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Background In low- and middle-income countries (LMICs) and territories, ma-
ternal infections impose a non-negligible disease burden. We aimed to analyse
the secular trends, age distribution, and associated factors of maternal sepsis and
other maternal infections (MSMI) across 131 LMICs from 1990 to 2019.

Methods We collected yearly data of incidences, deaths, and disability adjusted
life years (DALYs) on MSMI in 131 LMICs from 1990 to 2019 from the Global
Burden of Disease 2019 (GBD 2019). The sociodemographic index (SDI) and
universal health coverage effective coverage index (UHCI) were also acquired.
Relative percent change and estimated annual percentage change (EAPC) were
used to assess the secular trends. Correlation analyses were also employed to ex-
plore the associations between the burden of MSMI with SDI and UHCI.

Results Between 1990 and 2019, the age-standardised incident rates (ASIRs),
age-standardised maternal mortality ratios (ASMMRs) and age-standardised
DALYs rates of low-income countries (LICs) were much higher than that of
lower-middle-income countries (LMCs) and upper-middle income countries
(UMCs), although they all continued to decline. At least six of 131 LMICs had
ASMMR greater than 70.00 per 100000 live births in 2019. The incidences of
MSMI increased first till 2024 years and then decreased with age both in 1990
and 2019, while the ASMMRs were higher in the youngest and the oldest age
group. With the growth of SDI and UHCI in 2109, the decreasing trend of ASIR,
ASMMR, and age-standardised DALYs rates slowed down.

Conclusions Although the progress has been made in reducing the burden of
MSMI in 131 LMICs, the disease burden in LICs far exceeded that of LMCs and
UMCs. Socio-economic status and universal health coverage were both associat-
ed with the MSMI burden, and further research is needed to explore the under-
lying factors contributing to these disparities and to identify effective strategies

Maternal infections encompass a wide range of conditions, such as urinary tract
infections, chorioamnionitis, cervicitis, and postpartum uterine infections, which
may lead to severe complications, including sepsis, multi-organ failure, and even
death [1]. Maternal sepsis is defined as a life-threatening condition characterised by
organ dysfunction resulting from infection during pregnancy, childbirth, postpar-
tum, and post-abortion [2,3]. Actually, 99% of maternal deaths occurred in devel-
oping countries, and the majority are preventable [4—0]. Low- and middle-income
countries and territories (LMICs) still face challenges in the prevention and man-
agement of maternal infections, where limited resources and access to care exacer-
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bate the risk of poor pregnancy outcomes [1,7-10]. A systematic analysis by the World Health Organization
(WHO) indicated that direct obstetric infection is one of the leading causes of maternal mortality, account-
ing for approximately 10.7% of maternal deaths [7]. The highest mortality rates, at 10.7%, were observed in
LMICs, compared to 4.7% in high-income countries (HICs) [7]. The Global Maternal Sepsis Study (GLOSS),
conducted in 52 LMICs and HICs, estimated that approximately 70 women per 1000 livebirths had maternal
infections requiring hospital management, and 10.9 women per 1000 livebirths experienced severe mater-
nal outcomes related to infection (either as an underlying or contributing cause) [8]. The highest intrahospi-
tal fatality proportion among women with severe maternal outcomes and maternal mortality ratios (MMRs)
were observed in LMICs [8]. Additionally, the placenta serves as an active immune site, and the tropism of
specific pathogens for the placenta can influence susceptibility and severity of certain infectious diseases
during pregnancy, poor pregnancy outcomes, as well as long-term neurodevelopmental or other sequelae in
the offspring [1,11,12].

Efforts to mitigate the prevalence and impact of maternal sepsis have been accorded high priority [13].
Millennium Development Goals (MDGs) sought to attain a substantial reduction of 75% in MMR between
1990 and 2015 [14,15]. In alignment with the Sustainable Development Goals (SDGs), all nations are now
targeted to achieve MMR below 70 per 100000 livebirths by 2030 [4]. The WHO, alongside its collaborative
partners, launched the Global Maternal Sepsis and Neonatal Initiative in 2016 [9]. This pivotal undertak-
ing paved the way for the implementation of the GLOSS in 2017, with the overarching aim of alleviating the
burden associated with maternal sepsis and other infections (MSMI) [9]. A study conducted in 2018 inves-
tigated the availability of facility resources in LMICs and revealed the existing limitations in management
[16]. As the epoch of SDGs commences, the significance of preventing maternal infection-related morbidity
and mortality must be elevated to the vanguard of developmental priorities [4,14]. Advanced technology and
medicines have been able to quickly reduce the incidence of infections, including maternal infections, which
also happen in LMICs [4,9]. Indicators, such as incident rate, MMR, and disability-adjusted life years (DALYs)
of MSMI, not only reflect the direct health status of pregnant women but also serve as proxies for assessing
the overall effectiveness of health systems and the penetration of maternal care services. In the context of
the SDGs, these indicators offer vital benchmarks to evaluate progress towards improving maternal health.
However, there is a lack of studies that comprehensively describe the trends and disparities of disease bur-
den of maternal infections at the overall, regional, and national levels in LMICs.

Hence, in this study, we aim to provide epidemiological characteristics, secular trends, and age distribution
of MSMI in 131 LMICs from 1990 to 2019. Additionally, we also qualitatively analyse their association with
sociodemographic status and universal health coverage. Our study may empower policymakers and health
care providers with actionable insights to prioritise resource allocation, enhance care delivery, and implement
preventative measures that could substantially curb the incidence and impact of maternal infections in LMICs.

METHODS

Overview

The Global Burden of Disease (GBD) database, a publicly available database coordinated by the Institute for
Health Metrics and Evaluation, provides a comprehensive assessment of the epidemiological levels and trends
for 369 diseases and injuries across 204 countries and territories from 1990 to 2019 [17]. The estimation of
disease burden utilises standardised tools and methodologies, which have been detailed in previous stud-
ies and supplementary files [17,18]. Specifically, DisMod-MR version 2.1, a meta-analysis tool employing a
compartmental model structure, is used to model nonfatal disease burden by synthesising sparse and het-
erogeneous epidemiologic data. Mortality estimates are obtained through a standardised pooling process of
available data on causes of death or incidence, which are then utilised in various models such as cause of
death ensemble modelling, disease model-Bayesian meta-regression, and comorbidity correction to ensure
comparability across different diseases globally.

Study design and data sources

We collected yearly data on maternal sepsis and other maternal infections (MSMI) in LMICs from 1990
to 2019 at country levels from the extensively utilising GBD 2019 query tool [17]. The World Bank Group
assigns the world’s economies to four income groups, namely low, lower-middle, upper-middle, and high [19],
and we ultimately identified 131 LMICSs Based on the World Bank Group country classifications in 2019 in
this study (Table S1 in the Online Supplementary Document) [20]. The sociodemographic index (SDI) and
universal health coverage effective coverage index (UHCI) were also acquired from the GBD 2019 [21,22].
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Maternal sepsis and other maternal infections

Maternal sepsis and other maternal infections (MSMI) encompass two distinct components [17]. Maternal
sepsis is characterised by deviations in body temperature (<36°C or >38°C) and clinical indicators of shock
including systolic blood pressure (<90 mm of mercury pressure (mmHg)) and tachycardia (>120 beats per
minute (bpm)). Other maternal infections refer to any non-HIV or non-sexually transmitted infections that
are not considered to have an epidemiological association with pregnancy. This category includes conditions
such as urinary tract infections, mastitis, candidiasis, and bacterial vaginosis during pregnancy.

For this study, we retrieved annual data on its incident cases, incident rate (per 100000 population), deaths,
MMR and, DALYs (per 100000 population) between 1990 and 2019. MMR is defined as the number of mater-
nal deaths per 100000 livebirths. The DALYs, a composite metric encompassing years lived with disabil-
ity and years of life lost, serves as a comprehensive indicator of population health [23]. In addition, we also
arranged the data into successive five-year age intervals as 10-14 years, 15-19 years, 20-24 years, 25-29
years, 30-34 years, 35-39, 40—44, 45—49 years, and 50-54 years. To ascertain the uncertainty surround-
ing each metric, 95% uncertainty intervals (UIs) based on the 25th and 975th ordered values were derived
from 1000 draws of the posterior distribution.

Sociodemographic index and UHCI

The SDI is a composite indicator of development status that is highly correlated with health outcomes, calcu-
lated by taking the geometric mean of three indices: total fertility rate under the age of 25, mean education
for those ages 15 and older, and lag distributed income per capita [22,24]. The SDI indicates a theoretical
minimum level of development relevant to health at 0 and a theoretical maximum level at 1 [22]. An index
that estimates global progress towards universal health coverage and specifically UHC effective coverage
varying from O to 100 has been created using estimates from the GBD 2019 [25]. The UHCI is comprised
of 23 indicators drawn across a range of health service areas, involving either direct measures of interven-
tion coverage (e.g. antiretroviral therapy coverage) or outcome-based indicators (e.g. mortality-to-incidence
ratios), and is meant to represent average coverage of primary health care services [21,25]. Tables S2-3 in
the Online Supplementary Document display the SDIs and UHCIs of 131 LMICs in 2019.

Statistical analysis

The absolute incidences, deaths, and DALYs served as robust indicators of the prevailing status of MSMI in
individual nations and regions, with their relative percent change calculated by the formula as (Numbers
2019 — Numbers 1990)/Numbers 1990 x 100%. To compare between countries and regions over time in
which the age profiles change accordingly, the GBD group applied the age-specific rates for each location,
sex, and year to a GBD world standard age structure, presented as the age-standardised incident rates
(ASIRs), age-standardised MMR (ASMMR) and age-standardised DALYs rates per 100000 population or
per 100000 livebirths [26,27]. The estimated annual percentage change (EAPC) was determined through
a regression model, Y=a+ X +¢€, where Y represents the natural logarithm of the rate (e.g. ASIR, ASMMR,
or age-standardised DALYs rate), X denotes the calendar year, € signifies the error term, and 3 signifies the
directional trend [28]. The EAPC was derived as 100 x (exp(f3)- 1). Notably, a rising trend was indicated by
both a positive EAPC estimation and a positive lower boundary of 95% UI, while a declining trajectory was
confirmed by negative values for both the EAPC and its upper boundary of 95% UI [28]. Conversely, sta-
bility in ASIR was inferred when neither of these conditions were met. Spearman and Pearson correlation
analyses and the correlation coefficients (p) were employed to explore the associations between the burden
of MSMI with SDI and UHCI in LMICs. Furthermore, polynomial curves were also utilised to model the
observed trends. All statistical analyses were performed by R version 4.2.2, and statistical significance was
attributed to a two-sided P-value less than 0.05.

RESULTS

Global and regional trend of MSMI

Globally, the incident case number of MSMI decreased by -10.68% (95% CI=-14.28, -5.76) from 23.03 mil-
lion in 1990 to 20.57 million in 2019, and the death number reduced from 38027 in 1990 to 16840 in 2019
with a relative percent change of -55.72% (95% CI=-63.78, —47.52) (Table 1). The total ASIR decreased
from 787.04 in 1990 to 534.21 in 2019 per 100000 population, with an EAPC of -1.17% (Table 2, Figure
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1, panel A). The ASMMR was steadily declining from 27.53 in 1990 to 12.44 per 100000 livebirths in 2019
(EAPC=-2.83%) (Table 2, Figure 1, panel B). In 1990, there were a total of 2.37 million DALYs (or 84.83
DALYs per 100000 population), while it changed to 1.07 million DALYs (or 27.34 DALYs per 100000 pop-
ulation) in 2019 (Table 2, Figure 1, panel C).

Table 1 also presents the absolute numbers of the disease burden of MSMI in regions. It is worth noting
that only the number of incident cases in LICs increased with a relative percentage change of more than
50%. The ASIR in 2019 was highest in LICs (932.14 per 100000 population), followed by LMCs (590.93)
and UMCs (410.35) (Table 2). The ASIR, ASMMR, and age-standardised DALYs rates continued to decline
between 1990 and 2019 in all regions, with the EAPC of ASMMR and age-standardised DALYs rates even
decreased by more than 5% in both LMCs and UMCs (Table 2, Figure 1, panels A—C). From 1990 to 2019,
the ASMMR of LICs has been much higher than that of LMCs and UMCs, while it dropped significantly
since the year 2010. In addition, the ASMMR of LMCs changed from higher than the global average to a
lower one around the year 2005 (Figure 1, panel B).

Table 1. Incident cases, deaths, and DALYs of MSMI in 131 low- and middle-income countries and territories and their relative percent
change from 1990 to 2019

Incident cases DIET
ocation 1990, No. x10> 2019, No. x10°> Relative percent 1990, No. x10°> 2019, No. x10°>  Relative percent 1990, No. x10° 2019, No. x10°  Relative percent
95% UD) (95% UI) change, % 95% UD) (95% UI) change, % (95% UT) (95% UI) change, %
(95% CI) (95% CI) (95% CI)
Global 230.29 205.70 -10.68 38.0 16.84 -55.72 23.70 10.65 -55.09
(174.00, 290.85) (156.89, 259.72) (-14.28,-5.76) (33.01,43.51) (14.23,19.63) (-63.78,-47.52) (20.57,27.11) (8.96,12.56) (-63.27,-47.24)
LICs 22.95 35.34 53.97 10.78 10.41 -3.44 6.28 6.13 -2.37
(1745,29.02)  (26.69,45.00) (48.14,60.03) (8.91,12.82)  (8.53,12.67)  (-24.42,17.04) (5.22,743) (5.01,7.44) (-23.06, 18.07)
LMCs 105.98 103.14 -2.68 22.92 5.83 -74.57 1442 3.89 -73.03
(79.805, 134.17) (77.38,130.81)  (-6.15,141)  (19.30,27.19)  (4.83,6.98)  (-79.99, -68.68) (12.14, 17.09) (3.21,4.67)  (-78.33,-66.89)
UMCs 7747 50.82 -3441 415 0.55 -86.75 2.80 0.53 -81.04

(57.13,99.62)  (39.08,64.07) (-40.92,-26.62) (3.71,4.68) (048,0.62)  (-88.77,-84.36) (246, 3.27) (041,0.71)  (-84.67,-76.68)

CI - confidence interval, DALYs — disability-adjusted life years, LICs — low-income countries and territories, LMCs — lower-middle-income countries
and territories, MSMI — maternal sepsis and other maternal infections, Ul — uncertain interval, UMCs — upper-middle-income countries and territories.

Table 2. ASIR, ASMMR, and age-standardised DALYs of MSMI in 131 low- and middle-income countries and territories with EAPC
from 1990 to 2019

ASMMR* Age-standardised DALYs ratet
Location 1990 2019 EAPC, % 1990 2019 EAPC, % 1990 2019 EAPC, %
(95% UD) (95% UI) ©5% CD 95% UI) (95% UI) 5% CD) (95% UI) 95% UI) 95% CD)
Global 787.04 534.21 -1.17% 27.53 12.44 -2.83% 84.83 2734 -3.89%
(595.71,990.76)  (407.34,673.73) (-1.23,-1.11)  (23.90,31.49)  (10.51,1451)  (-3.22,-243)  (73.76,96.71) (22.97,32.3) (-4.18, -3.59)
LICs 1370.98 932.14 -1.34% 69.78 42.31 -1.38% 428.22 181.56 -2.63%
(1054.65, 1714.58) (713.57,1175.26)  (~1.39, -1.29) (57.65, 82.95) (34.65, 51.48) (-1.79,-0.96)  (354.29,507.11) (148.64,220.94) (-3.1,-2.16)
LMCs 1044.71 590.93 -1.96% 3643 8.94 -5.18% 149.04 22.8 -6.68%
(797.69,1312.25) (444.80,748.91) (-1.99,-1.92) (30.67,43.21) (741, 10.71) (-5.64,-4.73)  (125.94,176.01)  (18.91, 27.26) (-7.12,-6.249)
UMCs 623.74 410.35 -0.83% 9.07 1.65 -6.02% 23.88 4.21 -5.70%

(462.87,798.70)  (314.31,514.42)  (-1.13,-0.54) (8.11, 10.24) (144, 1.87) (-6.24, -5.79) (21.00, 27.68) (3.22,5.68) (-6.04, -5.35)

ASIR - age-standardised incidence rate, ASMMR — age-standardised maternal mortality ratio, CI — confidence interval, DALYs — disability-adjusted life
years, EAPC — estimated annual percentage change, LICs — low-income countries and territories, LMCs — lower-middle-income countries (and territo-
ries), MSMI — maternal sepsis and other maternal infections, UI — uncertain interval, UMCs — upper-middle-income countries (and territories)

*Per 100000 population.

+Per 100000 livebirths.

FPer 100000 population.

National trend of MSMI

At the national level in 2019, India and China had the highest absolute number of incident cases (3.76 mil-
lion, 95% Ul=2.75, 4.86; 1.60 million, 95% Ul=1.17, 2.12), while Democratic Republic of the Congo and
India had the highest absolute number of deaths (2770, 95% Ul=2026, 3675; 1919, 95% Ul=1344, 2641)
and DALYs (0.16 million, 95% Ul=1.17, 2.09; 0.13 million, 95% UIl=0.10, 0.18) (Tables S4—6 in the Online
Supplementary Document). The country with the most pronounced increase in incident cases of MSMI
was Afghanistan (167.81%), followed by Niger (162.27%) and Somalia (153.53%), whereas the incident case
number of 12 nations, such as Saint Lucia and Bosnia and Herzegovina, all decreased by more than 50% in
2019 (Figure 2, panel A, Table S4 in the Online Supplementary Document). The largest increase in deaths
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Figure 1. ASIR per 100000 population (Panel A), ASMMR per  Figure 2. National trends in the incidence of MSMI in 131 LIMCs.
100000 livebirths (Panel B), and age-standardised DALY rates per ~ The percentage of relative percent change in incident cases of MSMI
100000 population (Panel C) for MSMI globally and in LIMCs  between 1990 and 2019 (Panel A), age-standardised incidence
over 30 years, 1990-2019. ASIR — age-standardised incidence rate, rates (ASIRs) of MSMI in 2019 (Panel B), and estimated annual
ASMMR - age-standardised maternal mortality ratio, DALYs —dis- ~ percentage changes (EAPCs) of ASIRs of MSMI from 1990 to 2019
ability-adjusted life years, LIMCs — low- and middle-income coun- ~ (Panel C) are reported. LIMCs — low- and middle-income coun-
tries and territories, MSMI — maternal sepsis and other maternal  tries (and territories), MSMI — maternal sepsis and other maternal
infections. infections.

of MSMI was observed in Somalia (167.69%), followed by Democratic Republic of the Congo (157.43%), while
the most pronounced decrease was detected in Bosnia and Herzegovina (-99.80%) and China (-98.84%)
(Table S5, Figure S1 in the Online Supplementary Document). Among the 131 LMICs, Chad (93.96%) and
El Salvador (93.90%) had the highest fall-off in DALYs, while Somalia had the largest increase (172.10%),
followed by the Democratic Republic of the Congo and Central African Republic (Table S6, Figure S2 in the
Online Supplementary Document).

The epidemic state of MSMI varied significantly across 131 LMICs in 2019. Somalia showed the highest
estimated national-level ASIR (1328.40 per 100000 population, 95% Ul=1006.01, 1679.61) and age-stan-
dardised DALYs rate (656.45 per 100000 population, 95% Ul=433.86, 934.27), while Serbia and China were
on the contrast (Figure 2, panel B, Figure S2, Tables S4 and S6 in the Online Supplementary Document).
At least six countries and territories had ASMMR greater than 70.00 per 100000 livebirths in 2019. In the
Central African Republic, every 100000 livebirths caused more than 120 maternal lives lost, with the high-
est ASMMR of the 131 LIMCs. At least 26 LMICs had ASMMR less than 1.00 per 100000 livebirths, includ-
ing Montenegro, Bosnia and Herzegovina, North Macedonia, Viet Nam, and China (Table S5, Figure S1 in
the Online Supplementary Document).
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Of the 131 LMICs, the negative EAPCs of ASIR were observed in almost all countries and territories,
ranging from -0.06% in Cuba to -3.88% in Libya, except Georgia (EAPC=0.91%, 95% CI=0.40, 1.41),
Brazil (EAPC=0.72%, 95% CI=0.45, 0.99), Russian Federation (EAPC=0.71%, 95% CI=0.17, 1.25), Belarus
(EAPC=0.48%, 95% CI=0.01, 0.95) and Kazakhstan (EAPC=0.04%, 95% Cl=-0.34, 0.42) (Figure 2,
panel C, Table S4 in the Online Supplementary Document). As for the EAPCs of ASMMR, 13 coun-
tries, such as Zimbabwe and Central African Republic, showed an overall upward trend between 1990
and 2019 (all EAPCs and 95% ClIs >0), 10 countries, such as Albania and the Marshall Islands, remained
stable, while the other 108 LMICs declined steadily over the 30-year period (all EAPCs and 95% Cls <0).
The ASMMR of Zimbabwe (EAPC=5.21%) showed the most significant increase in the estimated annual
change, while China (EAPC=-13.70%) and Bosnia and Herzegovina (EAPC=-21.25%) showed the fastest
decline (Table S5, Figure S1 in the Online Supplementary Document). In addition, the estimated annual
percentage change differed in age-standardised DALYs rates between 1990 and 2019, from the highest in
Zimbabwe (EAPC=4.02%) to the lowest in the Lao People’s Democratic Republic (EAPC=-10.05%), Nepal
(EAPC=-10.10%), and Equatorial Guinea (EAPC=-12.56%). Only Zimbabwe, Georgia, Democratic Republic
of the Congo, and Kazakhstan showed an overall upward trend between 1990 and 2019 (all EAPCs and 95%
Uls >0) (Table S6, Figure S2 in the Online Supplementary Document).

Age-specific distribution of MSMI in LMICs

The global incidences of MSMI consistently increased first and then decreased with age both in 1990 and
2019, with ASIR peaking in the 20-24 years (Table 3, Figure 3, panels A-B). The age distribution of global
ASMMR was the same as that in different low- and middle-income regions: relatively higher in the young-
est age group and remarkedly higher in the oldest age group, in 1990 and 2019 (Table 4, Figure 3, panels
C-D). As for the age-standardised DALYs rates, the age distribution of global, LMCs and UMCs was the same
as that of ASIR, with the highest rates in the 20-24 years, while there was a clear inverted U shape with
the peak between 30-39 years (Table 5, Figure 3, panels E-F). Notably, the ASIR, ASMMR and age-stan-
dardised DALYs rates of almost all age groups in LICs were significantly higher than the global average, LMCs
or UMCs. The disease burden of incidence, death and DALYs of all age groups in 131 LMICs are shown in
Tables S7-33 in the Online Supplementary Document.

Globally, almost all of the age groups of ASIR, ASMMR, age-standardised DALYs rates showed a downward
trend at global level between 1990 and 2019, with the speediest decrease in ASIR (EAPC=-2.07%, 95%
Cl=-2.27,-1.86%) and age-standardised DALYs rates in 50-54 years group (EAPC=-4.81%, 95% CI=-4.96,
-4.66%), and the speediest decrease in ASMMR in 30-34 years group (EAPC=-3.55%, 95% CI=-3.97,
-3.14%) (Figure 4, panels A—C). Among income-classified regions, the vast majority of all age groups of ASIR,
ASMMR, age-standardised DALYs rates of LMICs had downtrends between 1990 and 2019, except for the
uptrends of ASIR among 10-14 years (EAPC=0.32%), 30-34 years (EAPC=0.87%), and 35-39 years group
(EAPC=1.16%) and the stable status in >40 years group in UMCs. In LICs, ASMMR and age-standardised
DALYs rates in 10—14 years group remained stable over these three decades. Overall, the decreasing trends
of disease burden in LMCs and UMCs was more significant than that in LICs in all age groups, along with
better changes than those of global average, except in ASIR. The ASMMR and age-standardised DALYs rates
of LMCs decreased more rapidly in younger age groups than in UMCs, but the opposite was true in older age
groups. The national trend of ASIR, ASMMR, age-standardised DALYs rates in 131 LMICs of all age groups
are also presented in Tables S7-33 in the Online Supplementary Document.

Factors associated with MSMI burden and EAPCs

Global ASIR, ASMMR, and age-standardised DALYs rates all decreased significantly with increasing SDI
between 1990 and 2019 (all p<0, P<0.05) (Figure S3 in the Online Supplementary Document). In 2019,
there was an inverse association between the ASIR, ASMMR, age-standardised DALYs rates for MSMI and
SDI and UHCI in 131 LMICs, with some exceptions (Figure 5, panels A-B). With the growth of SDI and
UHCI, the decreasing trend of ASIR, ASMMR, and age-standardised DALYs rates slowed down.

The observed global EAPCs of ASIR, ASMMR, and age-standardised DALYs rates in relation to SDI and
UHCI in 2019 are shown in Figure 6, panels A-F and Figure 7, panels A-F. Globally, the EAPCs of ASIR
and age-standardised DALYs rates of MSMI had a U-shaped association with SDI in 2019, with the peak
point appearing SDI between 0.5 and 0.6. Similar patterns were observed in all country levels, except for the
negative association between the EAPC of ASIR and SDI in LICs (Figure S4 in the Online Supplementary
Document). A significant negative correlation was detected between EAPC of ASMMR of MSMI and SDI
in 2019 (p=-0.33, P<0.05) (Figure 6, panel E). In terms of the country classifications by income level,
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Figure 3. ASIR per 100000 population, ASMMR per 100000 livebirths, and age-standardised DALY rates per 100000
population for MSMI among different age groups globally and in LIMCs in 1990 (Panel A, C, and E) and in 2019
(Panel B, D, and F). ASIR — age-standardised incidence rate, ASMMR — age-standardised maternal mortality ratio,
DALYs — disability-adjusted life years, LIMCs — low- and middle-income countries (and territories), MSMI — maternal
sepsis and other maternal infections.

a similar negative correlation was present only for LMCs, with a U-shaped correlation in LICs (Figure S4
in the Online Supplementary Document). The EAPCs of ASIR, ASMMR, and age-standardised DALYs
rates of 131 LMICs all negatively in relation to the UHCI in 2019 (all p<0, P<0.05) (Figure 7, panels A-F).
Moreover, the EAPC of ASIR in LICs, the EAPC of ASMMR in LMCs and UMCs, the EAPC of age-stan-
dardised DALYs rates in LICs and LMCs were inversely associated with the UHCI in 2019 (Figure S5 in the
Online Supplementary Document).
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Infections among pregnant women in 131 LMICs, 1990-2019

2 DISCUSSION

To our knowledge, this is the first systematic overview to

integrate the disease burden of MSMI in 131 LIMICs over

T T past three decades, exploring its secular trends, regional

J_ variations, and associations with SDI and UHCI. In this

\ \[—_I study, we found that only the number of incident cases in

LICs increased, with a relative percentage change over 50%.

Between 1990 and 2019, the ASIRs, ASMMRs and age-stan-

dardised DALYs rates of LICs were much higher than that of

LMCs and UMCs, although they all continued to decline. At

least six of 131 LMICs had ASMMR greater than 70.00 per

& 100000 livebirths in 2019. The EAPCs of ASIR, ASMMR,

P ®° and age-standardised DALYs rates in vast majority of LMICs

showed downward trends, but there are some exceptions.

The incidences of MSMI increased first till 20-24 years

o and then decreased with age both in 1990 and 2019, while

the ASMMRs were higher in the youngest and the oldest

“ age group. With the growth of SDI and UHCI in 21009, the

decreasing trend of ASIR, ASMMR, and age-standardised

DALYs rates slowed down. A significant negative correlation

+ was detected between EAPC of ASMMR of MSMI and SDI

in 2019, while the EAPCs of all age-standardised rates were
negatively in relation to the UHCI in 2019.

EAPC of ASIR
o

[

Age groups

EAPC of ASMMR

5

Our findings on the global and regional trends of MSMI
, : align with previous researches. Chen et al. discerned a con-
R sistent decline in the ASIR, ASMMR, and age-standardised
Y @ DALYs rates attributable to MSMI on a global scale, span-
ning the temporal continuum from 1990 to 2019 [18].

Significantly, this descent was most pronounced in regions

2 characterised by high MSMI burden and fasted in regions
with lower SDI. Of note, MSMI stands distinguished as one
o1 of the triumvirates of principal causes underpinning mater-
nal mortality [29]. An exhaustive scrutiny conducted by the
United Nations Maternal Mortality Estimation Inter-Agency
Group elucidated a noteworthy reduction in the global MMR
— plummeting from 385 deaths per 100000 livebirths in
& 1990 to 216 deaths in 2015, a substantial 43.9% relative
decrease over the course of 25 years [30]. Encouragingly,
advancements in diminishing MMR exhibit regional dif-

. . . ferentials, manifesting as an annualised decrement span-
& \\f’ \\9:»‘“’ ‘\G'»‘e *g'»@ ning from 1.8% in the Caribbean to a more robust 5.0% in
o A, ,g,"? bg”‘ & East Asia since 1990 [30]. The discernments proffered by
the GLOSS accentuated a higher incidences and deaths of
maternal sepsis within economies characterised by dimin-
ished fiscal affluence [8]. Furthermore, the investigation

Figure 4. The EAPC of ASIR per 100000 population (Panel A), ASMMR ~ accentuated the imperativeness of elevating the echelons
per 100000 livebirths (Panel B), and age-standardised DALY rates ~ ©f health care provision, fortifying infection control para-
per 100000 population (Panel C) for MSMI among different age ~ digms, and ameliorating health care infrastructural condi-
groups globally and in LIMCs, 1990-2019. ASIR —age-standardised  tions [8]. Such imperatives, culled from empirical observa-
incidence rate, ASMMR — age-standardised maternal mortality ratio, tions’ furnish pivotal data and Stra[egic counsel germane to

DALYs — disability-adjusted life years, EAPC —estimated annual per- ¢ amelioration of maternal health on a global scale.
centage change, LIMCs — low- and middle-income countries (and

territories), MSMI — maternal sepsis and other maternal infections. Maternal mortality, with a particular emphasis on deaths
entwined with infections, has long held a pivotal and

apprehension-inducing position in the ambit of global health concerns [29,31]. A salient example of this is its

conspicuous alignment with the objectives encapsulated in both the MDGs and the SDGs [4,14]. Numerous

scholarly inquiries have documented a discernible decrease in the incidence rate and MMR of MSMI over

Age groups

EAPC of Age-standardized DALYs rate
' &

Age groups

-@- Global Low income & Lower-middle income -¥ Upper-middle income
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Figure 5. ASIR per 100000 population, ASMMR per 100000 livebirths, and age-standardised DALY rates per 100000 population for MSMI
globally by SDI (Panel A) and UHCI (Panel B) in 2019. ASIR — age-standardised incidence rate, ASMMR — age-standardised maternal
mortality ratio, DALYs — disability-adjusted life years, MSMI — maternal sepsis and other maternal infections, SDI — sociodemographic
index, UHCI — universal health coverage effective coverage index.

the preceding decades, emblematic of strides made in enhancing maternal health outcomes [5,29,30]. Our
findings reveal that, despite a consistent annual decline in the ASIR and ASMMR in LMICs, LICs mani-
fested markedly higher ASIR and ASMMR than LMCs and UMCs, with the slowest downtrend. In 2019, LICs
reported an ASMMR of 42.31 per 100000 livebirths, significantly deviating from the benchmarks set by the
SDGs [4]. Although strides have been made in mitigating the burden of MSMI in low-income regions, the
deficiencies in health care systems have exacerbated the gap among LMICs in the management of maternal
infections [9,10,32]. LMICs, particularly those with lower fiscal capacity, such as Central African Republic,
Somalia, Haiti, Liberia, the Democratic Republic of the Congo, and Eritrea, persist in grappling with for-
midable challenges in addressing maternal health issues [10,20]. This glaring burden disparity necessitates

2024 « VOL. 14 « 04130 12 www.jogh.org e doi: 10.7189/jogh.14.04130
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Figure 6. The correlation between the EAPC of ASIR per 100000 population (Panels A and (D)/ASMMR per 100000 livebirths (Panels
B and (E)/age-standardised DALY rates per 100000 population (Panels C and (F) of MSMI and SDI (in 2019) in LMICs. Spearman cor-
relation analyses were employed. ASIR — age-standardised incidence rate, ASMMR — age-standardised maternal mortality ratio, DALYs —
disability-adjusted life years, EAPC — estimated annual percentage change, LIMCs — low- and middle-income countries (and territories),
MSMI — maternal sepsis and other maternal infections, SDI — sociodemographic index.

targeted interventions and resource allocation to address the specific challenges confronted by LMICs.
The epidemiological landscape of MSMI exhibited substantial heterogeneity across 131 LMICs in 2019,
with Somalia registering the highest estimated national-level ASIR (132840 per 100000 population) and
age-standardised DALYs rate. The occurrence of maternal sepsis events is intimately linked to the ubiquity
of health care conditions, sanitation facilities, and health care services, with these factors being particularly
accentuated in Somalia [10,33-36]. Those governments grappling with famine, conflict, and environmental
pollution were confronted to resource constraints in addressing the dearth of health resources [34-37]. As
one of the most fragile nations, Somalia’s health conditions continue to deteriorate due to weak governance,
deficient public services, corrupt public administration, a high influx of refugees and involuntary migrants,
and rapid economic decline, markedly amplifying the risk of maternal sepsis [33-39]. Additionally, Georgia,
Brazil, the Russian Federation, Belarus, and Kazakhstan witnessed an estimated annual increase in ASIR
of MSMI. Limited access to health care facilities, inadequate resources, and socio-economic disparities col-
lectively contribute to the heightened burden of MSMI in LICs [10].

The age-specific distribution of deaths of MSMI exhibited a consistent pattern, characterised by elevated
ASMMR in both the youngest and oldest age groups within in LMICs, which may be attributed to the height-
ened susceptibility of women in these age brackets to infections and complications during and after child-
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Figure 7. The correlation between the EAPC of ASIR per 100000 population (Panels A and (D)/ASMMR per 100000 livebirths (Panels B
and (E)/age-standardised DALY rates per 100000 population (Panels C and (F) of MSMI and UHCI (in 2019) in LMICs. Spearman cor-
relation analyses were employed. ASIR —age-standardised incidence rate, ASMMR — age-standardised maternal mortality ratio, DALYs —
disability-adjusted life years, EAPC — estimated annual percentage change, LIMCs — low- and middle-income countries (and territories),
MSMI — maternal sepsis and other maternal infections, UHCI — universal health coverage effective coverage index.

birth [1,40]. Presently, a prevailing trend of delayed marriage and childbearing in numerous countries and
regions directly contributes to an increase in the average age of parturient [41-43]. Some policies aiming at
encouraging birth have, to a certain extent, augmented the prevalence of advanced maternal age pregnan-
cies, typically defined as pregnancies in women aged 35 and above [43,44]. The status of advanced maternal
age as a risk factor for adverse maternal events is widely acknowledged [45,46]. Consistent with our find-
ings, the MMR in the group aged 40 and above was significantly higher than in other younger age groups.
This concurred with Kendle et al’s findings, which asserted that older women have the highest likelihood
of sepsis-related in-hospital mortality [47]. Furthermore, the vast majority of all age groups of MSMI burden
in LMICs exhibited declining trends between 1990 and 2019. Exceptions were observed in the increasing
trends of ASIR among the 10-14 years, 3034 years, and 35-39 years group in UMCs. The gradual shift
in sexual attitudes in some UMCs may partially explain these trends, but there are still deeper underlying
causes warranting further exploration. Another notable concern is the apparent lack of significant improve-
ment in ASMMR for the 10- to 20-year age group in LICs over the past three decades. These results accen-
tuate the imperative for age-specific interventions, such as enhanced antenatal care, infection prevention
and control measures, and postpartum care, to effectively address the distinctive needs and risks faced by
diverse maternal age groups.

2024 « VOL. 14 « 04130
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This study revealed an inverse relationship between the burden of MSMI and the SDI among 131 LMICs.
This association, albeit with some exceptions, underscored those countries with lower socio-economic
status, education level and insufficient awareness in health workers tend to bear a higher MSMI burden,
aligning with previous epidemiological researches [10,18]. This correlation may be explicable by the lim-
ited opportunities for accessing health care services and resources in low-income environments, result-
ing in elevated incidence and mortality rates [10]. We also anticipated a negative correlation between the
MSMI disease burden and the UHCI, a representative measure of the global average coverage of primary
health care services [21]. UHC encompasses the entire spectrum of essential health services, spanning
health promotion, prevention, treatment, rehabilitation, and palliative care across the life course [4,48].
However, progress towards achieving UHC, a key component of SDGs, has been insufficient. Health ser-
vice coverage improvements have stagnated since 2015, and the proportion of the population facing cata-
strophic out-of-pocket health spending has surged [48]. Fundamental challenges persist, particularly the
pervasive inequalities in health coverage, even in nations making strides in health care service coverage,
with the overall data masking internal disparities, especially in low-income countries [48]. Furthermore,
an observed negative correlation between the estimated annual percentage change of ASMMR and SDI
in 2019 indicated that countries with lower socio-economic status experience slower progress in mitigat-
ing maternal mortality attributed to MSMI. Additionally, the estimated annual percentage change of ASIR
and SDI in 2019 revealed a U-shaped correlation, peaking at 0.5-0.6. This phenomenon may be linked to
the limited health care resources accessible to lower SDI countries and the lower baseline incidence rates
in higher SDI countries [9,10]. As anticipated, the global estimated annual percentage change of ASIR,
ASMMR, and age-standardised DALYs rates all demonstrated a negative relationship with the UHCI in
2019. These findings underscore the pressing and targeted necessity for policy interventions and invest-
ments in health care infrastructure, human resources, and health financing to enhance access to available
maternal health care services, particularly in low-income settings.

To address the burden of maternal sepsis and other infections (MSMI) and improve maternal health out-
comes in LMICs, a comprehensive and multifaceted approach is essential. Strengthening health care sys-
tems and infrastructure in these countries is of paramount importance, requiring increased investment
and enhanced accessibility to essential medicines and supplies [10]. Simultaneously, it is crucial to enhance
antenatal care and infection prevention practices, with a specific emphasis on early detection and effective
management of infections [9,31]. Additionally, improving postpartum care and follow-up is equally signif-
icant, ensuring timely identification and intervention for postpartum infections [9]. Moreover, addressing
the social determinants of health, including poverty and gender inequality, through gender-equitable pol-
icies and women’s empowerment initiatives, can have a substantial impact on MSMI outcomes in LMICs
[48]. Strengthening health information systems and surveillance is vital for accurately tracking the burden
of MSMI and guiding evidence-based decision-making. Facilitating multi-sectoral collaboration and part-
nerships among government agencies, non-governmental organisations (NGOs), and community-based
organisations will further augment the effectiveness of interventions. Expanding coverage and improving
service quality are imperative to scale up access to quality maternal health care services in LMICs [10].
Investment in research and innovation is necessary to identify and implement effective strategies and tech-
nologies for preventing and managing MSMI. Empowering women and involving communities in deci-
sion-making and health care planning are critical components of comprehensive interventions. Regular
monitoring and evaluation of interventions will enable the assessment of their effectiveness and facilitate
necessary adjustments [48]. By implementing these recommendations, tangible reductions in the burden
of MSMI may be achieved, leading to improved maternal health outcomes and the realisation of global
maternal health goals. However, it is essential to underscore the ongoing need for sustained efforts and
investments to maintain progress in addressing MSMI and promoting maternal health in LMICs.

Focusing on LMICs is what distinguishes this study from other conventional GBD studies. As mentioned
elsewhere, the GBD study has some limitations. First, besides data extracted from vital registration, verbal
autopsy, registry, survey, police report, some unavailable location or year data relied on model estimates,
which may underestimate the real disease burden of MSMI. Second, due to the characteristics of GBD
2019, our results are presented in limited depth and cannot be subdivided into the aetiology or pathogens
of MSMI. Third, the use of the EAPC for each age-standardised rate and the relative percent change in the
number of events to assess secular trends over the three decades from 1990 to 2019 may have obscured
dynamic processes due to some preventive measures. Finally, because of the special characteristics of preg-
nant women and the trend of late marriage and late childbearing, we suggest that the world, especially
LMICs, should pay more attention to MSMI to protect the health of pregnant women and their children,
and promote social stability.
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CONCLUSIONS

Although progress has been made in reducing the burden of MSMI in 131 LMICs, the disease burden in
LICs far exceeded that of LMCs and UMCs. Socio-economic status and universal health coverage were both
associated with the MSMI burden, and further research is needed to explore the underlying factors contrib-
uting to these disparities and to identify effective strategies for reducing the disparities in disease burden.
Our findings provide valuable insights into the burden of MSMI in LMICs, which can inform policy and
programmatic interventions to improve maternal health outcomes.
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