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Background. Respiratory syncytial virus (RSV) is an important cause of respiratory illness worldwide; however, burden data on
mother-infant pairs remain sparse in sub-Saharan Africa, where human immunodeficiency virus (HIV) is prevalent. We evaluated
the impact of maternal HIV infection on the burden of RSV among mothers and their infants in western Kenya.

Methods. 'We enrolled pregnant women (<20 weeks’ gestation) and followed them and their newborns weekly for up to 3-6 months
postpartum, to document cases of acute respiratory illness (ARI). Nasal/oropharyngeal swabs were collected and tested for RSV using pol-
ymerase chain reaction. Analyses were stratified by maternal HIV status and incidence was computed per 1000 person-months.

Results. Compared to RSV-negative ARI cases, RSV-positive cases were associated with cough, apnea, and hospitalization among
infants. RSV incidence per 1000 person-months among mothers was 4.0 (95% confidence interval [CI], 3.2-4.4), and was twice that
among the HIV-infected mothers (8.4 [95% CI, 5.7-12.0]) compared to the HIV-uninfected mothers (3.1 [95% CI, 2.3-4.0]). Among
infants, incidence per 1000 person-months was 15.4 (95% CI, 12.5-18.8); incidence did not differ by HIV exposure or prematurity.

Conclusions. HIV infection may increase the risk of RSV illness among pregnant women. Future maternal RSV vaccines may

have added benefit in areas with high HIV prevalence.
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Respiratory syncytial virus (RSV) is the most common cause of
viral pneumonia and bronchiolitis in infants and young children
worldwide [1, 2]. Globally, RSV-associated hospitalizations and
deaths are estimated at 2.7-3.8 million and 48 000-74 500, re-
spectively, among children <5 years of age, with approximately
half of the hospital admissions and in-hospital deaths affecting
children <6 months [3]. In Kenya, RSV has been identified as a
leading cause of acute lower respiratory tract infections (ALRTTs)
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in infants and is associated with hospitalizations in young
children [4-7]. Furthermore, RSV is a common cause of respi-
ratory illness among pregnant women [8], which may increase
morbidity and mortality in mothers and their infants [9, 10].
Vaccines, improved monoclonal antibodies, and/or antivirals
against RSV may be available in the next few years [11, 12]. Additional
evidence on the burden of RSV infections during pregnancy and early
infancy would be important, especially in low- and middle-income
countries (LMICs), to guide decisions about the introduction of
preventive and/or therapeutic tools targeting these populations.
Identification of risk groups that could benefit the most from inter-
ventions can further help in prioritizing resources where stakeholders
deal with competing health priorities. This study sought to evaluate
the burden of laboratory-confirmed RSV illness and assess the po-
tential impact of human immunodeficiency virus (HIV) infection
among pregnant women and their infants in rural western Kenya.

METHODS

Study Population and Design

From February 2015 through January 2019, we enrolled preg-
nant women at <20 weeks gestation (gestation determined
by fundal height, first date of the last menstrual period, or
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ultrasound) from 2 clinics (Bondo sub-County and Siaya County
Referral Hospitals) in Siaya County, Kenya, where the popula-
tion is culturally homogenous and HIV and malaria infections
are prevalent [13, 14]. We followed them weekly through phone
calls or home visits until delivery to assess any signs or symp-
toms of acute respiratory illness (ARI). After delivery, we con-
tinued weekly follow-ups among mother-infant pairs for up to
12 weeks, until January 2018. Thereafter, the follow-up period
was extended to 24 weeks. If study staff identified any mothers
or infants with ARI, they invited them to the study clinic for
evaluation, collection of respiratory specimens for RSV testing,
and management per routine care. We defined ARI as any of
cough, sore throat, or runny nose for mothers; and as any of
cough, difficulty breathing, runny nose, or attending clinician’s
diagnosis of respiratory illness for the infants. We used struc-
tured questionnaires to collect demographic and clinical data
from patients at enrollment, delivery, and during each sick visit
or hospitalization. Medical record reviews were conducted for
those hospitalized. Mothers had their HIV status assessed as per
the Kenyan Ministry of Health guidelines, which required that,
as part of routine antenatal care services, all pregnant women
be tested for HIV [15] and prophylaxis be provided when in-
dicated. Although these guidelines require periodic testing for
viral load among HIV-positive individuals, our study did not
have access to those data. Similarly, we had no access to HIV
testing data for infants; we therefore stratified our analysis by
HIV exposure for the infants.

Specimen Collection and Processing

We collected nasal and oropharyngeal swabs from consenting
patients meeting the ARI case definition during sick visits, com-
bined the 2 into a single vial containing viral transport media,
and transported the specimens to the Kenya Medical Research
Institute (KEMRI) laboratories in Kisian, Kisumu at 2°C-8°C
where they were stored at -80°C until testing. Nucleic acids
were extracted from the specimens using the MagMax viral
RNA kit on the Kingfisher mL platform (Life Technologies,
New York). The extracted material was then tested for RSV in
a 1-step real-time reverse-transcription polymerase chain reac-
tion (RT-PCR) assay, using the AgPath-ID 1-step RT-PCR kit
(Applied Biosystems, Foster City, California) as per the Centers
for Disease Control and Prevention (CDC, Atlanta, Georgia)
protocol using CDC’s primers and fluorescence-labeled hydrol-
ysis probes. The assay was considered positive for RSV when
exponential fluorescence curves crossed the assigned threshold
at a cycle threshold value of <40.0.

Data Analysis

We described demographic and clinical characteristics of the
patients, stratified by HIV status of the mothers, and com-
pared variables using x* or Fisher exact tests and Student ¢ test
or Mann-Whitney tests. We considered any 2 RSV detections

within a span of 2 weeks in the same participant to represent
the same illness episode. One infant, born to a HIV-positive
mother, tested positive for RSV 3 times in a span of a month;
we treated this as the same episode with prolonged viral shed-
ding. We calculated the rates, per 1000 person-months, as the
number of laboratory-confirmed RSV illness cases divided
by the person-time at risk in months. We further adjusted for
those who were not tested for RSV by dividing the crude rates
by the proportion of those who had ARI and had a specimen
collected and tested. The 95% uncertainty levels, elsewhere re-
ferred to as 95% confidence intervals (Cls), were estimated by
running 1000 iterations, each time allowing the proportions of
RSV-positive and ARI cases that were tested to randomly vary
within a binomial distribution defined by the actual observed
proportions and the number of experimental events (RSV tests
or ARI cases). The 2.5th and 97.5th values were used to esti-
mate the lower and upper limits of the 95% CI. For pregnant
women, person-time at risk was considered as the time from
enrollment to a pregnancy outcome (miscarriage or delivery),
loss to follow-up (the last day the participant was in contact
with the study), or censoring (at last study date, ie, 31 January
2019). For the maternal postpartum period and the infants,
person-time at risk was calculated from time of delivery/birth
to the last study contact (completion of the 12 or 24 weeks of
follow-up, loss to follow-up, or death) or censoring (at last study
date, ie, 31 January 2019). We stratified the analysis by trimester
of pregnancy, infant age group (monthly), and prematurity
(<37 weeks’ gestation). We defined the first trimester as 0-13
weeks' gestation, second trimester as 14-27 weeks’ gestation,
and third trimester as >28 weeks’ gestation [16] and defined
underlying comorbidity as any one of tuberculosis, asthma,
chronic obstructive pulmonary disease, diabetes, hypertension,
or epilepsy. Analyses were performed using Stata version 13.0
(StataCorp, College Station, Texas).

Ethical Considerations

The study protocol was reviewed and approved by the KEMRI
scientific ethics review unit (SSC number 2880) and CDC'’s
institutional review board (CDC IRB number 6709). Written
informed consent was obtained from all participants during

enrollment.

RESULTS

Characteristics of the Pregnant Women and Their Infants

From February 2015 through January 2019, we enrolled and
actively followed 2877 mothers. Of these, 517 (18.0%) were
HIV positive and 2233 (77.6%) had delivered by the end
of the study period. Four percent of the enrolled mothers
had underlying comorbidities—23 (4.5%) and 88 (3.7%)
among HIV-positive and HIV-negative mothers, respectively
(P = .44). There were 2181 infants born alive and included
in this analysis (Figure 1). Of these, 403 (18.5%) were born
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to HIV-positive mothers (ie, HIV exposed). Approximately
half (1113/2181) of infants were male, and 377 (17.3%) were
born preterm (<37 weeks). There was no association between
HIV status of the mother and prematurity (P = .44). During
the study period, 22 (1.0%) infants died: 6 (1.5%) among
the 403 HIV-exposed infants and 16 (.9%) among the 1778
HIV-nonexposed infants; no significant difference was seen
in the distribution of infant deaths by maternal HIV status
(Table 1). Three stillbirths occurred within 14 days of non-
RSV ARI onset.

RSV in Pregnancy and Postpartum

We detected 52 PCR-confirmed RSV cases in 52 of the 2877
(1.8%) pregnant women. In the postpartum period, RSV was de-
tected in 19 specimens from 18 of 2181 (.8%) mothers (Table 1).
Of 52 mothers with RSV during pregnancy and 18 mothers
with RSV detected in the postpartum period, 19 (36.5%) and
7 (38.9%), respectively, were HIV positive. RSV detection was

2944 women enrolled ‘

24 (1%) had twin pregnancy

4" 25 (1%) had gestation >20 weeks

18 (1%) had unreliable gestational
7| age >45 weeks

A 4

2877 (98%) pregnant women
under active surveillance

4’| 55 (2%) miscarried

A4

2822 (98%) pregnant women followed up to delivery

244 (9%) pregnant women had
» not delivered by censoring (the
last study date) for this analysis

» 345 (12%) lost to follow-up

y

2233 (79%) pregnant women delivered

F——————>( 52 (2%) stillbirths

v

2181 (98%) live births. Mother-infant pairs
contributed data to this analysis

- 156972181 (72%) followed for 12 weeks
up to 31 Jan 2018

- 612/2181 (28%) followed up to 24 weeks
or to censoring (the last study date, ie,
31 Jan 2019) — whichever came first

Figure 1. Flowchart of recruitment and follow-up of study participants.

more common among the HIV-positive women compared to
the HIV-negative women during pregnancy (3.7% vs 1.4%, re-
spectively; P <.001) and in the postpartum period (1.7% vs .6%,
respectively; P = .03). No difference in RSV-related signs and
symptoms was observed among HIV-positive mothers com-
pared with the HIV-negative mothers (Table 2). There were no
ARI-associated maternal deaths.

Mothers were followed for 13 989 person-months of
pregnancy (median follow-up period for pregnant women:
0 [range, 0-2.3] months in the first trimester, 2.8 [range,
0-3.2] months in the second, and 2.4 [range, 0-4.0] months
in the third) and 6344 person-months after delivery. The
overall adjusted incidence of RSV and incidence during
pregnancy and the postpartum period per 1000 person-
months was 4.0 (95% CI, 3.2-5.0), 4.3 (95% CI, 3.1-5.5), and
3.5 (95% CI, 2.1-5.2), respectively (Table 3). The incidence
of RSV per 1000 person-months was significantly higher in
the HIV-positive group compared to the HIV-negative group
(incidence rate ratio [IRR], 2.8 [95% CI, 1.7-4.4]; P < .001).
During the pregnancy and postpartum periods, the IRR was
2.7 (95% CI, 1.5-4.6; P = .001) and 3.0 (95% CI, 1.1-7.6;
P = .02), respectively. The overall incidence of RSV illness
was similar by trimester (Supplementary Table 1). However,
incidence was higher among the HIV-positive mothers com-
pared to HIV-negative mothers in all trimesters.

RSV in Early Infancy

We detected 96 laboratory-confirmed RSV illness episodes
among 92 of the 2181 infants. Of the 96 episodes, 22 (22.9%)
occurred in HIV-exposed infants. Cough and apnea were as-
sociated with RSV illness and infants with RSV-associated
ARI were more likely to be hospitalized (5/96 [5.2%])
than those with non-RSV ARI (5/1256 [.4%]) (P < .001;
Supplementary Table 2). Presenting signs and symptoms
were similar among HIV-exposed and unexposed infants.
There were no infant deaths associated with RSV. The me-
dian length of hospitalization was 6 (range, 3-8) days. One
infant required oxygen therapy. Frequency of antibiotic pre-
scription was similar among infants by RSV status as well as
by HIV exposure.

Infants were followed for a total of 6344 person-months,
with median follow-up of 2.8 months (range, .0-6.0 months).
Adjusted incidence of RSV among all infants was 15.5 (95%
CI, 12.9-18.8) cases per 1000 person-months, and 19.5 (95%
CI, 12.4-27.6) among HIV-exposed infants and 14.6 (95% CI,
11.7-18.1) among HIV-unexposed infants (Table 3). There was
no difference in the incidence of RSV among infants by HIV
exposure (IRR, 1.3 [95% CI, .8-2.2]; P = .23). The adjusted in-
cidence rate of RSV per 1000 person-months for premature
vs term infants was 17.9 (95% CI, 11.8-26.9) vs 15.0 (95% CI,
11.8-18.4), respectively, with an IRR of 1.2 (95% CI, .7-2.0;
P = 43) (Supplementary Table 1).
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Table 1.
Western Kenya

Characteristics of Pregnant Women, Pregnancy Outcomes, and Infant Characteristics by Maternal HIV Status, February 2015-January 2019,

Characteristic All (N = 2877) HIV* (n = 517) HIV™ (n = 2360) PValue®
Pregnant women
Age at enrollment, y, median (IQR) 24.3 (20.9-29.0) 28.5 (24.4-32.1) 23.6 (20.5-27.8) <.001
<25y 1557 (54.1) 139 (26.9) 1418 (60.1) <.001
>25y 1320 (45.9) 378 (73.1) 942 (39.9)
Education level
High school and above 1247 (43.3) 132 (25.5) 1115 (47.3) <.001
Lower than high school 1630 (56.7) 385 (74.5) 1245 (52.8)
Gestational age at enrollment, wk, median (IQR) 6 (13-18) 6 (12-18) 6 (13-18) 42
Prior pregnancy 2064 (71.7) 477 (92.3) 1587 (67.3) <.001
Underlying comorbidity” 111 (3.9) 3 (4.5) 88 (3.7) 44
RSV illness during pregnancy 2 (1.8) 9(3.7) 33 (1.4) <.001
Pregnancy outcome
Miscarriage 55 (1.9) 7 (3.3) 8 (1.6) .01
Delivery 2233 (776) 416 (80.5) 1817 (770) .09
Stillbirth 52 (2.3) 3(3.1) 9 (2. .23
Survived to discharge 2181 (97.7) 403 (96.9) 1778 (97.9)
RSV illness in postpartum® mothers 18 (0.8) 7 (1.7) 11 (0.6) .03
Infant characteristics n=2181 n =403 n=1778
Male sex 1113 (51.0) 201 (49.9) 912 (51.3) .61
Prematurity (<37 wk) 377 (17.3) 5(18.6) 302 (17.0) 44
Infant death 2 (1.0) 6 (1.5) 16 (0.9) 27
RSV iliness 6 (4.4) 2 (5.4) 74 (4.1)

Data are presented as No. (%) unless otherwise indicated.

Abbreviations: HIV", laboratory-confirmed human immunodeficiency virus negative; HIV*, laboratory-confirmed human immunodeficiency virus positive; IQR, interquartile range; RSV, res-

piratory syncytial virus.

2P values estimated using % or Fisher exact test for categorical variables and Mann-Whitney test for comparison of medians.

°Any one of tuberculosis, asthma, chronic obstructive pulmonary disease, diabetes, hypertension, or epilepsy.

“Postpartum period was for 12 weeks until January 2018, then we extended the follow-up period to 24 weeks until January 2019.

RSV lliness in Mother—Infant Pairs

Of the 18 mothers who had RSV illness in the postpartum
period, 7 (38.9%) of their infants had concurrent RSV illness.
Five of the 7 pairs were swabbed on the same day; 3 mothers
had an earlier onset than the infants and 2 pairs had the same
onset. In 1 of these pairs, the mother had RSV detected first,
and 5 days later in her infant. In the last pair, RSV was detected
in the infant first and a week later detected in the mother.

Only 1 of 19 (5.3%) children born to an HIV-positive mother
who had RSV illness during pregnancy developed RSV in early
infancy. In this case, RSV was detected in the mother during
the last week of pregnancy, and 2 weeks after birth in her infant.
There was no RSV illness among infants born to HIV-negative
mothers with RSV illness in pregnancy.

ARI and RSV Seasonality

Acute respiratory illnesses occurred throughout the vyear,
varying in frequency by month without any clear distribution
pattern (Figure 2). The frequency of RSV positivity, however,
followed a seasonal pattern, with an increase in detections
during the months of April through July, coinciding with the
rainy season in western Kenya. The peak of infection was in
May-June for mothers and their infants alike, and the intensity

of the seasons varied with the highest overall percentage of
RSV positivity observed in 2017 and 2018 (23.8% and 34.0%,
respectively), whereas the overall (mothers and infants) peak
percentage RSV detections in the 2 previous years were <15%.
Furthermore, we observed a higher RSV incidence per 1000
person-months within the first 3-6 months of life among in-
fants born in March, April, and May (51.2 [95% CI, 40.4-64.1])
compared with those born in the other months of the year (4.7
[95% CI, 3.0-7.1]; Figure 3) (IRR, 10.8 [95% CI, 6.7-18.1];
P<.001).

DISCUSSION

We found that the incidence of RSV among HIV-positive
mothers during pregnancy and the postpartum period was
more than twice that of the HIV-negative mothers overall (8.5
vs 3.1 per 1000 person-months). If HIV infection increases the
likelihood of RSV illness in pregnant women, they would be
at risk of ALRTIs that could affect them and their pregnancy.
Moreover, RSV illness in the mother during the postpartum
period could lead to infection of the infant at a time when se-
vere RSV-associated complications are likely. In our cohort, 5%
of RSV-positive infants were hospitalized, reinforcing the im-
portance of preventing RSV infection in early life.
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Table 2. Clinical Characteristics Associated With Respiratory Syncytial ol = )
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Figure 2.
by year and month of study, February 2015—January 2019, western Kenya.

Distribution of acute respiratory illness (ARI) and percentage of laboratory-confirmed respiratory syncytial virus (RSV) among pregnant mothers and their infants

Kilifi, Kenya (8.5-17.7 per 1000 person-months among children
0-5 months with ALRTT) [24]. We did not observe any RSV-
associated infant deaths. However, those with RSV-associated
ARI were more likely to be hospitalized than those with non-
RSV-associated ARI, confirming that RSV in infants can lead to
severe disease [25, 26] and that RSV infection is associated with
high healthcare use and costs [27]. We did not observe a statis-
tically significant difference when we stratified our analysis by
HIV exposure. Other studies have found that HIV-exposed in-
fants are at increased risk of acquiring RSV and that they are also
at higher risk of severe disease compared to nonexposed infants
[28-30]. The difference in our findings and these studies may be
attributed to the low RSV case numbers in our study.

Infants whose mothers had RSV during pregnancy did not
have RSV during follow-up except for 1 mother-infant pair
where the mother had RSV in the last week of pregnancy and
the baby was RSV positive within 2 weeks after birth. This
observation could suggest a direct infection from the mother
to the baby, given that the mother was HIV positive and may
have had prolonged viral shedding [19, 31]. Alternatively, it
could be that the mother was unable to mount a sufficient
immune response against RSV in utero and transfer protec-
tive antibody levels to the baby at birth as infection occurred
late in pregnancy. This may also suggest that vaccine-induced
antibodies from HIV-positive mothers may not afford sim-
ilar protection to the infants as antibodies transferred by
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HIV-negative mothers [32-34]; therefore, more investiga-
tion on RSV-specific vaccine response among HIV-positive
patients and their infants, especially the impact of HIV viral
load, could guide future vaccine recommendations. Finally,
we found that RSV circulation in western Kenya has a clear
seasonal pattern, peaking in May-June of most study years
and that infants born during March through May had a
higher incidence of RSV within the first 3-6 months of life
compared to those born in other months. This could be useful
should interventions currently in development be ready for
the market, as adequate planning on intervention rollout can
be timed before the RSV season.

Previous studies by Chu et al in Nepal and Anderson et al
in the United States observed an association between prematu-
rity and RSV illness, with the Nepal study finding significantly
higher rates of RSV illness in premature infants compared to
term infants [35, 36]. In contrast, we found no difference in the
incidence of RSV illness by prematurity. Though we did not
evaluate the impact of gestational age on RSV infection, it is
important to note that previous studies observed a significant
decrease in RSV infection with increase in gestational age for
premature babies [35, 36]. These data highlight the need for pre-
vention of RSV in high-risk groups including HIV-exposed and
premature babies. Maternal vaccination and use of monoclonal
antibody therapies currently in different phases of clinical trials
may be helpful; however, consideration should be given to co-
cooning strategies [37], especially in LMICs where monoclonal
antibodies may not be affordable.

Our study had some limitations. First, we did not retest
HIV-negative pregnant women toward the end of their preg-
nancy. There could have been some seroconversion in this
period, but probably not enough to result in serious mis-
classification given reductions in HIV incidence in this area
[38]. Also, HIV-infected persons have been shown to seek
care more than their uninfected counterparts [39]; there-
fore, caution should be taken while interpreting these find-
ings. Second, we had no access to the HIV viral load and
treatment compliance data for the mothers. All of our HIV-
positive study participants were on HIV treatment, but we
cannot infer the level of suppression provided by the treat-
ment without viral load data. Third, we were unable to ac-
cess the HIV testing data for the infants and instead relied on
their HIV exposure status to assess the possible role of HIV
infection on burden of RSV. The findings may be different
when actual HIV infection data are used. Last, gestational
age was estimated by ultrasound—which is regarded as a gold
standard approach in gestational age determination—in 25%
of the mothers who delivered. This could lead to misclassi-
fication of term and preterm babies, affecting our ability to
look at association between RSV and prematurity. This could
explain the difference between our study and others that ob-
served difference in RSV incidence by prematurity status.

In conclusion, we found a substantial burden of RSV
among mothers and infants in Kenya. The disease burden
was higher among HIV-positive mothers who had twice the
burden of RSV illness compared to HIV-negative mothers.
Maternal RSV vaccine recommendations may have added
benefit, especially in high HIV-prevalence areas as in our
study. Moreover, prevention measures such as maternal
vaccination, cocooning strategies, or monoclonal antibody
therapy in early life could potentially reduce the RSV disease
burden among infants and could be especially important
for HIV-exposed and premature infants. To further inform
policy decisions, additional studies on the impact of HIV in-
fection in placental transfer of antibodies may be considered,
and the cost-effectiveness of various public health interven-
tions in LMICs should be explored in the context of other
competing health priorities.
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