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Abstract
Background: Neonatal sepsis has high morbidity and mortality, and there are differences between developing
and developed countries in terms of its risk factors and disease burden. However, no systematic comparative
analysis of this disease burden has been reported in recent years.

Methods: Using the Global Burden of Disease Study (GBD) 2019 as a data source, we assessed the prevalence,
incidence, and disability-adjusted life years (DALYs) of early and late-onset neonatal sepsis in China and the
United States of America (USA). We also analyzed DALYs rates due to short gestation and low birthweight, and
summary exposure value (SEV) for these two risk factors. Joinpoint regression models were applied to analyze
the temporal trends in associated epidemiological indicators of neonatal sepsis.

Results: From 1990 to 2019, the incidence and prevalence of neonatal sepsis in China showed a signi�cant
upwards trend compared with the largely stable trend in the USA. DALYs due to short gestation and low
birthweight for neonatal sepsis in both genders showed a decreasing trend in both countries, while years lived
with disability (YLDs) in China showed a �uctuating increasing trend.

Conclusions: DALYs attributed to short gestation and low birth-weight for neonatal sepsis in both countries
showed a decreasing trend, while the YLDs and SEVs of these two risks are on the rise in China. Therefore,
Chinese public health policy needs to be geared towards controlling these risk factors, learning from the
advanced health policy planning and perinatal management experiences of developed countries, and
improving neonatal follow-up and rehabilitation interventions.

1 Introduction
Neonatal sepsis is a condition characterized by clinical signs of bacteremia and systemic infections [1]. It has
signi�cantly higher morbidity and mortality rate in the neonatal period than in any other stage of life [2]. Its
prevalence ranges from 1 to 5 cases per 1000 live births in developed countries and 49–170 cases per 1000
live births in developing countries [3]. In a study on the causes of neonatal death in 194 countries, sepsis
accounted for 15% of the total mortality [4]. Another survey in developing countries found that sepsis
accounted for 40% of neonatal death [5]. With advances in neonatology and the increased survival of low-birth-
weight infants, especially very low birthweight infants, neonatal sepsis is not being cured accordingly and the
disease burden of sepsis is increasing[6].

The most important risk factors for the development of sepsis in the neonatal period are short gestation and
low birthweight [7]. Although the incidence of early neonatal sepsis appears to decrease with the improvement
in obstetric care as well as with the use of intrapartum antibiotics [8], it is interesting to note that the incidence
of late neonatal sepsis appears to increase with the survival of preterm and very low birthweight infants [9].

The incidence of neonatal sepsis may re�ect differences in income levels in different countries, corresponding
differences in healthcare resources and healthcare settings, and the level of medical technology [10]. Neonatal
sepsis is probably the most treatable and preventable cause of childhood infectious diseases globally [11].

No systematic comparative analysis of neonatal sepsis morbidity, prevalence, and burden of disease between
developing and developed countries has been reported in recent years. This study aimed to use data from the
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Global Burden of Disease Study (GBD) 2019, taking China and the United States of America (USA) as
examples, to estimate the prevalence, incidence, disability-adjusted life years (DALYs), and major risk factors of
neonatal sepsis in developing and developed countries. With this, we also aim to highlight measures for
improvement in health policy planning and perinatal management, especially in developing countries.

2 Materials and Methods

2.1 Data source and study population
The GBD 2019 is a study that utilizes the Cause of Death Ensemble Model (CODEm) and spatiotemporal
Gaussian process regression models to estimate the burden of disease using epidemiological indicators, such
as the incidence and prevalence of 369 diseases and injuries in 204 countries and territories, as well as
comprehensive indicators such as DALYs including years of life lost (YLLs) and years lived with disability
(YLDs) with 87 risk factors attributed to them. Details on the speci�c methodology used to calculate the burden
of disease can be found in the published article[12, 13]. And public information is available online
(http://ghdx.healthdata.org/gbd-results-tool). We collected data concerning neonatal sepsis by nation, sex, and
day of age from 1990 to 2019 on February 16 to 18, 2022, including the following information of early and late
onset neonatal sepsis between males and females in China and the USA: (1) The incidence, prevalence, and
mortality; (2) The DALYs, YLLs, and YLDs; (3) All risk factors in GBD 2019 for neonatal sepsis in the above
population, and their SEVs values for low birthweight and short gestation [14].

According to GBD 2019, early onset neonatal sepsis occurs in early neonates (0-6 days), while late onset
neonatal sepsis occurs in late ones that are 7-27 days old. DALYs are calculated as the sum of years of life lost
due to premature death (YLLs) and nonfatal health impairment (YLDs) by cause, age, and sex [15]. Short
gestation was de�ned as a gestational age at birth less than the lowest-risk age (38 weeks), while low
birthweight was de�ned as a birthweight less than the lowest-risk weight (2500 g). Both are leading level 4 risk
factors for diseases in children under 5 years of age [16]. The summary exposure value (SEV) represents the
exposure dose of a population to a risk factor, which is the result of excess risk-weighted prevalence [17]. SEV
values range from 0 to 100, with 0 representing no risk of exposure to the population and 100 representing the
highest risk level of exposure [12]. This study was performed in accordance with Guidelines for Accurate and
Transparent Health Estimates Reporting (GATHER) [18]. Informed consent was not required for this study which
was considered non-human study. 

2.2 Statistical analysis
To determine the trends of different epidemiological indicators over time, we used the Joinpoint Regression
Program (version 4.9.0.0, National Cancer Institute, Rockville, MD, USA) for the analysis. This program �nds
statistically signi�cant trend segments by establishing the interval segmentation function joinpoints with
minimum mean squared errors and its interval function �t after the sequential testing procedure [19]. To ensure
the credibility of the results, we selected the maximum number of joinpoints as three and derived the annual
percentage change (APC), average annual percentage change (AAPC), and 95% CI for the different stages.
AAPC was calculated as the average weighted by the length of the APC interval and was assessed using a Z
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test to determine if it was signi�cantly different from 0. Statistical signi�cance was set at p < 0.05. All
epidemiological indicators were expressed in units of 100,000 live births, except for SEVs, which were
expressed as a percentage. Besides, all rates were age-standardized. 

3 Results
We have found that the temporal trend changes in mortality of neonatal sepsis derived from the joinpoint
regression models are identical to the temporal trend changes in YLLs; therefore, mortality rates were not
separately tabulated and plotted.

3.1 The temporal trends in the prevalence and incidence of
neonatal sepsis, 1990-2019
The temporal trends in the prevalence and incidence of early and late onset neonatal sepsis by sex in China
and the USA are presented in Figure 1 (A, B) and Figure 2 (A, B), respectively; their speci�c APC values are
presented in Supplementary table 1 and Supplementary table 2. Details on the values of each epidemiological
indicator rate in 1990 and 2019 can be found in Supplementary table 3. Regarding the prevalence of early and
late onset neonatal sepsis, the temporal trends were essentially the same in the USA and China. Compared to
the prevalence of neonatal sepsis in the USA, which has remained roughly constant, the prevalence of neonatal
sepsis in China has been trending upwards, showing a signi�cant increase, especially from 2017 to 2019, both
in neonates with early (APC 2.6; 95% CI 0.9, 4.2) and late (APC 2.6; 95% CI 1.0, 4.3) onset of neonatal sepsis.
Among the early neonates, the incidence of neonatal sepsis showed an overall decreasing trend in the USA and
a signi�cant overall increasing trend in China. The incidence of late onset neonatal sepsis increased in both the
USA and China, with the increasing trend being higher in Chinese neonates (males: AAPC 0.6; 95% CI 0.3, 0.8;
females: AAPC 0.6; 95% CI 0.4, 0.7) than in American neonates (males: AAPC 0.5; 95% CI 0.4, 0.6; females:
AAPC 0.2; 95% CI 0.0, 0.3). In addition, when comparing early and late neonates, the incidence of neonatal
sepsis in China was higher in the former group than that in the latter in 2019.

3.2 The temporal trends in the DALYs, YLDs, YLLs rates of
neonatal sepsis, 1990-2019
The temporal trends in the DALYs, YLDs, and YLL rates of early and late onset neonatal sepsis strati�ed by sex
in China and the USA are presented in Figure 1 (C, D, E) and Figure 2 (C, D, E), and the exact values are detailed
in the joinpoint regression models in Table 1 and Table 2. The DALYs rates for early onset neonatal sepsis in
both countries showed a relatively signi�cant decreasing trend. However, China has shown a consistent and
overall decreasing trend in DALYs rates among late onset neonatal sepsis compared with the USA, where it
increased, then decreased (starting in 2003 for male neonates and 2006 for female neonates). As of 2019,
DALYs rates were higher in both sexes in the USA than in China, higher in male than in female neonates, and
higher in neonates with early onset neonatal sepsis than in those with late ones in both countries. For YLDs
rates of neonatal sepsis, there was a �uctuating signi�cant increase in male (AAPC 1.4; 95% CI 0.9, 2.0) and
female neonates (AAPC 2.6; 95% CI 2.3, 2.8) in China and an overall decreasing trend in male (AAPC -3.1; 95%
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CI -3.9, -2.3) and female neonates (AAPC -2.3; 95% CI -2.8, -1.8) in the USA. This change in the curve did not
differ signi�cantly between neonates with the early and late onset neonatal sepsis. The trends in YLLs and
DALYs rates were essentially the same in both countries.

3.3 The temporal trends in the DALYs rates due to short
gestation and low birthweight, 1990-2019
The curves of DALYs rates per year in neonates with neonatal sepsis due to short gestation and low birthweight
is shown in Figure 3 and could be supported by the joinpoint regression models in Table 1 and Table 2. There
was a signi�cant downward trend from 1990 to 2019 in the DALYs rates of early onset neonatal sepsis due to
short gestation and low birthweight in both the USA and China. Moreover, DALYs rates were lower in both sexes
in China than in the USA, and, in terms of decreasing trend, Chinese male early neonates had the maximum rate
of change (AAPC -2.0; 95% CI -2.4, -1.6) in DALYs rates due to low birthweight. 

DALYs rates for late onset neonatal sepsis due to short gestation and low birthweight in both sexes in the USA
increased and then decreased, showing a slight overall upward trend. In contrast, in China, DALYs rates due to
these two risk factors showed a stable decreasing trend overall. Although Chinese male late neonates had the
highest decreasing trend values among the two age groups strati�ed by country, they both showed a slightly
increasing trend from 2013 to 2019 for DALYs rates due to short gestation (APC -1.7; 95% CI -2.0, -1.4) and low
birthweight (APC -2.3; 95% CI -2.7, -2.0). In general, DALYs rates of neonatal sepsis due to these two risk factors
were higher in neonates with early onset neonatal sepsis than in those with late ones in both countries.

3.4 The temporal trends in the SEV rates of short gestation and
low birthweight, 1990-2019
The curves of SEV rates for short gestation and low birthweight are shown in Figure 4. Overall, the SEV rates of
both short gestation and low birthweight in early and late onset neonatal sepsis in China were lower than those
in the USA, and both rates �rst decreased, followed by a slightly increase. While in the USA, the SEV rates for
these two risk factors �rst increased and then decreased in early neonates, and steadily decreased in late
neonates. The magnitudes of changes in all the above trends were small.

4 Discussion
In this study, the incidence and prevalence of early and late-onset neonatal sepsis in China showed an
increasing trend from 1990 to 2019 compared to the USA, which is consistent with the report by Tao Pan et al.
[20]. Meanwhile, there has been a decreasing trend in DALYs of neonatal sepsis in both China and the USA and
a sustained decline in DALYs due to short gestation and low birthweight in China, which may be related to the
better management of risk factors for neonatal sepsis. Moreover, the incidence and DALYs of sepsis in
neonates with early-onset presentation were higher than in those with late-onset sepsis. Although YLDs
represented only a small percentage of DALYs, they showed a sizable upward trend in China. The �rst reason
could be that with the development of neonatal specialties, the survival rate of short gestation and low
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birthweight neonates has increased, but many of them cannot be fully cured and lead to more persistent
disabilities instead[21]. Second, a large proportion of neonates in China are discharged early against medical
advice and without complete care because of the heavy �nancial burden on the child's family and lack of
comprehensive health insurance coverage [22]. This scenario signi�cantly reduces the survival rate of short-
gestation and low-birth-weight neonates and increases the risk of complications, such as cerebral palsy.
Therefore, Chinese public health policy should aim at gradually promoting comprehensive health insurance
coverage, improving the social welfare system, developing a perinatal regionalization system, and enhancing
neonatal follow-up and developmental care [23]. Third, neonatal sepsis may lead to cerebral white matter
damage and increase the susceptibility of the brain to subsequent injury through a free radical attack,
production of pro-in�ammatory cytokines, and hypoxic-ischemic encephalopathy due to hypotension and
impaired autoregulation of cerebral blood �ow[24]. With the development of measures to assess and document
neurocognitive outcomes in recent years, long-term follow-up of high-risk populations has intensi�ed, and the
consequences of disability due to neonatal sepsis have been studied [25]. To improve neurological de�cits,
neonatal brain development can be promoted by enhancing sensory stimulation and other measures [26].

The results of this study suggest that the two top risk factors for the development of neonatal sepsis are short
gestation and low birthweight, which are consistent with previous reports [27, 28]. Previous studies have found
that the incidence of neonatal sepsis is inversely related to gestational age, with 33% of infants born at less
than 28 weeks, and up to 60% of those born at less than 25 weeks, developing neonatal sepsis [27]. Preterms
with low birthweight are three to ten times more likely to develop sepsis than full-term infants with normal
birthweights [8]. It is well known that low IgG levels in short gestation and low birthweight infants predispose
them to infection because of the reduced activation of the complement system, which promotes antibody-
dependent cytotoxicity and opsonization [29]. Meanwhile the rapid dominance of Amoeba species in the gut
microbiota of such neonates during the �rst week of life, which remains at high levels until 28 days after birth,
also results in low immunity. Additionally, they have a high chance of requiring invasive mechanical ventilation
and a long duration of hospital stay. This leads to an increased risk of hospital-acquired infections and a high
incidence of necrotizing small-bowel colitis, which can lead to neonatal sepsis [30, 31]. Our study found that in
China, SEVs of short-gestation and low-birth-weight neonates decreased and then increased in both early and
late-onset neonatal sepsis. The early decline is related to measures such as universal preconception and
pregnancy care, early detection of pregnancy complications, and timely intervention in our country [23]. In
recent decades, China's rapid economic development has boosted the development of healthcare, especially in
2013 when the Chinese government implemented a risk management strategy to reduce the maternal mortality
ratio (MMR). This involved establishing a national referral and treatment network for critically ill mothers and
newborns, with 3,369 and 3070 maternal and neonatal intensive care centers respectively [32]. This close
relationship between economic development and healthcare is understandable given that GDP is negatively
correlated with infant mortality (in the long term) and positively correlated with life expectancy [33]. However,
China still has di�culties in perinatal management. First, the two-child policy has led to a signi�cant increase
in the proportion of pregnant women of advanced age, menstruating mothers, and irregular prenatal checkups,
with a corresponding increase in the proportion of pregnant women at high risk for complications [34]. Second,
since 2018, it was regulated that medical expenses for rural women giving birth in hospital will only be paid by
the basic medical insurance for urban and rural residents, and the Chinese government will no longer subsidize
it [32]. Since providing quality health care to pregnant women is necessary to prevent preterm labor, this move
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is likely to have some adverse impact on neonatal care [35]. Third, although the average annual incidence of
preterm birth in China fell in the middle to upper range of 204 countries and regions in the world from 1990 to
2019, its incidence in 2019 was still the third highest in the world, merely after India and Pakistan [36]. Finally,
improving cure rates still remains a key point for reducing the disease burden of neonatal sepsis in China,
during which improvements in treatment practices will help. Therefore, China needs to further learn from the
perinatal management practices and experiences of high-income countries, improve its neonatal network and
care techniques, optimize obstetrics and drug treatment, and improve health services [22]. Examples of such
initiatives include ensuring that all births are attended by skilled staff whenever possible, increasing coverage
of prenatal steroid treatment, etc [36]. It is also vital to improve hand hygiene, use less invasive care, increase
breastfeeding rates, and provide developmental care for sepsis in preterm infants [37].

This study has some limitations. First, GBD 2019 still faces the challenge of insu�cient data availability
because the collected data originate from areas with different ways of keeping medical records, and data
processing and mathematical modeling are not fully corrected [13]. Second, there is still heterogeneity in
diagnostic criteria and detection levels of neonatal sepsis, with inevitably missed diagnoses leading to less
comprehensive statistics. Finally, the combined role of risk factors has not been considered; therefore, the
estimation of the risk-attributed burden of disease may be �awed.

5 Conclusions
By analyzing data on the burden of neonatal sepsis in China and the USA, this study explores the global
differences between developing and developed countries. DALYs for neonatal sepsis and DALYs due to short
gestation and low birthweight showed a decreasing trend between 1990 and 2019 in both China and the USA.
However, the prevalence, incidence, YLDs, and SEV of short-gestation and low-birth-weight neonates are
increasing in China compared to those in the USA. Therefore, Chinese public health policy needs to control the
risk factors for both short gestation and low birthweight, further develop neonatal specialties, promote obstetric
techniques, enhance perinatal care, and improve neonatal follow-up and rehabilitation interventions.

Declarations
Ethics approval and consent to participate

Not applicable.

Consent for publication

Not applicable.

Availability of data and materials

Public information is available online (http://ghdx.healthdata.org/gbd-results-tool)

The dataset supporting the conclusions of this article is available in the DANS EASY database: Zhang, C.Y.
(Zhejiang University School of Medicine) (2023): Epidemiological data on neonatal sepsis in China and the
United States. DANS. https://doi.org/10.17026/dans-z4m-bfwe



Page 8/17

Competing interests

The authors declare that they have no competing interests. 

Funding

This article did not receive any speci�c grant from funding agencies in the public, commercial, or not-for-pro�t
sectors.

Authors' contributions

Chengyue Zhang and Kaiyu Pan contributed to conception and design of the study. Lianfang Yu extracted the
data and organized the database. Xiaoming Pan performed the statistical analysis. Chengyue Zhang wrote the
�rst draft of the manuscript. Yuwei Lu and Kaiyu Pan wrote sections of the manuscript. All authors read and
approved the �nal manuscript. 

Acknowledgements

The authors would like to thank Editage (www.editage.cn) for English language editing.

References
1. Shane AL, Sanchez PJ, Stoll BJ: Neonatal sepsis. Lancet 2017, 390(10104):1770-1780.

2. Satar M, Ozlu F: Neonatal sepsis: a continuing disease burden. Turk J Pediatr 2012, 54(5):449-457.

3. Thaver D, Zaidi AK: Burden of neonatal infections in developing countries: a review of evidence from
community-based studies. Pediatr Infect Dis J 2009, 28(1 Suppl):S3-9.

4. Oza S, Lawn JE, Hogan DR, Mathers C, Cousens SN: Neonatal cause-of-death estimates for the early and
late neonatal periods for 194 countries: 2000-2013. Bull World Health Organ 2015, 93(1):19-28.

5. Zaidi AK, Huskins WC, Thaver D, Bhutta ZA, Abbas Z, Goldmann DA: Hospital-acquired neonatal infections
in developing countries. Lancet 2005, 365(9465):1175-1188.

�. Dong Y, Glaser K, Speer CP: Late-onset sepsis caused by Gram-negative bacteria in very low birth weight
infants: a systematic review. Expert Rev Anti Infect Ther 2019, 17(3):177-188.

7. Odabasi IO, Bulbul A: Neonatal Sepsis. Sisli Etfal Hastan Tip Bul 2020, 54(2):142-158.

�. Centers for Disease C, Prevention: Trends in perinatal group B streptococcal disease - United States, 2000-
2006. MMWR Morb Mortal Wkly Rep 2009, 58(5):109-112.

9. Bizzarro MJ, Raskind C, Baltimore RS, Gallagher PG: Seventy-�ve years of neonatal sepsis at Yale: 1928-
2003. Pediatrics 2005, 116(3):595-602.

10. Weiss SL, Fitzgerald JC, Balamuth F, Alpern ER, Lavelle J, Chilutti M, Grundmeier R, Nadkarni VM, Thomas
NJ: Delayed antimicrobial therapy increases mortality and organ dysfunction duration in pediatric sepsis.
Crit Care Med 2014, 42(11):2409-2417.

11. Ranjeva SL, Warf BC, Schiff SJ: Economic burden of neonatal sepsis in sub-Saharan Africa. BMJ Glob
Health 2018, 3(1):e000347.



Page 9/17

12. Collaborators GBDRF: Global burden of 87 risk factors in 204 countries and territories, 1990-2019: a
systematic analysis for the Global Burden of Disease Study 2019. Lancet 2020, 396(10258):1223-1249.

13. Diseases GBD, Injuries C: Global burden of 369 diseases and injuries in 204 countries and territories, 1990-
2019: a systematic analysis for the Global Burden of Disease Study 2019. Lancet 2020, 396(10258):1204-
1222.

14. website GHDE: Global Burden of Disease Study 2019 (GBD 2019) results. In.: Institute for Health Metrics
and Evaluation (IHME), University of Washington …; 2019.

15. Mokdad AH, Mensah GA, Krish V, Glenn SD, Miller-Petrie MK, Lopez AD, Murray CJL: Global, Regional,
National, and Subnational Big Data to Inform Health Equity Research: Perspectives from the Global Burden
of Disease Study 2017. Ethn Dis 2019, 29(Suppl 1):159-172.

1�. Collaborators GBDRF: Global, regional, and national comparative risk assessment of 84 behavioural,
environmental and occupational, and metabolic risks or clusters of risks for 195 countries and territories,
1990-2017: a systematic analysis for the Global Burden of Disease Study 2017. Lancet 2018,
392(10159):1923-1994.

17. Silva DAS, Ribeiro ALP, Marinho F, Naghavi M, Malta DC: Physical activity to prevent stroke mortality in
Brazil (1990-2019). Rev Soc Bras Med Trop 2022, 55(suppl 1):e0252.

1�. Stevens GA, Alkema L, Black RE, Boerma JT, Collins GS, Ezzati M, Grove JT, Hogan DR, Hogan MC, Horton
R et al: [Guidelines for Accurate and Transparent Health Estimates Reporting: the GATHER Statement].
Epidemiol Serv Saude 2017, 26(1):215-222.

19. Molnar A, Iancu M, Radu R, Borzan CM: A Joinpoint Regression Analysis of Syphilis and Gonorrhea
Incidence in 15-19-Year Old Adolescents between 2005 and 2017: A Regional Study. Int J Environ Res
Public Health 2020, 17(15).

20. Pan T, Zhu Q, Li P, Hua J, Feng X: Late-onset neonatal sepsis in Suzhou, China. BMC Pediatr 2020,
20(1):261.

21. Szamotulska K, Mierzejewska E: [Infant and neonatal deaths in poland in 1995-2015]. Dev Period Med
2017, 21(2):104-110.

22. Cao Y, Jiang S, Sun J, Hei M, Wang L, Zhang H, Ma X, Wu H, Li X, Sun H et al: Assessment of Neonatal
Intensive Care Unit Practices, Morbidity, and Mortality Among Very Preterm Infants in China. JAMA Netw
Open 2021, 4(8):e2118904.

23. He XR, Liang C, Yu YQ, Wu PJ, Chen XH, Chen YJ, Liu CQ, Ou-Yang XD, Shan RB, Pan WW et al: [Risk factors
for metabolic bone disease of prematurity in very/extremely low birth weight infants: a multicenter
investigation in China]. Zhongguo Dang Dai Er Ke Za Zhi 2021, 23(6):555-562.

24. Silveira RC, Procianoy RS, Dill JC, da Costa CS: Periventricular leukomalacia in very low birth weight
preterm neonates with high risk for neonatal sepsis. J Pediatr (Rio J) 2008, 84(3):211-216.

25. Pek JH, Yap BJ, Gan MY, Seethor STT, Greenberg R, Hornik CPV, Tan B, Lee JH, Chong SL: Neurocognitive
impairment after neonatal sepsis: protocol for a systematic review and meta-analysis. BMJ Open 2020,
10(6):e038816.

2�. Neel ML, Yoder P, Matusz PJ, Murray MM, Miller A, Burkhardt S, Emery L, Hague K, Pennington C, Purnell J
et al: Randomized controlled trial protocol to improve multisensory neural processing, language and motor
outcomes in preterm infants. BMC Pediatr 2019, 19(1):81.



Page 10/17

27. Boghossian NS, Page GP, Bell EF, Stoll BJ, Murray JC, Cotten CM, Shankaran S, Walsh MC, Laptook AR,
Newman NS et al: Late-onset sepsis in very low birth weight infants from singleton and multiple-gestation
births. J Pediatr 2013, 162(6):1120-1124, 1124 e1121.

2�. van Vliet EO, de Kieviet JF, Oosterlaan J, van Elburg RM: Perinatal infections and neurodevelopmental
outcome in very preterm and very low-birth-weight infants: a meta-analysis. JAMA Pediatr 2013,
167(7):662-668.

29. Ohlsson A, Lacy JB: Intravenous immunoglobulin for preventing infection in preterm and/or low birth
weight infants. Cochrane Database Syst Rev 2020, 1:CD000361.

30. Zhao T, Feng HM, Caicike B, Zhu YP: Investigation Into the Current Situation and Analysis of the Factors
In�uencing Extrauterine Growth Retardation in Preterm Infants. Front Pediatr 2021, 9:643387.

31. Thursby E, Juge N: Introduction to the human gut microbiota. Biochem J 2017, 474(11):1823-1836.

32. Liu J, Jing W, Liu M: Risk management of pregnant women and the associated low maternal mortality
from 2008-2017 in China: a national longitude study. BMC Health Serv Res 2022, 22(1):335.

33. Ma Y, Hu M, Zafar Q: Analysis of the Impact of External Debt on Health in an Emerging Asian Economy:
Does FDI Matter? Front Public Health 2022, 10:824073.

34. Zhang HX, Zhao YY, Wang YQ: Analysis of the Characteristics of Pregnancy and Delivery before and after
Implementation of the Two-child Policy. Chin Med J (Engl) 2018, 131(1):37-42.

35. Chawanpaiboon S, Vogel JP, Moller AB, Lumbiganon P, Petzold M, Hogan D, Landoulsi S, Jampathong N,
Kongwattanakul K, Laopaiboon M et al: Global, regional, and national estimates of levels of preterm birth
in 2014: a systematic review and modelling analysis. Lancet Glob Health 2019, 7(1):e37-e46.

3�. Cao G, Liu J, Liu M: Global, Regional, and National Incidence and Mortality of Neonatal Preterm Birth,
1990-2019. JAMA Pediatr 2022, 176(8):787-796.

37. Humberg A, Fortmann I, Siller B, Kopp MV, Herting E, Gopel W, Hartel C, German Neonatal Network GCfLR,
Priming Immunity at the beginning of life C: Preterm birth and sustained in�ammation: consequences for
the neonate. Semin Immunopathol 2020, 42(4):451-468.

Tables
Table 1 Trends in DALYs, YLDs and YLLs rates of early onset neonatal sepsis by sex in China and the USA,
1990 - 2019, using Joinpoint regression models



Page 11/17

  DALYs YLDs YLLs DALYs due to
short gestation

DALYs due to
low birthweight

  Time
interval

APC
(95%
CI)

Time
interval

APC
(95%
CI)

Time
interval

APC
(95%
CI)

Time
interval

APC
(95%
CI)

Time
interval

APC
(95%
CI)

China males

Trend
1

1990-
2000

0.3
(-0.1,
0.6)

1990-
1995

0.4
(-1.1,
1.9)

1990-
2000

0.3
(-0.1,
0.6)

1990-
2000

-0.2
(-0.6,
0.1)

1990-
2000

-0.6
(-1.0,
-0.2) *

Trend
2

2000-
2012

-4.8
(-5.1,
-4.5)*

1995-
1999

7.5
(4.0,
11.1)*

2000-
2012

-4.8
(-5.1,
-4.5)*

2000-
2012

-4.4
(-4.7,
-4.1)*

2000-
2012

-5.0
(-5.4,
-4.7)*

Trend
3

2012-
2017

1.8
(0.3,
3.4)*

1999-
2011

1.4
(0.9,
1.9)*

2012-
2017

1.8
(0.3,
3.4)*

2012-
2017

3.2
(1.7,
4.7)*

2012-
2017

2.7
(1.1,
4.2)*

Trend
4

2017-
2019

-2.7
(-7.2,
2.1)

2011-
2019

-0.8
(-1.5,
-0.0)*

2017-
2019

-2.7
(-7.3,
2.1)

2017-
2019

-1.2
(-5.6,
3.4)

2017-
2019

-1.8
(-6.4,
3.0)

AAPC 1990-
2019

-1.8
(-2.2,
-1.4)*

1990-
2019

1.4
(0.9,
2.0)*

1990-
2019

-1.8
(-2.2,
-1.4)*

1990-
2019

-1.5
(-1.9,
-1.1)*

1990-
2019

-2.0
(-2.4,
-1.6)*

China females

Trend
1

1990-
2003

-0.1
(-0.5,
0.2)

1990-
1995

1.9
(1.3,
2.5)*

1990-
2003

-0.1
(-0.5,
0.2)

1990-
2003

-0.4
(-0.7,
-0.0)*

1990-
2003

-0.9
(-1.2,
-0.5)*

Trend
2

2003-
2007

-7.5
(-10.7,
-4.3)*

1995-
1999

6.1
(4.8,
7.5)*

2003-
2007

-7.6
(-10.8,
-4.3)*

2003-
2007

-6.9
(-10.0,
-3.6)*

2003-
2007

-7.6
(-10.6,
-4.4)*

Trend
3

2007-
2012

-0.8
(-3.0,
1.4)

1999-
2010

3.8
(3.6,
4.0)*

2007-
2012

-0.8
(-3.0,
1.4)

2007-
2012

-0.1
(-2.2,
2.1)

2007-
2012

-0.5
(-2.6,
1.6)

Trend
4

2012-
2019

1.4
(0.5,
2.3)*

2010-
2019

-0.1
(-0.3,
0.2)

2012-
2019

1.4
(0.5,
2.4)*

2012-
2019

2.4
(1.5,
3.4)*

2012-
2019

1.9
(1.0,
2.8)*

AAPC 1990-
2019

-0.9
(-1.6,
-0.3)*

1990-
2019

2.6
(2.3,
2.8)*

1990-
2019

-1.0
(-1.6,
-0.3)*

1990-
2019

-0.6
(-1.2,
0.0)

1990-
2019

-1.1
(-1.7,
-0.5)*

USA males

Trend
1

1990-
1996

-4.2
(-4.6,
-3.8)*

1990-
1996

-0.9
(-2.4,
0.6)

1990-
1997

-4.2
(-4.6,
-3.8)*

1990-
1997

-3.4
(-3.6,
-3.2)*

1990-
1996

-3.8
(-4.1,
-3.4)*

Trend 1996- -0.3 1996- -14.5 1997- -0.3 1997- 0.4 1996- 0.2
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2 2006 (-0.5,
-0.1) *

2000 (-18.3,
-10.6)*

2006 (-0.5,
-0.1)*

2005 (0.2,
0.7)*

2005 (0.0,
0.5)*

Trend
3

2006-
2011

-4.0
(-4.7,
-3.3)*

2000-
2005

1.1
(-1.7,
4.0)

2006-
2011

-4.0
(-4.7,
-3.3)*

2005-
2012

-3.5
(-3.8,
-3.2)*

2005-
2012

-3.3
(-3.6,
-2.9)*

Trend
4

2011-
2019

-0.2
(-0.5,
0.1)

2005-
2019

-2.0
(-2.4,
-1.6)*

2011-
2019

-0.2
(-0.5,
0.1)

2012-
2019

-0.0
(-0.3,
0.2)

2012-
2019

0.1
(-0.2,
0.4)

AAPC 1990-
2019

-1.7
(-1.9,
-1.6) *

1990-
2019

-3.1
(-3.9,
-2.3)*

1990-
2019

-1.7
(-1.9,
-1.6)*

1990-
2019

-1.6
(-1.7,
-1.4)*

1990-
2019

-1.5
(-1.6,
-1.3)*

USA females

Trend
1

1990-
1997

-3.5
(-3.8,
-3.2)*

1990-
1996

-1.0
(-1.7,
-0.2)*

1990-
1997

-3.5
(-3.8,
-3.2)*

1990-
1997

-3.2
(-3.5,
-2.9)*

1990-
1997

-3.1
(-3.4,
-2.8)*

Trend
2

1997-
2006

0.3
(0.1,
0.6)*

1996-
1999

-9.5
(-13.5,
-5.3)*

1997-
2006

0.3
(0.1,
0.6)*

1997-
2006

0.7
(0.4,
0.9)*

1997-
2006

0.7
(0.5,
1.0)*

Trend
3

2006-
2011

-3.1
(-3.8,
-2.5)*

1999-
2017

-2.0
(-2.2,
-1.8)*

2006-
2011

-3.1
(-3.8,
-2.5)*

2006-
2011

-3.4
(-4.1,
-2.7)*

2006-
2011

-3.2
(-3.9,
-2.5)*

Trend
4

2011-
2019

-0.3
(-0.6,
-0.1)*

2017-
2019

2.3
(-2.2,
7.1)

2011-
2019

-0.3
(-0.6,
-0.1)*

2011-
2019

-0.4
(-0.6,
-0.1)*

2011-
2019

-0.2
(-0.5,
0.0)

AAPC 1990-
2019

-1.4
(-1.6,
-1.2)*

1990-
2019

-2.3
(-2.8,
-1.8)*

1990-
2019

-1.4
(-1.5,
-1.2)*

1990-
2019

-1.3
(-1.4,
-1.1)*

1990-
2019

-1.2
(-1.3,
-1.0)*

* Signi�cantly different from 0 (P < 0.05).

Abbreviation: DALYs disability-adjusted life years; YLDs years lived with disability; YLLs years of life lost; APC
annual percent change; AAPC average annual percent change; CI con�dential interval

Table 2 Trends in DALYs, YLDs and YLLs rates of late onset neonatal sepsis by sex in China and the USA, 1990
- 2019, using Joinpoint regression models
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  DALYs YLDs YLLs DALYs due to
short gestation

DALYs due to
low birthweight

  Time
interval

APC
(95%
CI)

Time
interval

APC
(95%
CI)

Time
interval

APC
(95%
CI)

Time
interval

APC
(95%
CI)

Time
interval

APC
(95%
CI)

China males

Trend
1

1990-
1994

0.8
(-0.7,
2.3)

1990-
1995

0.6
(-0.9,
2.1)

1990-
1994

0.8
(-0.7,
2.3)

1990-
1994

0.6
(-0.8,
2.1)

1990-
1994

0.4
(-1.0,
1.8)

Trend
2

1994-
2001

-2.0
(-2.8,
-1.3)*

1995-
1999

7.5
(4.0,
11.2)*

1994-
2001

-2.1
(-2.9,
-1.3)*

1994-
2000

-2.2
(-3.2,
-1.2)*

1994-
2000

-2.6
(-3.6,
-1.7)*

Trend
3

2001-
2013

-4.4
(-4.7,
-4.1)*

1999-
2011

1.5
(1.0,
2.0)*

2001-
2013

-4.4
(-4.7,
-4.1)*

2000-
2013

-3.4
(-3.7,
-3.2)*

2000-
2013

-4.3
(-4.5,
-4.0)*

Trend
4

2013-
2019

-0.3
(-1.1,
0.5)

2011-
2019

-0.9
(-1.7,
-0.2)*

2013-
2019

-0.3
(-1.1,
0.5)

2013-
2019

1.1
(0.3,
1.8)*

2013-
2019

0.4
(-0.3,
1.2)

AAPC 1990-
2019

-2.3
(-2.6,
-2.0)*

1990-
2019

1.5
(0.9,
2.0)*

1990-
2019

-2.3
(-2.6,
-2.0)*

1990-
2019

-1.7
(-2.0,
-1.4)*

1990-
2019

-2.3
(-2.7,
-2.0)*

China females

Trend
1

1990-
1997

-0.6
(-1.2,
0.0)

1990-
1995

2.1
(1.4,
2.7)*

1990-
1997

-0.6
(-1.3,
0.0)

1990-
1995

-0.3
(-1.2,
0.7)

1990-
1996

-1.0
(-1.8,
-0.3)*

Trend
2

1997-
2007

-3.7
(-4.1,
-3.3)*

1995-
1999

6.2
(4.7,
7.7)*

1997-
2007

-3.8
(-4.3,
-3.4)*

1995-
2007

-3.0
(-3.3,
-2.8)*

1996-
2007

-3.9
(-4.2,
-3.6)*

Trend
3

2007-
2017

-0.1
(-0.5,
0.4)

1999-
2010

3.9
(3.7,
4.1)*

2007-
2017

-0.1
(-0.5,
0.4)

2007-
2017

1.0
(0.6,
1.4)*

2007-
2017

0.3
(-0.1,
0.7)

Trend
4

2017-
2019

-3.3
(-7.9,
1.4)

2010-
2019

-0.2
(-0.5,
0.0)

2017-
2019

-3.4
(-8.0,
1.5)

2017-
2019

-2.7
(-6.8,
1.6)

2017-
2019

-3.2
(-7.3,
1.1)

AAPC 1990-
2019

-1.7
(-2.1,
-1.3)*

1990-
2019

2.6
(2.4,
2.8)*

1990-
2019

-1.8
(-2.1,
-1.4)*

1990-
2019

-1.2
(-1.5,
-0.8)*

1990-
2019

-1.8
(-2.2,
-1.5)*

USA males

Trend
1

1990-
2003

2.3
(2.1,
2.5)*

1990-
1996

-0.9
(-2.4,
0.7)

1990-
2003

2.3
(2.1,
2.5)*

1990-
1993

1.8
(0.2,
3.5)*

1990-
2003

2.8
(2.6,
3.0)*

Trend
2

2003-
2007

-1.8
(-3.5,

1996-
2000

-14.4
(-18.2,

2003-
2007

-1.8
(-3.5,

1993-
2004

2.9
(2.6,

2003-
2007

-1.5
(3.4,
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0.0) -10.4)* 0.0) 3.1)* 0.4)

Trend
3

2007-
2011

-4.4
(-6.1,
-2.7)*

2000-
2006

0.7
(-1.4,
2.7)

2007-
2011

-4.4
(-6.2,
-2.7)*

2004-
2012

-3.6
(-4.1,
-3.2)*

2007-
2011

-4.5
(-6.3,
-2.7)*

Trend
4

2011-
2019

-1.0
(-1.3,
-0.6)*

2006-
2019

-2.2
(-2.7,
-1.7)*

2011-
2019

-1.0
(-1.3,
-0.6)*

2012-
2019

-0.9
(-1.4,
-0.5)*

2011-
2019

-0.9
(-1.3,
-0.5)*

AAPC 1990-
2019

-0.1
(-0.5,
0.2)

1990-
2019

-3.1
(-3.9,
-2.4)*

1990-
2019

-0.1
(-0.5,
0.3)

1990-
2019

0.0
(-0.2,
0.2)

1990-
2019

0.1
(-0.2,
0.5)

USA females

Trend
1

1990-
2000

2.1
(1.9,
2.4)*

1990-
1996

-1.0
(-1.8,
-0.2)*

1990-
2000

2.1
(1.9,
2.4)*

1990-
2001

2.5
(2.3,
2.8)*

1990-
2000

2.6
(2.3,
2.8)*

Trend
2

2000-
2006

0.5
(-0.2,
1.2)

1996-
1999

-9.3
(-13.8,
-4.7)*

2000-
2006

0.5
(-0.2,
1.2)

2001-
2006

0.6
(-0.4,
1.6)

2000-
2006

0.9
(0.2,
1.6)*

Trend
3

2006-
2011

-3.8
(-4.8,
-2.8)*

1999-
2017

-2.1
(-2.2,
-1.9)*

2006-
2011

-3.8
(-4.8,
-2.8)*

2006-
2012

-3.6
(-4.3,
-2.9)*

2006-
2011

-3.9
(-4.8,
-3.0)*

Trend
4

2011-
2019

-0.2
(-0.6,
0.1)

2017-
2019

2.2
(-2.8,
7.4)

2011-
2019

-0.2
(-0.6,
0.1)

2012-
2019

-0.0
(-0.5,
0.4)

2011-
2019

-0.2
(-0.5,
0.2)

AAPC 1990-
2019

0.1
(-0.1,
0.3)

1990-
2019

-2.3
(-2.9,
-1.7)*

1990-
2019

0.1
(-0.1,
0.3)

1990-
2019

0.3
(0.0,
0.5)*

1990-
2019

0.3
(0.1,
0.6)*

* Signi�cantly different from 0 (P < 0.05).

Abbreviation: DALYs disability-adjusted life years; YLDs years lived with disability; YLLs years of life lost; APC
annual percent change; AAPC average annual percent change; CI con�dential interval

Figures
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Figure 1

The temporal trends in the age-standardized prevalence, incidence, DALYs, YLDs and YLLs per 100,000
population of neonates with early onset neonatal sepsis by sex in China and the USA, 1990–2019. (a).
prevalence. (b). incidence. (c). DALYs. (d). YLDs. (e). YLLs.

Abbreviation: DALYs disability-adjusted life years; YLDs years lived with disability; YLLs years of life lost

Figure 2



Page 16/17

The temporal trends in the age-standardized prevalence, incidence, DALYs, YLDs and YLLs per 100,000
population of neonates with late onset neonatal sepsisby sex in China and the USA, 1990–2019. (a).
prevalence. (b). incidence. (c). DALYs. (d). YLDs. (e). YLLs.

Abbreviation: DALYs disability-adjusted life years; YLDs years lived with disability; YLLs years of life lost

Figure 3

The temporal trends in the age-standardized DALYs per 100,000 population of early and late onset neonatal
sepsis due to short gestation and low birth weight by sex in China and the USA, 1990–2019. (a). DALYs due to
short gestation in neonates with early onset neonatal sepsis. (b). DALYs due to low birth weight inneonates
with early onset neonatal sepsis. (c). DALYs due to short gestation in neonates with late onset neonatal sepsis.
(d). DALYs due to low birth weight in neonates with late onset neonatal sepsis.

Abbreviation: DALYs disability-adjusted life years
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Figure 4

The temporal trends in the age-standardized SEV per 100 population of short gestation and low birth weight in
early and late neonates by sex in China and the USA, 1990–2019. (a). SEV of short gestation in early neonates.
(b). SEV of low birth weight in early neonates. (c). SEV of short gestation in late neonates. (d). SEV of low birth
weight in late neonates.

Abbreviation: SEV summary exposure value
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