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Background: Neonatal sepsis is the most serious problem in neonates. It is the
leading cause of neonatal death in developing countries, particularly in sub-
Saharan Africa. The Ethiopian 2016 Demographic Health Survey report revealed
that a high number of neonatal deaths are associated with neonatal sepsis.
However, limited studies are available on exposure and time to recovery
inferences in Ethiopia. Therefore, this study aimed to assess the time to
recovery from neonatal sepsis and its determinants among neonates admitted
to Woldia Comprehensive Specialized Hospital (WCSH), Northeast Ethiopia.
Methods: A retrospective cohort study was conducted, including 351 neonates,
using systematic random sampling at WCSH from 7 to 30 March 2023. The data
were entered into Epi data version 4.6 and exported to STATA 14 for analysis.
Cox regression was used to identify the determinants of time to recovery from
neonatal sepsis, and a variable with a p-value of less than 0.05, was used to
declare significant association at a 95% confidence interval.
Result: Among 351 neonates with sepsis, 276 (78.63%) recovered, and the median
time to recovery was 6 days. Induced labor (AHR=0.54, 95% CI: 0.369, 0.78) and
resuscitation at birth (AHR=0.7, 95% CI: 0.51, 0.974) were significantly associated
with the recovery time of neonatal sepsis.
Conclusions and recommendation: The time to recovery from neonatal sepsis is
comparable to previous studies’ results. The 25th and 75th percentiles were 4 and
8 days, respectively. Health professionals working in the NICU need to pay special
attention to neonates born from mothers who had induced labor and those who
were resuscitated at birth.
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Abbreviations

APGAR, activity, pulse, grimace, appearance, respiration; DOHS, duration of hospital stay; EDHS, Ethiopian
demographic and health survey; EONS, early onset neonatal sepsis; LONS, late-onset neonatal sepsis; MSAF,
meconium stained amniotic fluid; NICU, neonatal intensive care unit; ND, neonatal deaths; NS, neonatal
sepsis; PIH, pregnancy induced hypertension; PROM, prolonged rupture of membrane; RDS, respiratory
distress syndrome; SVD, spontaneous vaginal delivery; WCSH, Woldia comprehensive specialized
hospital; CHR, crude hazard ratio; CI, confidence interval; AHR, adjusted hazard ratio.
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Background

Neonatal sepsis (NS) refers to a systemic infection that occurs

within the first 28 days of life (1). It is classified into two categories:

early-onset NS, which occurs within the first 7 days, and late-onset

NS, which occurs after 7 days of age (2–4). NS can be caused by

bacterial, viral, or fungal pathogens (5). The clinical presentation

of NS is often nonspecific and includes symptoms such as

feeding difficulties, fever or hypothermia, respiratory distress,

grunting, cyanosis, and apnea (6). The prevalence of specific

pathogens causing NS varies across different regions, and reports

from developing countries commonly indicate the presence of

gram-negative organisms (7).

Sepsis is a significant contributor to global mortality, particularly

in the neonatal population. Annually, there are approximately

6.3 million neonatal deaths worldwide, with the majority (73%)

occurring in developing countries (8). Neonatal sepsis accounts

for an estimated 26% of deaths under 5, with sub-Saharan Africa

experiencing the highest mortality rates (9). Moreover, the highest

incidence of sepsis is also found in neonates, affecting

approximately 3 million infants globally (equivalent to 22 per

1,000 live births). The mortality rate associated with neonatal

sepsis ranges from 11% to 19%, and there are also unquantified

long-term neurological complications (10).

A study conducted across 12 clinical sites In middle- and low-

income countries revealed that the incidence of clinically suspected

sepsis was 166 per 1,000 live births, while laboratory-confirmed

sepsis occurred at a rate of 46.9 per 1,000 live births. The overall

all-cause mortality rate was 0.83 per 1,000 neonates. Notably, the

majority of laboratory-confirmed sepsis cases occurred within the

first three days of life, indicating a higher prevalence of early-

onset neonatal sepsis (11). In line with these findings, the

Ethiopian Demographic Health Survey 2016 reported a neonatal

mortality rate of 29 per 1,000 live births. Neonatal sepsis was

identified as a significant contributing factor to this high number

of deaths (12, 13).

The recovery rate and duration of hospital stay for neonates

with sepsis vary across different countries and regions. For

instance, a study conducted in Central India reported a recovery

rate of 61.8% among neonates with sepsis, with an average

hospital stay of 9.7 days for those who survived (14). In

Southern Ethiopia, approximately 91.4% of septic neonates were

reported to recover, with a mean time to recovery of 12.74 days

(15). Another study conducted in Central Gondar, Ethiopia,

reported a median time to recovery from neonatal sepsis of 7

days (interquartile range, 5–10 days) (16).

Various factors can affect time to recovery from neonatal

sepsis. Studies conducted in Central Gondar, Ethiopia, and Sri

Lanka showed that maternal chorioamnionitis, preterm labor,

intrapartum fever, and PROM are the major determinants of

time to recovery from neonatal sepsis (16, 17). Additionally,

a study conducted in Tikur Anbessa Specialized Hospital

showed that neonates born to mothers with tract infections

and prolonged hospitalization had an increased chance of

hospital stay (18).
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The achievement of the third Sustainable Development Goal for

Child Health, which aims to eliminate preventable deaths of

newborns and children under 5 by 2030, heavily relies on a

substantial reduction in neonatal mortality caused by infections,

particularly in developing countries (19). In Ethiopia, there is

limited research available on the exposure and time-to-recovery

patterns of neonatal sepsis, highlighting the need for further

studies in diverse geographical areas to identify the factors

influencing recovery in different populations and settings (16).

Therefore, this study aimed to assess the time to recovery from

neonatal sepsis and its determinants among neonates admitted to

the neonatal intensive care unit of the WCSH in Northeast Ethiopia.
Methods

Study design and setting

A retrospective follow-up study was conducted from 7–30

March 2023 at Woldia Comprehensive Specialized Hospital

(WCSH). It is located approximately 521 km and 360 km from

Addis Ababa and Bahir Dar, respectively (20, 21). There were 10

nurses, two neonatal nurses, two general practitioners, and two

pediatricians who provided services for admitted neonates.

Annually, 750–1,000 neonates are admitted because of various

health problems. Approximately 90% of neonates were admitted

from the labor ward and approximately 10% were referred from

nearby health institutions (22).
Source populations

The source populations were neonates within 28 days of

diagnosis of neonatal sepsis who had been admitted to the NICU

of WCSH.
Study populations

The study populations were neonates within 28 days of being

diagnosed with neonatal sepsis who had been admitted to the

NICU of WCSH between January 2021 and December 2022.
Eligibility criteria

Inclusion criteria
Neonates diagnosed with neonatal sepsis and admitted to the

NICU of WCSH from January 2021 to December 2022 were

included in the study.
Exclusion criteria

The study excluded neonates who died within 30 min

of admission.
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Sample size estimation and sampling
techniques

The sample size was calculated using STATA software

version 14, a sample size for time-to-event data, considering a

95% confidence interval (CI), alpha (0.05), probability of

recovery of 0.8098, a hazard ratio for the determinant factors,

percentage of recovery, and power of 80% (0.80). We used

three variables to estimate the sample size. The sample sizes

for the three variables, namely birth weight, intrapartum fever,

and time of infection onset, were 351, 313, and 121,

respectively, at the Central Gondar Public Hospital (16). Thus,

the final sample size was the largest among the 351 mother–

newborn pairs.

A systematic random sampling technique was used to recruit

the study participants. Using medical numbers of neonates

admitted to NICU from January 2021 to December 2022 with

neonatal sepsis, a sampling frame was prepared separately for

each year. The final sample size was proportionally allocated to

each year (124 and 227 neonates in 2021 and 2022, respectively).

Lastly, a systematic random sampling technique was used

(K =N/n = 774/351 = 2.205 ≈ 2) to select the study participants

from the sampling frame.
Study variables and measurements

The dependent variable was the time to recovery from neonatal

sepsis, defined as the time from admission to discharge when the

neonate had recovered from NS (1, 15, 16, 23, 24).

Socio-demographic variables: maternal age, residence, age of

neonate at admission, and neonate sex.

Maternal-related variables: parity, gravidity, onset of labor,

duration of labor, mode of delivery, place of delivery, ANC visits,

multiple pregnancies, Pregnancy-Induced Hypertension (PIH),

antepartum hemorrhage, intrapartum fever, duration of PROM,

maternal infection history, and chronic illness.

Neonate-related variables: birth weight, gestation of neonate at

birth, admission weight, temperature, 1-minute and 5-minute

Apgar scores, congenital anomalies, resuscitation at birth,

meconium aspiration syndrome, respiratory distress, and kept in

kangaroo mother care within one hour of birth.

Clinical & medical care-related and investigation variables:

jaundice, cyanosis, and white blood cell count in the complete

blood profile, onset of infection, enteral feeding, critical

conditions, and outcome status.

Healthcare service-related variables: the prompt initiation of

treatment and the timing of seeking medical care after the

neonate fell ill.

Recovery: if a neonate recovered from the infection after

completing treatment, according to the physician’s diagnosis.

Median time to recovery: the average duration it took for

neonates to be declared as recovered by the attending physicians

in the unit.
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Operational and term definitions

Neonatal Sepsis: if the neonate was diagnosed as having

neonatal sepsis by the attending physician after taking a detailed

medical history, physical examination, and laboratory tests based

on the integrated management of neonatal and childhood illness

criteria. The criteria include the presence of two or more

persistent fevers (≥37.5°C) or persistent hypothermia (≤35.5°C)
lasting for more than 1 h, rapid breathing (≥60 breaths per

minute), severe chest indrawing, grunting, poor feeding, movement

only when stimulated, a bulged fontanelle, convulsions, lethargy,

or unconsciousness. In addition, two or more of the following

hematological criteria were used: total leukocyte count (<4,000 or

>12,000 cells/mm3), absolute neutrophil count (<1,500 cells/mm3

or >7,500 cells/mm3), platelet count (<150 or >450 cells/mm3), and

random blood sugar (<40 mg/dl or >125 mg/dl) (4, 25, 26).

Defaulter: A neonate is considered a defaulter when they

voluntarily stop or leave the treatment unit against medical

advice or without completing the prescribed treatment.

Congenital anomalies: Congenital anomalies refer to structural or

functional abnormalities that are present in a neonate at birth. These

anomalies can involve various body systems, such as heart defects,

neural tube defects, and genetic conditions like Down syndrome.

Death: In the context of this study, death refers to the

unfortunate event of a neonate passing away either during the

treatment period or while still admitted to the treatment unit due

to neonatal sepsis.

Censored: A neonate is considered censored when they either

default from the treatment, experience death, or are transferred out

of the treatment unit. Censored cases are no longer actively

followed up or included in the analysis of outcomes.

Length of stay: The length of stay refers to the duration in days

that a neonate remains in the hospital from the time of admission

until the occurrence of an event of interest (such as recovery) or

until the neonate is censored (due to defaulter status, death, or

transfer out).

Early initiation of treatment: Initiate broad-spectrum

antimicrobials within the first hour of diagnosis.

Prolonged rupture of membrane: The time from membrane

rupture to delivery >18 h (27).

Normal WBC range: the normal range of WBC is from 5,000–

12,000 cells/µl.

Early initiation of treatment: initiate broad-spectrum

antimicrobials within the first hour of diagnosis.

Supportive care: giving care or support with oxygen and

feeding without drug management.

Critical conditions: when a neonate is hypoxic, hypoglycemic,

or unable to maintain a normal body temperature.
Data collection instruments and procedures

The data for this study were collected using a checklist that was

developed based on previous studies. To gather the necessary
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information, the medical records of both the mothers and neonates

were thoroughly reviewed. The checklist encompassed various

domains, including neonatal and maternal socio-demographic

characteristics, maternal health-related factors, neonatal health-

related factors, healthcare service-related factors, and clinical and

medical care-related factors. These domains were carefully

selected to provide a comprehensive understanding of the factors

that may influence the outcomes of neonates with sepsis.
Data quality assurance

Prior to commencing the data collection process, a preliminary

review was conducted on a subset of the sample, specifically 15

neonates, which accounted for 5% of the total sample size. This

review served as a pilot study to ensure the effectiveness and

feasibility of the data collection tool. The data collection tool was

prepared in English, considering the language proficiency of the

nursing professionals involved in the study. These professionals

were recruited specifically for the purpose of extracting variables

from the medical records of the neonate and mother. To ensure

the accuracy and consistency of data collection, the investigators

provided a comprehensive one-day training session to the

nursing professionals. This training covered the purpose and

objectives of the study, the techniques for data collection, and

the ethical considerations involved in handling patient information.

Throughout the data collection period, the investigators closely

monitored the completeness and consistency of the collected data.

Daily checks were conducted to identify any discrepancies or

missing information, and necessary corrections were made

promptly. By conducting a preliminary review, providing

appropriate training, and implementing rigorous quality control

measures, the study aimed to maintain the integrity and

reliability of the collected data.
TABLE 1 Socio-demographic characteristics of neonates admitted with
neonatal sepsis in WCSH, Northeast Ethiopia, 2022 (n = 351).

Variable Categories Frequency Percentage (%)
Age of mother 15–19 34 9.69

20–24 102 29.06

25–29 112 31.91

30–34 61 17.38

35–49 42 11.97

Residence Urban 166 47.29

Rural 185 52.71

Neonatal age on admission Within 1day 270 76.92

1–6 days 47 13.39

≥7 days 34 9.69

Sex of neonate Male 221 62.96

Female 130 37.04
Data processing and analysis

After the data collection process, the collected data underwent

a series of cleaning, coding, and entry procedures using Epi Data

version 4.6. To determine the factors associated with recovery

time from neonatal sepsis, Cox regression analysis was

conducted. This statistical method allows for the examination of

time-to-event data and was deemed appropriate for this study.

Initially, variables with a p-value less than 0.25 were selected as

candidates for the subsequent multivariate Cox regression

analysis. In the multivariate analysis, variables with a p-value less

than 0.05 were considered statistically significant, and their

results were reported with 95% confidence intervals. This

approach ensured that only the most relevant and impactful

factors were considered in determining recovery time.

Additionally, to address any potential issue of multicollinearity,

the time required for recovery was taken into account during the

analysis. Finally, the data were presented in figure, table, and

narrative form.
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Result

Socio-demographic characteristics of study
participants

A total of 124 out of 273 neonates and 227 out of 501 admitted

neonates in the years 2021 and 2022, respectively, were included in

the study (a total of 351 neonates diagnosed with sepsis). The

majority of the mothers of these neonates were aged 25–29

(31.91%), followed by those aged 20–24 (29.06%). The mean age

of the neonates upon admission was 42 h (1.75 days), and the

mean age of the mothers was 26.9 years. Out of the total number

of neonates in the study, 270 (76.29%) were only one day old,

and 221 (62.96%) were male. More than half of the respondents

were living in rural areas (52.71%) (Table 1).
Maternal health-related factors of study
participants

Of the neonates admitted to the NICU with NS, 299 (85.19%)

were delivered at the same facility. More than half of the mothers

were primiparous (51.28%), and the majority had ANC visits.

Furthermore, 28 (7.98%) mothers had a history of infection

during their pregnancy, and 40 (11.4%) of the mothers gave

birth to twins, with either one developing neonatal sepsis.

Among the mothers of admitted neonates, 78 (22.22%) had

prolonged labor (Table 2).
Neonatal health-related factors of study
participants

Among the neonates admitted with NS, 248 (70.66%) were at

37–42 weeks of gestational age and 134 (38.18%) weighed less

than 2.5 kg at admission. In total, 127 (36.18%) of them had a 1-

minute Apgar score of seven or above. Approximately 11

neonates with neonatal sepsis (3.13%) had a congenital

abnormality (Table 3).
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TABLE 2 Maternal health-related factors of neonates admitted with
neonatal sepsis in WCSH, Northeast Ethiopia, 2022 (n = 351).

Variable Categories Frequency Percentage
(%)

Gravidity Prim gravida 176 50.14

Multigravida 175 49.86

Parity Primiparous 180 51.28

Multiparous 171 48.72

ANC follow-up Yes 285 81.20

No 66 18.80

Multiple pregnancies Yes 40 11.40

No 311 88.60

Onset of labor Spontaneous 297 84.62

Induced 54 15.38

Place of delivery Out of this hospital 52 14.81

In this hospital 299 85.19

Mode of delivery SVD 197 56.13

Instrumental vaginal 64 18.23

Cesarean section 90 25.64

Duration of labor Normal 273 77.78

Prolonged 78 22.22

PROM Yes 74 21.08

No 277 78.92

Duration of PROM Normal 58 78.38

Prolonged 16 21.62

Maternal fever Yes 22 6.27

No 329 93.73

APH Yes 13 3.70

No 338 96.30

PIH Yes 20 5.70

No 331 94.30

Maternal infection
history

Yes 28 7.98

No 323 92.02

Chronic illness history Yes 11 3.13

No 340 96.87

ANC, antenatal care; APH, antepartum hemorrhage; PIH, pregnancy-induced

hypertension; PROM, premature rupture of membrane; SVD, spontaneous

vaginal delivery.

TABLE 3 Neonatal health-related factors of neonates admitted with
neonatal sepsis in WCSH, Northeast Ethiopia, 2022 (n = 351).

Variable Categories Frequency Percentage
(%)

Gestational age at birth <37 weeks 95 27.07

37–42 weeks 248 70.66

>42 weeks 8 2.28

1-minute apgar score Unknown 17 4.84

<7 207 58.97

≥7 127 36.18

5-minute apgar score Unknown 17 4.84

<7 137 39.03

≥7 197 56.13

Birth weight <2.5 kg 135 38.46

2.5–4 kg 208 59.26

>4 kg 8 2.28

Weight at admission <2.5 kg 134 38.18

2.5–4 kg 206 58.69

>4 kg 11 3.13

Admission temperature (⁰C) <36.5 181 51.57

36.5–37.5 118 33.62

>37.5 52 14.81

Admission respiratory rate <30 30 8.55

30–60 262 74.64

>60 59 16.81

EBF initiate within 1st hour Yes 257 73.22

No 94 26.78

Kept in KMC within 1st hour Yes 105 29.91

No 246 70.09

Resuscitated at birth Yes 141 40.17

No 210 59.83

MAS Yes 34 9.69

No 317 90.31

RDS Yes 77 21.94

No 274 78.06

Congenital anomalies Yes 11 3.13

No 340 96.87

EBF, exclusive breastfeeding; KMC, Kangaroo mother care; MAS, meconium

aspirated syndrome; RDS, respiratory distress syndrome.
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Clinical and medical investigations and
health service-related factors

Among the neonates admitted with sepsis, 317 (90.31%) had

early-onset neonatal sepsis and 267 (76.07%) initiated treatment

within 1 h. Among those with CBC profiles, 170 (48.43%) were

within the normal range of WBC counts (Table 4).
Sepsis outcome and time to recovery
analysis

Among the 351 study participants, 276 (78.63%) successfully

recovered from NS, 45 (12.82%) died, 11 (3.13%) were referred, and

19 (5.41%) defaulted/left against medical advice (Figure 1). The

mean time to recovery was nearly 7 days, with IQR = 5–10 days, and

the median time was 6 days. For preterm neonates included in the

study, the mean time to recovery was nearly 8 days (7.71 days) and

the median recovery time was 8 days, with IQR from 6 days to 10 days.

Kaplan–Meier survival proportional hazard graph was used to

check the assumption of Cox proportional hazard. The Kaplan–
Frontiers in Pediatrics 05
Meier survival curve, performed on the time to recovery in

neonates with sepsis based on resuscitation at birth, showed that

recovery was delayed among neonates who were resuscitated at

birth compared to those who were not resuscitated (Figure 2).

The Cox proportional hazards regression survival graph shows

the time to recovery of neonates with sepsis, based on the onset of

sepsis. Therefore, in neonates with sepsis, EONS has a higher

probability of recovery than LONS (Figure 3). In addition, the

global test was performed with a χ2 of 5.92 and a p-value of

0.2056, which is greater than 0.05. The dependent variable was

std. err of 2.668803 and 95% CI: (170.2511, 180.7489).
Determinants of time to recovery from
neonatal sepsis

After testing, each variable in the study with bivariable analysis

(p≤ 0.25) was entered into the multivariable Cox regression

analysis (Table 5). Multivariable Cox regression model analysis
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TABLE 4 Clinical and medical investigations and health service-related
factors of neonates admitted with neonatal sepsis in WCSH, Northeast
Ethiopia, 2022.

Variable Category Frequency Percentage
(%)

Severe jaundice Yes 24 6.84

No 327 93.16

Cyanosis Yes 21 5.98

No 330 94.02

Onset of infection EONS 317 90.03

LONS 34 9.97

WBC in CBC profile Normal 170 48.43

Abnormal 149 42.45

No information 32 9.12

Non-oral enteral feeding Yes 149 42.45

No 202 57.55

Being in a critical condition Yes 143 40.74

No 208 59.26

Antibiotics given Yes 340 96.87

No 11 3.13

Supportive care Yes 177 50.43

No 174 49.57

Blood transfusion Yes 28 7.98

No 323 92.02

Anticonvulsant Yes 30 8.55

No 321 91.45

Phototherapy Yes 23 6.55

No 328 93.45

Weight at discharge
(in grams)

<2,500 115 32.76

2,500–4,000 230 65.53

>4,000 6 1.71

Early initiation of treatment Yes 267 76.07

No 84 23.93

Time to health facility visit
after onset of illness

≤3 h 183 52.14

>3 h 168 47.86

WBC, white blood count; CBC, complete blood count; EONS, early-onset neonatal

sepsis; LONS, late-onset neonatal sepsis.

FIGURE 1

Outcomes of neonatal sepsis for neonates admitted with neonatal sepsis in

Ambaye et al. 10.3389/fped.2023.1289593
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was performed to show the association between covariates and time

to recovery from neonatal sepsis.

Labor Induction [AHR = 0.538, 95% CI: (0.369, 0.78)] and

resuscitation at birth [AHR = 0.7, 95% CI: (0.51, 0.974)] have a

significant association with the recovery time of neonates. Cox

proportional hazard regression analysis showed that the chance

of recovery decreased as the length of hospital stay increased.
Discussion

This study assessed determinants of time to recovery from

neonatal sepsis among neonates admitted to the WCSH in

Northeast Ethiopia. Among the 351 neonates with sepsis, 276

(78.63%) recovered, and the median time to recovery was 6 days.

Induction of labor and resuscitation at birth have a significant

association with recovery time.

This study found that 78.63% of the patients successfully

recovered from neonatal sepsis. This is lower than the findings of

the study conducted in Dire Dawa (23). This might be due to

the higher censoring of admitted septic neonates in the study

area of scarce resources because of the northern Ethiopian

conflict. Moreover, a greater number of septic neonates admitted

were male and rural dwellers, which is in line with studies

conducted in Dire Dawa (23) and Central Gondar (16).

Furthermore, it was also realized that early-onset neonatal sepsis

was the predominant type (90.31%). This finding is congruent

with studies conducted in different parts of Ethiopia, such as

Mekelle (28), Central Gondar (16), Dire Dawa (23), and

Debrezeit (29). A similar finding was also reported in a Western

African study conducted in Ghana (30).

The median time to recovery from NS in this study was 6 days.

This finding corresponds to the 7-day findings of Dire Dawa (23)
WCSH, Northeast Ethiopia, 2022.
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FIGURE 2

Kaplan–Meier survival curve of neonatal sepsis by resuscitation.

FIGURE 3

Cox proportional hazards regression survival graph of neonatal sepsis.
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and Central Gondar (16). This is also comparable to the findings of

earlier studies conducted in Uganda (31) and India (32), which

reported median times to recovery for septic neonates of 4.5 and

5.5 days, respectively. These studies shared certain characteristics

with the current investigation, such as being conducted on

newborns admitted to public hospitals, having a neonate age

limit of 0–28 days, having similar sample sizes, and considering

clinically confirmed cases.

However, compared to a study conducted in Central India, the

mean time to recovery of neonates was 9.67 days (14). This

dissimilarity could be attributed to the differences in the study

population. Unlike the current study, all neonates included in the
Frontiers in Pediatrics 07
Central India study were referred cases or high-risk populations

who had a higher likelihood of delayed recovery due to factors

such as delay in seeking health care or delay in referral.

Additionally, nearly 50% of neonates had low birth weight (LBW)

(14), which predisposes them to a lengthy recovery period,

whereas our study had a smaller proportion of LBW neonates.

Furthermore, the current study finding was lower than that of

the study conducted in the Arba Minch, Sawla, and Chencha

hospitals, which indicated that the mean time to recovery of

newborns was 12.74 days (15). The observed difference in this

study can be attributed to differences in the diagnosis of neonatal

sepsis. In the study conducted in Arba Minch, Sawla, and
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TABLE 5 Cox regression analysis showing the association between covariates and time to recovery from neonatal sepsis in WCSH (n = 351).

Variable Recovery from neonatal
sepsis

CHR (95% CI) AHR (95% CI) p-value

Censored Event
Pregnancy

Multigravida 6 34 0.775 (0.54, 1.11) 0.84 (.545, 1.29) 0.427

Primigravida 69 242 1 1

Onset of labor

Spontaneous 65 232 1 1 0.001*

Induced 10 44 .627 (0.45, 0.87) 0.54 (.369, .78)

Duration of labor

Normal 47 226 1 1 0.624

Prolonged 28 50 1.26 (.926, 1.72) 1.09 (.77, 1.54)

APH

Yes 2 11 0.79 (0.37, 1.26) 0.84 (.429, 1.65) 0.616

No 73 265 1 1

PIH

Yes 5 15 1.52 (0.90, 2.56) 1.12 (.61, 2.056) 0.709

No 70 261 1 1

Gestational age at birth

<37 weeks 22 73 0.83 (0.63, 1.08) 1.02 (.689, 1.518) 0.909

37–42 weeks 51 197 1 1

>42 weeks 2 6 0.40 (0.18, 0.91)* 0.46 (.172, 1.259) 0.132

Birth weight

<2.5 kg 35 98 0.67 (0.52, 0.86)* 0.31 (.089, 1.049) 0.060

2.5–4 kg 340 175 1 1 0.891

>4 kg 1 2 0.95 (0.47, 1.94) 1.07 (.41, 2.78)

Admission weight

<2.5 kg 33 99 0.68 (0.53, 0.88)* 2.07 (.577, 7.42) 0.264

2.5–4 kg 42 171 1 1 0.779

>4 kg 1 5 0.68 (0.37, 1.25) 1.13 (.485, 2.625)

Temperature

<36.5°C 45 136 1.18 (0.90, 1.54) 1.15 (1.19, 2.06) 0.090

36.5–37.5°C 24 94 1 1 0.858

> 37.5°C 6 46 0.85 (0.59, 1.22)* 1.04 (.69, 1.555)

RR at admission

<30 10 20 1.01 (.63, 1.59) 1.46 (.839, 2.537) 0.180

30–60 50 212 1 1 0.081

>60 15 44 0.71 (.51, .994)* 0.72 (.503, 1.04)

KMC within 1 h

Yes 17 88 0.80 (0.62, 1.03) 0.93 (.65, 1.329) 0.694

No 58 188 1 1

Resuscitation at birth

Yes 34 107 0.76 (0.59, 0.96) 0.70 (.51, .974) 0.034*

No 41 169 1 1

RDS

Yes 20 57 0.75 (0.55, 1.02) 0.98 (.655, 1.458) 0.910

No 55 219 1 1

Initiation of treatment

Early 63 204 1 1 0.165

Late 12 72 1.43 (1.09, 1.88) 1.27 (.906, 1.779)

Time of seeking care

3 or more hours 44 139 1 1 0.214

>3 h 31 137 0.84 (.656, 1.063) 0.83 (.61, 1.117)

Cyanosis

Yes 10 11 1.47 (0.80, 2.69) 1.4 (.708, 2.786) 0.331

No 65 265 1 1

In critical condition

Yes 50 93 0.79 (0.61, 1.02) 0.96 (.69, 1.338) 0.824

No 25 183 1 1

IV antibiotics

Yes 65 275 0.19 (0.023, 1.57) 0.19 (0.02, 1.604) 0.128

No 10 1 1 1

APH, antepartum hemorrhage; PIH, pregnancy-induced hypertension; RR, respiratory rate; IV, intravenous; KMC, Kangaroo mother care; RDS, respiratory distress

syndrome; 1, reference category.

*Significant at p < 0.05.
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Chencha hospitals, neonatal sepsis was identified by blood culture

(15). As a result, the study recovery time may have been longer

than the median recovery time in the current study. In addition,

the difference in recovery times could be attributed to the

difference in the proportion of preterm neonates admitted to the

NICU who had a high risk of delayed recovery, at 60% (15)

compared to 22.5% in the current study. Furthermore, the

proportion of LBW neonates (44%), which was larger than the

current study, could also explain this disparity.

The time to recovery from NS is mainly influenced by factors

such as induced labor and resuscitation at birth. Neonates

delivered from mothers who had induced labor had a 46% delay

in time to recovery from NS compared to those born to mothers

whose labor started spontaneously. The findings of this

investigation are in agreement with studies conducted in Central

Gondar (16) and Arba Minch, Sawla, and Chencha hospitals

(15). Since women who undergo induction of labor often have

certain health problems, the neonate may be initially exposed to

risks that could lead to adverse outcomes. Furthermore, it is

recommended to offer induction of labor for ruptured

membranes, even if it is associated with unfavorable outcomes

(15, 33). This could prolong the duration of recovery from NS.

A longer time to recovery from sepsis was observed in neonates

who required resuscitation at birth. Comparable findings were

revealed in a study done in Central Gondar (16) and in a

systematic review of the prognosis (34), indicating that

resuscitation with a bag and mask was associated with a 28%

delay in recovery from neonatal sepsis. Additionally, studies

conducted in Ethiopia (24, 35), Ghana (30), and Tanzania (36)

found that resuscitated neonates have a higher chance of

developing NS than non-resuscitated neonates. Infants who

require resuscitation may face problems in their respiratory or

circulatory systems. Furthermore, some resuscitation methods

may be invasive for newborns. In addition, neonates who

required resuscitation were asphyxiated, and asphyxia lengthened

the hospital stay during the NS recovery period.
Limitations of the study

The diagnosis of NS depended on clinical symptoms, which

may result in an increase in false-positive cases, potentially

affecting the results of the study.
Conclusions and recommendations

The time to recovery from sepsis is independently and

negatively related to the induction of labor and resuscitation at

birth. The final median time to recovery of neonates admitted to

the WCSH neonatal intensive care unit was equivalent to that

reported in studies conducted in different hospitals in Ethiopia.

Professionals working on NICU wards need to pay special

attention to neonates born from mothers who had induced labor

and those who were resuscitated at birth. Internal assessment of

resuscitation procedures is also important. Further research on
Frontiers in Pediatrics 09
confirmed neonatal sepsis cases (EONS and LONS) using

prospective follow-up studies in different geographical areas is

needed to identify the different determinant factors.
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