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Abstract

Background: Children with perinatal HIV exposure are at increased risk for neurodevelopmental (ND) delays, yet
little is known about ND screening implementation for this population.

Methods: This longitudinal study evaluated ND screening implementation at a health clinic in Kenya, from 9/2021| to
8/2023. Children aged 18-36 months with perinatal HIV exposure were screened using a |2-item general ND tool.
Implementation outcomes—acceptability, feasibility, fidelity, and sustainability—were assessed through time-motion
observations, clinic records, and semi-structured interviews with caregivers and staff.

Results: Of 507 eligible children, 405 (80%) were screened. Screening rates were consistent over 24 months, with
average time reduced to under 5 min. Facilitators included staff collaboration and caregiver support; barriers included
time constraints and child temperament.

Conclusions: ND screening was acceptable, feasible, and sustainable. Policymakers should embed ND screening
within national child health programs, invest in workforce training and task-sharing models, strengthen referral and
follow-up systems, and ensure affordable access to services.
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Introduction

Nearly 16 million children globally have been born to
mothers living with HIV.! Even when HIV transmission
is successfully prevented, children who are HIV-exposed,
but uninfected face higher risks of adverse health
outcomes, including neurodevelopmental (ND) delays,
compared to their HIV-unexposed peers.”™ Evidence sug-
gests that early language and motor development may be
particularly affected,>*> while older children with peri-
natal HIV exposure may experience difficulties in execu-
tive functioning and school achievement.*’ These
challenges are often compounded by the broader social
and structural drivers of health impacting children living
in settings where HIV is most prevalent, where high rates
of malnutrition, poverty, and chronic disease independ-
ently threaten optimal ND.® If a generation of children
exposed to perinatal HIV fails to reach its full ND poten-
tial, the consequences can be far-reaching—limiting their
quality of life, academic achievement, and long-term eco-
nomic potential.”'* Recognizing this concern, African
governments and policymakers are beginning to explore
strategies to protect and enhance the ND trajectories of
young children as part of broader efforts to invest in
national human capital.'>'¢

Despite growing global recognition of its importance,
early ND screening remains rare in many low-resourced
settings, particularly in regions with high HIV preva-
lence.'” In many cases, routine child health visits are lim-
ited to immunizations and weight monitoring, with little
additional preventative care offered or accessed beyond
the first 12 months of life.'®'? One notable exception is
children born to mothers living with HIV, who typically
remain engaged in healthcare systems until 18-24 months
of age for confirmatory HIV testing. This provides a
unique and time-sensitive opportunity to conduct ND
screening during a critical window of brain growth when
early intervention can have the greatest impact.?’

To leverage this opportunity, we evaluated the imple-
mentation of a ND screening program delivered by para-
professionals within a public maternal-child health
(MCH) clinic in western Kenya. We evaluated key imple-
mentation outcomes including acceptability, feasibility,
fidelity, and sustainability. Ultimately, an integrated and
sustainable screening program offers the opportunity to
identify children at risk for ND delays and connect them
to services—ensuring that children with perinatal HIV
exposure not only survive, but thrive.

Methods

Study Design and Period

We conducted a facility-based, longitudinal, mixed-
methods implementation study in western Kenya,

completed in accordance with the Strengthening the
Reporting of Observational Studies in Epidemiology
checklist (Supplemental Table 1). The implementation
plan was developed in early 2021, and the ND screening
pilot program was conducted from September 2021 to
August 2023.

Study Setting

The study was conducted at the MCH clinic of Moi
Teaching and Referral Hospital (MTRH) in Eldoret,
Kenya. The program was implemented within the infra-
structure of the Academic Model Providing Access to
Healthcare (AMPATH) program, a nearly 35-year partner-
ship consisting of Moi University, MTRH, and a consor-
tium of North American institutions led by Indiana
University.?'*> AMPATH supports comprehensive HIV
care services across 65 clinics and collaborates with
Kenya’s Ministry of Health to innovate healthcare delivery
within the MCH clinics, including integration of HIV care
for pregnant women and their infants.?*-*

Study Activities

Development of a Contextualized Implementation Plan.
Using purposeful sampling to target clinic staff and com-
munity members who were aware of or involved in ND
screening, we conducted semi-structure interviews and
focus group discussions to inform the design of a locally
appropriate  ND screening program and understand
perspectives on child ND within the community.
Participants included community leaders (ie, village elders
and chiefs), MCH clinical staff, rehabilitation therapists,
child development teachers, and caregivers of young chil-
dren with perinatal HIV exposure. In total, 20 healthcare
workers and community members participated in inter-
views (n=10 male, n=10 female) and 41 caregivers
(n=37 female, n =4 male) participated in focus group dis-
cussions. Mentor mothers—trained peer supporters living
with HIV who work in the MCH clinic supporting other
mothers—were identified as the most suitable cadre to
administer the ND screening. Stakeholders emphasized
the importance of a brief screening tool, ideally requiring
no more than 5 min to complete. Additional qualitative
findings will be reported separately.

Selection of Neurodevelopmental Screening Tools. As part of
the broader study (K23MH116808), we previously devel-
oped a 12-item ND screening tool suitable for this setting,
with input from Kenyan pediatricians and the only pediat-
ric neurologist available within this region at the time of
the study. Detailed tool characteristics and its psychomet-
ric properties, including reliability and validity, are
detailed in a separate manuscript.®> In brief, it was deter-
mined that 2 age-specific tools were needed: one for
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children <24 months of age and another for those >24
months. Some items were administered directly to the
child (eg, asking the child to stack blocks to evaluate
fine motor skills and receptive language) while others
relied on caregiver responses. Additionally, simplicity of
items and their scoring was a priority, as the ND screening
tool would be administered by paraprofessionals. This
study focuses on the process of implementing ND screen-
ing, rather than the specific screening tool used, recogniz-
ing that tools will continue to evolve and can be replaced
as new, evidence-based options become available.

Training of Staff Performing Neurodevelopmental Screening.
In August 2021, 6 mentor mothers were trained to admin-
ister the ND screening tools. Screening was conducted as
part of routine HIV care for children attending their final
confirmatory HIV test visit (at >18 months or 3 months
post-breastfeeding, per WHO guidelines).”® Refresher
training was held every 6 months during the ND screening
program pilot during the mentor mothers’ Iunch hour.
Food was provided during trainings, as is the custom for
trainings within this setting.

Eligibility Criteria for Study Participants. Children were eli-
gible for the ND screening program if they met the follow-
ing criteria: (1) aged 18-36 months; (2) caregiver aged >18
years; (3) perinatally exposed to HIV; (4) attended the
MTRH MCH clinic; and (5) lived in a household that
spoke English or Kiswahili.

Additionally, we performed baseline, 6-month,
12-month, 18-month, and 24-month interviews with the
MTRH MCH clinic staff involved with the ND screening
program, as well as caregivers who had their child
screened in clinic. Eligibility criteria were: (1) > 18 years
of age and (2) worked at the MTRH MCH clinic or pro-
vided care to a young child who was screened within the
MTRH MCH ND screening program.

Pilot of Neurodevelopmental Screening Program. Children
included in this study received routine preventative care
at the MCH clinic. The MTRH MCH is set up with parti-
tioned stations, where all children initially flow through
the weight and nutrition station, then the immunization sta-
tion, each with a designated paraprofessional. Children
with perinatal HIV exposure then transition to the HIV
side of clinic, which includes maternal HIV adherence
counselling. Nurses would notify mentor mothers of any
eligible children prior to reaching the HIV station.
Age-appropriate ND screening was then performed by
the mentor mothers prior to transitioning to the laboratory
for confirmatory HIV testing. Some toys, such as cars,
balls, and plush animals, were available around the time
of ND screening to help increase child’s comfort with
screening process.

During the first 12 months of the pilot, all screened chil-
dren were invited for additional evaluation for a separate
study of psychometric properties of the screening tool.
In the second 12 months of the pilot, only children who
screened positive for possible ND delay were referred
for further assessment by 2 trained members of the
research team, consisting of a clinical officer (mid-level
provider) and a psychologist. Over the course of the
24-pilot period, any child with suspected ND delay were
referred to the pediatric neurology clinic at MTRH for
evaluation and, if warranted, treatment.

Implementation Outcomes

We adapted Proctor et al’s implementation framework to
assess 4 key outcome within the ND screening programs:
acceptability, feasibility, fidelity, and sustainability.?’
Items from 2 standardized tools, Evidence-Based
Practice Attitude Scale (EBPAS)*® and the Program
Sustainability Assessment Tool (PSAT),% were repeat-
edly administered to clinical staff at 6, 12, 18, and 24
months post-implementation to evaluate acceptability
and sustainability, respectively. Feasibility, fidelity, and
sustainability were evaluated through monthly clinic
record reviews and weekly time-motion studies. For time-
motion analysis, trained research assistants would ran-
domly select one day each week to observe and record
all child encounters within the clinic and the timing
required for each station, including ND screening uptake
and duration. Timing was rounded to the nearest minute.
Clinic records were reviewed for the number of eligible
children, screenings completed, and referrals made.

All implementation outcomes were further explored
through semi-structured interviews with clinic staff at 5
timepoints (ie, baseline, which occurred within 2 weeks
of initiation, and every 6 months after), each lasting
approximately 30-45 min. The 6 mentor mothers perform-
ing the ND screening were interviewed at each timepoint,
and other key clinical staff working with mentor mothers
were interviewed at least once. Interview guides are
unique for each timepoint and clinic position (clinical pro-
vider, mentor mother, or other clinical staff), but main
topics involved the interviewee’s awareness of the ND
screening program and its initial implementation, as well
as perceptions of current outcomes, supports, challenges,
barriers, and needed improvements for the program.
Items from the EBPAS and PSAT were incorporated
into the interview guides for ease of completion, such as
“to what extent does the program have strong public sup-
port?” and “how likely would you be to adopt an interven-
tion that was new to you if it fit with your clinic
approach?.” Caregivers with children eligible for ND
screening were also recruited for semi-structured inter-
views during these time-points, but their involvement
was cross-sectional. Interview guides for caregivers
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included questions such as “how knowledgeable or com-
fortable did you feel answering questions about your
child’s development?,” “what did you have to do to
make sure you and your child were able to return for full
evaluation?,” and “how important is child development
for you when you think of your own child?” Those inter-
viewed were compensated between 500 and 1000ksh
($4-8USD) for their time and travel required for the inter-
view. Examples of the interview guides used are included
in Appendix A in the Supplemental Files.

Statistical Analysis

Quantitative data from standardized tools, chart review,
and time-motion analysis were entered and managed using
REDCap.**?! Data categorizing, recategorizing, and
cleaning were performed, and the descriptive statistics
were calculated, with frequencies and percentages for cat-
egorical data, and means and ranges for continuous data.
Basic characteristics about the caregivers, including rela-
tion to child, level of education, and time and mode of
transportation to clinic, were collected during interviews
at 12, 18, and 24 months after ND program initiation.
With the PSAT and EBPAS were administered to all clinic
staff who were interviewed, only the 6 mentor mothers
were interviewed at every time point. Thus, to minimize
variability and prioritize data from those most involved
with ND screening, we report only the PSAT and
EBPAS data from the mentor mothers.

Qualitative interviews and focus group discussions
were performed in either English or Swahili, audio-
recorded, and transcribed into English. The transcripts
were analyzed via thematic line-by-line coding by 2
trained research team members to identify emergent
themes and triangulated with notes taken by a research
assistant during the interview. Saturation was reached
within the interviews. Illustrative quotes are reported
both within the text and in Table 1 to support findings
within both qualitative and quantitative data from the par-
ticipants’ point of view.

Ethical Approval and Informed Consent Statements

Ethical approvals were obtained by the Institutional
Review Board of the U.S. institution (1807413887), the
Institutional Research and Ethics Committee of the
Kenyan institution  (Reference:  IREC/2018/173,
Approval Number: 0003108), and the National
Commission for Science, Technology and Innovation
(NACOSTI) prior to commencement of this study.
Written consent was obtained from all adults enrolled in
the study. Because ND screening was integrated into clin-
ical care of the MCH clinic and those data were not col-
lected for this study, no consent was obtained on behalf
of the children.

Results

During the 24-month study period, 19,861 children
attended the MTRH MCH clinic, of whom 1919 were
18-36 months of age, and 506 were born to mothers living
with HIV and eligible for ND screening (Figure 1).
One-hundred and ninety-nine time-motion observations
were performed, of which 50 were children with perinatal
HIV exposure and 16 were eligible for ND screening.
Forty-two caregivers of children eligible for ND screening
participated in interviews over the 24-month pilot period;
all had also completed ND screening. Most respondents
were mothers of the child (n=39), with 2 fathers and 1
grandmother included (Table 2). Additionally, 6 mentor
mothers, the nurse and assistant nurse in charge (similar
to a clinic manager), 2 nutritionists, 2 nurses, and 1 clinical
officer  participated in  qualitative  interviews.
Representative quotes across time points are presented in
Table 1.

Acceptability

ND screening was consistently described as acceptable to
both caregivers and clinic staff. Caregivers and clinical
staff expressed that child ND screening was an important
and valued part of their clinic experience. Mentor mothers
also expressed that performing ND screening helped their
clients feel more connected to them and the clinic.
Similarly, the caregivers consistently noted they enjoyed
the clinic staff showing interest in their child beyond rou-
tine care. As one mother noted, “7 was so happy because of
[the mentor mothers] showing interest to know how my
child is developing... I appreciate the clinic is putting
more effort to ensure the child is developing well com-
pared to last time [ brought my [older] child during testing
at 18 months and they didn’t bother to test development
then.” One mother, who walked for 90 min to her child’s
MCH visit, stated: “I care for my child so much, I will ask
for permission from work and ensure my child comes...
even if it is just for developmental screening, I will still
bring her.”

Additionally, ND screening in clinics appeared to
encourage ND engagement at home. One mentor mother
noted: “We appreciate because the children that we
screened, we have opened their parent’s eyes. They say
when their children were asked the screening questions,
they went back home and started playing with the child
the way we have been doing.” Caregivers also described
learning about ND during the screening process, with
one mother noting: “They told me to keep on teaching
him to hold things, to pronounce words, to know how to
play with other children and to run.”

Six months into implementation of the pilot, both clinic
staff and caregivers strongly advocated for expanding ND
screening to all children, regardless of HIV status. Some
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Table |I. Additional lllustrative Quotes by Time Point.

Quote Source

Baseline (within 2 weeks of implementation)

Acceptability | was very much happy because they showed interest and concern for my baby. They choose to know the — Caregiver
welfare of my child... We really feel good once you choose to help us know how our children are developing
because we feel supported in raising our children.

Acceptability | wondered why she had to ask me these questions because this questioning about development has never Caregiver
happened [before]. At the back of my mind, | had a question, ‘Does it mean my child has a problem?’

Sustainability [ think it is very likely that screening can continue as part of the work-flow because one caregiver will pass the Mentor
information about developmental screening to another caregiver and this will make the flow to continue. ~ mother

6 months of implementation

Acceptability Parents ask- ‘All these questions you are asking if my child has a problem, will you assist in treating her or in  Mentor
case of referral of me elsewhere, will you cater for the expenses’ mother

Acceptability Families respond very well to screening. They listen and show interest to what we are asking them to do or Mentor
instructing their children to do. mother

Acceptability [ liked it very much because when someone else shows concern about how my child is developing, | feel good Caregiver
about it.

Acceptability | felt good because I realized they are concerned how my child is developing. Also it created room for caregivers Caregiver
to ask any question about how their child is developing in case they have an issue.

12 months of implementation

Feasibility We all (the MCH staff) work as a team. We always check out for any child who is |.5year —3yrs, all of us. Just Mentor
in case the one who was supposed to do the screening happened to be busy, then someone else can take ~ mother
over. We ensure all children of the targeted group are screened.

Feasibility The first time, | had less knowledge but as we continued | have gained a lot of knowledge and skills to do the Mentor
screenings. For now | can do without any problem. Initially, most of the time, | was found unprepared, not ~ mother
ready with the tools for screening, but for now | am always ready.

Acceptability | was very comfortable because the ones asking the questions were health practitioners, they know better than Mother
| do. The questions were personal but the good things is | have been with [the mentor mothers] for a long
time and am used to them. | trust them. | was comfortable with the environment.

Acceptability At first we feared caregivers might not respond well to the program but as time goes by, | feel it is a good Nutritionist
screening tool. Also, the caregivers have accepted it as part of [the mentor mother’s] role to play.

Acceptability | was happy with how they approached me about the screening. They didn’t force or harass me in any way. | Mother
was pleased they care for my child’s development.

Feasibility Sometimes the clinic is very busy with long waiting times. This makes the caregiver impatient which leads to Nurse
missing the screening.

18 months of implementation

Feasibility Because we are just used to doing it as our job. Even if this study will be over, we will still continue to screen Mentor
these children. We will continue. mother

Acceptability [ had not understood it very well in the past but | have understood it very well currently. It is okay... even the Mentor
clients themselves have started enjoying it. mother

Acceptability [t motivates me to come frequently to the clinic to continue understanding how my child can develop positively. Mother

Acceptability | am very interested in having child development evaluated. When | bring my child to be shown these things Mother
and to play with her, | feel happy. | see the child can do these things but | usually don’t have time to spend
with her because | am fending for her.

24 months of implementation

Acceptability | wanted to understand how the child is developing. So she asked me how [the child] is developing and | told Mother
her that she is developing well. | felt free answering her, and | was free while talking with her. | felt good.

Acceptability  Those nurses are friendly and the way they ask the questions is comfortable. Mother

Acceptability  The screening program is good and it really assists to diagnose some conditions which maybe if you didn’t  Nurse in
screen the child you wouldn’t be able to make the diagnosis as early as possible. However | think it would be  charge
better if we screened all of them.

Feasibility It has changed because it was hard when we started but currently it is flowing well. Mentor

mother

also expressed interest in broadening the eligible age range
—from as young as 6 months to as old as 10 years. Clinic
staff reported multiple instances in which caregivers of
ineligible children actively requested screening, highlight-
ing demand for more inclusive services. One mentor

mother noted, “Caregivers are happy about it... Most of
the caregivers who visit MCH but are not of the targeted
age show interest in developmental screening by asking
why their children are not offered the same services.”
Additionally, caregivers noted that signaling out their
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19,861 children attended MTRH MCH clinic

17,942 children younger than 18
months or older than 36 months

A 4

1,919 children aged 18-36 months

1,413 children who were not

A 4

perinatally exposed to HIV

506 children born to mothers living with HIV

101 children who did not receive

A\ 4

ND screening due to time, clinical
oversight, child temperament,
caregiver priorities

405 children received ND screening

Figure |. Flow diagram.

Table 2. Caregiver Characteristics.

Category n (%)
Relation to child receiving ND screening (n =42)
Mother 40 (95)
Father 1 (2)
Grandmother 1 (2)
Time required for travel to clinic (n =24)*
20 min or less 8 (33)
Between 21-40 min 9 (38)
Between 41-60 min 2(8)
Over 60 min 5(21)
Mode of transportation (n =24)*
Vehicle (car or matatu/bus) Il (46)
Motor bike 9 (38)
Walking 4(17)
Highest level of education of the primary caregiver (n=
28)
None or some primary 8 (29)
Completed primary 3(1)
Some secondary 4 (14)
Completed secondary 4 (14)
Post-secondary 9 (32)

Transportation and education data only available during 12, 18, and
24-month post-implementation data collection.
*Four individuals did not provide transportation data, missing data.

children for ND screening had the potential to increase
stigmatization related to their HIV exposure. As one states,
“If one is [HIV] positive, there is no need to expose them.
[ND screening] should be done in general, whether you
are positive or negative.”

While the ND screening program overall was viewed
positively, there were a few concerns noted. Two care-
givers expressed discomfort immediately after program
initiation, as they perceived their children were the only
ones receiving ND screening and worried that this implied
a pre-existing ND concern. This concern was not repeated
in subsequent interviews, possibly related to efforts by the
MCH clinic staff to ensure eligible families were informed
of ND screening well in advance and reducing surprise at
the time of screening. As one mentor mother noted,
“Initially we didn’t screen every child who was [eligible]
because we didn’t inform them prior to the screening,
but for now, we inform them before [coming to our sta-
tion], which makes it a bit easier to participate.”
Additionally, as the program progressed, one mother noted
that her prior child had been screened for ND as part of the
pilot, so she expected the ND screening to be performed
with her subsequent child. Despite this initial concern,
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caregivers reported trusting mentor mothers and appreciat-
ing their respectful approach to performing the ND screen-
ing. They found the questions understandable and felt
comfortable asking for clarification.

A remaining concern involved affordability of
follow-up care. Some caregivers expressed hesitation
about receiving a referral without being able to afford ther-
apy. One mentor mother articulated this well: “They say ‘if’
I went to [the local children’s hospital], it would still be
the same issue because at the end I will be referred and
told to go for physio[therapy]. I cannot pay for that physio
myself so it is like there is no help that she got.”

Overall, EBPAS scores indicated the mentor mothers’
willingness to adopt evidence-based practices, and no
meaningful trends appeared within the scoring over time.
Scores over time are reported in Supplemental Table 2.

Feasibility

Mentor mothers reported that integrating ND screening
into clinic flow became increasingly feasible over time,
aided by strong clinic-wide support. As one mentor mother
explained, “The MCH staff work together for the screen-
ing. Every staff in MCH knows our target group and
also they recognize the developmental screening is now
one of the sections/areas that a child should pass by.”
Some expressed that ND screening would ideally occur
prior to immunizations, if and when all children receive
ND screening, to minimize the timing required to calm
the child prior to screening.

Time motion analyses showed that average screening
time decreased from approximately 5.2 min in the first
12 months to 4.5 min in the second. One mentor mother
noted, “Initially, we thought it could not work because
we thought it will take much time but for now, we realized
it is working well. It takes only a few minutes. It is easy to
perform.” Despite the relatively brief screening time,
fewer than half of the caregivers and mentor mothers per-
ceived the screening to take less than 10 min. Caregivers,
on average, estimated ND screening to take around 20 min
and clinic staff estimated 12 min.

Clinic staff cited long wait times, child temperament,
and competing caregiver priorities as barriers to screening.
One nurse in charge noted: “Some of them will ask you ‘is
it really necessary?’ especially the ones who are in a
hurry. This is because they don't see the need... They
get their vaccination, they get their [antiretroviral ther-
apy] and go.” Because the screening was performed after
the weight check and immunizations, some children were
upset, irritable, or sleeping during the screening time.
Clinic staff also noted that the mothers often had to return
to jobs or other children, limiting the time they could
spend in clinic. A mentor mother mentioned, “The other
reason that most mothers tell us is that when they queue
for long, time for going back to make Ilunch catches

them up and so they refuse to be screened. You will find
a mother saying, ‘I am late to cook lunch for other chil-
dren, they refuse.’”

Challenges related to time limitations were com-
pounded by language barriers. Some of the children only
understood their families’ local tribal language, also
known as mother tongue, which required additional time
to work with the parents on translation. One mentor
mother noted, “We translate to them because most parents
in this environment are from the rural areas, so the parent
must translate. I mean you tell the parent so that the parent
translates to her child. If'it is a cup, the parent must tell the
child in their language because most parents have taught
their children in their mother tongue. When she speaks in
mother tongue, the child will understand it quickly.”
Another concern identified by the clinic staff, and espe-
cially mentor mothers, was the limited privacy available
for ND screening. Privacy concerns were largely logis-
tical—relating to child distraction—rather than sensitivity
of questions. Of note, none of the caregivers expressed
concerns related to lack of privacy.

Fidelity

Among the 506 eligible, 405 (80%) received ND screen-
ing. As mentioned, time limitations, child temperament,
and competing caregiver priorities were cited as the pri-
mary reasons to decline ND screening. The weekly num-
ber of screenings remained steady over the 24-month
period, ranging from 0 to 5 children/week. Of the 16 time-
motion observations performed on children eligible for
ND screening, all captured ND screenings that were admi-
nistered appropriately and completely.

Mentor mothers reported that semi-annual refresher
trainings were generally adequate for high-quality admin-
istrations of the ND tool. However, some advocated for
more frequent meetings to share updates on child referrals,
outcomes, and implementation feedback, with one recom-
mending every 2 weeks and another noting every 3
months. The implementation feedback centered on adjust-
ing the timing of ND screening within an MCH visit, the
population to target, and the item order within the ND
screening tool—all of which were documented for post-
pilot consideration.

Sustainability

Clinic staff and mentor mothers expressed strong support
for program continuation. At the 24-month interviews,
the nurse-in-charge remarked, “What I would say today
is that this study has been good to us. It was like an eye
opener. You know some things you even don’t think they
are very important but when you do the study you open
up and you feel like we are supposed to be doing this.
So it has really opened up our eyes. So if it shall be
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integrated we shall be very positive because we have seen
the importance [of child development].” The mentor
mothers agreed, one noting, “It has become something
normal, to screen for development. Stopping will be
hard/difficult.”

PSAT scores varied over time (Supplemental Table 3).
Perceived leadership support from outside the clinic
scored lowest at baseline and again at 24 months, reflect-
ing staff uncertainty about long-term directives. While
external leadership engagement improved mid-study, its
continuation remained unclear by the pilot’s end.
Additionally, the extent to which the program had strong
public support was scored as relatively lower than other
PSAT domains. Both caregivers and clinical staff reported
that while they are now aware of the benefits of child ND
screening, the public and larger community likely were
not. One mother noted, “Some believe that as long as a
child is okay health wise, they don’t think that learning
is also a part of development.”

A key concern for ND screening raised by clinical staff
was the transition of referral responsibilities. During the
pilot, the study team handled follow-up referrals, a role
not yet formally transferred to a clinical staff member
within the hospital system. Staff emphasized the import-
ance of designating a responsible person and providing
sustained motivation. One nurse concluded, “I think it
will continue because caregivers are positive about, but
I am not sure who will do it... [they] need to be motivated,
like getting paid incentives.”

Discussion

This study demonstrates the acceptability, feasibility,
fidelity, and perceived sustainability of a pilot ND screen-
ing program for children born to mothers living with HIV
at a busy MCH clinic in western Kenya. Over a 24-month
period, 80% of eligible children were screened using a
locally adapted tool during routine HIV care visits. We
found the screening process to be highly acceptable and
feasible, with staff and caregivers expressing strong sup-
port. Key facilitators for screening included staff collabor-
ation and caregiver engagement, while barriers included
limited time and clinic flow. Staff and caregivers
expressed a desire to provide universal ND screening to
all children, not just HIV-exposed, and to a greater age
range of children. Ultimately, the study highlights that
with appropriate adaptation and support, ND screening
can be successfully integrated into primary care settings
serving high-risk populations.

While the primary goal of ND screening programs was
to identify children who may benefit from additional ser-
vices to optimize their ND, this study suggests that ND
screening also offered important benefits beyond identify-
ing those at risk for delays or disabilities. By initiating con-
versations with caregivers about their child’s ND—

beyond the routine weight checks and immunizations—
the ND screening process helped strengthen relationships
between caregivers and clinic staff. This relational benefit
is particularly meaningful in the context of HIV, where
positive client-provider relationships have been associated
with improved adherence to antiretroviral therapies.*>
Additionally, in some cases, ND screening appeared to
enhance caregiver knowledge of child ND and encouraged
more active engagement in their child’s learning and play
at home. Similar findings have been observed in high-
income settings such as the United States, where imple-
mentation of ND screening alone has been associated
with trends towards parent-physician communication
about child ND and related concerns.®* This is especially
relevant in Kenya, where awareness of early child ND is
growing but remains limited. Given the well-documented
influence of home environments on child ND,** these find-
ings highlight a valuable opportunity to use screening not
only as a clinical tool, but also as an entry point for com-
munity wide-education and promotion of child ND.

Despite time—motion analyses demonstrating that the
average screening lasted less than 5 min, both caregivers
and clinic staff substantially overestimated its duration.
Prior research has shown that individuals tend to perceive
novel or cognitively demanding tasks, involving heigh-
tened attention, as lasting longer than those that are famil-
iar or automatic.>>>’ Often termed the “oddball” effect,*®
in the clinical context, the novel ND screening process
may have felt unfamiliar or high-stakes to caregivers, par-
ticularly if they were uncertain about their child’s perform-
ance or the implications of the results. Such conditions can
amplify perceived duration even when the objective task is
brief, as subjective time perceptions often rely on impre-
cise recall and bias regarding past or future events.>’
These findings suggest that the perceived burden of ND
screening may extend beyond the minutes required to
complete it, reflecting broader aspects of the clinic experi-
ence—such as anxiety, waiting, or uncertainty—that shape
how caregivers and staff experience the screening process
overall.

While many of the concerns raised by caregivers and
clinic staff were actionable within the clinic and able to
be addressed in further scale-up of ND screening, others
reflected broader limitations within the public health and
clinical infrastructure. A particularly salient concern
involved the financial burden associated with referrals
and follow-up services for children identified with poten-
tial ND delays. In Kenya, over a third of the population
lives below the national poverty line.** In the absence of
a universal health coverage system, even low-cost services
remain inaccessible to many families. Furthermore,
although MTRH offers basic rehabilitation services—
including occupational, physical, and speech therapy—
such services are not consistently available across the
country or in other settings with high HIV prevalence.
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Additionally, during the pilot, members of the research
team played a central role in coordinating referrals and
ensuring linkage to appropriate services. While this care
coordination was valued by both families and clinic staff,
it is not currently embedded within the public healthcare
system. This gap echoes observations from related efforts
in low-resourced settings, where identification of ND
delays without accessible referral pathways can lead to
caregiver disappointment and non-adherence, as well as
reduced program credibility.*'** The integration of dedi-
cated clinical roles, such as a care coordinator or case man-
ager, could help bridge this gap, ensuring that ND
screening translates into meaningful follow-up and sup-
port. However, this would require investment and policy-
level commitment to strengthen the continuum of care for
children with ND concerns. This gap in access highlights a
critical barrier to implementation and scale-up of ND
screening program in Kenya and other resource-limited
settings, where identification without access to affordable
follow-up care may lead to frustration or disengagement
among families.*®

There remains a limited evidence base for validated
screening tools administered by non-specialists in low-
resourced settings, particularly regarding implementation
research of developmental screening.***¢ This study helps
address this critical gap by providing a practical, longitu-
dinal demonstration of a ND screening program in a
resource-constrained clinical context, moving beyond
tool validation to evaluate real-world implementation out-
comes, such as fidelity, fidelity, and sustainability. Prior
studies have shown that early intervention programs in
low-income communities can be effective when delivered
by paraprofessionals such as community health workers.*’
Similarly, integrating ND screening into existing care
workflows represents an important opportunity to further
enhance reach and impact. Consistent with global evi-
dence emphasizing health system embedding and commu-
nity engagement as keys to sustainability,*® our findings
reinforce that leveraging existing clinical and human
resources to conduct developmental screening can pro-
mote program sustainability.*” While integration of
provider-administered ND screening into routine care fos-
tered positive interactions between clinical staff and care-
givers, it is essential to consider the long-term
sustainability of such programs, particularly in the context
of shifting international funding landscapes. To ensure
maximum impact with limited resources, future research
should explore the cost-effectiveness of ND screening
interventions. Technological advancements may offer
new opportunities to enhance efficiency. For example,
there is growing evidence that routinely collected clinical
and demographic data could be used to develop risk pre-
diction models that identify children most vulnerable to
poor ND outcomes.’”>' Leveraging such models could
help target ND screening and follow-up services more

strategically. However, even with more targeted
approaches, the cost and availability of follow-up ser-
vices—such as diagnostic evaluations and early interven-
tion—must again be carefully considered to ensure
equitable access and program effectiveness.

This study has several limitations that should be consid-
ered when interpreting the findings. First, the pilot was
conducted in a single MCH clinic, which may limit the
generalizability of the results to other settings with differ-
ent resources, patient volumes, or staffing structures.
Second, nearly all caregiver interview participants were
women, with only 2 fathers included. This may have lim-
ited our ability to capture perspectives of male caregivers
or other family members involved in childcare.
However, given that mothers are the primary caregivers
of young children in most global contexts, including
Kenya, our sample likely reflects the typical caregiving
demographic within our study setting. Additionally, while
the study collected rich feedback from both caregivers and
clinic staff for future use, no formal changes to the screen-
ing program were made during the pilot period. A future
study will examine the impact of iterative program adapta-
tion. Screening fidelity was assessed through a small num-
ber of time-motion observations, and we were unable to
independently verify that all mentor mother-led screenings
were completed as intended. Additionally, while validated
tools such as the PSAT and EBAS were used to assess
implementation outcomes, they yielded limited actionable
insights in this context. In contrast, in-depth interviews
generated the most meaningful data and formed the pri-
mary basis of our findings. Finally, we were unable to
recruit caregivers whose children were eligible but did
not receive ND screening—Ilikely due to initial disinterest
or time constraints—introducing potential selection bias
and limiting our understanding of barriers to uptake among
non-participants. These limitations underscore the need for
future implementation research across multiple sites, using
a broader range of validated tools and more diverse care-
giver populations, to inform scalable approaches to ND
screening.

In conclusion, this study provides promising evidence
that ND screening can be feasibly and acceptably inte-
grated into routine MCH care for children born to mothers
living with HIV in resource-limited settings. Beyond iden-
tifying children at risk for ND delays, the screening pro-
cess fostered stronger client-provider relationships and
opened new opportunities for community education and
caregiver empowerment around child ND. Notably, both
caregivers and clinic staff expressed strong interest in
expanding ND screening to include all children—regard-
less of HIV exposure status—and to cover a broader age
range. These findings underscore the perceived value
and relevance of ND screening across populations.
However, to translate identification into meaningful out-
comes, investments are needed to ensure access to
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follow-up services, care coordination, and workforce cap-
acity. Consideration of cost-effectiveness, technological
innovations such as risk prediction models, and sustain-
able delivery models will be essential to meaningfully
scale efforts. With appropriate adaptation and system-level
support, ND screening holds the potential not only as a
clinical intervention, but also as a catalyst for advancing
early childhood ND in high-risk populations.

Conclusions

This study shows that ND screening can be feasibly and
acceptably integrated into routine MCH care for children
born to mothers living with HIV in resource-limited set-
tings. Beyond identifying children at risk for delays, the
screening process strengthened client-provider relation-
ships and created opportunities for community education
and caregiver empowerment. Caregivers and clinic staff
also expressed strong interest in expanding ND screening
to all children—regardless of HIV exposure—and across a
wider age range, underscoring its perceived value and rele-
vance. However, to ensure that identification leads to
meaningful outcomes, investments are needed to improve
access to follow-up services, care coordination, and work-
force capacity. Attention to cost-effectiveness, techno-
logical innovations such as risk prediction models, and
sustainable delivery models will also be essential for
scale-up. With thoughtful adaptation and system-level
support, ND screening holds the potential not only to
improve clinical care, but also to advance early childhood
ND in high-risk populations.
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