 292
Development (Bayley-Ill) #180%) 1120%) (50%) (50%) &7

2 0 o 552 209
Yrs Ages and Stages (A&S) 5(71%) 2 (29%) (73%) (27%) >.99

Wechsler Preschool and Primary o o 196 139
Scale of Intelligence (WPPSI-III) {TI%) 2(29%) (59%) (41%) <70

5 Test of Language Development 5 o 21 111
¥rs (TOLD-P:3) 4180%) 1(20%) (66%) (34%) B8
SNHL® in one or both ears 7 (100%) 0 (0%) (ggg}) 3 (1%) >.99

0

Figure 2.

Comparison of percent with lower and normal language, cognitive and audiologic scores by

cCMV status for the cohort of 895 HIV-exposed uninfected children. The cutoff for a
classification of “lower” on each assessment was: MacArthur-Bates Communicative
Development Inventory: age-adjusted percentile score <10th percentile in any of the 4
domains (phrases understood, vocabulary comprehension, word production, or total

gestures); Bayley-111: composite score <85 in any of the 5 domains (cognitive, language,
motor, social-emotional, or adaptive behavior); Ages and Stages: total score =1 SD below
age specific norms; Wechsler Preschool and Primary Scale of Intelligence: composite score
<85 in any of the 3 quotients (verbal 1Q, performance 1Q, full scale 1Q); Test of Language
Development: Spoken Language Quotient £85; and audiologic evaluation: sensorineural
hearing loss with worse ear pure tone average >25 dB hearing level at 0.5, 1.0, 2.0, and 4.0

kHz. @Comparison by cCMV status was not significantly different for any of the

neurodevelopment, language, and audiology assessments. The highest proportion classified
as lower in these assessments was for the Bayley-111 where 50% of cCMV negative children
met cutoff criteria in 21 of 5 domains and are believed to be generally representative of
children who are HIV exposed, and uninfected. ®Within normal limits. °Fisher exact test.

dSensorineural hearing loss.
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Infant and maternal demographic and delivery characteristics, and maternal HIV virologic and immunologic

measures during pregnancy, by cCMV status

J Pediiatr. Author manuscript; available in PMC 2021 January 01.

Characteristics cCMV positive(n=8) cCMV negative (n=887) Total (N = 895) P value®
Infant characteristics
Current age (years) 7.4 (6.2-8.0) 5.9 (4.0-7.8) 5.9 (4.0-7.8) A1
Birth year
2007-2009 4 (50%) 251 (28%) 255
2010-2012 3(38%) 339 (38%) 342
2013-2015 1 (13%) 297 (33%) 298
Male sex 4 (50%) 473 (53%) 477 (53%) >.99
Race
Black 6 (75%) 482 (54%) 488 (55%) .54
White 1 (13%) 284 (32%) 285 (32%)
Other/unknown 1 (13%) 121 (14%) 122 (14%)
Hispanic ethnicity 2 (25%) 357 (40%) 359 (40%) .50
Birth weight (g) 3087 (2623-3374) 3030 (2710-3365) s 3030 (2710-3365) 7 .96
Head circumference (cm) 34.6 (32.8-35.3) 34.0 (327_35'0)}‘ 34.0 (32.7_350);‘ .48
Length (cm) 50.0(48.4-51.1) 49.0 (47.2—50.8)§ 49.0 (47.3—50.8)§ .30
Gestational age (wk) 39.6 (38.2-39.9) 38.3 (37.6—39.3)” 38.3 (37.6—39.3)” A1
i 0,
Gestational age <37 wk 0 (0%) 140 (16%)¢ 140 (16%)¢ 62
Maternal characteristics
Mother’s age at delivery 29.0(21.4-31.5) 29.1 (24.6—33.6)¢ 29.1 (24.6—33.6)’t 48
1 0,
Cesarean delivery 3(38%) 517(58%) A 520 (58%) f 40
Caregiver <HS degree 1.(25%) s 190(31%) ™ 191 (31%) >.99
Caregiver household income <$20 000 3(75%) 4 452 (77%) 1 455 (77%) >.99
Maternal immunologic and HIV virologic
measurements (first and last values during
pregnancy) and maternal HIV ARV drug regimen
during pregnancy
First CD4% <20 3 (37.5%) 176 (20.29) 179 (20.3%) " 21
. 3 0,
First CD4 <200 cells/mm 1(12.5%) 95 (10.8%)§§ 9% (10_9%)§§ 60
First RNA >400 copies/mL 5 (62.5%) 422 (47.9%) 17 427 (48.0%) ™" 49
0, 0,
Last CD4% <20 3(37.5%) 112(12.8%)# 115(130%)# .07
3 9
Last CD4 <200 cells/mm 1(12.5%) 62 (7.1%)§§ 63 (7.1% )§§ 45
Last RNA >400 copies/mL 2 (25.0%) 105 (11.9%) 77 107 (12.0%) 7 25
ARV pregnancy regimen *
CART 7 (88%) 802 (90%) 809 (90%) A1
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Characteristics cCMV positive(n=8) cCMV negative (n=887) Total (N = 895) P value"
Other ARVs 0 (0%) 53 (6%) 53 (6%)
No ARVs 1 (13%) 7(1%) 8(1%)
Unknown 0 (0%) 25 (3%) 25 (3%)
NRTI-unexposed 1(13%) 11 (1%) 12(1%) 12
NRTI-exposed 7 (88%) 853 (96%) 860 (96%)
NNRTI-unexposed 6 (75%) 707 (80%) 713(80%) 71
NNRTI-exposed 2 (25%) 157 (18%) 159 (18%)
Protease inhibitor unexposed 4 (50%) 191 (22%) 195(22%) 14
Protease inhibitor exposed 4 (50%) 673 (76%) 677 (76%)
Integrase inhibitor unexposed 7 (88%) 759 (86%) 766 (86%) >.99
Integrase inhibitor exposed 1 (13%) 105 (12%) 106 (12%)
Fusion inhibitor unexposed 8(100%) 856 (97%) 864 (97%) >.99
Fusion inhibitor exposed 0 (0%) 8(1%) 8(1%)

NNRTI, non-nucleoside reverse transcriptase inhibitor; MRT7/, nucleoside reverse transcriptase inhibitor.

Median with IQRs reported where applicable; numbers with missing values are as follows

7‘4 missing

13 missing

§2 missing

”8 missing
**277 missing
ﬁ301 missing
#14 missing
§§1O missing

WB missing.

*
Wilcoxon rank-sum test for continuous variables and Fisher exact test for categorical values.

Hok

ARV regimen the mother received during pregnancy. cCART was defined as CART consisting of 23 ARV drugs from >2 different drug classes.
Other ARVs were defined as any combination not meeting the definition of CART. ARV drug class exposure at any time during pregnancy is
reported for 5 drug classes. ARV drug class data were missing for 23 of the mothers of cCMV-negative participants.
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