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A B S T R A C T

Background: Maternal vaccines have the potential to substantially reduce neonatal morbidity and mortality; 
however, in low- and middle-income countries (LMICs), their evaluation and implementation are hindered by the 
scarcity of high-quality baseline data on pregnancy and neonatal outcomes. Harmonised outcome definitions, 
such as those developed by the Brighton Collaboration's Global Alignment of Immunisation Safety Assessment in 
Pregnancy (GAIA), are essential for interpreting vaccine safety signals and supporting equitable maternal 
immunisation programmes.
Methods: PREPARE was a prospective pregnancy registry conducted at a tertiary maternity facility in Kampala, 
Uganda. Pregnant women were enrolled in the first or second trimester and followed through delivery and until 
nine months postpartum. Maternal, fetal, and neonatal outcomes were actively ascertained using GAIA case 
definitions, with independent review and expert adjudication to determine diagnostic certainty.
Results: Between September 2020 and March 2023, 3423 women were enrolled; 98.5% were followed to delivery 
and 95.7% retained through nine months postpartum. The stillbirth incidence was 26.3 per 1000 total births, 
exceeding national estimates. Preterm birth occurred in 110.9 per 1000 births, and neonatal mortality was 22.5 
per 1000 livebirths, with substantially higher incidence among preterm infants. Neonatal infections were 
commonly identified through active surveillance. Reported rates of most neonatal outcomes were lower among 
births occurring outside the study site, consistent with under-ascertainment in routine settings. Conversely, 
through application of GAIA criteria, overdiagnosis of some intrapartum and neonatal conditions in routine 
clinical records was identified.
Conclusions: Prospective pregnancy registries using standardised GAIA definitions can generate robust, context- 
specific background rates and reveal important limitations of routine health data systems. These findings 
highlight the need for prospective surveillance, strengthened diagnostic capacity, and adaptation of GAIA case 
definitions for reliable use with electronic health record data to support the evaluation of maternal vaccines and 
to enhance maternal immunisation readiness in LMICs.

1. Introduction

Neonatal morbidity and mortality remain unacceptably high in many 
low- and middle-income countries (LMICs), constituting 47% of all 
under-five deaths globally [1]. Infections such as sepsis, pneumonia, and 

meningitis remain among the leading causes of preventable mortality in 
the neonatal period, accounting for an estimated 440,000 deaths each 
year [2]. Maternal vaccination represents a critical intervention in this 
context, with the potential to substantially improve both maternal and 
infant health outcomes. The World Health Organization (WHO) has 
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emphasised the importance of maternal vaccination within its life- 
course approach to immunisation, yet this remains an area in which 
the full public-health benefits have not yet been realised [3].

The maternal–neonatal tetanus programme demonstrated the effec
tiveness of maternal immunisation, with tetanus toxoid vaccination in 
pregnancy, in combination with improved umbilical cord care, leading 
to the near-global elimination of neonatal tetanus by 2020 [4]. As 
maternal vaccines targeting major neonatal pathogens including group 
B Streptococcus [5] and respiratory syncytial virus [6] advance toward 
late-phase trials and wider global introduction, reliable baseline data on 
pregnancy and newborn outcomes are essential for safety monitoring, 
and policy decision-making [7]. Yet high-quality prospective data from 
LMICs remain limited, particularly those using harmonised and inter
nationally standardised case definitions such as the Brighton Collabo
ration's GAIA (Global Alignment of Immunisation Safety Assessment in 
Pregnancy) definitions [8], which are critical for comparability and for 
interpreting vaccine safety signals.

Establishing robust, context-specific background rates using GAIA- 
defined outcomes is therefore central to strengthening maternal- 
immunisation readiness, informing surveillance systems, and support
ing equitable vaccine deployment [9]. To address these gaps, we 
established the PREPARE study, a prospective pregnancy registry at a 
research-active site in Uganda [10–13], to generate high-quality esti
mates of key maternal and neonatal outcomes using standardised GAIA 
definitions and to support preparedness for forthcoming maternal- 
immunisation initiatives.

2. Methods

2.1. Study site

The PREPARE study was based at a maternity national referral 
hospital - Kawempe National Referral Hospital (KNRH), in Kampala. 
KNRH is the largest national referral hospital for pregnancies in Kam
pala, Uganda's capital city, admitting high-risk pregnancies from sur
rounding areas and all deliveries from the local community. The 
neonatal unit admits preterm infants, and neonates with birth-related 
complications, sepsis or congenital anomalies. The neonatal unit re
ceives approximately 11,000 admissions per year; these include inborn 
infants as well as referrals from other health centres and attendances 
from the surrounding community. There are approximately 25,000 
births per year at KNRH [14].

2.2. Sample size

Background rates of adverse pregnancy outcomes used for sample 
size planning were informed by a post-hoc analysis of data from the 
ProGreSs study, a prospective cohort of approximately 6000 mother
–newborn pairs conducted at Kawempe National Referral Hospital be
tween March 2019 and April 2020 [10]. These data were used to 
generate empirical estimates of key outcomes to support planning for 
the PREPARE study, and were supported by hospital-level data, where 
available. Based on a target sample size of 4000 participants and an 
assumed stillbirth incidence of 1%, the expected absolute precision was 
±0.36% at the 95% confidence level. For more common outcomes such 
as prematurity (7–11%), precision was approximately ±0.9%. This 
sample size was considered both feasible and sufficiently precise to es
timate background rates for maternal vaccine safety assessments. Details 
of the underlying assumptions and precision estimates are provided in 
Supplementary Tables 1–3.

2.3. Ethical approval

Ethical approval for the study was given by the Makerere University 
School of Medicine Research Ethics Committee on the 4th of March 2020 
(Ref 2020–089) and St George's, University of London Research Ethics 

Committee on the 6th of August 2020 (Ref 2020–0146). The study was 
registered with the Uganda National Council for Science and Technology 
(HS623ES). The study was registered on ClinicalTrials.gov
(NCT04653948).

2.4. Recruitment and follow-up

Women attending antenatal care (ANC) clinics at KNRH between 
September 2020 and February 2022 were screened for eligibility. ANC 
clinics operated three days per week during the study period, and study 
staff aimed to screen all women attending clinic on recruitment days, as 
staffing capacity allowed. The study commenced during the COVID-19 
pandemic, during which temporary clinic attendance restrictions were 
implemented to reduce overcrowding. Women attending ANC were 
initially provided with information about the study in group sessions 
and were subsequently individually assessed for likely gestational age 
based on last normal menstrual period (LNMP) and/or clinical exami
nation. Women considered likely to be in the first or second trimester 
were offered a routine dating ultrasound scan. Those whose ultrasound- 
confirmed gestational age fell outside the first or second trimester were 
excluded. Some eligible women declined participation either before or 
after ultrasound assessment. Women in the third trimester were not 
eligible for enrolment.

Demographic, clinical, and vaccination data were collected and 
managed using REDCap electronic data capture tools hosted at Makerere 
University Johns Hopkins University (MU-JHU) Research Collaboration. 
REDCap (Research Electronic Data Capture) is a secure, web-based 
software platform designed to support data capture for research 
studies, providing 1) an intuitive interface for validated data capture; 2) 
audit trails for tracking data manipulation and export procedures; 3) 
automated export procedures for seamless data downloads to common 
statistical packages; and 4) procedures for data integration and inter
operability with external sources [15]. HIV and syphilis screening fol
lowed national guidelines using the SD Bioline™ Duo rapid test, with 
confirmatory testing for positive results. Routine measurements and 
laboratory tests were conducted using hospital or study-provided 
equipment. Provisions for urinary dipstick, blood culture and sonogra
phy were provided by the study.

Participants were followed through antenatal, delivery, and post
natal visits, with outcome data abstracted from hospital and electronic 
records. For participants that delivered away from the main study site, 
birth outcomes were collected over the phone, and copies of birth re
cords obtained where possible. Post-pregnancy follow-up occurred by 
telephone within 28 days and during infant immunisation visits at 6, 10, 
14 weeks and 9 months (full details of the follow-up schedule in Sup
plementary Fig. 1). Women experiencing pregnancy loss or infant death 
received psychosocial support and continued follow-up. In cases of 
maternal death, consent for infant participation was sought from a 
guardian, if consent for continued participation was not given, the infant 
was withdrawn from the study, with only data collected to that point 
retained for analysis.

2.5. Definitions

Outcomes were defined using the Brighton Collaboration's Global 
Alignment of Immunisation Safety Assessment in Pregnancy (GAIA) case 
definitions [16,17]. Potential cases were independently reviewed by two 
assessors and classified as levels 1–5, where levels 1–3 represent 
confirmed cases, level 4 indicates reported cases with insufficient evi
dence for classification, and level 5 indicates non-cases. Additionally, 
records for those with discordant results between the two independent 
assessors or those determined to level 4/5 were reviewed by an expert 
panel. This expert panel contained at least three members and one 
specialist (obstetrician or paediatrician). Additional information about 
the GAIA classification system and the selection of potential cases are 
provided in Supplementary Tables 4 and 5.
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2.6. Data analysis

Continuous variables were summarised using means, standard de
viations, medians and interquartile ranges based on normality assump
tions. Categorical variables were summarised using frequencies and 
proportions. Incidence proportions were presented as point estimates 
with their associated 95% confidence intervals. The incidence calculated 
were the sum of outcomes that either fulfilled the GAIA outcomes at 
levels one to three, or that were deemed to be cases by an expert panel 
but did not fulfil the GAIA case definitions (level four).

3. Results

A total of 4084 women were assessed for eligibility between 1 
September 2020 and 28 March 2023. Of these, 661 either did not meet 
the inclusion criteria or declined to provide written informed consent, 
leaving 3423 women who were recruited into the study (Fig. 1). Most 
participants were enrolled at their initial ANC appointment (84.8%). 
Among those recruited, 12.4% joined during the first trimester, with the 
remainder enrolled in the second trimester. The average gestational age 
at the time of recruitment was 20 weeks (IQR 17–23).

The baseline characteristics of enrolled women are summarised in 
Table 1. Participants had a median age of 25 years (IQR 22–29) and were 
predominantly Ugandan (97.3%). Few had no formal education (1.3%); 

Fig. 1. Flowchart showing recruitment and follow-up of participants frequencies and (%).
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most had at least some primary or secondary schooling. Nearly all were 
married or cohabiting (92.9%), and most had normal nutritional status 
by MUAC (70.5%), the remainder had a mixture of overnutrition (21%) 
and undernutrition (8.5%). Primigravidae accounted for 66.1%. Among 
women with previous pregnancies, 34.2% reported a prior abortion, 
6.2% a stillbirth, and 11.0% a prior infant loss. Previous obstetric or 
gynaecological procedures were uncommon, with caesarean section 
(17.9%) the most frequent. Pre-pregnancy hypertension was reported by 
3%. HIV prevalence was 6.6%, only 0.6% reported past syphilis infec
tion, whilst 2.7% tested positive on Rapid Plasma Reagin test (RPR) 
during the current pregnancy (Table 2).

A total of 3373 mothers (98.5%) were successfully followed through 
to delivery, and 3275 (95.7%) remained in follow-up until nine months 
after giving birth (Fig. 1). These 3373 women delivered 3291 live in
fants, and 3160 of these children (96.0%) completed follow-up through 
their nine-month EPI visit (Fig. 1). Infants were observed for a median 
duration of 278 days (IQR 274–289). At birth, the median gestational 
age was 39 weeks (IQR 38–40), and the mean birthweight was 3129 g 
(Table 3). Male infants made up 51.0% of the cohort. Most births 
occurred at the study facility (69.6%), with the remaining infants 
delivered in another health centre (27.4%), at home (1.4%), or in 
another setting (1.5%). There were 76 pairs of twins and one set of 

triplets (Table 3).
Among the 3423 enrolled women, 2975 (86.9%) received at least 

one tetanus vaccine during pregnancy, while 448 (13.1%) did not 
(Table 2). Parity was similar between women who did and did not 
receive tetanus vaccination (median of 2 in both groups). Women who 
received at least one tetanus vaccine attended more ANC visits than 
unvaccinated women (median 4 vs 2). No Adverse Events Following 
Immunisation (AEFI) following tetanus vaccine were reported.

The incidence proportions for fetal, maternal and neonatal outcomes 
are presented in Figs. 2 and 3. The distribution of GAIA levels of diag
nostic certainty for all assessed outcomes are presented in Supplemen
tary Tables 6 and 7 demonstrating the level of certainty achieved for 
each outcome classification. Spontaneous abortions occurred in 19 per 
1000 pregnancies. More losses were recorded in the second trimester (n 
= 47) than in the first (n = 17), consistent with late presentation for 

Table 1 
Demographic characteristics of the enrolled participants.

Characteristics n (%)*

Total enrolled participants 3423
Visit Number at Enrolment (n = 3423) ​
First ANC Visit 2904 (84.8)
Second ANC Visit 404 (11.8)
Third ANC Visit 18 (0.5)
Fourth ANC Visit 4 (0.1)
Nationality (n = 3423) ​
Ugandan 3330 (97.3)
Rwandan 70 (2.0)
Other African 23 (0.6)
Education level (n = 3420) ​
None 45 (1.3)
Some primary 283 (8.3)
Completed primary 363 (10.6)
Some secondary 1714 (50.1)
Completed Secondary 357 (10.4)
University/College/Tertiary 658 (19.2)
Marital Status (n = 3408) ​
Single 226 (6.6)
Married/Cohabiting 3167 (92.9)
Separated/Divorced/Widowed 15 (0.4)
Religion (n = 3074) ​
Christian 2249 (73.2)
Muslim 825 (26.8)
Age, years (n = 3423) ​
Median, (IQR) 25 (22–29)
Age group ​
14–18 149 (4.4)
19–23 1106 (32.2)
24–28 1192 (34.8)
29–33 638 (18.6)
34–38 42 (1.23)
>38 5 (0.2)
Mid-Upper Arm Circumference MUAC, cm (n = 3416) ​
Mean (SD) 27.6 (3.8)
MUAC < 21 cm (malnourished) 21 (0.6)
MUAC 21-23 cm (underweight) 27 (7.9)
MUAC in normal range (>23-30 cm) 2408 (70.5)
MUAC > 30 cm (overweight or obese) 717 (21.0)
BMI Category (n = 3418) ​
Underweight (< 18⋅5) 34 (1.0)
Normal (18⋅5–24⋅9) 1395 (40.8)
Overweight (25⋅0–29⋅9) 1206 (35.3)
Obese (≥ 30) 783 (22.9)

* Data are presented as n (%), mean (Standard deviation SD), or median 
(Interquartile range IQR), as appropriate.

Table 2 
Table showing past obstetric and medical history of maternal participants.

.

Primigravida? (n = 3423) ​
No 2263 (66.1)
Yes 1160 (33.9)
Gestational age at enrolment (3418) ​
Median (IQR) 20 (17–23)
First trimester 425 (12.4)
Second trimester 2993 (87.6)
Previous abortion? (n = 2263) ​
Yes 773 (34.2)
Previous stillbirth? (n = 2263) ​
Yes 141 (6.2)
Previous child death? (n = 1953) ​
Any loss 194 (9.9)
Total number of deaths 215
At least one neonatal death 137 (7.0)
At least one infant death 43 (2.2)
At least one child death (<5 years) 32 (1.7)
Other child death (5–18 years) 9 (0.5)
No 1738 (89.0)
Previous Obstetric complications? (n = 3423) ​
Perineal tear 106 (3.1)
Postpartum haemorrhage 24 (0.7)
Ectopic pregnancy 20 (0.6)
Pre-eclampsia 7 (0.2)
Cervical incompetence 6 (0.2)
Cervical tear 3 (0.1)
Other 17 (0.5)
Obstetric & Gynaecological Surgery (n = 3423) ​
Caesarean Section 614 (17.9)
Cervical cerclage 5 (0.1)
Previous uterine evacuation (including D&C) 194 (5.7)
Blood transfusion 55 (1.6)
Laparotomy 28 (0.8)
Obstetric/gynaecological surgery 23 (0.7)
Past Medical History (n = 3423) ​
Hypertension 167 (4.9)
Epilepsy 6 (0.2)
Diabetes 31 (0.9)
Gestational diabetes 2 (0.1)
Tuberculosis 8 (0.2)
Asthma 70 (2.0)
Allergy 52 (1.5)
Other medical condition 19 (0.6)
Living with HIV? (n = 3423) ​
Yes 225 (6.6)
Previous history of syphilis? (n = 3364) ​
Yes 22 (0.6)
Syphilis diagnosed in this pregnancy? (n = 3410) ​
Yes 91 (2.7)
Interpregnancy interval ​
> 24 months or primigravid 2905 (86.1)
12–24 months 322 (9.6)
< 12 months 146 (4.3)
Tetanus toxoid vaccine (n = 3423) ​
At least 1 tetanus vaccine 2975 (86.9)
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antenatal care. One ectopic pregnancy, one molar pregnancy and one 
medically terminated pregnancy due to severe fetal anomalies were 
documented. Three additional fetal losses were reported, though exact 
gestational age at loss was unknown (Fig. 1).

Hypertensive disorders affected 222 women (82.4 per 1000). Post
partum haemorrhage (PPH) occurred in 22.3 per 1000 deliveries; among 
55 affected women, 12.7% required subtotal hysterectomy and 63.6% 
received a blood transfusion. Dysfunctional labour occurred in 8.2 per 
1000 deliveries. Non-reassuring fetal status was noted in 33.5 per 1000 
births. Maternal mortality within 42 days was 2.3 per 1000. Four deaths 
were due to direct obstetric causes (two haemorrhage, one hypertensive 
disorder, one intraoperative), one woman died on the route to hospital 
with suspected hypertension, one death was attributed to COVID-19, 
and three remained unexplained. There were 89 stillbirths (26.3 per 
1000 births): 46.1% antepartum (41/89), 31.5% intrapartum (28/89), 
and 22.5% of unknown timing (20/89).

Among 3373 women with recorded birth outcomes, 3380 infants 
were delivered: 3291 were liveborn (97.4%) and 89 were stillborn 
(2.7%). Most were singletons (95.4%), with 155 twins or triplets 
(Table 3). Preterm birth occurred in 110.9 per 1000 births. Median 
gestational age among preterm infants was 33 weeks (IQR 33–36); 3.5% 
were extremely preterm (less than 28 weeks), 14.8% very preterm (28 to 
less than 32 weeks), and 81.8% moderate to late preterm (32–37 weeks). 
Nearly half of stillbirths were preterm (46.1%). Low birthweight 
(birthweight <2500 g) occurred in 95.2 per 1000 livebirths, and small- 
for-gestational-age infants in 146.7 per 1000. Congenital microcephaly 
(head circumference < 3 percentile for GA and sex) was seen in 20.5 per 
1000 infants. Congenital anomalies affected 9.3 per 1000 livebirths (n =
26), most commonly external defects such as polydactyly (n = 10) and 
hypospadias (n = 4) (supplementary table 7).

Neonatal bloodstream infection, respiratory infection, and menin
gitis occurred in 37, 34, and 10 per 1000 livebirths respectively. 
Neonatal encephalopathy occurred in 17.9 per 1000 live births; respi
ratory distress in 34.9 per 1000; and seizures in 10.9 per 1000. The 
neonatal mortality rate was 22.5 per 1000 livebirths—substantially 
higher in preterm infants (74.0) than in term infants (13.3). Twenty- 
five post‑‑neonatal infant deaths occurred (7.6 per 1000 livebirths).

Supplementary Figs. 3 and 4 compare the incidence of adverse 
outcomes recorded among births occurring at the study site with those 
occurring at other facilities or at home. Rates of most maternal and fetal 
outcomes were higher for births at the study site, except for spontaneous 
abortion and preterm labour. For neonatal outcomes, all rates except for 
preterm birth and neonatal death were lower among births occurring 

outside the study site, most likely reflecting under-ascertainment and 
incomplete reporting in non–study-site settings.

Supplementary fig. 5 shows the variability in stillbirth incidence in 
the registry (26.3 per 1000), hospital electronic health records (50.6 per 
1000) and reported national rate (15.1 per 1000).

4. Discussion

This study provides prospective, GAIA-defined baseline incidence 
estimates for key maternal, fetal, and neonatal outcomes in Uganda. By 
comparing registry-derived rates with national estimates and routine 
clinical data, the findings highlight important discrepancies related to 
data source, care setting, and outcome ascertainment. These results 
underscore both the value of prospective surveillance platforms and the 
limitations of relying on routine or retrospective data when interpreting 
safety signals during maternal vaccine trials and post-licensure 
monitoring.

Preterm birth, low birthweight (LBW), and small-for-gestational-age 
(SGA) births are among the most important outcomes evaluated in 
maternal immunisation safety studies. A particular strength of this 
registry was the prospective collection of pregnancy data combined with 
routine ultrasound assessment during pregnancy, enabling accurate 
gestational age determination and application of GAIA definitions. Ac
curate gestational age assessment is critical, as reliance on last menstrual 
period or clinical estimation alone can lead to misclassification of 
gestational age and consequently inaccurate estimates of preterm birth 
and growth-related outcomes. The preterm birth incidence observed in 
this cohort (11.1%) was similar to estimates reported by the Global 
Network Maternal Newborn Health Registry in East Africa, despite dif
ferences in study design and outcome classification [18]. The distribu
tion of GAIA levels of diagnostic certainty for these and other outcomes 
are presented in Supplementary Tables 6 and 7.

The most recent national estimate of stillbirth incidence in Uganda 
was 14.5 (12.5–16.9) per 1000 total births in 2023 [19]. A decreasing 
trend has been observed in the last decade from an estimated 20.5 per 
1000 (17.4–24.1) births in 2010 [19]. Our estimated incidence of 26.3 
per 1000 total births (95% CI 21.1, 32.3) is much higher than the re
ported national rate (Supplementary fig. 5). Several factors are likely to 
explain this difference. First, our study was conducted in a tertiary 
referral hospital serving a population with high levels of socioeconomic 
deprivation, which is associated with increased risk of adverse preg
nancy outcomes. Second, improved case ascertainment within the study, 
including prospective data collection and careful classification of out
comes, may have resulted in more complete identification of stillbirths 
compared with routine national reporting systems. Third, the study 
population may have included women referred during antenatal care for 
higher-risk pregnancies, which may contribute to a higher observed 
incidence.

Stillbirth incidence among enrolled women was similar between 
births occurring at the study site and those at other sites (26.8 vs 25.3 
per 1000, p = 0.08), suggesting that the higher rate is not explained by a 
site-specific issue with care provision. In contrast, the higher incidence 
observed in hospital electronic medical record (EMR) data (50.6 per 
1000) likely reflects the inclusion in those data of women transferred in 
during labour with complications, representing a more selected high- 
risk population. The observed discrepancy between site-specific and 
national stillbirth rates underscores the need for locally derived baseline 
data for safety evaluation, particularly given longstanding challenges in 
the accurate counting and classification of stillbirths globally [20]. 
Relying on national estimates in place of accurate site-level rates risks 
misclassifying expected events as potential safety concerns, or over
looking genuine ones, during maternal vaccine trials or post-licensure 
safety monitoring.

Uganda's maternal mortality ratio (MMR) was estimated at 284 per 
100,000 live births in 2020 (UI 191–471), an improvement from 461 in 
2000 [21]. In our registry, eight maternal deaths occurred during 

Table 3 
Neonatal characteristics (N = 3380).

Neonatal Characteristics

Birthweight (n = 3315) grams ​
Mean grams (SD) 3129 (588)
[Min, max] [300, 5000]
Sex Freq (%) ​
Male (n = 3368) 1716 (51.0)
Gestational age# (weeks) ​
Median (IQR) 39 (38, 40)
[Min, max] [24, 42]
Birth number - Freq (%) ​
Singleton 3225 (95.4)
Multiple* 155 (4.6)
Birth location - Freq (%) ​
Kawempe 2354 (69.6)
Other health facility 926 (27.4)
Home 49 (1.4)
Other ^ 51 (1.5)

Data are presented as n (%), mean (SD), or median (IQR), as appro
priate.
^ Includes traditional birth attendant (n = 5), on the way to health 
facility (n = 8), unknown (n = 27), other (n = 11).

* Twins (n = 152, 76 pairs), triplet babies (n = 3, 1 trio).
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pregnancy or within 42 days postpartum, yielding an MMR of 243 per 
100,000 live births (95% CI 106–478), similar to national estimates. 
Half of these deaths were due to direct obstetric causes—PPH, intra
operative death, or hypertensive disorders. Direct maternal deaths result 
from pregnancy or its management, whereas indirect deaths arise from 
other medical conditions worsened by pregnancy. Globally, around 70% 
of maternal deaths are attributed to direct obstetric causes; this pro
portion is lower in our registry, though three deaths of unknown cause 
and one suspected hypertensive case suggest the true proportion may be 
closer to the global pattern [22]. Hypertensive disorders were among the 
most common maternal complications observed in the registry affecting 
82.4 per 1000 women. Their association with severe maternal outcomes, 
as well as preterm birth and fetal growth restriction, highlights the 
importance of accurate ascertainment of these conditions within 
maternal vaccine safety surveillance systems.

PPH remains a major driver of maternal morbidity, mortality, and 
near-miss events in LMICs. In our registry, PPH occurred in 22.3 per 
1000 women; seven cases resulted in near-miss events requiring subtotal 
hysterectomy, and two maternal deaths were due to obstetric haemor
rhage. Our PPH incidence is lower than that reported in a 2016 study 
from six Ugandan facilities (9.0%, 95% CI 7.5–10.6%), though that 

study defined PPH as ≥500 mL blood loss [23]. The GAIA criteria, used 
in our registry, define PPH as ≥1000 mL or bleeding causing hypoten
sion, transfusion, or near-miss [24]. When the 2016 study applied a 
comparable “severe PPH” definition, the incidence (1.2%, 95% CI 
0.6–2.0) aligned more closely with ours, underscoring the importance of 
consistent case definitions when comparing PPH rates across studies.

Spontaneous abortion rates are not systematically recorded even in 
high-income settings [25]. However, an estimated 23 million sponta
neous abortions occur each year worldwide with a pooled risk of 
miscarriage of 15.3% (95% CI 12.5–18.7%) in all recognised pregnan
cies [25]. In this study, 1.8% of recognised pregnancies ended in spon
taneous abortion, substantially lower than the 18.9% cumulative 
miscarriage probability reported by Dellicour et al. in a community- 
based prospective cohort in rural Kenya that identified pregnancies 
much earlier in gestation [26]. This difference is likely explained by the 
propensity for late antenatal care attendance (median gestational age at 
recruitment to the registry was 20 weeks (IQR 17–23)). Many early 
pregnancy losses would therefore have occurred before enrolment and 
were not captured. These findings highlight the inherent limitations of 
pregnancy registries initiated in the second trimester for estimating 
spontaneous abortion incidence and underscore the need to interpret 

Fig. 2. Incidence of maternal and fetal outcomes (classified according to GAIA definitions levels 1–4) and associated 95% confidence intervals.
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observed rates in the context of enrolment timing.
Our findings suggest substantial underreporting by women of their 

past medical and obstetric history. Although only 0.6% of women re
ported previous syphilis infection, 3% tested positive during the current 
pregnancy. Likewise, just 0.7% of women recalled a prior PPH across 
3925 earlier deliveries, yet PPH was documented in 1.6% of deliveries 
within our registry. This discrepancy likely reflects both limitations of 
patient recall and the fragmented nature of maternity records in Uganda, 
where a new antenatal file is often created for each pregnancy, resulting 
in non-integrated documentation and increasing the risk that previous 
complications are missed [27]. Similar findings have been reported 
elsewhere, with women tending to underreport maternal complications 
occurring in more distant pregnancies [28]. Under-ascertainment of 
prior conditions may hinder timely identification of women at risk of 
complications and compromise continuity of care [29], while also 
affecting accurate eligibility assessment for clinical trials and the quality 
of surveillance and research data [30]. Uganda's ongoing transition to 
electronic medical records may help address some of these challenges in 
the future [31].

Although adverse outcomes from prior pregnancies were often 
underreported, some conditions were overdiagnosed during current 
admissions. Of 82 infants clinically labelled with neonatal encephalop
athy, only 42 (51.2%) met GAIA criteria or were confirmed by expert 

review; most unconfirmed cases had low APGAR scores but no subse
quent signs of encephalopathy, reflecting a lack of diagnostic reassess
ment as clinical information evolved. A similar issue arose with labour 
complications: 351 cases of prolonged labour, obstructed labour, or 
dystocia were documented, but only 198 were validated on review. Such 
discrepancies, also observed in high-income settings [32], underscore 
the risk of diagnostic error when standard definitions are not applied 
and highlights the importance of validating diagnostic codes used in 
health information systems if they are to underpin adverse event sur
veillance [32].

This study has several important strengths. High-quality prospective 
data on pregnancy outcomes from low- and middle-income countries 
remain scarce, and few settings in Africa have similarly detailed, lon
gitudinal follow-up of maternal and neonatal outcomes. The registry 
achieved high retention (96%) and used harmonised data collection 
across mother–infant dyads, providing robust baseline incidence esti
mates for a wide range of key outcomes. These data are directly relevant 
to maternal immunisation readiness, informing the design and powering 
of forthcoming maternal vaccine trials—including those targeting Group 
B Streptococcus —and supporting interpretation of post-licensure safety 
signals. Integration of the registry within a research-active vaccine trial 
site further demonstrates the feasibility of establishing prospective 
safety-surveillance platforms ahead of vaccine introduction. 

Fig. 3. Incidence of neonatal and infant outcomes (classified according to GAIA definitions levels 1–4) and associated 95% confidence intervals.
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Methodological strengths include the prospective design, standardised 
procedures, and use of GAIA-aligned outcome definitions, enhancing 
comparability across studies and settings.

This study has several limitations. The registry was conducted at a 
single site, a national referral hospital where high-risk pregnancies and 
deliveries were over-represented, which may limit generalisability to 
other regions or health-system contexts. Although follow-up was high, 
some outcome misclassification is likely, particularly for events reliant 
on maternal recall or routine clinical documentation. In addition, 
limited diagnostic capacity in routine practice—such as restricted access 
to chest radiography or cerebrospinal fluid cultures—may have reduced 
diagnostic accuracy for certain neonatal infections. The successful 
application of GAIA definitions within this registry was supported by 
study-enhanced clinical and laboratory capacity, including routine ul
trasound assessment, provision of selected point-of-care investigations, 
and enhanced microbiological testing. Availability of these resources 
may differ across routine clinical settings, and further work is needed to 
understand how GAIA definitions perform in diverse healthcare and 
surveillance contexts where diagnostic information is more limited [21]. 
Finally, as the study was conducted in a research-active facility, outcome 
rates and data quality may differ from those observed in lower-resourced 
or non-trial settings.

Collectively, these findings demonstrate that both reliable baseline 
incidence estimates and an understanding of how outcome ascertain
ment varies across surveillance systems are essential for accurate 
interpretation of maternal vaccine safety signals. Under- and over- 
ascertainment of key maternal and neonatal outcomes remain substan
tial challenges when surveillance relies on retrospective data, frag
mented records, or inconsistently applied diagnostic criteria. While 
prospective registries provide high-quality baseline estimates essential 
for maternal vaccine readiness, their resource-intensive nature limits 
scalability. Strengthening routine electronic health information systems, 
alongside investment in essential diagnostic capacity, will be critical to 
support sustainable, high-quality surveillance. Further work is also 
needed to optimise the application of GAIA case definitions within 
routine clinical and surveillance systems, including electronic health 
record platforms, and to determine whether adaptations are required to 
support reliable case ascertainment while maintaining diagnostic 
validity.
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