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Abstract
Background  Incident HIV during the perinatal period significantly impedes elimination of Mother-to-Child HIV 
Transmission (eMTCT) efforts. Pre-Exposure Prophylaxis (PrEP) effectively reduces HIV acquisition, and new agents like 
injectable Cabotegravir (CAB-LA) offer potential advantages for pregnant and breastfeeding women. The Pregnancy, 
Infant, and Maternal health Outcomes (PrIMO) study will compare rates of composite adverse pregnancy outcomes, 
and infant adverse events, growth and neurodevelopment between mother-infant dyads receiving CAB-LA and those 
receiving oral PrEP in Malawi.

Methods  PrIMO is an observational cohort study involving: (1) the development of a PrEP Pregnancy Registry for 
longitudinal surveillance of pregnant women on PrEP in Malawi; and (2) the enrolment of a prospective safety cohort 
of 621 pregnant women initiating oral PrEP or CAB-LA and their subsequent infants. The registry will include all 
women continuing or initiating PrEP during pregnancy across targeted sites in Lilongwe and Blantyre districts. The 
safety cohort will enrol a subset of those women and their infants from Bwaila District Hospital in Lilongwe, Malawi. 
We hypothesize that CAB-LA’s safety will be comparable to daily oral PrEP regarding adverse pregnancy outcomes, 
maternal/infant adverse events, and infant development. Participants in the cohort will choose either oral PrEP or 
CAB-LA and will be followed until 52 weeks post-delivery. Safety data will be collected from all mother-infant pairs 
and qualitative interviews will be conducted with a subset of purposively selected women (n = 50) to assess the 
acceptability of each PrEP modality.

Discussion  The PrIMO study will provide critical data on the safety of CAB-LA in pregnant and breastfeeding women 
and their infants. Results will guide clinical recommendations as the Malawi Ministry of Health prepares for the rollout 
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Background
The efficacy of antiretroviral therapy (ART) in imped-
ing perinatal transmission of HIV is well established 
[1–7] and HIV pre-exposure prophylaxis (PrEP) antiret-
rovirals such as daily oral tenofovir disoproxil fumarate 
(TDF)/emtricitabine (FTC) effectively reduce HIV infec-
tion [8–11]. However, maternal HIV acquisition during 
pregnancy and breastfeeding periods remains stubbornly 
high [12]. Incident HIV infection during pregnancy is a 
significant contributor to mother-to-child HIV transmis-
sion. In Malawi, an estimated 44% of infant HIV infection 
in can be attributed to maternal HIV acquisition during 
pregnancy and breastfeeding [13]. Daily oral PrEP is safe 
for pregnant and breastfeeding women [10], but more 
studies are needed to understand the safety and accept-
ability of new products, such as long-acting injectable 
Cabotegravir (CAB-LA) among this population [14, 15]. 

CAB-LA provides a more discreet and less frequent 
dosing regimen than daily oral PrEP, and therefore could 
address important barriers to PrEP use among people 
navigating challenges related to pregnancy and early 
infancy [16–18]. Despite these benefits, early clinical tri-
als on CAB-LA excluded pregnant people [17], and cur-
rent studies have not yet addressed this gap [17, 19–23]. 
In Malawi, where the preterm birth (PTB) rate is high 
and a significant contributor to infant morbidity and 
mortality [24, 25], it is critical to understand whether and 
to what extent maternal exposure to newer PrEP agents 
may influence perinatal outcomes. Additionally, the 
effect of in utero or breastmilk exposure to antiretrovirals 
like CAB-LA on infant growth and development requires 
thorough longitudinal study [26, 27]. 

Pregnancy, Infant, and Maternal health Outcomes 
(PrIMO) study aims to (1) compare the safety of two 
PrEP modalities in pregnant women and their infants, 
and (2) to establish and evaluate a surveillance system 
for pregnant and breastfeeding women who use PrEP in 
Malawi. All maternal participants will have the option of 
oral PrEP or injectable (CAB-LA) PrEP. The study pri-
mary objective is to compare composite adverse preg-
nancy outcomes (including preterm birth, spontaneous 
miscarriage, stillbirth, and small-for-gestational-age 
infants) among pregnant women using CAB-LA ver-
sus oral PrEP. Secondary objectives include evaluating 
postpartum adverse events in mothers and infants on 

oral PrEP or CAB-LA, assessing growth and neurode-
velopment of infants exposed to oral PrEP or CAB-LA 
during pregnancy and breastfeeding, determining the 
acceptability of oral PrEP and CAB-LA among pregnant 
women, and evaluating the adoption, reach, and fidelity 
of the nationwide surveillance system, the PrEP in Preg-
nancy Registry. We hypothesize that CAB-LA’s safety will 
be comparable to daily oral PrEP regarding composite 
adverse pregnancy outcomes, maternal/infant adverse 
events, and infant growth and neurodevelopment. This 
study leverages our team’s expertise and partnership with 
the Ministry of Health (MOH) in Malawi, which has pri-
oritized pregnant women in the ongoing expanded access 
to CAB-LA.

Methods
Study design
PrIMO is a longitudinal observational study that will uti-
lize mixed-methods approaches. The study will involve 
the establishment of a HIV PrEP Pregnancy Registry, 
which will include all pregnant women who are not liv-
ing with HIV and are receiving PrEP at PrEP delivery 
sites in Malawi, and a prospective safety cohort that 
includes subset of women from the HIV PrEP Pregnancy 
Registry and their infants. All maternal participants will 
choose either oral PrEP (FTC/TDF or TDF/lamivudine 
(3TC)) or injectable PrEP (CAB-LA). Participants in the 
safety cohort will be categorized by their chosen PrEP 
modality and the timing of PrEP initiation relative to 
pregnancy diagnosis. We will enrol all eligible mother-
infant dyads into the cohort during pregnancy, with the 
expectation that most will deliver at least two months 
after enrolment. Adherence to the World Health Orga-
nization (WHO)-adopted Malawi antenatal care (ANC) 
package will be ensured to optimize ANC and control 
for confounders [28, 29]. We will collect safety data on 
pregnancy, infant, and maternal health outcomes, and 
conduct qualitative interviews with a subset of these 
women to evaluate the acceptability of oral PrEP and 
CAB-LA. Each mother-infant dyad will be followed from 
enrolment throughout pregnancy and up to 52 weeks 
postpartum (Fig. 1). The first participant in the prospec-
tive safety cohort was enrolled on April 17, 2024.

of CAB-LA to this population. Evaluation of Registry implementation will inform its expansion to a nationwide safety 
monitoring system for PrEP use during pregnancy, with implications for similar systems in the region.

Trial Registration number  NCT06158126. The study was prospectively registered (5 December 2023) in ClinicalTrials.
gov.
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Study sites
The PrEP Pregnancy Registry will draw from approxi-
mately 36 PrEP primary and secondary delivery sites in 
Lilongwe and Blantyre districts that the Malawi Ministry 
of Health has designated as early access sites for CAB-
LA. The prospective safety cohort will include women 
receiving ANC at Bwaila District Hospital and planning 
to deliver there. Bwaila District Hospital is a public sec-
ondary level hospital with a catchment of approximately 
1 million from urban and rural communities in Lilongwe 
and an estimated antenatal HIV prevalence of 12% [30]. It 

houses the busiest maternity unit in the country and pro-
vides care to approximately 150 pregnant women daily, 
with approximately 20,000 deliveries per year [30].

Study population
Our study safety cohort will include pregnant women 
who are identified as being at substantial risk for HIV and 
eligible for PrEP per MOH guidelines [31, 32]. All mater-
nal participants will either be current PrEP users or those 
initiating PrEP at study enrolment. Additional inclu-
sion and exclusion criteria for maternal participants are 

Fig. 1  Consolidated Standards of Reporting Trials flow diagram of prospective safety cohort. Abbreviations: ANC, Antenatal Care; PrEP, pre-exposure pro-
phylaxis; CAB-LA, cabotegravir long-acting injectable PrEP; IDI, in-depth interview
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presented in Table 1. Infant participants will be included 
in the study with their mothers; no additional criteria are 
required for their participation. Given that the major-
ity of new mothers in Malawi choose to breastfeed their 
child [33], we did not separately consider intention to 
breastfeed in our eligibility criteria.

Sample size calculations
The safety cohort will include an estimated 621 mother-
infant pairs, with 414 pairs in the CAB-LA group and 207 
pairs in the oral PrEP group. The sample size has been 
calculated to evaluate the non-inferiority of composite 
adverse pregnancy outcomes when comparing the use 
of CAB-LA to oral PrEP based on several assumptions. 
First, participants are not randomized, and we antici-
pate that women will choose CAB-LA over oral PrEP at a 
ratio of 2:1, based on observed preferences for injectable 
contraception over oral contraception in the catchment 
area. Secondly, the expected rate of composite adverse 
pregnancy outcomes is estimated to be 30%, with a range 
from 15 to 45% for both PrEP modalities [54]. Thirdly, the 
non-inferiority margin, which is the allowable difference 
in outcomes between the two groups, is set at 5%. Finally, 
the study is designed with an 80% power to detect this 
difference at a 5% significance level. Fig  2 provides fur-
ther details on sample sizes for varying power levels and 
proportions in the treatment and control groups

Considerations for the PrEP pregnancy registry
 All women enrolled in the PrEP Pregnancy Registry, 
regardless of their inclusion in the prospective safety 
cohort, will have two visits. The first visit will be at the 
time of pregnancy confirmation when their information 
is entered into the registry. At the second visit, for labour 
and delivery, registry administrators (RAs) will record 
the date of delivery and its outcome into the register, 
either in-person or remotely. The RAs will be community 
health workers (CHWs), clinicians, nurses or midwives 

working at the PrEP sites. Registry data collection activi-
ties will be conducted as part of routine care

Considerations for the Prospective Safety Cohort
 All mother-infant dyads enrolled in the prospective 
safety cohort will receive five types of visits: screen-
ing, enrolment, routine ANC visits, delivery, and study-
specific postpartum visits at varying intervals (Table 2). 
Interim visits will be added on an as-needed basis to 
repeat abnormal laboratory tests or safely monitor an 
adverse event. To ensure thorough monitoring and care 
through the study, participants will also be able to request 
interim visits to report adverse events or seek primary 
care. At each scheduled visit, the mother-infant dyad will 
undergo a series of clinical procedures, obstetric scans, 
and laboratory testing (Table 2). Antenatal will align with 
routine care and will adhere to the Malawi MOH national 
ANC package recommendations [28]. All clinical and 
laboratory adverse events will be accessed and graded 
using the Division of AIDS (DAIDS) Table for Grading 
the Severity of Adult and Paediatric Adverse Events [34].

 Study staff will seek informed consent from antena-
tal women who meet the eligibility criteria. The women 
will be offered a choice between injectable CAB-LA and 
oral PrEP (if they are not already taking it) and enrolled 
in the PrEP Pregnancy Registry. Mother-infant dyads 
will be grouped according to use of oral (FTC/TDF or 
TDF/3TC) versus injectable PrEP (CAB-LA), and accord-
ing to PrEP use before or after pregnancy diagnosis, as 
follows: those who initiate daily oral PrEP (Group 1a), 
those who are already using daily oral PrEP (Group 1b), 
those who initiate injectable CAB-LA (Group 2a), and 
those who are already using injectable CAB-LA (Group 
2b).

We will also conduct in-depth interviews (IDIs) with 
approximately 50 women from the prospective safety 
cohort to further assess acceptability of oral PrEP or 
CAB-LA. This subset will include 10 women each from 
each group (1a, 1b, 2a, and 2b (n = 40)) who will be inter-
viewed at a maximum of three time points (Table  2). 
The last 10 individuals will be purposively drawn from 
all groups and will include those who experience adverse 
obstetric outcomes (abortion, stillbirth, neonatal death, 
birth defects) or those who seroconvert during our study. 
For interviews with those who experience an adverse 
event, we will conduct one interview ≥ 6 weeks after the 
incident to allow enough time for grieving and minimise 
psychological distress during the interviews (Fig. 1).

PrEP administration
Oral PrEP (FTC/TDF or 3TC/TDF) Initiation and Coun-
selling: Participants will receive daily oral PrEP (FTC/
TDF 200  mg/300  mg, or 3TC/TDF 300  mg/300  mg 
one tablet daily) according to Malawi National PrEP 

Table 1  Inclusion and exclusion criteria for maternal participants 
in the prospective cohort
Inclusion criteria Exclusion criteria
• Pregnancy confirmed by a urine preg-
nancy test or ultrasound
• ≥ 15 years of age
• Confirmed HIV-negative status
• Negative for Hepatitis B surface anti-
gen (HBsAg)
• Weigh > 35 kg
• Willing to provide written informed 
consent

• Known allergies to CAB-LA, 
TDF/3TC, or FTC/TDF
• Significant active or chronic 
diseases or social circum-
stances that could render 
participation unsafe, as deter-
mined by the site investigator
• Intention to leave the catch-
ment area of Bwaila District 
Hospital before the sched-
uled end of the participation 
period in the study

Abbreviations: CAB-LA, cabotegravir long-acting injectable PrEP; TDF/3TC, 
Emtricitabine/Lamivudine; FTC/TDF, Emtricitabine/Tenofovir disoproxil 
fumarate
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Maternal Study Procedures Screening Enrollment 4 
weekly 
ANC 
visits5

L&D PP 1 
week

PP 6 
weeks

PP 12 
weeks

PP 26 
weeks

PP 40 
weeks

PP 52 
weeks

Clinical procedures
Social and demographic information X
Obstetric history X X X
Pregnancy and delivery status X X
PrEP Pregnancy registration1 X X
Medical & Drug history X X X X X X X X X
Physical examination X X X X X X X X X
Social harms questionnaire X X X X X X X X
Perceived HIV risk questionnaire X X X X X X X
Intimate partner violence assessment X X X X X X X X
Social Harm Assessment X X X X X X X X
Self-reported Adherence Assessment X X X X X X X X
Client education and ANC counseling X X
Study drug procedures
PrEP prescriptions2 X X X X X X X X X
PrEP adherence counselling X X X X X X X X X
PrEP acceptability surveys X X X X
Radiology
Obstetric Ultrasound X3  × 4

Laboratory tests
Urine pregnancy test X6

Urine dipstick X X X
Rapid HIV antibody test X7 X X8 X X X X X X
Hepatitis B Surface Antigen X7

Hemoglobin X7 X X
Complete blood count X
Hepatic function X X X
Creatinine X X X X
Syphilis screening X7

HIV RNA (viral load)9 X X X X X X X
Storage for HIV resistance9 testing X X X X X X X
Specimen Storage
Maternal plasma storage X X X X
Breastmilk storage X X X
Dried Blood Spot X10  X10

Infant Study Procedures Screening Enrollment 4 
weekly 
ANC 
visits5

Birth 
Visit

PP 1 
week

PP 6 
weeks

PP 12 
weeks

PP 26 
weeks

PP 40 
weeks

PP 52 
weeks

Physical examination X X X X X X X
Drug history X X X X X X
Congenital anomalies examination X X X X X X X
Nutritional assessment (including growth 
monitoring)

X X X X X X

Caregiver-Reported Early Development Index 
(CREDI)

X X X

Mullen Scales of Early Learning (MSEL) X X X
Laboratory tests – blood
Infant plasma storage X X X

Table 2  Schedule of key procedures for the prospective cohort
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guidelines [31, 32]. Standardized counselling procedures 
will be utilized to inform participants about the poten-
tial side effects of oral PrEP and to clarify that oral PrEP 
does not prevent or treat sexually transmitted infections 
(STIs). Counselling on condom use will be provided 
according to national guidelines, and condoms will be 
available at the study clinic. Participants will be advised 
to report any side effects to the clinic for evaluation and 
support.

CAB LA Initiation Procedures and Counselling: The 
initiation of CAB-LA will align with the Malawi National 
PrEP guidelines [32]. This regimen involves a 600  mg 
intramuscular injection in the gluteal region, starting 

with the first dose, followed by a second dose one month 
later, and subsequent injections every two months. Con-
sistent with local guidelines, there will be no oral lead-in 
period. Participants will receive standardized counsel-
ling about CAB-LA, including potential side effects, and 
clarification that CAB-LA does not prevent or treat STIs. 
Counselling on condom use and condom provision will 
be conducted as outlined above. Any side effects should 
be reported to the clinic for management and support.

Concomitant Medications: Within this study, ‘concomi-
tant medications’ encompass any medications other than 
CAB-LA, FTC/TDF, or 3TC/TDF taken by maternal par-
ticipants and their infants. The study will document all 
concomitant medications in participants’ medical and 
medication histories during each study visit as part of the 
source documentation process.

Quantitative data Collection
For the prospective safety cohort, clinic staff will collect 
clinical and sociodemographic data through standard 
study case report forms and questionnaires. We will 
also conduct brief behavioural surveys approximately 
every six months during the follow-up period to investi-
gate attitudes and beliefs about the two PrEP options as 
well as product-related choice and preferences. Surveys 
will also include a risk questionnaire regarding previous 
sexual activity, partners, PrEP use over the preceding six 
months, and self-perceived HIV risk. Risk factor assess-
ment will draw on validated risk questionnaires such 
as those developed by the Partners in Prevention and 

Fig. 2  Estimated total sample size for the prospective cohort

 

Maternal Study Procedures Screening Enrollment 4 
weekly 
ANC 
visits5

L&D PP 1 
week

PP 6 
weeks

PP 12 
weeks

PP 26 
weeks

PP 40 
weeks

PP 52 
weeks

Clinical procedures
Qualitative Data Collection Screening Enrollment 4 

weekly 
ANC 
visits5

L&D PP 1 
week

PP 6 
weeks

PP 12 
weeks

PP 26 
weeks

PP 40 
weeks

PP 52 
weeks

First IDIs11 X
Second IDIs X
Third IDIs X
Adverse obstetric outcome/seroconverted X X X X X X X X
1 All participants enrolled in the Safety Cohort will also be registered in the HIV PrEP Pregnancy Register
2 Participants on CAB-LA get their injections every 8 weeks while those on oral PrEP will get their monthly supply at the 4 weekly visits
3 Obstetric Ultrasound (for dating pregnancy) may be done at the time of enrolment is not done at screening
4 Ultrasound for fetal anomaly will be conducted between 18–24 weeks of gestation only on one of the 4-weekly visits
5 To align with the Malawi antenatal care matrix, participant will have approximately eight 4 weekly visits during pregnancy
6 Pregnancy may be confirmed by ultrasound or pregnancy test
7 Conduct test if the test is not available in the participant’ health passports
8 Test for HIV only when resupplying oral PrEP or CAB LA
9 HIV RNA (viral load) and storage for HIV resistance will be done ONLY if HIV rapid test is positive
10 For those taking oral PrEP only. DBS to be done twice only on those on oral PrEP approximately 6 and 12 months from the date of enrolment
11 In-depth interviews (IDIs) conducted with a subset of the cohort at a maximum of 3 time points

Table 2  (continued) 
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Partners PrEP study and the VOICE/HPTN 035/FEM-
PrEP trials [35, 36] and HPTN 084 [17]. Some surveys 
will be paper-based, while others will be electronic, and 
both types will be administered by the research nurses.

Information for the PrEP in pregnancy registry will be 
collected using a paper-based registry and subsequently 
uploaded to an electronic registry using ScanForm tech-
nology [37], as recommended by the Malawi MOH.

Qualitative data collection
We aim to assess acceptability of oral PrEP and CAB-
LA through in-depth interviews (IDIs) with a subset 
of women (n = 50) purposively sampled from the safety 
cohort. IDIs will be conducted using a semi-structured 
interview guide, developed using Sekhon’s theoretical 
framework for acceptability [38]. Sekhon’s framework 
assesses acceptability based on anticipated or experien-
tial cognitive and emotional responses to an interven-
tion. It has seven constructs which are: affective attitude, 
burden, ethicality, intervention coherence, opportunity 
cost, perceived effectiveness, and self-efficacy [38]. Based 
on this framework, our interview guides for all women 
will explore HIV risk perceptions, decision making and 
motivation to use oral PrEP and CAB-LA, acceptability 
of selected PrEP regimen, perceived risks and benefits 
of using oral or injectable PrEP both to the mother and 
infant including perceived potential impact on infant 
birth outcomes, adherence to oral PrEP or CAB-LA, 
challenges to use and access, disclosure to partner and 
other people, and community and partner perspectives 
and support. For participants with an adverse obstetric 
outcome or who seroconverted during our study, we will 
explore their perspective about circumstances related 
to the pregnancy outcome or seroconversion, as well as 
perceived partner and family member perspectives about 
the outcome and product use during pregnancy and 
breastfeeding. All IDIs will be conducted in Chichewa by 
experienced Qualitative Research Officers fluent in both 
English and Chichewa. All IDIs will be audio-recorded, 
transcribed, and translated into English for analysis.

Recruitment and retention procedures
Recruitment for the PrEP Pregnancy Registry will be 
managed by RAs at various PrEP sites following national 
guidelines. These administrators will identify and reg-
ister eligible pregnant women as part of data collection 
during their standard PrEP visits. Registered women will 
continue to receive antenatal care at their chosen clin-
ics. Those who meet the eligibility criteria for the fol-
low-up safety cohort will be offered participation in the 
cohort and enrolled by study staff. Participants in the 
safety cohort will receive transport reimbursement for 
each study visit they attend, to offset additional trans-
port costs related to the additional study visits required 

beyond their routine ANC visits. The study team will 
track recruitment, enrolment, and retention numbers 
and review weekly to adjust efforts as needed.

Maternal participants will be able to withdraw them-
selves and their infant(s) from the study at any point. In 
rare cases, including if participation is deemed unsafe 
or if the participant moves far away from the study site, 
the site investigator or clinical officers may withdraw a 
mother-infant pair from the study. The reason for with-
drawal will be recorded in study records and efforts will 
be made to conduct final evaluations for participants.

Clinical endpoints
For the primary objective of the safety cohort, the clinical 
endpoints of interest are: preterm birth (PTB), defined as 
delivery prior to 37 weeks of gestation; small for gesta-
tional age (SGA) infants, defined as a birth weight below 
the 10th percentile for their gestational age; stillbirth, 
defined as fetal demise at or beyond 28 weeks of gesta-
tion; and spontaneous miscarriage, which is the loss of a 
pregnancy before 28 weeks of gestation. Gestational age 
will be determined by obstetric scan using a published 
algorithm [39]. 

The clinical endpoints to evaluate infant growth include 
underweight, stunting, and acute malnutrition (mod-
erate or severe) evaluated at weeks 1, 6, 12, 26, and 52. 
Underweight will be defined as a weight-for-age z-score 
(WAZ) of less than − 2. Stunting will be defined by a LAZ 
z-score of less than − 2. Malnutrition assessments will fol-
low WHO anthropometric criteria [40]. Moderate acute 
malnutrition is identified by a length-for-age z-score 
(LAZ) between − 3 and less than − 2, or a Mid-Upper 
Arm Circumference (MUAC) between 115 millimetres 
and less than 125 millimetres. Severe acute malnutrition 
is defined by a weight-for-length z-score (WLZ) less than 
− 3, a MUAC of less than 115 millimetres, the presence 
of bilateral pitting edema, or a combination of these fac-
tors [41]. Infant neurodevelopmental will be assessed 
using the Caregiver-Reported Early Development Index 
(CREDI) [42] and the Mullen Scales for Early Learning 
(MSEL) [43]. Assessment will be conducted at follow up 
visits at 6, 9, and 12 months postpartum. Neurodevelop-
mental delay of will be defined as low CREDI or MSEL 
score for age.

Safety monitoring
The research team will receive comprehensive training 
to assess and manage adverse events (AEs). For accu-
rate documentation, Reportable Adverse Event forms 
will be used. Each AE will be assessed by a study clini-
cian and categorized as either serious (mild, moderate, 
severe) or non-serious [34]. The team will follow appro-
priate reporting procedures for each incident. Beyond 
medical AEs, participants may encounter social harms 
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due to their involvement in the study. These instances 
will be documented on the Social Harm Form and will 
include all negative events reported by participants as 
a consequence of their participation, irrespective of the 
researcher’s assessment of the impact. The study team is 
responsible for monitoring these issues and facilitating 
appropriate referrals for further support (where neces-
sary) until they are resolved.

For grading the severity of AEs, the study will employ 
the Division of AIDS Table for Grading the Severity of 
Adult and Paediatric Adverse Events (DAIDS AE Grad-
ing Table), Corrected Version 2.1, dated July 2017 [44]. 
Additionally, congenital anomaly classification systems 
from the WHO will be used [45]. 

Data safety and monitoring
The study will develop a Data and Safety Monitoring Plan 
(DSMP), overseen by an external study monitoring com-
mittee. All data, both in physical and electronic formats, 
will be securely stored at each site. Hard copies of partici-
pant data will be stored in locked cabinets and eventu-
ally transferred to UNC Project Malawi (UNCPM) main 
campus in Lilongwe for secure destruction as per study 
site standard operating procedures. Electronic records 
will be kept on password-protected, encrypted devices. 
Qualitative interview transcripts will be anonymized, 
and audio recordings erased after transcription. The data 
access system will be tiered, with specific privileges for 
participants, project staff, and research investigators. 
Unique participant IDs will secure personal details out-
side the database, accessible only to authorized Research 
Investigators and Research Project staff.

Quality assurance will include regular data monitoring 
and database review, as well as site investigator super-
vision to ensure accurate recruitment, enrolment, and 
data collection. Documents will be available for IRB and 
OHRP (Office for Human Research Protections) inspec-
tion, maintaining compliance with research guidelines.

Confidentiality
To ensure the security of data and maintain participant 
confidentiality, all interviews and data collection will take 
place in private areas at the health facility. Any audio 
recordings made during qualitative interviews will be 
promptly transferred to a secure computer, and the origi-
nal recordings will be erased. The transcripts of these 
recordings will not include any identifying information. 
Similarly, paper clinic charts and other documents will be 
de-identified to remove any personal details. Electronic 
files will be stored on encrypted devices with password 
protection to further ensure data security. These mea-
sures are in place to safeguard the privacy of participants 
and maintain integrity of the research data.

Quantitative data analysis: prospective safety cohort
For our primary objective within the safety cohort, we 
will utilize a composite adverse pregnancy outcome score 
to compare adverse pregnancy outcomes between preg-
nant women using CAB-LA and those using oral PrEP. 
This composite measure will include all occurrences 
of PTB, SGA, stillbirth, and spontaneous miscarriage, 
among by the total number enrolled in the safety cohort. 
We will separately assess both pregnancy outcomes and 
infant outcomes comparing oral PrEP and CAB-LA using 
logistic binomial regression models. For both models, we 
will estimate unadjusted and adjusted risk ratios to con-
trol for potential confounders. To compare the rate of 
adverse clinical or laboratory adverse events over time 
between women on oral PrEP and women on CAB-LA, 
we will use Kaplan-Meier methods. Differences in those 
rates will then be evaluated using a log rank test. Finally, 
Cox-proportional hazard models will be used to estimate 
the unadjusted and adjusted hazard ratios of adverse 
events between the oral PrEP and CAB-LA groups. We 
will perform similar analyses to compare rates of infant 
adverse clinical or adverse laboratory events between 
oral PrEP and CAB-LA groups.

To assess infant growth outcomes, we will first calcu-
late the number and proportion of infants who are under-
weight, stunted, or acutely malnourished (with moderate 
acute malnutrition or severe acute malnutrition). Pro-
portions will be calculated at the end of the study period 
overall and at each follow up visit. We will then compute 
separate logistic binomial regression models for the risk 
of being underweight, the risk of stunting, and the risk 
of varying nutritional statuses (well-nourished, moder-
ate acute malnutrition, or severe acute malnutrition) 
between exposure to oral PrEP and exposure to CAB-LA.

Qualitative data analysis: prospective safety cohort
We will analyse the IDIs for the prospective safety cohort 
subset using content analysis on the NVivo (version 1.7) 
[46] data analysis platform. Content analysis will pro-
ceed via a combined deductive and inductive approach to 
develop a codebook using domains/constructs from Sek-
hon’s theoretical framework for acceptability [38]. The 
codebook will guide the coding process for the qualitative 
data and the team will continue adding emerging themes 
during the coding process. Half of the transcripts will be 
double-coded and intercoder reliability will be confirmed 
at a level of 90% prior to proceeding. Any coding differ-
ences will be discussed and resolved. Analysed data will 
be displaced on matrices using Sekhon’s framework to 
display emerging patterns [38]. Final analysis of the qual-
itative data will be presented in the form of summative 
memos.
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Quantitative data analysis: the PrEP pregnancy registry
For the PrEP Pregnancy Registry, we aim to understand 
the implementation of the registry within routine PrEP 
services in Malawi. We will assess adoption, reach, and 
fidelity at 6, 12, and 24 months after registry implemen-
tation according to the following established defini-
tions: [47, 48] (1) Adoption — number and percentage 
of targeted settings (including sites, and providers) who 
initiated register use by the end of the study; (2) Reach 
— total number of entries in the register at each site, 
disaggregated by observation group of interest; and (3) 
Fidelity — number and percent of pregnant women who 
had complete entries for all infant and obstetric out-
comes in the register as per protocol. Study staff will col-
lect and analyse data through registry audit at 6-, 12-, and 
24-months post registry implementation.

Ethics and dissemination
The study protocol received approval from the 
Malawi National Health Science Research Commit-
tee (23/08/4178) and the University of North Carolina 
at Chapel Hill Institutional Review Board (23-2220). 
The study was prospectively registered in ClinicalTrials.
gov; the NCT number was assigned on December 5th, 
2023 (NCT06158126). Any modifications to the proto-
col will be submitted for approval to these committees 
prior to implementation changes. Dissemination of study 
results will occur through relevant local platforms, such 
as MOH technical working groups, as well as academic 
and public health research symposia and through peer-
reviewed publications.

Discussion
The PrIMO study aims to assess the safety of CAB-LA 
usage compared to oral PrEP usage during pregnancy for 
mother-infant dyads. The PrEP Pregnancy Registry will 
enable longitudinal assessment of outcomes among all 
pregnant women under routine health care using PrEP in 
Malawi. The prospective Safety Cohort allows for deeper 
analysis of the acceptability of CAB-LA and oral PrEP 
and clinical safety outcomes among a subset of women 
and infants in the Registry. Together, these objectives 
align with the WHO new collaborative framework on 
surveillance of antiretroviral drugs in pregnancy [49] and 
address the need for multiple forms of safety monitoring 
for injectable PrEP use among pregnant individuals [14, 
26]. The overarching goal of the PrIMO Study is to enable 
safe usage of PrEP during pregnancy through in-depth, 
prospective observation and longitudinal surveillance 
monitoring.

A significant feature of this study is that women 
enrolled in the safety cohort will choose between oral 
PrEP and injectable CAB-LA. Allowing women to choose 
could introduce selection bias in the construction of 

each group, if women who choose CAB-LA differ from 
those who choose oral PrEP in ways that also impact the 
occurrence of adverse pregnancy outcomes, or maternal 
and infant health outcomes. However, this design also 
offers a unique opportunity to closely examine real-world 
choices and preferences in PrEP usage while simultane-
ously reinforcing individual agency. Behavioural surveys 
and in-depth interviews will provide information to fur-
ther evaluate acceptability and preferences around both 
PrEP modalities among pregnant women. Including oral 
PrEP in this study provides this opportunity for choice, 
and creates a control group and comparator for the group 
receiving CAB-LA. We acknowledge that there are often 
significant adherence challenges with oral PrEP [50], 
especially among pregnant and breastfeeding women 
[51], which could impact the comparability of the two 
modalities. To improve adherence, we will offer counsel-
ling to support women following the oral PrEP regimen 
and collect dried blood spots (DBS) samples to measure 
the concentrations of TDF in women taking oral PrEP. 
However, these adherence challenges will continue to 
be present outside of a study setting. Therefore, we posit 
that even if oral PrEP adherence is suboptimal, results 
will reflect the real-world alternative to CAB-LA.

Our study will be among the first to provide critical 
safety data regarding adverse pregnancy and infant out-
comes up to one year post-natal among CAB-LA and 
oral PrEP users in a prospective cohort [52, 53]. Simul-
taneously, evaluation of the fidelity, reach, and adop-
tion of a PrEP Pregnancy Registry will directly inform 
the implementation and scale-up of a nationwide safety 
surveillance system for PrEP use during pregnancy, with 
implications for similar systems in the region. Malawi has 
not yet achieved elimination of mother-to-child trans-
mission of HIV (eMTCT) goals partly because of the inci-
dent HIV infections during pregnancy and breastfeeding 
[13]. PrIMO will inform optimal PrEP interventions for 
achieving eMTCT goals while also providing critical 
information on the long-term safety of the interventions 
for mothers and infants.
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