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Abstract 

Background  Prophylactic azithromycin in pregnancy has been shown to lower infections in birthing parents 
and newborns, particularly skin and soft tissue infections (SSTIs) which are common in Fiji. We aimed to determine 
the safety and efficacy of 2 g of oral azithromycin administered during labour on infant SSTIs.

Methods  This blinded, randomised placebo-control trial included healthy, pregnant adults and their infants present-
ing for delivery at a tertiary hospital in Suva, Fiji. Participants in labour were randomly assigned a single dose of 2 g 
of oral azithromycin or placebo in a 1:1 ratio, stratified by ethnicity. Active and placebo drugs were identical to mask 
treatment allocation. The primary outcome was cumulative incidence of infant SSTIs by 3 months of age. Intention-to-
treat analysis was used and included participants with SSTI data collected at all visits. Safety outcomes were described 
as percentages by arm at specified time points.

Results  From June 2019 to January 2022, 2110 pregnant persons were enrolled and randomised, with 1059 and 1063 
births in the azithromycin and placebo groups, respectively. 1671 infants were included in the primary analysis 
(816 in azithromycin and 855 in placebo group). We found a 27% decrease in infant SSTIs in the azithromycin group 
(5.8%; 95% CI 4.4–7.6) compared to placebo (7.8%; 95% CI 6.2–9.8), but the 95% confidence interval crossed the null 
value (RR 0.73; 95% CI 0.51–1.06). We observed similar numbers of serious adverse events in both arms, and no cases 
of infant hypertrophic pyloric stenosis.

Conclusions  There was a modest relative reduction in infant SSTIs but this was small in absolute terms with no sta-
tistically discernible difference. Our findings do not support routine intrapartum azithromycin prophylaxis for this 
outcome alone. However, the rates of SSTIs highlight the importance of prevention and timely treatment in Fiji.
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Background
Infection is an important contributor to morbidity and 
mortality during the perinatal period, causing 11% of 
maternal deaths and 21% of 2.4 million neonatal deaths 
each year, with the burden disproportionately affecting 
low-income and middle-income countries [1–3]. Intra-
partum antibiotic prophylaxis, commonly benzylpeni-
cillin, has been very successful in reducing Group B 
Streptococcal neonatal sepsis in high income countries 
[4]. Recently, many clinical trials have been done in 
low-income and middle-income countries to determine 
whether intrapartum azithromycin is effective in pre-
venting maternal and infant mortality, stillbirths and 
infection [5–8]. Azithromycin is a broad-spectrum anti-
biotic with antibacterial activity against gram-positive 
and gram-negative organisms, as well as pathogens caus-
ing sexually transmitted infections; all of which can cause 
vertical infections in newborns including neonatal sepsis.

One of the most common causes of neonatal sepsis in 
low-income and middle-income countries, Staphylococ-
cus aureus [9], also causes skin and soft tissue infections 
(SSTIs). Infectious skin conditions are not only com-
mon, with impetigo affecting one in five children aged 
0 to 4 years globally, but are the largest contributors to 
disability for communicable disease in children [10]. 
SSTIs are also caused by Streptococcus pyogenes (Group 
A Streptococcus; GAS), and are common clinical foci 
for invasive S. aureus and S. pyogenes disease. Fiji has a 
high incidence of SSTIs, with survey from 2006/2007 
finding rates of impetigo in infants to be 13.3% overall; 
6% in those aged 0 to 6 months, and 23.7 in those aged 
7 to 12 months [11]. There has also been a higher inci-
dence of serious sequalae of SSTIs reported in Fiji includ-
ing hospitalisation and invasive S. aureus and S. pyogenes 
disease, as well as a higher case fatality rate compared to 
those documented from other countries [12–15].

Previous clinical trials from Africa found that intra-
partum azithromycin reduced infant skin infections. In 
2015, the Gambian PregnAnZI trial found a 51% reduc-
tion (Relative risk (RR) 0.49; 95% Confidence interval (CI) 
0.25–0.93) in skin infections (6.4% in the placebo group 
versus 3.1% in the azithromycin group) [16]. This study 
also found a 24% reduction in infant infections and a 60% 
reduction in maternal infections overall, and a reduction 
in carriage of potentially pathogenic bacteria includ-
ing Group B Streptococcus, S. aureus and Streptococ-
cus pneumoniae [6, 16]. Another trial by the same group 
(The PregnAnZI-2 study) found a similar reduction in 
the odds of newborn skin infection (odds ratio (OR) 0.58; 
95% CI 0.34–0.67) but a smaller absolute reduction from 
1.7% in the placebo group to 0.8% in the azithromycin 
group [7]. A 2024 systematic review and meta-analyses 
synthesising the results of both these studies found that 

intrapartum azithromycin reduced omphalitis and infant 
skin infections by 42% and 52%, respectively (omphalitis; 
RR: 0.58, 95% CI.0.34–0.98, skin infections; RR: 0.48, 95% 
CI 0.36–0.65) [17].

In the context of Fiji’s high burden of SSTIs and inva-
sive infections caused by S. aureus and S. pyogenes, we 
conducted the Bulabula MaPei study in Fiji to examine 
whether intrapartum azithromycin was a suitable inter-
vention to reduce these infections. To our knowledge 
this is the first intrapartum azithromycin clinical trial to 
investigate SSTIs as a primary outcome. Furthermore, 
it was the first study of this type to be conducted in the 
Western Pacific Region; one of the regions with the high-
est burden of SSTIs in the world. Our study aimed to 
determine whether oral azithromycin administered dur-
ing labour reduced the cumulative incidence of SSTIs 
in infants up to 3 months of age. Secondary outcomes 
include the safety and tolerability for birthing parents 
and infant participants, as well as other infant infections, 
infections in birthing parents including chorioamnio-
nitis, and antibiotic prescription. Here we report on the 
primary outcome of the trial and the adverse events fol-
lowing azithromycin administration.

Methods
Study design and setting
This phase III blinded, randomised, placebo-controlled 
trial was designed to assess cumulative incidence of 
SSTIs in infants at 3 months of age, born to those receiv-
ing a single-dose of oral azithromycin during labour 
compared to infants born to those receiving placebo. This 
study was conducted in Suva, the capital of Fiji. Fiji has 
a publicly funded healthcare system including pregnancy 
care. The population of Fiji comprises 57% indigenous 
Fijians (iTaukei) and 38% Fijians of Indian descent [18]. 
Recruitment, randomisation and the initial visit occurred 
at the Colonial War Memorial Hospital. The Colonial 
War Memorial Hospital is the largest tertiary hospital in 
Fiji where there are approximately 8200 births per year1, 
comprising 46% of Fiji’s annual birth cohort [19]. Post-
partum participants and their infants were followed-up 
in six visits over 12 months, which occurred at maternal 
child health clinics in the wider Suva area.

2110 pregnant people were recruited and randomised 
in a 1:1 ratio to receive either a single 2 g oral dose of 
azithromycin or placebo in labour, or immediately prior 
to delivery in the case of caesarean section. Further 
details can be found in the published protocol [20]. There 
was an independent Data Safety Monitoring Board that 

1  Labour ward monthly report annual 2019. Hume-Nixon M. 2019.
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regularly reviewed safety data, and the study was regis-
tered prior to study start (April 18th 2019, ClinicalTrials.
gov identifier: NCT03925480).

Enrolment and participants
Study midwives and nurses initially approached pregnant 
persons at an antenatal clinic, and for those interested in 
the study, a witnessed, written informed consent process 
was done. Pregnant persons were eligible for inclusion 
if they were at least 18 years old, intended to deliver at 
the Colonial War Memorial Hospital, lived in Greater 
Suva and expected to be available for the 12-month 
study duration. Individuals with cardiac, renal, or hepatic 
abnormalities, or taking specific drugs that may interact 
with azithromycin were excluded; for example antiar-
rhythmics, antipsychotics and antidepressants (see Addi-
tional File 1: Supplementary Textbox  1, full eligibility 
criteria).

Final eligibility was reconfirmed when individuals were 
admitted for delivery, and if still eligible, consent was 
reaffirmed prior to randomisation. Initially study staff 
were stationed Monday to Friday during standard office 
hours. After 8 months, study nurses operated on a 24/7 
schedule.

Intervention, randomisation, and masking
An independent statistician produced a computer-gen-
erated randomisation list, using stratified randomisation 
(by ethnicity; iTaukei/Indigenous Fijian versus other) 

with permuted blocks of variable length. Randomisation 
numbers were written on blister packs containing the 
investigational product (IP) and were stored separately by 
ethnicity stratum.

After confirmation of eligibility, enrolment and ran-
domisation were performed by study staff by assigning 
the next available randomisation number from the ran-
domisation list consecutively in ascending order, based 
on the participant’s self-reported ethnicity. The corre-
sponding blister pack was administered to the partici-
pant. The placebo was prepared to appear identical to 
the azithromycin tablets, so although study staff involved 
in treatment allocation may also have been involved in 
assessing primary outcome, all study staff and partici-
pants were blinded to treatment allocation. The Statisti-
cal Analysis Plan and primary analysis code were written 
before the database base was locked and study unblinded.

Procedures
Participants in labour were randomised to receive the 
investigational product, either 2 g of oral azithromy-
cin (four 500 mg tablets) or placebo. Azithromycin was 
manufactured by Laboratorios Cinfa (Spain) and then 
repackaged into blister packs by Idifarma (Spain). Pla-
cebo tablets were manufactured and then repackaged 
into blister packs by Idifarma (Spain).

Following randomisation, the primary outcome was 
assessed at 3 months (visit intervals shown in Fig.  1). 
When face-to-face study visits were restricted during the 

Fig. 1  Study procedures up to and including primary endpoint at 3 months of age (visit four)
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COVID-19 pandemic from 19/03/2020 to 30/06/2020, 
and from 21/04/2021 to 6/10/2021, follow-up study vis-
its were performed via phone, asking questions from the 
Data Collection Form around adverse events, history of 
illness, feeding and antibiotic use, but no in-person phys-
ical examination occurred. Instead of physical exami-
nation, birthing parents were asked to self-report the 
occurrence of new skin infections in their infant or them-
selves since the last study visit, as well as sending pho-
tos of specified areas of skin and/or any skin lesion to the 
study team. The study doctor then reviewed these photos 
to confirm final diagnosis of SSTI.

The first study visit occurred in hospital after delivery, 
and the remaining follow-up visits occurred at maternal 
child health clinics. At the initial visits demographics and 
pregnancy information was collected. At each face-to 
face study visit, the birthing parent and infant had their 
axillary temperatures recorded and were examined for 
SSTIs which were classified as new or pre-existing since 
the last study visit. Participants were also asked about 
diagnoses of SSTIs since the last visit, antibiotic use, 
adverse events (AEs), recent illnesses/hospitalisations, 
and outpatient treatment. Additional clinical information 
for the infant was collected including weight, length, and 
assessment for clinical warning signs, as well as questions 
that screened for infantile hypertrophic pyloric steno-
sis (up to 6 weeks of age) and hearing impairment; AEs 
specifically associated with azithromycin [21, 22]. Hear-
ing impairment was also monitored through recording 
routine newborn hearing screening. Routine newborn 
hearing screening was performed prior to discharge fol-
lowing delivery. Additionally, screening questions for 
hearing impairment were asked that were developmen-
tally appropriate at each follow-up visit (see Additional 
File 1: Supplementary Textbox 2).

Outcomes
The primary outcome of SSTIs was defined as the occur-
rence of impetigo, furuncle, omphalitis, abscess, cellulitis, 
and/or staphylococcal scalded skin syndrome in infants 
up to 3 months of age as determined by trained study 
staff. When face-to-face study visits were paused during 
the pandemic, additional modes of assessment for SSTIs 

were added. Birthing parents were asked about the occur-
rence of new skin infections in their infant or themselves 
since the last study visit and asked to send photos for 
verification of SSTI by the study doctor (Table 1). These 
processes, including relevant staff training, are described 
elsewhere [20].

Secondary safety and tolerability outcomes for par-
ticipants were also documented at each study visit 
(Fig.  1) and by searching electronic hospital records of 
participants. An AE was any untoward, undesired or 
unexpected clinical event that occurred in a partici-
pant exposed to the IP, irrespective of whether it was 
related. AEs that resulted in death; were life-threatening; 
required inpatient hospitalisation (including admission 
to baby unit) or prolonged existing hospitalisation; and/
or resulted in persistent or significant disability or inca-
pacity, were classified as serious adverse events (SAEs). 
Drug reactions associated with azithromycin and symp-
toms associated with microbiome dysbiosis were asked 
about at each study visit. SAEs were identified and 
reported by the study doctor throughout the study, via 
participant report with confirmation in medical records. 
There were also regular searches in electronic hospitali-
sation records conducted, including a final search at the 
end of participant follow-up. For a complete list of all 
other secondary outcomes see Additional File 1: Supple-
mentary Textbox 3.

Statistical analysis
A sample size of 1055 participants per arm (total 
n = 2110) would have 90% power to detect a 50% decrease 
in SSTIs, from 6% in the placebo arm to 3% in the inter-
vention arm, with a two-sided alpha of 0.05 and allow-
ing for 5% loss to follow-up as seen in previous studies 
in Fiji [24, 25]. These assumptions were based on rates 
of impetigo in infants in Fiji (6%) [11] and the expected 
effect size (50%) of 2 g of oral azithromycin on skin infec-
tion based on the findings from the Gambian clinical trial 
[16]. Detailed sample size calculations were published 
previously in the protocol paper [20].

Data were entered into REDCap (Research Electronic 
Data Capture) [26, 27] and all statistical analyses were 
performed using Stata 18.0 following cleaning [28]. 

Table 1  Skin and soft tissue infection definitions

• Impetigo was defined as an active bacterial skin infection characterised by sores that start as round or oval pus-filled bumps which progress 
into blisters, or the sores produce a clear honey-coloured fluid that forms a crust on the skin. When the crusts are removed, the area under-
neath appears red and eroded [11]
• Furuncle was defined as pus-filled lesions that are painful and usually firm, occurring when infection around the hair follicles spreads deeper
• Omphalitis was defined as a newborn infection of the umbilical stump, which presents as superficial cellulitis that may involve the entire abdominal 
wall
• Skin abscess was defined as a collection of pus built up within the body’s tissue with redness, pain, warmth, and swelling of the affected area [23]
• Cellulitis was defined as a skin infection that is red, painful, swollen, tender, and warm to the touch [23]
• Staphylococcal scalded skin syndrome is defined as an illness characterised by red, blistering skin that looks like a burn or scald
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Participant characteristics were summarised by treat-
ment allocation. Continuous variables were summarised 
using means and standard deviations (or medians and 
interquartile ranges for non-symmetrical data), and cat-
egorical variables reported as frequencies and percent-
ages. The primary analysis was performed according 
to the intention-to-treat principle, and the secondary 
analysis was a per-protocol analysis. Safety and tolerabil-
ity outcomes were binary; defined as an occurrence for 
each event and described as proportions in each arm at 
specified time points. The denominator used was every-
one who received the allocated dose including those that 
withdrew following administration of the IP, reflecting 
total number of births (including stillbirths) for infant 
participants. For comparison between azithromycin and 
placebo groups, risk ratios and risk differences with 95% 
CI and p-values were calculated, estimated using bino-
mial regression (using log and identity links, respectively) 
with stratification variable (ethnicity) as a covariate.

There were missing data due to the pandemic effects on 
enrolment and data collection. For the primary outcome, 
the primary analysis was a complete case analysis (includ-
ing participants with observed SSTI data at all visits), 
and multiple imputation was performed as a secondary 
analysis. Multivariate imputation by chained equations 
was used, with the univariate imputation methods of 
logistic regression performed for binary variables, and 
linear regression for continuous variables. Auxiliary vari-
ables included in the imputation model were identified 
based on association with outcome of SSTIs and associa-
tion with missing data, initially suggested by literature 
review and confirmed through statistical exploration 
of association by logistic regression. Variables included 
breastfeeding, infant antibiotic use, ethnicity, educational 
attainment, total number of household members, smoke 
exposure, household income, mode of delivery, residen-
tial location (e.g. rural/urban/peri-urban) and infant 
sex. Multiple imputation was performed separately by 
allocation group, and 50 imputed datasets were created 
and multiple results combined using Rubin’s rules. Addi-
tional analyses were conducted to explore how the mode 
of assessment of SSTIs was distributed across the two 
arms, as this changed over the course of the study due 
to COVID-19-related restrictions. Sensitivity analyses 
were also performed to explore incomplete case analysis, 
mode of delivery, and time from administration of the 
investigational product to delivery (see Additional File 1: 
Supplementary Textbox 4).

Results
Between 1 July 2019 and 31 January 2022, 2110 pregnant 
persons were enrolled and randomised (1055 in each 
arm), with 1059 and 1063 births in the azithromycin and 

placebo groups which included six and eight twin deliv-
eries in each group, respectively. Recruitment was paused 
between Mar 19, 2020 and Jun 30, 2020 and from Apr 
21, 2021 and Nov 6, 2021 due to COVID-19 pandemic 
restrictions. The trial ended when the final participant 
completed their last follow-up visit on Feb 28, 2023.

Figure 2 shows the flowchart for study recruitment. A 
total of 10,827 pregnant persons were screened for eligi-
bility. 6641 did not meet the eligibility criteria or declined 
to participate, with the most common reason that 
they lived outside Suva (n = 4521). Of those 4186 who 
remained eligible following initial screening, 2076 people 
were unable to be randomised at delivery; mostly as they 
were missed at delivery (n = 1992) either due to lack of 
24/7 staff coverage in the initial period of the study, insuf-
ficient time to randomise, and/or they delivered during 
a period with pandemic restrictions. In total, 45 (2.1%) 
birthing parents were withdrawn. Of infant participants, 
92.5% completed a follow-up visit at 3 months of age (see 
Additional File 1: Supplementary Table 1). However, only 
1671 (78.8%) infant participants had skin assessments 
at each study visit consecutively up to and including 3 
months of age and were therefore included in the com-
plete case analysis (see Additional File 1: Supplementary 
Table 1).

Table  2 shows key demographic and clinical features 
of the two groups. There was no apparent imbalance 
between the two groups across multiple factors (Addi-
tional File 1: Supplementary Table  2 and 3). Most were 
of iTaukei ethnicity (82.6%), 23.3% delivered via caesar-
ean section, and the median number of hours between 
administration of the IP and delivery was 10.8 h (IQR 
3.9–33.8). The percentage treated with other antibiotics 
during admission (excluding the IP) was 35.7% overall, 
slightly lower in the azithromycin group (33.8%) com-
pared to the placebo group (37.6%).

Table 3 shows that in the intention-to-treat population, 
1671 infants that completed all study visits were included 
in the primary endpoint analysis at 3 months of age. The 
cumulative incidence of infant SSTIs was lower in the 
azithromycin group (5.8%; 95% CI 4.4–7.6) compared 
to the placebo group (7.8%; 95% CI 6.2–9.8), showing a 
27% decreased risk of SSTIs at 3 months (RR 0.73; 95% CI 
0.51–1.06), however the 95% CI included the possibility 
of no effect. When ITT analysis was performed on mul-
tiply imputed datasets there was a slightly reduced effect 
of azithromycin compared to complete case analysis (RR 
0.79; 95% CI 0.54–1.13) with no evidence of a true dif-
ference between groups. Similarly, the incidence of infant 
SSTIs was lower in the azithromycin group (5.1%; 95% 
CI 3.3–7.6%) compared to placebo group in the per-pro-
tocol analysis (7.6%; 95% CI 5.5–10.4%), corresponding 
to a 34% decreased risk of SSTIs at 3 months (RR 0.66; 
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Fig. 2  Enrolment and participant status
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95% CI 0.40–1.11), though the evidence was insufficient 
to conclude a true effect of the intervention. These find-
ings were consistent with the results of the per-protocol 
analysis on multiply imputed datasets (RR 0.72; 95% CI 
0.43–1.19), suggesting that the results were robust to the 
different approaches for handling missing data. Figure 3 
shows a lower cumulative incidence of SSTIs at each time 
point in the azithromycin group compared to the placebo 
group.

There were eleven infant deaths overall, with four in 
the azithromycin group and seven in the placebo group 
(Additional File 1: Supplementary Table  4). There were 
no cases of hypertrophic pyloric stenosis and no cases 
of hearing impairment. In total there were 521 SAEs, 
with 326 of these being neonatal conditions; most com-
monly prolonged rupture of membranes, positive mater-
nal syphilis serology and respiratory distress syndrome 
(see Additional File 1: Supplementary Table  5). These 

Table 2  Characteristics of birthing parents and infant, by treatment allocation

*Unless otherwise specified

**Two birthing parents had missing delivery data as they were withdrawn prior to this being collected
† One infant in azithromycin group withdrew before baseline data collected, so for most variables 1058 was the denominator
‡ Using WHO child growth standards (based on age) Wasted: Weight-for-length z-scores < − 2

Azithromycin, n (%) Placebo, n (%)

All birthing parents N = 1055* N = 1055*

Age in years, median (IQR) 27.4 (23.1–31.9) 27.4 (23.2–32.3)

Ethnicity

  Other 183 (17.3%) 184 (17.4%)

  iTaukei/Indigenous Fijian 872 (82.7%) 871 (82.6%)

Residential location

  Rural 67 (6.4%) 67 (6.4%)

  Urban 452 (42.8%) 436 (41.3%)

  Peri-urban 536 (50.8%) 552 (52.3%)

Total number of household members, median (IQR) (N = 2110) 6.0 (4.0–8.0) 6.0 (4.0–8.0)

Estimated weekly family income, $FJ median (IQR) (N = 2107) 300.0 (200.0–400.0) 300.0 (200.0–400.0)

Cigarette use 103 (9.8%) 121 (11.5%)

Mode of delivery (N = 2107)

  Vaginal—non-instrumental 807/1052 (76.7%) 791 (75.0%)

  Vaginal—instrumental 9/1052 (0.9%) 10 (0.9%)

  Caesarean 236/1052 (22.4%) 254 (24.1%)

Treated with other antibiotics during admission 355/1049 (33.8%) 396/1054 (37.6%)

Hours between rupture of membrane and delivery, median (IQR) 1.5 (0.2–6.3) 1.4 (0.2–6.9)

Hours between study drug and delivery, median (IQR) (N = 2107) 10.2 (3.8–32.6) 11.2 (3.9–34.3)

  72 h or greater between administration of study drug and delivery 125/1052 (11.9%) 131 (12.4%)

Multiple delivery (N = 2107)** 6/1053 (0.6%) 8 (0.8%)

All newborns N = 1059*† N = 1063*

Sex (N = 2121)

  Female 531/1058 (50.2%) 504/1063 (47.4%)

Apgar score at birth (N = 2117)

  1–6 49/1056 (4.6%) 35/1061 (3.3%)

  7–10 1007/1056 (95.4%) 1026/1061 (96.7%)

Birthweight (N = 2106)

  Mean (SD) 3441.0 (493.9) 3422.6 (496.8)

  Low birth weight < 2500 g 26/1050 (2.5%) 23/1056 (2.2%)

Gestational age (N = 2109)

  Mean (SD) 39.7 (1.4) 39.5 (1.6)

  Preterm birth (< 37w) 29/1051 (2.8%) 35/1058 (3.3%)

Exclusive breastfeeding at 3 months 535/952 (56.2%) 540/972 (55.6%)

Wasting‡ at 3 months 28/378 (7.4%) 22/428 (5.1%)
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were mostly unrelated (n = 503 (96.5%)), or unlikely to 
be related to the IP (n = 18 (3.5%)). None were consid-
ered probably, possibly or definitely related to the IP. 
There were 12 non-serious infant AEs, including vomit-
ing (n = 6), diarrhoea (n = 5), and feeding difficulty (n = 1). 
A greater number of infant AEs occurred in the placebo 
arm (n = 9) than in the intervention arm (n = 3).

There were 66 SAEs reported in 63 birthing parents 
(3.0%) (Appendix File 1: Supplementary Table  6). There 
was one death in birthing parents within 3 months of 
IP administration. The most common SAEs in birthing 
parents were specific disorders of pregnancy followed 
by other infections. SAEs were considered unrelated 

(n = 58 (87.9%)), 7 (10.6%) were considered unlikely, and 
1 (1.5%) considered possibly related to the IP. There were 
183 non-serious AEs reported and the rates were simi-
lar by allocation group; 75 (7.1%) in the azithromycin 
arm and 62 (5.9%) in the placebo arm. The most com-
mon non-serious AEs for birthing parents were headache 
(azithromycin 2.4% vs placebo 3.0%) and abdominal pain 
(azithromycin 0.9% vs placebo 1.7%).

Sensitivity analysis was undertaken to adjust for having 
at least one visit during lockdown due to the potential of 
ascertainment bias. This did not impact the primary out-
come results (RR 0.73; 95% CI 0.51–1.05) (Additional File 
1: Supplementary Table 7). In those infants delivered by 

Table 3  Cumulative incidence of infant skin and soft tissue infections at 3 months by study arm

Acronyms: ITT Intention-to-treat, PP Per-protocol, CI Confidence interval

*numerator not provided for multiple imputation

Azithromycin n*/N (%; 95 CI) Placebo
N*/N (%; 95 CI)

Risk ratio
(95% CI)

p-value Risk difference (%)
(95% CI)

p-value

ITT analyses
ITT population (complete case 
analysis), n = 1671

47/816 (5.8; 4.4–7.6) 67/855 (7.8; 6.2–9.8) 0.73 (0.51–1.06) 0.098  − 2.1 (− 4.5–0.4) 0.094

ITT population (multiple imputa-
tion), n = 2122

(6.4; 4.6–8.2), N = 1059 8.1 (6.3–10.0), N = 1063 0.79 (0.54–1.13) 0.20  − 1.7 (− 4.3–0.9) 0.19

PP analyses
PP population (complete case 
analysis), n = 908

22/435 (5.1; 3.3–7.6) 36/473 (7.6; 5.5–10.4) 0.66 (0.40–1.11) 0.12  − 2.1 (− 4.5–0.4) 0.094

PP population (multiple imputa-
tion), n = 1043

(5.6; 3.3–7.8), N = 510 (7.7; 5.3–10.1),
N = 533

0.72 (0.43–1.19) 0.20  − 2.2 (− 5.4–1.1) 0.19

Fig. 3  Cumulative incidence of skin and soft tissue infections up to and including 3 months old
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caesarean section, there was a 46% reduction in SSTIs in 
the azithromycin group compared to the placebo group 
(RR 0.54; 95% 0.21–1.39). However, this analysis included 
only 385 infants. Little differences in effect of the inter-
vention on SSTIs were shown by subgroup analyses for 
vaginal births, and for participants who delivered within 
72 h of IP administration. The rate of diagnosis of SSTIs 
at each visit by mode of diagnosis (physical examination, 
photo diagnosis and parent-report) was much lower in 
photo diagnosis and parent-report compared to physical 
examination (Additional File 1: Supplementary Table 8). 
However, the rate for each mode of diagnosis was similar 
for each study arm.

Discussion
In our clinical trial of the efficacy of intrapartum azithro-
mycin on SSTIs in infants, we found a moderate relative 
reduction (27%) in SSTIs at 3 months of age with azithro-
mycin compared to placebo; however, the 95% CI crossed 
the null value. Furthermore, the absolute risk reduction 
was only 2% corresponding to a number needed to treat 
(NTT) of 50 to prevent one case of infant SSTI. Our find-
ings do not provide sufficient support to recommend 
widespread routine use of intrapartum azithromycin to 
prevent infant SSTIs in Fiji.

While our study did not reach statistical significance 
and the magnitude of the effect size was smaller than pre-
vious studies, our findings are comparable to several key 
studies. The Gambian PregnAnZI trial found a 51% (RR: 
0.49; 95% CI 0.25–0.93) reduction in skin infections, with 
an absolute reduction of 3.3% [16]. The PregnAnZI-2 
trial found a 52% reduced odds of skin infections; how-
ever, this corresponded to a smaller absolute reduction of 
0.90% (95% CI 0.49–1.30) [7]. A 2024 systematic review 
and meta-analysis demonstrated overall that intrapartum 
azithromycin reduced skin infections by 52% (RR: 0.48; 
95% CI 0.36–0.65, NNT 60)—a similar NNT skin infec-
tions as observed in our study [17].

Our study showed a similar direction of effect to previ-
ous studies, but the reduced effect size observed is likely 
related to differences in the study populations. Our study 
population had a higher average gestation compared to 
babies in the PregnAnZI study (39.6 weeks vs 36.0 weeks) 
[6], and lower percentage of babies that were low birth 
weight (2.3% vs 9.4%) [7]. These infant characteristics 
likely reflect the inclusion of birthing parents with fewer 
pregnancy risk factors compared with the general popu-
lation of Fiji, explained by strict eligibility criteria and 
randomisation processes, and supported by the lower 
observed prevalence of conditions such as diabetes and 
chorioamnionitis [29]. As our study mainly recruited 
from urban and peri-urban areas, a smaller proportion 
of our study population were from rural areas compared 

to previous studies (6.4% vs 44%) [7]. These features of 
our study population also limit the generalisability of our 
results. In addition to these differences, our study did 
not exclude participants with planned elective caesarean 
sections resulting in a higher rate of caesarean sections 
in our study compared to PregnAnZI-2 and PregnAnZI 
studies (23.3% vs 1.2% and 2.0%, respectively), and 
the associated high rate of antibiotic use during deliv-
ery may account for the reduced effect of azithromycin 
seen in our study [6, 7]. There was also variation in the 
definition of skin infections used across studies, and 
the PregnAnZI-2 included cutaneous manifestations of 
syphilis, which could contribute to the increased impact 
of azithromycin observed by this study since azithromy-
cin is an effective treatment for Treponema pallidum [30, 
31].

The effects of intrapartum azithromycin on SSTIs may 
be due to reduced parental carriage and horizontal trans-
mission of potential pathogens on the skin and nasophar-
ynx, supported by previous findings that intrapartum 
azithromycin decreases S. aureus carriage in newborns 
and mothers [6]. Azithromycin has been shown to be 
particularly effective against S. aureus skin infection 
(OR 0.33%; 95% CI 0.18–0.62), which may explain the 
increased effect of azithromycin observed in the Preg-
nAnZI-2 study, as S. aureus made up a disproportionately 
high amount of bacterially confirmed skin infections in 
the placebo group [7]. Differences in macrolide resistance 
patterns between settings may also have contributed to 
the varying results. In Fiji, azithromycin is currently only 
recommended for STI treatment and for typhoid fever 
that is severe and/or not responding to ciprofloxacin 
[32, 33]. Although typhoid fever is endemic in Fiji with a 
reported increase in typhoid fever notifications over the 
last decade [34], increased macrolide resistance is not 
supported by a 2024 study of CWMH samples showing 
that 90% of S. aureus isolates were susceptible to erythro-
mycin [35]. Therefore, antimicrobial resistance patterns 
are unlikely to explain the different efficacy observed 
between our study and the Gambian trials, and this vari-
ation is more likely explained by differences in bacterial 
carriage rates, particularly of S. aureus, and the aetiology 
of skin infections across these settings.

Our study found that azithromycin was well tolerated, 
with serious adverse events, particularly those associ-
ated with azithromycin such as cardiovascular events in 
birthing parents, evenly distributed between arms. There 
were also no infant cases of pyloric stenosis or hearing 
impairment. This is consistent with findings from previ-
ous studies of intrapartum azithromycin, as well as spe-
cific studies looking at the association between macrolide 
exposure and pyloric stenosis that have not shown an 
association between azithromycin use during pregnancy 
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and pyloric stenosis [36, 37]. The A-PLUS study reported 
11 cases of pyloric stenosis in 29,414 infants, with more 
cases of pyloric stenosis observed in the azithromycin 
group (n = 8) compared to placebo (n = 3) [5], signalling 
that this will need continued monitoring in further intra-
partum azithromycin studies. Post hoc analysis of the 
PregnAnZI-2 RCT has shown that intrapartum azithro-
mycin alters gut microbiota development and increases 
proinflammatory bacteria in the first month of life; how-
ever, subsequently both arms converged to similar micro-
biota, with no differences shown between arms at year 
three, suggesting that the intervention does not alter the 
long-term gut microbiota development [38]. However, 
further research is required to understand the effects of 
intrapartum azithromycin on the overall gut resistome, 
all of the antibiotic resistance genes [38], and long-term 
public health consequences for antimicrobial resistance.

Conclusions
While azithromycin is not recommended to prevent 
infant SSTIs based on our study results, consideration 
of this intervention should be viewed alongside demon-
strated benefits for other important outcomes such as 
maternal sepsis, maternal infections, endometritis, and 
surgical site infections [17], as well as use of azithromycin 
combination therapy for intermittent preventive treat-
ment for malaria in pregnancy [39]. Future research from 
this study will contribute to the evidence base for the use 
of intrapartum azithromycin by looking at impacts on 
other infant infections, and SSTIs and other infections in 
birthing parents. Given current slow progress in improv-
ing maternal and child health outcomes further research 
is warranted. Regardless, the high incidence of SSTIs 
found even within the context of COVID-19 related 
restrictions demonstrate their ongoing significance as a 
public health issue in Fiji, and the need for improved pre-
vention, early diagnosis and treatment to decrease seri-
ous sequalae.
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