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Abstract
Background Deaths occurring during the neonatal period contribute close to half of under-five mortality rate 
(U5MR); over 80% of these deaths occur in low- and middle-income countries (LMICs). Poor maternal antepartum and 
perinatal health predisposes newborns to low birth weight (LBW), birth asphyxia, and infections which increase the 
newborn’s risk of death.

Methods The objective of the study was to assess the association between abnormal postpartum maternal 
temperature and early infant outcomes, specifically illness requiring hospitalisation or leading to death between 
birth and six weeks’ age. We prospectively studied a cohort of neonates born at Mbarara Regional Referral Hospital in 
Uganda to mothers with abnormal postpartum temperature and followed them longitudinally through early infancy. 
We performed a logistic regression of the relationship between maternal abnormal temperature and six-week infant 
hospitalization, adjusting for gestational age and 10-minute APGAR score at birth.

Results Of the 648 postpartum participants from the parent study who agreed to enrol their neonates in the sub-
study, 100 (15%) mothers had abnormal temperature. The mean maternal age was 24.6 (SD 5.3) years, and the mean 
parity was 2.3 (SD 1.5). There were more preterm babies born to mothers with abnormal maternal temperature 
(10%) compared to 1.1% to mothers with normal temperature (p=˂0.001). While the majority of newborns (92%) had 
a 10-minute APGAR score > 7, 14% of newborns whose mothers had abnormal temperatures had APGAR score ˂7 
compared to 7% of those born to mothers with normal postpartum temperatures (P = 0.02). Six-week outcome data 
was available for 545 women and their infants. In the logistic regression model adjusted for gestational age at birth 
and 10-minute APGAR score, maternal abnormal temperature was not significantly associated with the composite 
adverse infant health outcome (being unwell or dead) between birth and six weeks’ age (aOR = 0.35, 95% CI 0.07–1.79, 
P = 0.21). The 10-minute APGAR score was significantly associated with adverse six-week outcome (P < 0.01).

Conclusions While our results do not demonstrate an association between abnormal maternal temperature and 
newborn and early infant outcomes, good routine neonate care should be emphasized, and the infants should be 
observed for any abnormal findings that may warrant further assessment.
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Background
Despite global efforts to improve child health outcomes, 
the under-5-mortality rate (U5MR) remains high; five 
million children below 5 years died in 2021 [1]. Deaths 
occurring during the neonatal period have persistently 
contributed close to half the U5MR [1–3]. Over 80% of 
neonatal deaths occur in less developed countries, espe-
cially low- and middle-income countries (LMICs) in sub-
Saharan Africa and southern Asia [2, 4, 5]. In 2022 the 
neonatal mortality rate in sub-Saharan was 27 deaths per 
1000 live births, which was the highest in the world while 
that of Uganda was 22 deaths per 1000 live births [6, 7]. 
While there is regional variation in the causes of neo-
natal deaths, globally the most common causes include 
prematurity (10.7%), intrapartum-related events (10.7%) 
and neonatal infections (6.8%) [5, 8, 9]. In Uganda, 60% of 
early neonatal deaths result from birth asphyxia followed 
by prematurity and septicaemia at 23% and 7% respec-
tively [7]. Poor maternal antepartum and perinatal health 
can predispose newborns to low birth weight (LBW), 
birth asphyxia, and infections, all of which increase the 
risk of neonatal and early infant death [10–12].

In addition, infants born to mothers with infections 
or poor postpartum health may receive inadequate early 
neonatal care, leading to malnutrition, infections, and 
other illnesses. Postpartum infections including endo-
metritis, bacteraemia, and urinary infections are com-
mon in many LMIC health facilities, including Mbarara 
Regional Referral Hospital (MRRH) in Uganda [13]. Preg-
nancy related sepsis contributes to approximately 10% of 
maternal deaths in Uganda [7]. Abnormal maternal tem-
perature is a proxy indicator of infection, and maternal 
intrapartum and postpartum fever has been associated 
with neonatal sepsis and other adverse infant outcomes 
[14, 15]. Puerperal infections can present with fever and 
other features, and have been associate with early neona-
tal deaths in a secondary analysis of demographic health 
surveys of six countries from Asia, Central America 
and South America [16]. A recent study in Uganda in 
a national referral hospital found a high prevalence of 
maternal postpartum fever at 19% [17]. However, there 
are few published studies describing the impact of mater-
nal postpartum temperature on neonatal and early infant 
health outcomes.

To determine whether abnormal postpartum mater-
nal temperature is associated with adverse early infant 
health outcomes, we prospectively studied a cohort of 
neonates born at MRRH to mothers with abnormal post-
partum temperature and followed them longitudinally 
through early infancy. Therefore, we aimed to determine 

the impact of abnormal postpartum maternal tempera-
ture on early infant outcomes, specifically illness requir-
ing hospitalisation or leading to death between birth and 
six weeks’ age. We hypothesized that abnormal maternal 
postpartum temperature is associated with higher risk of 
adverse outcomes during the first six weeks of life.

Methods
Study design, site and population
This is a prospective cohort study of neonates delivered 
to women with abnormal temperatures while admit-
ted to MRRH during the immediate postpartum period 
between April and September 2015. Maternal tempera-
ture was measured every 6–8  h during admission for 
delivery, beginning within six hours after delivery. MRRH 
is located in Mbarara city and is the referral hospital for 
the mainly rural southwestern region of Uganda whose 
population is estimated at 473,000 and a density of 98.6 
inhabitants/km2. MRRH is the teaching hospital for the 
Medical School of Mbarara University of Science and 
Technology. It is a 350-bed hospital with a bed occupancy 
rate of over 200%. It has an outpatient department, and 
inpatient services including but not limited to obstetrics 
and gynaecology unit and a paediatric unit with resusci-
tation equipment, incubators and oxygen as well as vari-
ous diagnostic laboratories. The obstetrics unit of MRRH 
delivers up to 10,000 pregnant women annually.

Sample size and sampling procedure
All infants born to mothers enrolled in the parent pro-
spective maternal sepsis cohort were enrolled in this sub-
study upon ethical clearance. The parent study aimed to 
define the epidemiology, microbiology, and outcomes of 
maternal infection on the maternity ward of MRRH dur-
ing the study period [13, 18, 19]. In the maternal study, 
potential ‘cases’ of maternal infection were postpar-
tum women who developed fever or hypothermia while 
admitted to hospital after delivering their baby. Fever 
was defined as temperature of > 38.00 C and hypother-
mia ˂36.00 C. Additional maternal enrolment criteria and 
sample collection are described elsewhere [13, 18, 19]. 
Neonates born to participants with altered mental sta-
tus who had no surrogate/family member to give consent 
were excluded. Surrogates were only approached for con-
sent when the mother was critically ill and unable to par-
ticipate in the consent process.

Parent study participants were approached by two 
trained research assistants, a doctor and a nurse and 
informed of the sub-study on child outcomes. After 
obtaining written informed consent, their newborns were 
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enrolled. Clinical assessment, including history, review 
of maternal records, and neonatal examination, was per-
formed, and information was recorded on a standardized 
questionnaire. While hospitalized at MRRH, neonates 
were monitored every 12  h for any signs of ill health 
including fever or hypothermia, defined as temperatures 
of ≥ 38.00 C or < 35.50 C, respectively; respiratory distress, 
feeding difficulties, lethargy, hypotonia, seizures, bulging 
fontanels, bleeding, and others. Ill neonates were handed 
over to the neonatologists on the paediatric ward of 
MRRH for further care. All infants who were alive at dis-
charge were followed-up remotely at two weeks’ age by 
telephone call, and by an in-person visit at six weeks’ age. 
For infants who were not brought for the six-week visit, 
child vital status and hospitalisation information was 
obtained from the parent study, who collected the same 
outcomes data via telephone call at two- and six-weeks’ 
age. If no outcome data was available from the parent 
study, a telephone call was made to determine the infant’s 
health status.

Study outcomes
The primary outcome was a composite adverse infant 
health outcome, defined as being dead or unwell enough 
to require hospitalisation at any time during the first six 
weeks of life. Pre-specified secondary outcomes included 
vital status at birth, premature birth, and low birth weight 
(LBW), defined as weight less than 2500  g measured 
within 48 h of birth [20, 21].

Statistical analysis
We described continuous variables using means and 
standard deviations (SD); and used frequencies and pro-
portions for categorical variables. We first assessed the 
unadjusted relationship between each variable and the 
six-week composite adverse infant health outcome. We 
then performed a logistic regression of the relationship 
between maternal abnormal temperature and six-week 

infant hospitalization (Table 1), adjusting for gestational 
age (in weeks) and 10-minute APGAR score at birth 
(categorized as < 7versus ≥7). Because a high proportion 
(15.9%) of participants were missing six-week outcome 
data, we ran multiple sensitivity models, creating mod-
els for both extremes, e.g. considering those with missing 
data as being alive and well in one model, and consider-
ing those participants with missing outcomes as being 
dead in a second model. In addition, we compared mater-
nal demographics (age, sex, parity, socioeconomic and 
marital stats), and medical characteristics (HIV status, 
presence of maternal sepsis) between the groups with 
missing infant outcome data and those without missing 
infant outcome data.

Results
Baseline characteristics
Supplement material 1 represents enrolment and follow-
up of the participants enrolled in this prospective cohort 
sub-study. Overall, 648 postpartum participants from the 
parent study agreed to enrol their neonates in the sub-
study. Of these, the overall mean maternal age was 24.6 
(SD 5.3) years and mean parity was 2.3 (SD 1.5). Mean 
gestational age at birth was 39.1 (SD 1.6) weeks and a 
mean birth weight was 3.2 (SD 0.5) kilograms. Baseline 
characteristics were similar by infant 6-week outcome 
(Table 2).

Neonatal outcomes
Overall, 100/648 (15.4%) of the mothers had abnormal 
temperature (Table  1). Vital status differed significantly 
by maternal temperature group, with more preterm 
deliveries and fresh stillbirths in the abnormal mater-
nal temperature group (Table  1). The vast majority of 
newborns (92.2%) had a 10-minute APGAR score > 7. 
Twice as many neonates born to mothers with abnormal 
temperatures than those born to mothers with normal 

Table 1 Health status of the neonate at birth and infant at six weeks’ age in relation to maternal temperature (N = 648 for birth 
outcomes, N = 545 for six-week outcomes)
Child outcome Total n (%) N = 648 Abnormal maternal post-

partum temperature n (%) 
n = 100

Normal maternal postpar-
tum temperature n (%) 
n = 548

P-
value

Vital status at birth < 0.001
 Live, term (≥36 weeks’ gestational age)
 Live, preterm (< 36 weeks’ gestational age)
 Macerated stillbirth
 Fresh stillbirth

605 (93.4)
16 (2.5)
7 (1.1)
18 (2.8)

83 (83.0)
10 (10.0)
1 (1.0)
7 (7.0)

522 (95.3)
6 (1.1)
6 (1.1)
11(2.0)

10-minute APGAR score < 7 50 (7.7) 14 (14.0) 36 (6.6) 0.02
Six-week infant outcome* 0.15
Dead or unwell
Alive and well
Unknown

25 (3.9)
520 (80.2)
103 (15.9)

3 (3.0)
88 (88.0)
9 (9.0)

22 (4.0)
432 (78.8)
94 (17.2)

*Six-week outcome data was available for only 545 of the 648 enrolled infants (84.1%)
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postpartum temperatures had an APGAR score of < 7 
(14.0 vs. 6.6%, P-value 0.02, Table 2).

Six-week outcome data was missing for 103/648 infants 
(15.9%). There was no difference in baseline maternal 
characteristics between infants missing six-week out-
come data and those without missing outcomes data, 
including age, gestational age at birth, HIV serostatus, 
asset index (a measure of wealth), income, marital status, 
or employment (P > 0.05 for all).

Our primary regression analysis included data from the 
545 women and their infants with non-missing six-week 
outcome data. In a logistic regression model adjusted for 
gestational age at birth and 10-minute APGAR score, 
maternal abnormal temperature was not significantly 
associated with the composite adverse infant health out-
come (being unwell or dead) between birth and six weeks’ 
age, (adjusted odds ratio [aOR] 0.35, 95% CI 0.07–1.79, 
P = 0.21, Table  3), though 10-minute APGAR score > 7 
was protective against adverse six-week outcomes after 
adjusting for gestational age at birth (P < 0.01, Table  3). 
In sensitivity analyses counting missing six-week infant 
outcomes as all adverse (dead or unwell) or favourable 
(alive and well), there was no change in the association 
between maternal abnormal temperature and the six-
week composite adverse infant outcome (P-value > 0.05 
for the association in all models).

Discussion
We aimed to determine the impact of abnormal postpar-
tum maternal temperature on early infant outcomes. We 
hypothesized that infants born to mothers with abnormal 

postpartum temperature would have a higher risk of ill-
ness or death between birth and six weeks’ age than those 
born to mothers with normal postpartum temperatures. 
Our primary analysis found no association between 
abnormal maternal postpartum temperature and six-
week infant outcome, while adjusting for gestational age 
at birth and APGAR score. Our estimate of the effect of 
maternal temperature at birth on six-week outcome had 
a narrow confidence interval, indicating we likely had a 
sufficient sample size to evaluate the association in this 
convenience sample. Due to few overall adverse out-
comes, we were unable to adjust for additional covari-
ates that might affect this relationship, including delivery 
mode, maternal age, or maternal parity. However, none of 
these variables were statistically significantly related with 
the outcome in bivariate analysis.

Our results are similar to some other studies, including 
a study in Korea that found no evidence of increased neo-
natal mortality nor sepsis in the setting of maternal fever 
[14, 22]. A second study found increased neonatal inten-
sive care unit admission rates for neonates born to febrile 
mothers but no increased risk of neonatal infections 
[23]. In contrast, higher rates of adverse short- and long-
term infant outcomes have been reported in the setting 
of maternal fever in pregnancy [24–27], and a systematic 
review of studies carried out in sub-Saharan Africa iden-
tified intrapartum fever as a risk factor for neonatal sep-
sis (OR 2.28, 95% CI 1.18 to 4.39) [28].

In our study, maternal temperature was measured 
every 6–8  h, beginning within six hours postpartum. 
Most other previous studies evaluated infant infection 

Table 2 Maternal and newborn characteristics and their association with adverse infant health outcome (being unwell or dead) at six 
weeks of age (N = 545)
Characteristic Alive and well n = 520 Dead or unwell n = 25 P-value
Maternal age in years, mean (SD) 24.6 (5.2) 25.3 (5.4) 0.51
Parity, mean (SD) 2.3 (1.5) 2.7 (1.6) 0.16
Gestational age in weeks, mean (SD) 39.1(1.6) 38.6 (1.9) 0.16
Delivery mode 0.38
 Vaginal, n (%) 235 (45.2) 15 (60.0)
 Caesarean, n (%) 279 (53.7) 10 (40.0)
 Operative vaginal, n (%) 5 (1.0) 0 (0.0)
Maternal abnormal temperature, n (%) 88 (16.9) 3 (12.0) 0.78
Apgar < 7 at 10 min, n (%) 20 (3.8) 12 (48.0) < 0.001
Infant fever at birth or within 6 weeks of age, n (%) 18 (3.5) 0 (0.0) < 0.001
Birth weight in kg, mean (SD) 3.1(0.5) 3.0(0.5) 0.05

Table 3 Logistic regression model of the association between maternal postpartum abnormal temperature and adverse infant health 
outcome (being unwell or dead) at six weeks of age, adjusted for gestational age at birth and APGAR score (N = 545)
Variable Unadjusted OR* (95% CI) Unadjusted P-value Adjusted OR (95% CI) Adjusted P-value
Maternal abnormal temperature 0.67 (0.19, 2.29) 0.52 0.35 (0.07, 1.79) 0.21
Gestational age at birth (weeks) 0.80 (0.58, 1.09) 0.17 0.76 (0.54, 1.07) 0.12
APGAR score > 7 at 10 min after birth 0.0.04 (0.0.01, 0.09) < 0.001 0.04 (0.01, 0.13) < 0.001
*OR = odds ratio
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risk related to antepartum or intrapartum fever, mak-
ing our study amongst the first to evaluate the relation-
ship between postpartum temperature and child health 
outcomes. The different timing of temperature measure-
ment in our study could indicate different causes of fever, 
including some that began postpartum and therefore did 
not impact neonatal outcomes. However, fevers develop-
ing within 24 h postpartum could result from antepartum 
factors, including endometritis, bacteraemia, urinary 
infections, premature and prolonged rapture of mem-
branes, and unhygienic birth conditions, all of which 
could predispose to adverse newborn and infant out-
comes. In another large retrospective study, three out of 
four neonates with bacteraemia were delivered to moth-
ers who developed fever postpartum [14]. In our study, 
the lack of association between maternal abnormal tem-
perature and adverse neonatal outcomes could have also 
resulted from routine intraoperative and postoperative 
antibiotic administration to people delivering by caesar-
ean, which is common practice in our setting [18]. Since 
a large proportion (50%) of the children in our study 
were delivered by caesarean, maternal antibiotics could 
have passed into neonatal circulation, decreasing infec-
tion incidence. Another reason for the lack of association 
could have been the inclusion of hypothermic women, 
many of these may have had non-infectious causes of 
hypothermia, diluting any effect of maternal fever on 
child health outcomes.

Our study is strengthened by the prospective nature of 
data collection and the heterogeneous population stud-
ied, including both rural and urban dwellers, increasing 
the generalizability of our findings. We also studied a 
relatively large sample of 648 participants, but it is pos-
sible that despite this large sample size, our study was 
too small to detect a significant association between 
maternal abnormal temperature and adverse infant out-
comes, though our narrow confidence intervals in logistic 
regression models suggest a sufficiently large sample size 
to detect an association. Furthermore, we were unable 
to measure all potential confounders of the relationship 
between maternal abnormal temperature and the six-
week infant outcome, which is a limitation of our analy-
sis. Another weakness of our study is a high proportion 
of infants with missing outcomes data. However, our 
sensitivity analyses suggest that the data are missing at 
random, and our results are likely to be valid. In addi-
tion, APGAR < 7 at 10  min after birth was significantly 
associated with the composite adverse six-week infant 
health outcome even after adjusting for gestational age at 
birth, though it is an intermediary step between adverse 
birth outcomes and adverse six-week outcomes. A low 
APGAR score after delivery is an indication that the baby 
is not doing well after delivery, resulting from in utero or 
delivery insults or prematurity, many of which are also 

associated with adverse infant outcomes. Thus, the sig-
nificant association between low neonatal APGAR score 
and adverse infant outcome should be interpreted with 
caution.

Conclusions
Abnormal postpartum maternal temperature was not 
associated with an increased risk of death or being unwell 
within six weeks of birth. While our results do not sug-
gest a need for more aggresive management of neonates 
whose mothers develop postpartum fever or hypother-
mia, good routine neonate care should be emphasized 
and the infants should be observed for any abnormal 
findings that may warrant further assessment.
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