Incidence, Etiology and Trimester specific fetal outcomes of maternal sepsis in pregnancy: A Prospective hospital based study



Abstract
Background and Aims: Maternal sepsis remains a significant cause of maternal and fetal morbidity and mortality, particularly in developing countries. This prospective hospital-based study aimed to evaluate the incidence, etiology, and trimester-specific fetal outcomes associated with maternal sepsis. 
Methodology: The study was conducted over a two-year period (21st March 2020 to 20th March 2022) in a tertiary care maternity and neonatology center. All pregnant and postpartum women diagnosed with maternal sepsis were included. Blood cultures were performed to identify causative organisms, and antibiotic susceptibility testing was carried out according to Clinical and Laboratory Standards Institute (CLSI) guidelines. 
Results: A total of 2011 pregnant women were evaluated, among whom 424 cases of laboratory-confirmed maternal sepsis were identified. Ten different microbial species were isolated. Escherichia coli was the most common pathogen (38.68%), followed by Pseudomonas aeruginosa (21.7%) and Klebsiella pneumoniae (21.23%). The highest number of infections occurred during the postpartum period. Fetal outcomes varied significantly with gestational age at the onset of sepsis. In the first trimester, 56.25% of cases resulted in miscarriage, with no neonatal deaths or stillbirths. The second trimester showed the highest adverse outcomes, with 72.16% miscarriages and 5.15% neonatal deaths. In contrast, third trimester sepsis was associated with improved outcomes, with 95.17% live births, 0.9% neonatal deaths, and 3.86% stillbirths. Overall, fetal loss occurred in 18.63% of cases. 
Conclusion: No direct maternal deaths were observed; however, one indirect maternal death was associated with COVID-19 infection. Maternal sepsis, particularly in early pregnancy, is strongly associated with adverse fetal outcomes, highlighting the importance of early diagnosis and timely management.
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1. Introduction

Maternal sepsis was defined as a life-threatening condition resulting from infection during pregnancy, childbirth, or the postpartum period. Miscarriage (Duncan 2026) was defined as pregnancy loss before 24 weeks of gestation, while stillbirth (Cassini et al., 2020) referred to fetal death at or after 24 weeks. Early neonatal death (Joseph et al., 2022) was defined as death within the first seven days of life. Sepsis cases were categorized based on gestational age into first trimester (≤13 weeks + 6 days), second trimester (14–27 weeks + 6 days), and third trimester (≥28 weeks to delivery) (Stephens et al., 2023; Sartini et al., 2024).

Urinary tract infections (UTIs) are becoming more common among pregnant women at an alarming pace (Arora et al., 2025). Antibiotic resistance is common, and it is increasing pregnancy problems. One of the most serious consequences of infections and antibiotic resistance is maternal sepsis. Maternal sepsis has become uncommon in developed countries due to the widespread use of infection control techniques in healthcare. Bacterial sepsis, on the other hand, is still common, and fulminant sepsis is still the leading cause of maternal and fetal mortality. Despite a decrease in total maternal fatalities in the United Kingdom infection-related direct maternal mortality increased from 0.85 per 100,000 births in 2003-2005 to 1.13 in 2006-2008 according to a recent research done in the UK (Zhong et al., 2022). Over the past decades, severe maternal sepsis has become more common in United States and other European nations (Rudd eta al., 2020; Ganeshan et al., 2022). In Indian reality, on the other hand, paints a contrasting picture, with a persistent sepsis-related maternal death incidence more than 1.21/100,000 live births (Zhong et al., 2022; world Health Organization 2022). The prevalence of maternal sepsis is estimated to be between 0.1 and 0.3 percent (Fleishmann et al., 2021). Although the prevalence of sepsis has decreased dramatically during the 1970s, from 0.7-0.75 percent to less than 0.63 percent Campbell et al., 2019; rina et al., 2024).

Chorioamnionitis or genital tract infection is the most prevalent cause of bacteremia during pregnancy (Stortz et al., 2018), associated with a 10–28% fetal death, with the premature birth of 2.4-2.7-fold septic risk (Roberts et al., 2021). The largest isolated species include Escherichia coli, Staphylococcus aureus, Streptococcus (Yahva et al., 2025) Group B, anaerobic bacteria Group A Streptococcus remains the most frequent maternal septic illness, accounting for half of all instances (Escobar et al., 2020). Sepsis during pregnancy is thought to be more common due to changing demographics, such as early pregnancy, as well as aggravating factors such as obesity, insulin-dependent diabetes, and increased births (Filetici et al., 2022). Through the use of diagnostic technologies and procedures, invasive diagnostic and treatment techniques have increased the risk of infection. The survey's goals were to assess the impact of maternal bacteremia during and six weeks after pregnancy, to characterize the gestation/stage at which sepsis occurs, to identify causative microorganisms, to investigate antibiotic resistance, and to review mother, fetal, and neonatal results.

2. Materials and Methods
2.1 Study Design and Setting
This prospective observational hospital-based study was conducted in the Department of Obstetrics and Gynecology at Prashanthi Hospital, Hanamkonda, Telangana, India. The hospital is a tertiary care center with specialized maternity and neonatology services. The study was carried out over a period of two years, from 21st March 2020 to 20th March 2022.
2.2 Study Population
All pregnant and postpartum women diagnosed with maternal sepsis during the study period were included. The study population comprised women across all stages of pregnancy (antenatal, intrapartum, and postpartum up to 42 days after delivery). A control group consisted of women admitted during the same period without evidence of sepsis.

2.3 Inclusion and Exclusion Criteria
2.3.1 Inclusion criteria
· Pregnant or postpartum women (up to 42 days after delivery) diagnosed with maternal sepsis 
· Patients with clinical suspicion of infection supported by laboratory confirmation (positive blood culture) 
2.3.2 Exclusion criteria
· Patients without microbiological confirmation of sepsis 
· Women with incomplete clinical or laboratory data 
2.4 Data Collection
Demographic, clinical, obstetric, microbiological, and outcome data were collected from patient medical records and laboratory reports. The collected variables included age, parity, and gestational age at diagnosis, mode of delivery, source of infection, causative organism, and maternal and fetal outcomes. Outcome measures included miscarriage, stillbirth, early neonatal death, and live birth.
2.5 Microbiological Analysis
Blood samples were collected aseptically from suspected cases of sepsis and processed for culture and sensitivity. Identification of causative organisms was performed using standard microbiological techniques. Antibiotic susceptibility testing was carried out according to Clinical and Laboratory Standards Institute (CLSI) guidelines.
2.7 Statistical Analysis
Data were entered and analyzed using Microsoft Excel. Descriptive statistics were used to summarize the data. Categorical variables were expressed as frequencies and percentages. Comparative analysis between groups was performed where applicable.

3. Results and Discussion
A total of 2011 pregnant women were evaluated during the two-year study period. Among them, 424 cases of laboratory-confirmed maternal sepsis were identified, yielding an incidence of 21.08%. A total of 10 different microbial species were isolated from blood cultures.
The most frequently isolated organism was Escherichia coli (38.68%), followed by Pseudomonas aeruginosa (21.7%) and Klebsiella pneumoniae (21.23%). Other organisms included Staphylococcus aureus (3.30%), Enterobacter species (2.36%), Proteus mirabilis and Streptococcus pneumoniae (1.88% each), and Moraxella and Morganella morganii (1.41%).
Based on the timing of infection, 99 (23.3%) cases occurred during the antenatal period, 136 (32.07%) during the intrapartum period, and 189 (44.57%) during the postpartum period, indicating a higher prevalence of sepsis in the postpartum phase.
Fetal outcomes varied according to the trimester of onset of sepsis. In the first trimester (n=16), 9 cases (56.25%) resulted in miscarriage and 7 (43.75%) resulted in live births, with no neonatal deaths or stillbirths. In the second trimester (n=97), 70 cases (72.16%) resulted in miscarriage, 22 (22.68%) in live births, and 5 (5.15%) in neonatal deaths. In the third trimester (n=311), 296 cases (95.17%) resulted in live births, 12 (3.86%) in stillbirths, and 3 (0.9%) in neonatal deaths.
Overall, 325 (76.65%) pregnancies resulted in live births, 79 (18.63%) in miscarriages, 12 (2.83%) in stillbirths, and 8 (1.88%) in neonatal deaths. Fetal loss was significantly higher in the first and second trimesters compared to the third trimester.
A total of 13 (4.1%) patients required ICU admission. No direct maternal deaths were recorded during the study period; however, one indirect maternal death was associated with COVID-19 infection.
Maternal sepsis remains a significant contributor to adverse maternal and fetal outcomes, particularly in developing countries (Fleischmann et al., 2018). In the present study, the incidence of maternal sepsis was found to be 21.08%, which is considerably higher than the reported rates of 0.1–0.3% in developed countries. This disparity may be attributed to differences in infection control practices, higher rates of obstetric interventions, delayed diagnosis, and increased prevalence of untreated urinary and genital tract infections in low-resource settings (Leeper et al., 2018; Blauvelt et al., 2021).
The microbiological profile in this study demonstrated that Escherichia coli (Haque et al., 2023) was the predominant pathogen (38.68%), followed by Pseudomonas aeruginosa and Klebsiella pneumoniae. These findings are consistent with previously reported studies, where Gram-negative organisms, particularly E. coli, are the leading cause of maternal sepsis. The high prevalence of urinary tract infections observed in this study further supports the dominance of E. coli as a causative agent. The presence of other organisms such as Staphylococcus aureus and Acinetobacter species indicates the role of hospital-acquired infections (Yadav et al., 2024), especially in the intrapartum and postpartum periods.
A key finding of this study is the significant variation in fetal outcomes based on the gestational age at onset of sepsis. The highest rates of miscarriage were observed in the first and second trimesters, whereas third trimester sepsis was associated with a markedly higher rate of live births (Laxminarayan et al., 2020). This can be explained by the increased vulnerability of the developing embryo and fetus during early pregnancy, where infections can disrupt implantation, placental development, and organogenesis. In contrast, in later stages of pregnancy, the fetus is more resilient, and prompt obstetric intervention may improve survival outcomes.
The study also highlights that maternal sepsis is associated with increased risk of adverse pregnancy outcomes, including fetal loss and preterm delivery (Kankane et al., 2025). The higher proportion of cases during the postpartum period and the association with cesarean deliveries suggest that invasive procedures and hospital-related factors may contribute to the risk of infection.
Despite the high incidence of maternal sepsis, no direct maternal deaths were reported, indicating effective clinical management and timely intervention (Lissauer et al., 2025). However, a proportion of patients required intensive care support, emphasizing the potential severity of the condition.


Conclusions
Maternal sepsis remains a significant clinical challenge, particularly in resource-limited settings, with a substantial impact on fetal outcomes. The present study demonstrates a high incidence of maternal sepsis, predominantly caused by Gram-negative organisms, especially Escherichia coli. The findings highlight a strong association between the timing of infection and pregnancy outcome, with significantly higher rates of miscarriage observed in the first and second trimesters, while third trimester sepsis is associated with comparatively favorable fetal survival. The study also underscores the contribution of postpartum infections and possible hospital-related factors in the occurrence of maternal sepsis. Although maternal mortality was not observed, the requirement for intensive care in a subset of patients reflects the potential severity of the condition.
Early recognition of sepsis, prompt microbiological diagnosis, and timely initiation of appropriate antimicrobial therapy are essential to improve maternal and fetal outcomes. Strengthening infection control practices, especially during the intrapartum and postpartum periods, is crucial in reducing the burden of maternal sepsis. Further multi centric studies with larger sample sizes and detailed antimicrobial resistance analysis are recommended to enhance understanding and guide effective management strategies.
Limitations: 
This study was conducted in a single tertiary care center, which may limit the generalizability of the findings. Additionally, long-term neonatal outcomes were not assessed 
In conclusion, maternal sepsis remains a critical challenge with significant impact on fetal outcomes, particularly in early pregnancy. Strengthening early diagnosis, infection control practices, and appropriate antimicrobial therapy is essential to improve both maternal and neonatal outcomes.
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Table 1. Sources of Maternal blood stream infections among pregnant women
	No. of Infections
	CLABSI
	Genital tract
	Urinary Tract
	Mastitis
	Pneumonia
	Nerve block
	Surgical site
	Skin Infection
	Total

	Antenatal
	4
	38
	56
	1
	0
	0
	0
	0
	99

	Intrapartum
	2
	94
	36
	0
	2
	0
	0
	2
	136

	Postpartum
	0
	56
	120
	2
	2
	1
	2
	6
	189

	Total Organisms
	6
	188
	212
	3
	4
	1
	2
	8
	424



Table 2.  Fetal outcome following maternal sepsis in all trimesters
	Trimester
	No  of  cases
	Live  birth  and  discharge  safely
	Neonatal  death
	Stillbirth
	Miscarriage

	1st  Trimester
	16
	7
	0
	0
	9

	2nd  Trimester
	97
	22
	5
	0
	70

	3rd  Trimester
	311
	296
	3
	12
	0

	Total
	424
	325
	8
	12
	79



Table 3.  Pathogenic organisms linked to fetal loss
	Trimester  of  Pregnancy
	No  of  sepsis  cases
	No.  of  fetal  loss
	Escherichia  coli
	Klebsiella  pneumoniae
	Staphylococcus  aureus
	Pseudomonas  aeruginosa  
	Moraxella  species
	Enterobacter  species
	Acinetobacter

	1st  Trimester
	16
	9
	2
	2
	2
	2
	1
	0
	0

	2nd  Trimester
	97
	35
	11
	6
	5
	7
	1
	2
	3

	3rd  trimester
	311
	16
	4
	3
	3
	5
	1
	0
	0

	Total
	424
	60
	17
	11
	10
	14
	3
	2
	3




Fig. 1. Screening of uropathogens causing sepsis in pregnant women
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Fig.  2.  Mode  of  delivery  (intrapartum  and  postpartum)  in  pregnant  women  with  sepsis
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