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João Paulo Souza17 and Jose G. Cecatti1* on behalf of the WHO GLOSS research group 

Abstract 

Background Pregnancy‑related infections are important contributors to maternal sepsis and mortality. We aimed 
to describe clinical, microbiological characteristics and use of antibiotics by source of infection and country income, 
among hospitalized women with suspected or confirmed pregnancy‑related infections.

Methods We used data from WHO Global Maternal Sepsis Study (GLOSS) on maternal infections in hospitalized 
women, in 52 low‑middle‑ and high‑income countries conducted between November 28th and December 4th, 2017, 
to describe the frequencies and medians of maternal demographic, obstetric, and clinical characteristics and out‑
comes, methods of infection diagnosis and causative pathogens, of single source pregnancy‑related infection, other 
than breast, and initial use of therapeutic antibiotics. We included 1456 women.

Results We found infections of the genital (n = 745/1456, 51.2%) and the urinary tracts (UTI) (n = 531/1456, 36.5%) 
to be the most frequent. UTI (n = 339/531, 63.8%) and post‑caesarean skin and soft tissue infections (SSTI) (n = 99/180, 
55.0%) were the sources with more culture samples taken and microbiological confirmations. Escherichia coli 
was the major uropathogen (n = 103/118, 87.3%) and Staphylococcus aureus (n = 21/44, 47.7%) was the commonest 
pathogen in SSTI. For 13.1% (n = 191) of women, antibiotics were not prescribed on the same day of infection suspi‑
cion. Cephalosporins (n = 283/531, 53.3%) were the commonest antibiotic class prescribed for UTI, while metronida‑
zole (n = 303/925, 32.8%) was the most prescribed for all other sources. Ceftriaxone with metronidazole was the com‑
monest combination for the genital tract (n = 98/745, 13.2%) and SSTI (n = 22/180, 12.2%). Metronidazole (n = 137/235, 
58.3%) was the most prescribed antibiotic in low‑income countries while cephalosporins and co‑amoxiclav 
(n = 129/186, 69.4%) were more commonly prescribed in high‑income countries.

Conclusions Differences in antibiotics used across countries could be due to availability, local guidelines, prescribing 
culture, cost, and access to microbiology laboratory, despite having found similar sources and pathogens as previous 
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studies. Better dissemination of recommendations in line with antimicrobial stewardship programmes might improve 
antibiotic prescription.

Keywords Maternal sepsis, Maternal morbidity, Infections, Antibiotic

Background
Infection can cause or contribute to maternal deaths 
and severe maternal morbidity [1, 2]. Pregnancy-related 
infections (direct obstetric complications, such as cho-
rioamnionitis, endometritis, urinary tract, obstetric 
surgical wound, and breast, are responsible for 10.7% of 
maternal deaths according to the World Health Organi-
zation (WHO)’s latest estimates [1, 3, 4]. The Global 
Burden of Disease study estimated that more than 12 
million cases of maternal sepsis and other pregnancy-
related infections occurred in 2017 [3]. A systematic 
review and meta-analysis on pregnancy-related infec-
tions and maternal sepsis estimated 39 chorioamnio-
nitis, 16 endometritis, 12 wound infections, and 0.5 
sepsis cases per 1000 women giving birth [4]. However, 
the contribution of infections to maternal mortality 
and morbidity could be even higher, as these estimates 
do not include deaths and morbidity due to abortion-
related infections or non-pregnancy-related infec-
tions that could be exacerbated by pregnancy (indirect 
obstetric complications), such as pneumonia, flu, 
COVID-19, malaria, vector-borne and other neglected 
diseases.

Results from the multi-country Global Maternal Sep-
sis Study (GLOSS) [5] suggested that 70.4 pregnant or 
recently pregnant women per 1000 livebirths admitted 
or already hospitalized present with maternal infection 
(direct or indirect complication), with large variations 
between regions: from 38.6 in high-income countries 
(HIC) to 106.4 in upper-middle-income countries 
(U-MIC). GLOSS also showed that the most common 
sources of maternal infections were those of the uri-
nary tract (27.9%), genital tract (endometritis (15.1%), 
chorioamnionitis (14.9%)) and abortion-related uterine 
infection (8·5%), skin or soft tissues (14.8%) and res-
piratory tract (9%) [5]. Other studies reporting on the 
source of infection causing maternal sepsis conducted 
in HIC also show that genitourinary and respiratory 
tract are the most common infection sources among 
pregnant or recently pregnant women [6–10].

Published data on causative pathogens of maternal 
infections have been scarce, particularly from low- and 
middle-income countries (LMIC). Studies in the UK 
and the USA have shown that more than half of women 
with maternal infection do not get a microbiological 
confirmation or identification of a causative pathogen 
[7, 9, 11, 12]. When identified, causative agents were 

mostly Gram-negative including mainly Escherichia 
coli [9, 11, 12].

Adequate use of antimicrobials for prevention and 
treatment of infections are key towards achieving Sus-
tainable Development Goals (SDG) targets, for reduction 
of infection-related maternal and newborn deaths and 
tackling antimicrobial resistance (AMR) [13]. For this, 
early initiation of appropriate antimicrobial drugs, based 
on accurate diagnosis of the source of infection and prob-
able causative agent is needed, and can improve survival 
[14, 15]. WHO has published recommendations on pre-
vention and treatment of postpartum infection [15] and 
the AWaRe (Access, Watch, Reserve) tool to guide anti-
biotic prescription and prevent the promotion of anti-
microbial resistance [16]. This is particularly important 
in LMIC where antimicrobial resistance (AMR) rates are 
high, data on maternal infections sources and pathogens 
are scarce and antibiotic availability may vary [17, 18]. 
Insights on antimicrobial prescription patterns to treat 
maternal infections in health facilities would help under-
stand the compliance to these recommendations [19].

How pregnancy-related infections are diagnosed and 
treated is still not completely known in different settings, 
especially in LMIC. Therefore, we used data from GLOSS 
to describe maternal demographic, obstetric, and clinical 
characteristics and outcomes, methods of infection diag-
nosis and causative pathogens, by source of pregnancy-
related infection, as well as initial use of therapeutic 
antibiotics by source and country income level.

Methods
Study design and participants
GLOSS was a facility-based, prospective, 1-week incep-
tion cohort study implemented in 713 health care facili-
ties in selected geographical areas in 52 low- (LIC), 
lower-middle- (L-MIC), upper-middle (U-MIC) and 
high-income countries (HIC), (Additional file 1: Fig. S1). 
The full protocol [20] and main results of the study [5] 
are fully described elsewhere. Briefly, during a seven-day 
period, from November 28th, until December 4th, 2017, 
2850 pregnant or recently pregnant women admitted to 
or already hospitalized in participating facilities with sus-
pected or confirmed infection were included in the study 
(Fig. 1). The fact that the study was conducted in fall in 
the Northern hemisphere and in spring in the South-
ern hemisphere was supposed to help to counterbal-
ance the effect of seasonality that is always a concern for 
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infectious diseases. Women were followed during their 
stay in health facilities until discharge, death or transfer 
to another health facility outside the study area. All data 
were collected through standardized paper forms from 
medical charts by local teams, without interaction with 
the women, and then fed into an online electronic plat-
form especially built for the purpose of the study. The 
forms allowed reporting of multiple sources of infection, 
pathogens identified, and use of therapeutic antibiotics.

All identification data were confidentially stored by 
study coordinators. Written informed consent or a 
waiver of written consent was obtained as required by 
local or national committees. Opting-out was possible 
whenever decided by the participant. The protocol was 
approved by the WHO Ethics Review Committee (proto-
col ID: A65787, approved on 08/06/2017) and respective 
national and/or institutional ethics committees.

Out of the 2850 women included in the study, we 
excluded from this analysis 570 women for whom the 
primary source of the current infection was not con-
firmed, 591 with non-pregnancy-related infections, and 
196 with more than one source of infection for whom it 
was difficult to investigate microbiological results and 
antibiotic use (Fig.  1). In addition, 37 women who had 
breast infections were excluded, due to the small num-
bers. Therefore, we analysed 1456 pregnant or recently 
pregnant women who had a confirmed single source 
of pregnancy-related infection, including urinary tract 
infection (UTI), chorioamnionitis, endometritis, skin and 

soft tissue infection (SSTI) after caesarean section and 
abortion-related uterine infection (ARUI).

For this analysis, we used data on maternal demo-
graphic (e.g.: age, schooling, country income level, 
number of previous births), clinical, and obstetric char-
acteristics; source of infection, methods used to deter-
mine source of infection, use of antibiotic therapy (class 
and date of initiation), whether samples for culture 
were taken and their results, surgical management of 
the source of infection, length of stay in the facility, and 
admission and length of stay in intensive care unit (ICU).

We defined SSTI as post-caesarean surgical site infec-
tion occurring at least one calendar day after the pro-
cedure until 30  days post-surgery. We used the same 
definitions of infection severity as in a previous GLOSS 
[5] publication: less severe infections, infection with 
complications (invasive procedure to treat the source of 
infection (vacuum aspiration, dilatation and curettage, 
wound debridement, incision and drainage, percutane-
ous, culdotomy, laparotomy and lavage, other surgery, 
admission to intensive care or high dependency unit or 
transfer to another facility)), and infection-related severe 
maternal outcome (SMO: maternal near miss or death).

We defined the method of confirmation of infection 
as only clinical if based on clinical examination, general 
laboratory, radiologic findings or urinalysis alone with-
out microbiological findings, or if the sample from which 
the pathogen was recovered did not match the source of 
infection. Microbiologically confirmed was defined as an 

Fig. 1 Study population flowchart. Percentages are shown as n of total sample. 1. GLOSS study population; 2. Women with other infections 
(respiratory, bloodstream, peritonitis or abdominal cavity, central nervous systems, unspecified); 3. Breast infections were excluded due to small 
numbers; 4. Clinically confirmed refers to infections confirmed only by clinical examination, imaging or laboratory; 5. Microbiologically confirmed 
refers to infections with identified pathogen with either by Gram staining or other type of microscopy finding, any matching positive cultures of any 
body fluid. A match to the source of infection was a case where the specimen for the source of the positive culture sample (taken at any time) 
was considered adequate for the diagnosis of that infection
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infection confirmed with either Gram staining or other 
type of microscopy finding, any specific antigenic, sero-
logic or molecular, and/or matching positive cultures 
of any body fluid, which comprised blood- and organ-
related cultures (Additional file 1: Table S1). A match to 
the source of infection was identified when the specimen 
for the source of the positive culture sample (taken at any 
time) was considered adequate for the diagnosis of that 
infection (e.g., urine for UTI). A non-match was a case 
where the specimen was inadequate for the source of 
infection (e.g., urine for SSTI). The bacterial and fungal 
pathogens were reported on the genus or species level.

To report on the use of antibiotics, we considered the 
treatment prescribed on the same day of infection suspi-
cion or diagnosis (at eligibility for entry into the study). 
We included in our analysis whether it was a single drug 
or a drug combination and if the treatment choice was 
aligned with WHO recommendations [15] (ampicillin 
with gentamicin for chorioamnionitis and clindamycin 
with gentamicin for endometritis and ARUI). We defined 
AMR according to local protocols and reported patho-
gens as non-susceptible to specific antimicrobial agents, 
as recommended by the Global Antimicrobial Resistance 
and Use Surveillance System (GLASS) [21].

Statistical analysis
First, we described the distribution of maternal demo-
graphics, obstetric, and clinical characteristics, meth-
ods of infection diagnosis and causative pathogens, with 
respect to source of pregnancy-related infection. Then, 
we described the use of therapeutic antibiotics with 
respect to source of infection and country income level, 
using the 2018 World Bank classification [22]. Finally, 
we reported AMR for monomicrobial infections to avoid 
misclassification.

We performed sensitivity analyses by comparing the 
demographic, obstetric, and clinical characteristics of 
women included in this analysis with those who were 
excluded because of presenting multiple sources of infec-
tion. We found no significant differences between the 
two groups according to demographic or obstetric char-
acteristics. However, women with one source of preg-
nancy-related infection who presented with less severe 
infection-related outcomes were less likely to require 
admission to ICU (p-value < 0.001) and had shorter ICU 
length of stay (p-value < 0.001) than those reported to 
have multiple sources of infection, with significant p-val-
ues. They had also fewer culture samples taken at any 
time (p-value = 0.02) but of those who did have cultures 
drawn, they were more likely to be before the adminis-
tration of antibiotics (p-value = 0.01). A single source of 
pregnancy-related infection was more common than 

multiple sources of infection in HIC (p-value < 0.001) 
(Additional file 1: Table S2).

Data are presented as percentages when describing 
frequencies and median and interquartile ranges when 
describing continuous variables. Data explorations were 
performed to check distributions before choosing the 
appropriate tests to be used. The statistical significance 
was set at p < 0.05. The analyses were performed using 
STATA (StataCorp. 2019. Stata Statistical Software: 
Release 16. College Station, TX: StataCorp LLC).

Role of the funding source
The funders of the study had no role in data collection, 
data analysis, data interpretation or writing of the report. 
The corresponding author had full access to all the data 
in the study and had final responsibility for the decision 
to submit for publication. The views of the funding bod-
ies have not influenced the content of this manuscript.

Results
Sources of pregnancy‑related infections
Among the 1456 women with one source of pregnancy-
related infection included in this analysis, the most com-
mon pregnancy-related infection was UTI (531/1456; 
36.5%), followed by chorioamnionitis (314/1456; 21.6%), 
endometritis (256/1456; 17.6%), SSTI (180/1456; 12.3%) 
and ARUI (175/1456; 12.0%).

A greater proportion of women, across the different 
sources of infections, lived with a partner, was between 
19 and 35 years of age, was either nulliparous or had only 
one previous birth and, except for women with ARUI, 
had a high education level (Table  1). The majority of 
women were from L-MIC or LIC, except for women with 
UTI who mainly were from U-MIC. Amongst women 
with SSTI, we had data on both pre-operative skin prepa-
ration and antibiotic prophylaxis from 165 patients. Of 
those, 14 (8.5%) women received the first and 13 (7.9%) 
the latter. Most of the women with UTI (n = 447/531, 
84.2%), chorioamnionitis (n = 225/314, 71.6%) and 
endometritis (n = 148/256, 57.8%) had less severe infec-
tions, whereas women with SSTI (n = 123/180, 68.3%) 
and ARUI (n = 142/175, 81.1%) presented mainly with 
complicated infections or infection-related SMO. SMO 
was found to be mainly associated with endometritis 
(n = 46/256, 18%) and ARUI (n = 37/175, 21%).

Microbiological diagnosis
The majority of women in our sample had infections con-
firmed using only clinical methods, with low percent-
ages of culture samples taken at any time, especially for 
the genital tract, mainly for ARUI (n = 56/175, 32.0%). 
Women had more culture samples taken at any time 
when UTI was the infection source (n = 339/531, 63.8%) 
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Table 1 Demographic, obstetric and clinical characteristics of women with single source of pregnancy‑related infection, by source of 
infection (n = 1,456)

Data are n (%) or median (IQR: inter‑quartile range); Country income according to 2018 World Bank classification
a Includes women who had an invasive procedure to treat the source of infection (vacuum aspiration, dilatation and curettage, wound debridement, drainage 
[incision, percutaneous, culdotomy], laparotomy and lavage, other surgery), admission to intensive care or high dependency unit, or transfer to another facility
b Infection‑related maternal death or near‑miss. Geographical areas in six western European countries (Belgium, Denmark, Italy, Spain, the Netherlands, the UK) did 
not collect data for WHO near‑miss criteria

Characteristics Urinary tract infection
(n = 531)

Chorioamnionitis
(n = 314)

Endometritis
(n = 256)

Skin and soft tissue 
infection after caesarean 
section
(n = 180)

Abortion‑related 
uterine infection
(n = 175)

p‑value

n (%) n (%) n (%) n (%) n (%)

Age (years) (n = 1455) 0.004

 < 19 64 (12.0%) 27 (8.6%) 26 (10.2%) 8 (4.4%) 15 (8.6%)

 19–35 414 (78.0%) 249 (79.3%) 190 (74.2%) 145 (80.6%) 125 (71.4%)

 > 35 53 (10.0%) 38 (12.1%) 40 (15.6%) 27 (15.0%) 35 (20.0%)

Living with partner (yes 
‑n = 1456)

430 (81.0%) 268 (85.4%) 222 (86.7%) 154 (85.6%) 117 (66.9%) < 0.001

Schooling (years) 
(n = 1094)

0.002

 ≤ 11 195 (45.7%) 109 (44.5%) 67 (36.0%) 52 (40.6%) 65 (60.2%)

 > 11 232 (54.3%) 136 (55.5%) 119 (64.0%) 76 (59.4%) 43 (39.8%)

Country income level 
(n = 1456)

< 0.001

 Low‑income 32 (6.0%) 44 (14.0%) 62 (24.2%) 57 (31.7%) 37 (21.1%)

 Lower‑middle‑income 197 (37.1%) 159 (50.6%) 110 (43.0%) 80 (44.4%) 99 (56.6%)

 Upper‑middle‑income 242 (45.6%) 60 (19.1%) 37 (14.4%) 25 (13.9%) 29 (16.6%)

 High‑income 60 (11.3%) 51 (16.2%) 47 (18.4%) 18 (10.0%) 10 (5.7%)

Number of previous births 
(n = 1444)

< 0.001

 0–1 376 (71.4%) 231 (74.0%) 176 (69.8%) 131 (73.2%) 94 (54.0%)

 > 1 151 (28.6%) 81 (26.0%) 76 (30.2%) 48 (26.8%) 80 (46.0%)

Location at the time of infection suspected or con‑
firmed (n = 1456)

< 0.001

 Arriving from home 314 (59.1%) 132 (42.2%) 103 (40.4%) 108 (60.3%) 104 (59.4%)

 Transferred 
from another facility

55 (10.4%) 54 (17.2%) 36 (14.1%) 11 (6.2%) 32 (18.3%)

 Already hospitalised 162 (30.5%) 127 (40.6%) 116 (45.5%) 60 (33.5%) 39 (22.3%)

Severity of infection 
(n = 1456)

< 0.001

 Less severe 447 (84.2%) 225 (71.6%) 148 (57.8%) 57 (31.7%) 33 (18.9%)

 Infection 
with  complicationa

51 (9.6) 62 (19.8) 62 (24.2) 109 (60.6) 105 (60.0)

 Infection‑related severe 
maternal  outcomeb

33 (6.2) 27 (8.6) 46 (18) 14 (7.8) 37 (21.1)

Admission to intensive 
or high dependency care 
(yes, n = 1336)

56 (11.3%) 34 (12.4%) 31 (13.8%) 16 (9.6%) 14 (8.1%) 0.404

Median length of stay 
in intensive care unit, days 
(IQR)

3 (2–6) 2 (1–5) 2 (1–10) 3 (1–5) 2 (2–5)

Median length of stay 
in health facility, days (IQR)

5 (3–7) 4 (3–7) 7 (5–11) 11 (6–17) 4 (3–7)
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and prior to antibiotic use (n = 242/531, 45.6%). Culture 
samples were taken prior to antibiotic initiation in 31·9% 
(n = 464/1456) of the cases, less so for ARUI (n = 27/175, 
15.4%) (Table  2). Causative pathogens were more fre-
quently identified in women with UTI (n = 126/531, 
23.2%) and SSTI (n = 45/180, 25.0%), while all cases of 
endometritis were only clinically confirmed. Although 
41·4% (n = 106/256) of women with endometritis had any 
sample collected for culture, most of them (n = 76/106, 
71.7%) reported collection of samples not related to the 
specific source of infection, e.g. urine, and were classified 
as non-matching samples. Amongst microbiologically 
confirmed infections, bacterium was the predominant 
pathogen. E. coli was the most common uropathogen 
(n = 103/128, 80.4%), and S. aureus (n = 21/55, 11.7%) and 
E. coli (n = 12/55, 6.7%) were the most common patho-
gens in SSTI.

Antibiotic treatment
For 13.2% (n = 191/1456) of the women, no empiric anti-
biotic treatment was prescribed on the day of infection 
suspicion, ranging from 6·7% (n = 21/314) among those 
with chorioamnionitis to 22.8% of the women with SSTI 
(n = 41/180) (Table 2). Women with UTI received mainly 
single drug therapy (n = 329/531, 62.0%), whilst 64·9% 
(n = 601/925) of women with other sources of infections 
received mainly antibiotic combinations. The most pre-
scribed antibiotic was metronidazole (chorioamnionitis: 
n = 126/341, 40.1%; endometritis: n = 131/256, 51.2%; 
SSTI: n = 69/180 (38.3%; ARUI: n = 97/175, 55.4%), except 
for UTI, where cephalosporins of third or fourth genera-
tions were more commonly used (n = 157/531, 29.6%). 
The most frequent combination of antibiotics prescribed 
was ceftriaxone and metronidazole for all genital tract 
infections (n = 98/745, 13.2%) and SSTI (n = 22/180, 
12.2%) (Fig.  2). Only 3.2% (n = 10/314) of the women 
with chorioamnionitis and 5.5% (n = 14/256) and 4.0% 
(n = 7/175) of the women with endometritis and ARUI, 
respectively, were treated in accordance with the WHO 
recommendations on antibiotic treatment. Figure 3 pre-
sents the most commonly prescribed antibiotics on the 
day of infection suspicion/diagnosis, by source of preg-
nancy-related infection and country income. While met-
ronidazole was the most prescribed drug in LIC, for both 
the genital tract (endometritis (n = 47/62, 76%), ARUI 
(n = 28/37, 76%) and chorioamnionitis (n = 33/44, 75%)) 
and SSTI (n = 23/57, 40%), in HIC practitioners preferred 
co-amoxiclav for chorioamnionitis (n = 16/51, 31%) and 
SSTI (n = 7/18, 39%) and first and second generation 
cephalosporins (n = 30/60, 50%) for UTI.

Antibiotic susceptibility tests (AST) were seldom 
reported. Staphylococcus aureus reported non-suscepti-
bility to methicillin in 8 out of the 13 with reported AST 

results. Out of the 63 reported AST for E. coli isolates, 
ten (16%) were non-susceptible to aminoglycosides, 41 
(65%) to ampicillin/amoxicillin, 17 (27%) to 3rd gen-
eration cephalosporins, three (5%) to carbapenems, ten 
(16%) to cotrimoxazole and 16 (25%) to fluoroquinolones 
(results not shown in tables due to small numbers).

Discussion
We found infections of the urinary and genital tract to be 
the most common pregnancy-related infections among 
pregnant or recently pregnant women admitted for or 
already hospitalized with a single-source infection. UTI 
and SSTI were the sources with more culture samples 
taken and with more microbiological confirmations. E. 
coli was the most common uropathogen and S. aureus 
was the most frequent pathogen isolated in SSTI. On 
the day of infection suspicion, antibiotics were not pre-
scribed for almost 15% of women. Cephalosporins were 
the most common antibiotic class prescribed for UTI, 
and metronidazole was for all other sources. Ceftriaxone 
with metronidazole was the most frequently used com-
bination for genital tract and SSTI. Although AST data 
were infrequently available, we found that more than 
one-quarter of E. coli isolates from any source showed 
resistance to 3rd generation cephalosporins.

Our findings are similar to previous reports where 
genital [6–8, 10–12, 23, 24] and urinary tract [5] were 
the commonest sources of maternal infection during and 
after pregnancy. Most women with genital tract infec-
tions were from L-MIC or LIC, and women diagnosed 
with UTI mainly were from L-MIC and U-MIC. The 
fact that we found UTI to be the commonest source of 
pregnancy-related infection could be due to potential dif-
ferences in hospital admission criteria. The smallest pro-
portion of the sample was from HIC, nonetheless, almost 
a third of the HIC women had a UTI (similar to L-MIC). 
Only in U-MIC, more than 60% had a UTI. Women from 
middle-income countries (where 71.3% of our samples 
were collected) might have been admitted for treatment 
of a UTI, whereas women from LIC would have been 
treated as out-patients, either due to lack of resources or 
less diagnoses.

Though UTI was quite common, it was seldom com-
plicated, whereas ARUI and SSTI had higher percent-
ages of complications. This finding could be explained 
by the definition used for infections with complications 
that included having any intervention for treating the 
infection (e.g., curettage, drainage, and debridement). 
Endometritis and ARUI greater proportion of infected 
related SMO is a warning that uterus infections are of 
concern in this population. However, it could be also 
explained by poor adherence to infection prevention 
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Table 2 Methods of diagnosis, pathogens and therapeutic antibiotics use among women with single source pregnancy‑related 
infection, by source of infection (N = 1456)

a Clinically confirmed refers to clinical examination, imaging, laboratory (without microbiological confirmation)
b Pathogen was identified in any body fluid not related to the source of infection
c Pathogen was identified with either by Gram staining or other type of microscopy finding or positive cultures of any body fluid matching the identified source of 
infection
d Each woman could have more than one type of microorganism identified
e Other gram‑negative includes: P. aeruginosa, A. baumannii, Citrobacter spp, Enterobacter spp, Proteus spp, Ureaplasma spp, Bacteroides spp, and Enterobacterales
f Other gram‑positive includes: Coagulase‑negative Staphylococci, Enterococcus spp and S. agalactiae
g Same calendar day

Diagnostics and 
management

Urinary tract infection
(N = 531)

Chorioamnionitis
(N = 314)

Endometritis
(N = 256)

Skin and soft tissue 
infection after caesarean 
section
(N = 180)

Abortion‑related 
uterine infection
(N = 175)

p‑value

n (%) n (%) n (%) n (%) n (%)

Method of confirmation of infection (n = 1456)  < 0.001

 Clinically confirmed  onlya 408 (76.8%) 298 (94.9%) 256 (100.0%) 136 (75.6%) 170 (97.1%)

 Microbiologically con‑
firmed

123 (23.2%) 16 (5.1%) 0 (0.0%) 44 (24.4%) 5 (2.9%)

Any sample for culture 
drawn at any time (yes, 
n = 1448)

339 (63.8%) 109 (34.7%) 106 (41.4%) 99 (55.0%) 56 (32.0%) < 0.001

Sample for blood culture 
drawn before administration 
of antibiotics (yes, n = 714)

242 (45.6%) 62 (19.7%) 74 (28.9%) 59 (32.8%) 27 (15.4%) 0.004

Non‑matching culture 
samples to the source 
of  infectionb (yes, n = 1456)

27/339 (7.9%) 22/109 (20.2%) 76/106 (71.7%) 8/99 (8.1%) 6/56 (10.7%) < 0.001

Pathogen identified in matching samples by any  methodsc (n = 258)

 Bacteria 118 (22.2%) 16 (5.0%) 44 (24.4%) 5 (2.9%)

 Monomicrobial 117 (22.0%) 13 (4.1%) 35 (19.4%) 4 (2.3%)

 Polymicrobial 1 (0.2%) 3 (0.9%) 9 (5.0%) 1 (0.6%)

 Fungi 8 (1.5%) 0 (0.0%) 1 (0.5%) 1 (0.6%)

Bacteria and fungi  identifiedd (n = 258) < 0.001

 Escherichia coli 103 (80.4%) 8 (44.5%) 12 (21.8%) 2 (16.7%)

 Klebsiella pneumoniae 8 (6.3%) 4 (22.2%) 9 (16.4%) 0 (0.0%)

 Staphylococcus aureus 3 (2.3%) 5 (37.8%) 21 (38.2%) 1 (8.3%)

 Other gram‑negativee 2 (1.6%) 1 (5.5%) 7 (12.7%) 7 (58.4%)

 Other gram‑positivef 4 (3.1%) 0 (0.0%) 5 (9.1%) 1 (8.3%)

 Candida spp 8 (6.3%) 0 (0.0%) 1 (1.8%) 1 (8.3%)

Therapeutic antibiotics started the day of suspicion or diagnosis of  infectiong (n = 1456) < 0.001

 None 66 (12.4%) 21 (6.7%) 43 (16.8%) 41 (22.8) 20 (11.4%)

 Single antibiotic 329 (62.0%) 74 (23.6%) 45 (17.6%) 44 (24.4) 36 (20.6%)

 Antibiotic combination 136 (25.6%) 219 (69.7%) 168 (65.6%) 95 (52.8) 119 (68%)

Most commonly prescribed therapeutic antibiotics at day of suspicion/diagnosis of infection

 Metronidazole 45 (8.5%) 126 (40.1%) 131 (51.2%) 69 (38.3%) 97 (55.4%)

 Cephalosporin 1st/2nd 
generation

126 (23.7%) 38 (12.1%) 36 (14.1%) 16 (8.9%) 17 (9.7%)

 Cephalosporin 3rd/4th 
generation

157 (29.6%) 94 (29.9%) 87 (34.0%) 53 (29.4%) 54 (30.9%)

 Aminoglycosides 58 (11.0%) 97 (30.9%) 81 (31.7%) 31 (17.3%) 47 (26.8%)

 Penicillin 6 (1.1%) 11 (3.5%) 5 (2.0%) 1 (0.6%) 1 (0.6%)

 Clindamycin 43 (8.1%) 41 (13.1%) 38 (14.8%) 21 (11.7%) 23 (13.1%)

 Co‑amoxiclav 55 (10.0%) 67 (21.3%) 25 (9.8%) 20 (11.1%) 23 (13.1%)
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recommendations [15], such as antibiotic prophylaxis 
and limited access to safe abortion practices [25].

We found that blood culture samples were taken prior 
to antibiotic initiation in around only 30% of the cases, 
even less in ARUI (15.4%) despite solid recommenda-
tion [26]. Although there is scarce data on pathogens, our 
findings are similar to others from LIC [18] and HIC [9, 
11, 12] in which E. coli was the major pathogen found. 
While Gram-negative bacilli, streptococci and S. aureus 
appear in varying numbers across obstetric populations, 
along with anaerobes, they are major causes of concern 
because of their contribution to potentially severe out-
comes. In addition, it is more difficult to culture anaero-
bic bacteria, which requires complex laboratory support. 
Even in HIC, in studies that included only septic patients, 
less than two-thirds of women had a causative pathogen 
identified [9, 12]. Results from an HIC setting showed 
that in pregnancy-associated severe sepsis, as defined 
by authors in that study, microbiological results were 
reported in 35.3% and Gram-negative bacteria were the 
most frequently isolated pathogens [23]. Both the sever-
ity of the infection and access to a microbiology labora-
tory could explain these differences between settings. 
Blood cultures prior to initiating therapeutic antibiotics 
are recommended whenever assessing a patient with pos-
sible sepsis [26]. Lack of resources (that limits access to 
antibiotic treatments and laboratory services) and lim-
ited knowledge on what are the best and most effective 
ways to diagnose and treat infections may contribute to 
the high proportion of women who did not have culture 
samples taken. It was not possible to consider differences 
amongst countries due to the small amount (proportion) 
of identified pathogens.

We also found that culture samples were rarely 
obtained from the appropriate source given the sus-
pected source of infection (e.g., obtaining a urine sam-
ple to investigate a genital tract infection). Considering 
that taking and processing a urine sample is much eas-
ier and cheaper, as compared to the uterus, amniotic 
fluid, and surgical wound, it is understandable that UTI 
has higher number of collected samples with micro-
biological confirmation. Nevertheless, timely collected 
blood culture samples, especially if anaerobic media 
is used, can contribute to microbiological diagnosis of 
pregnancy-related infections. Although, as we found in 
this analysis, it is seldom performed in clinical practise.

Almost 15% of women did not receive antibiotic 
treatment on the day of infection suspicion. Although 
availability of similar information is limited from other 
studies, we must stress the importance of the recom-
mendation for immediate antibiotic treatment, when-
ever faced with the possibility of sepsis [26].

As was also found in a study in Tanzania [18] where 
ceftriaxone plus metronidazole was the commonest 
combination used to treat puerperal sepsis, we found 
the most prescribed antibiotic to be metronidazole 
with or without ceftriaxone for infections of the geni-
tal tract and SSTI. We also found very low adherence 
to WHO recommendations for antimicrobial treat-
ment of peripartum infections, ampicillin plus gen-
tamycin for chorioamnionitis and clindamycin plus 
gentamycin for endometritis [15]. WHO recommends 
the minimum indispensable and cheapest antibiotic, 
and therefore if there are more expensive antibiotics 
available which have less toxicity or easier administra-
tion (e.g., compared to gentamicin) and still appropriate 

Fig. 2 Most commonly antibiotic combinations prescribed among women with a single source of pregnancy‑related infection, by source 
of infection. The first three most common combinations are shown. 1. UTI was excluded, for which prescription of combination of antibiotics 
is not recommended
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Fig. 3 Most commonly prescribed antibiotics among women with one source of pregnancy‑related infection, by source of infection and country 
income level. LIC low‑income countries, L-MIC lower‑middle‑income countries, UMIC upper‑middle income countries, HIC high‑income countries 
(2018 World Bank classification) (N = 1456)
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microbiological specificity they might also be under-
stood as correctly used.

We also found differences in prescription practices 
across country income (data not shown in tables). Per-
haps the most important result of this study was that 
we found that the most prescribed drugs in HIC are in 
the Access group, according to AWaRe antibiotics cat-
egories, defined as drugs that should be used as the first 
or second choice of empiric therapy due to spectrum of 
activity and lower resistance induction potential [16]. 
In contrast, 3rd generation cephalosporins, one of the 
most prescribed antibiotics in LMIC, are in the Watch 
group which includes antibiotics with higher resistance 
potential that should be highly prioritized as key targets 
for antimicrobial stewardship. These recommendations 
are intended to guide and warrant best practices, and 
we urge them to be disseminated. Moreover, without 
routine use of culture and AST data to guide prescrip-
tions, while the risk of overuse of these antibiotics is 
present, it is difficult to determine the appropriateness 
of empiric decisions. AMR data can be used to guide 
regional empiric choices, and diagnostic stewardship 
measures at facility level can support appropriate anti-
biotic use.

These above-mentioned differences can also be due 
to limited access to different classes of antibiotics [27], 
prompting the physician to prescribe wider spectrum of 
antibiotics to be on the safe side, or to lack of knowledge 
of spectrum and tissue penetration, or a combination of 
these factors. Nevertheless, this antibiotic use is a threat 
to limited resource settings in which microbiology access 
is restricted and AMR rates may be higher [17, 18].

To the best of our knowledge, this study is the first to 
assess sources of pregnancy-related infections, their 
causative agents and antibiotic treatment provided to 
hospitalised women in a wide range of low-, middle-, and 
high-income countries. Prior to this study, most of the 
data regarding the sources of infections and their causa-
tive pathogens came from HIC and among sepsis cases. 
In the present analysis, pregnancy-related infections 
were considered, and the severity was described. How-
ever, our study has limitations. As it was an observational 
study, the different infection source proportion through-
out country income might be due to variability in local 
hospital admission criteria. In addition, limitations in the 
completeness of laboratory result reports, as well as lack 
of access to laboratories at all, might have led to fewer 
microbiological data. We also did not collect information 
on the duration of each antibiotic therapy or changes in 
therapeutic regimens during hospital stay; therefore, we 
were not able to describe treatment length or antibiotic 
adjustments. The fact that we had to exclude women 
with more than one source of infection lead us to analyse 

a group with lower severity, as shown in the sensitivity 
analysis (Additional file 1: Table S2).

Even though there are widely available WHO guidelines 
on prevention and treatment of postpartum infections, 
these were seldom followed, leading to either inadequate 
antibiotic treatment and potential increases in AMR. 
Changes in practice are needed, from raising aware-
ness on the need of better tailored antibiotic treatment, 
AMR emergence and the safety of following WHO’s rec-
ommendations. Other studies focusing on aetiological 
aspects of pregnancy-related infections and AMR could 
generate evidence on therapeutic decision-making and 
on tailoring setting-specific recommendations and poli-
cies for the proper management of infections.
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