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Abstract  

Introduction: Intrapartum fever occur in up to a third of all labors, can be caused by 

chorioamnionitis (CA), and is generally considered a major risk factor for early onset neonatal 

sepsis (EONS). However, the results of a recent study question this association.  

Aim: To assess the association between CA or intrapartum fever, and the occurrence of 

clinical EONS in the newborn, and to describe newborns with EONS and their mothers 

regarding background and labor characteristics.  

Material and Method: A retrospective cohort study on all deliveries (n=3306) and births 

(n=3346) during 2016 at Falun hospital, Sweden. A maternal diagnosis of CA or intrapartum 

fever >38,5°C (n=33), or a neonatal diagnosis of EONS (n=35) defined the cases. Data on 

pregnancy and labor were collected by computerized data records and review of medical 

records. 

Results: It was more common having newborns with clinical EONS among mothers having 

CA or fever, 14%, compared to 1% among mothers without CA or fever (p<0.001).  Among 

the mothers with CA or fever, shorter duration of labor was the only factor associated with 

EONS. Among mothers of newborns with EONS one third had a temperature of ≥38 °C, and 

one fifth had >38.5 °C during labor. Factors associated with EONS were nulliparity, 

extremely preterm delivery, epidural analgesia, membrane rupture ≥18 hours, duration of 

labor ≥12 hours and vacuum extraction. 

Conclusion: Chorioamnionitis or intrapartum fever increases the risk of mothers having a 

newborn with clinical EONS. However, the majority of mothers of newborns with clinical 

EONS had no signs of infection during labor. 

 

 

 

 

 

Key words: chorioamnionitis; neonatal sepsis; neonatal intensive care; neonatal intensive care 
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Abbreviations  

APGAR – Appearance, Pulse, Grimace, Activity and Respiration 

CA – Chorioamnionitis  

CRP – C-reactive protein 

E. Coli – Escherichia coli  

EDA – Epidural analgesia 

EONS – Early onset neonatal sepsis  

GBS – Group B streptococci 

MSAF – Meconium stained amniotic fluid  

WBC – White blood cell  
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Introduction  

Fever during labor is common, occurring in 6-30% of labors [1–5]. Intrapartum fever can be 

caused by chorioamnionitis (CA), epidural analgesia (EDA) or be a normal physiological 

response to stress [6,7].  

The incidence of verified early onset neonatal sepsis (EONS) has been reported to 1.4-6.9 

/1000 of births in Western societies with a mortality of 9-15 % [8,9]. There is no consensus 

regarding the definition of EONS but a variety of signs and symptoms speak for the diagnosis 

(tachypnea, hypotonia, irritability, hypo- or hyperthermia or elevated white blood cell (WBC) 

count) [10]. Risk factors for developing EONS include maternal fever, preterm labor, 

premature rupture of membranes, meconium stained amniotic fluid (MSAF), and low 

APGAR score at birth [11–13]. 

The incidence of CA is 1-4% in term births. The frequency varies depending on diagnostic 

criteria and gestational age, and it complicates 40-70% of preterm births and over 94% of 

births in week 21-24 [14,15]. The main risk factors for CA are maternal colonization of Group 

B streptococci (GBS), bacteriuria, prolonged labor, nulliparity, maternal disease (e.g. diabetes 

and hypertension), prolonged or premature membrane ruptures, and serial vaginal 

examinations with ruptured membranes [5,6].  

Mechanisms for fever caused by EDA is partially unclear, but the most recent studies state 

that it is caused by a non-infectious inflammatory state [16–18]. However, it results in excess 

maternal antibiotic treatment for presumed CA [19]. EDA is also associated with prolonged 

labor, which in turn is associated with intrapartum fever [6]. 

The definition of CA is inconsequent; some define it as placental inflammation at pathologic 

examination and others as isolation of bacteria from fetal membranes [20]. Due to these 

laboratory difficulties, the diagnosis is often made clinically by findings of maternal fever 

with two additional findings: uterine tenderness, maternal or fetal tachycardia, maternal 

leukocytosis and foul smelling or purulent amniotic fluid [5,20]. These criteria are unspecific, 

and infection during labor is difficult to diagnose because inflammatory mediators like C-

reactive protein (CRP) and leukocytes tend to be elevated during pregnancy and labor, and 

abdominal tenderness may be obscured by EDA.  

Since it is difficult to diagnose CA, healthcare providers tend to give antibiotics only based on 

intrapartum fever, resulting in antibiotic treatment of mothers with labor- or EDA induced 
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fever without CA. The reason for this is that CA is strongly associated with adverse outcomes 

in the neonate, and that infection can not be excluded as the cause of the fever [5,21].  

Potential adverse outcomes for newborns at all gestational ages following maternal fever 

include sepsis and, following this, neurological insults resulting in e.g. cerebral palsy 

[20,22,23]. Further, among preterms with very low birth weight, cognitive deficits in school 

have been reported [24]. 

In Sweden, there are no specific guidelines for treating newborns following CA, generating 

somewhat different management. Guidelines from other countries have different approaches: 

American guidelines advocate treatment of the neonate born following CA with antibiotics 

after blood culture and complete blood count [25]. UK guidelines recommend looking at risk 

factors, red flags, and clinical indicators before deciding whether the newborn should be 

treated with antibiotics and/or monitored [13].  

Infants born following CA are generally considered to be at great risk for infection, and 

exposure to CA increases the incidence of verified EONS to 1-3% [14,20]. However, a study 

from 2017 reports a low incidence of verified EONS (0.24%) in a cohort of women who 

presented with intrapartum fever or CA, which did not differ compared to newborns delivered 

from mothers without fever during labor [3]. 

 

Aim  

To assess the association between CA or intrapartum fever, and the occurrence of clinical 

EONS in the newborn, and to describe newborns with EONS and their mothers regarding 

background and labor characteristics.  

 

Material and Method 

A retrospective cohort study was performed on all deliveries (n=3306) and all births (n=3346) 

at the maternity ward at Falun hospital, Sweden, in 2016.  

The data record system Obstetrix® (Siemens Health Care®) provided information for the 

cohort of: maternal age at delivery categorized into <35 and ≥35 years; body mass index 

divided into <30 and ≥30 kg/m2; pre gestational diseases (chronic hypertension, diabetes, 
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inflammatory bowel disease, chronic kidney disease and recurrent urinary tract infection); 

smoking recorded at 32 weeks of gestation; parity was categorized as nulliparous and parous; 

multiple births included both twins and triplets; gestational length of delivery was divided 

into ≥42+0, 37+0 - 41+6, < 37+0 and <28+0 gestational weeks +days.   

Labor characteristics included: onset of labor (spontaneous, induction and/or caesarean 

section); primary method of induction (cervical catheter, prostaglandin, oxytocin infusion, 

amniotomy); rupture of membranes ≥18 hours; premature membrane rupture; MSAF; EDA; 

hours from painful regular contractions to delivery (≥12 and ≥24 hours); mode of delivery 

(spontaneous, vacuum extraction and caesarean section); and blood loss ≥1000 ml.  

Collected data regarding their newborns included Apgar Score (<4 at one and five minutes, 

and <7 at 5 minutes); pH in the umbilical cord artery <7.05 and Base Excess <-12; pH in the 

umbilical cord vein <7.17 and Base Excess < -12; resuscitation (ventilation on mask, 

intubation and/or heart massage).  

Cases were identified by searching for all labors with a diagnosis (according to the 10th 

revision of the International Classification of Disease, ICD-10 [26]) of fever >38,5°C during 

labor (O.75.2) or chorioamnionitis (O41.1), and newborns diagnosed with neonatal sepsis 

(P36 + P39+2)  with a clinical suspicion of sepsis, based on a variety of symptoms, before 

seven days of living, and sepsis treatment for at least 8-10 days. The cases consisting of 

women diagnosed with CA or intrapartum fever, and the cases consisting of newborns with 

EONS and their mothers, were handled as two separate groups.  

The local guidelines for diagnosing CA uses the following diagnostic criteria: fever >38,0 °C 

with addition of at least two of the following: maternal tachycardia >100 beats per minutes 

(bpm) fetal tachycardia >160 bpm; WBC count >15x109; foul-smelling amniotic fluid; 

vaginal discharge; and tenderness of the uterus. 

Data was collected in a different manner in all cases, by manual review of their electronic 

medical records. Additional collected data for the cases with CA or intrapartum fever and 

mothers of newborns with EONS included anemia (Hb<100 g/l) yes/no; need of an 

interpreter; pre- and gestational diseases; temperature at admission ≥38°C; onset of fever 

(before, during or after labor); temperature during labor >38,5°C and ≥38°C; duration of fever 

≥24 hours; dystocia defined according to ICD-10 [26]; use of acetaminophen; use and choice 

of antibiotics (defined as if the mother was given intravenous antibiotics at least 30 minutes 

before delivery); CRP; WBC and positive cultures during labor. Time to delivery was 
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recorded from the onset of labor defined as 2/3 of the following: 1) cervix dilated 3-4 cm, 2) 

ruptured membranes 3) regular painful contractions >2 per 10 minutes, and divided into ≥12 h 

and ≥24 h.  

Data for neonates with EONS collected from their stay at the neonatal intensive care unit 

included: pathological pulse oximetry (oxygen saturation <95% in hand or foot or a difference 

of >3% when measured repeatedly); tachypnea >70 breaths per minute (if no note, assumed to 

be normal); temperature ≥38°C and <36°C at admission; airway support (oxygen, continuous 

positive airway pressure and/or ventilator); transfer to another hospital; positive blood- or 

external cultures (any positive external culture); use and choice of antibiotics; maximal CRP 

and bilirubin levels, and minimal plasma glucose level during hospitalization; diagnosis of 

jaundice and/or hypoglycemia; analysis of the most pathological blood gas (pH <7.3, base 

excess <-3, lactate >2.2); days of hospitalization; and readmission within 28 days.  

Statistics  

Descriptive statistics with absolute and relative frequencies were used for categorical data and 

medians with interquartile range (IQR) for continuous data. Fisher’s exact test was used for 

comparisons of categorical variables and Mann-Whitney U Test for continuous variables. A 

two sided p-value <0.05 was considered significant. OpenEpi and SPSS 24 was used for 

comparative analyzes [27]. 

Ethics 

Ethical aspects include the intrusion in the medical records of the patients, which might 

include sensitive personal data, without consent. Per SF2003:460, ethical approval was not 

considered mandatory as there was no intent of publication, and research was performed 

within the framework of university studies. Data was stored in a key-locked computer without 

the patient’s personal identification number. 

 

Results  

There were 35 (1%) newborns diagnosed with EONS during 2016. Characteristics of 

pregnancy and labor of their mothers (n=34), compared to the mothers not having newborns 

with EONS (n=3272) are presented in Table 1. Among 3346 newborns, 35 set of twins and 3 
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sets of triplets occurred. No difference in pre gestational disease was observed between 

mothers of newborns with EONS and without EONS.  

There were more nulliparous women among the mothers of newborns with EONS (65%) 

compared to mothers of newborns without EONS (40%) (Table 1). No different rates of 

preterm deliveries overall were observed, but extremely premature deliveries were more 

common among mothers of neonates with EONS, two (5.9%), compared to six (0.2%) among 

mothers having neonates without EONS.  

In one-fifth of deliveries complicated by EONS, labor was induced, using cervical catheter 

(71%), prostaglandin and amniotomy (14% each). In deliveries not complicated by EONS, 

466 (14%) were induced; data on induction method was available for 137, the most frequent 

method being cervical catheter (50 %) followed by amniotomy (26 %), prostaglandin (20 %) 

and oxytocin (4 %).  

Membrane rupture ≥18 hours was more common among mothers of newborns with EONS 

compared to those without (45% vs. 4%) (Table 1), but no difference in the number of MSAF 

at membrane ruptures was observed. However, at time of delivery, MSAF was recorded in 

almost half of the neonates with EONS. Three out of five mothers of preterms with EONS 

had membrane rupture ≥18 hours. 

Epidural analgesia was used more frequently among mothers having newborns with EONS 

compared to mothers having newborns without EONS (59% vs. 37%). It was also more 

common to be in labor ≥12 hours (38% vs. 16%), ≥24 hours (9% vs. 1%) and delivered by 

vacuum extraction (24% vs. 5%) (Table 1).  

Almost half of the mothers of newborns with EONS had received intrapartum antibiotic 

treatment, the majority receiving Benzyl penicillin (87%) (Table 2). In maternal cultures from 

mothers of newborns with EONS, two cases of GBS in urine were found, one of them also 

had GBS in cervical culture. 

Among the newborns with EONS, it was more common with an Apgar score <7 at 5 minutes, 

18%, compared to 2% among newborns without EONS (p<0.001). It was also more common 

with resuscitation among newborns with EONS compared to those without (20% vs. 3%, p 

<0.001) (Table 1). 
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Table 1. Maternal-, pregnancy- and labor characteristics and neonatal outcome in deliveries complicated by EONS 
(n=34) compared to those without (n=3272).  
 

Variable 

Mothers of 
neonates with 
EONS, n=34 Missing (n) 

Mothers of  
neonates without 
EONS, n=3272 Missing (n) P-value  

MATERNAL CHARACTERISTICS       
Age ≥35, n (%) 6 (17.6) 0 731 (22.3) 0 0.68 
BMI ≥30, (kg/m2), n (%) 7 (22.6) 3 527 (17) 165 0.53 
Pre-gestational disease∇, n (%) 1 (2.9) 0 73 (2.2) 156-158 0.37-0.99 
Recurrent UTI, n (%) 2 (5.9) 0 296 (9.5) 157 0.72 
Smoker in GW 32, n (%) 2 (6.7) 4 118 (3.9) 217 0.65 
Nulliparity, n (%) 22 (64.7) 0 1240 (39.3) 115 0.005 
LABOR CHARACTERISTICS         
Gestational length (weeks), n (%)  0  5  
< 37+0 * 5 (14.7)  189 (5.8)  0.092 
37+0 - 41+6  27 (79.4)  2933 (89.9)  0.11 
≥42 +0  2 (5.9)  144 (4.4)  0.9 
Onset of labor, n (%)  0  0  
Spontaneous  25 (73.5)  2541 (77.6)  0.69 
Induction  7 (20.6)  466 (14.2)  0.41 
Cesarean section 2 (5.9)  264 (8.1)   0.95 
Chorioamnionitis or intrapartum 
fever**, n (%) 5 (14.7) 0 28 (0.85) 0 <0.001 
Rupture of membranes ≥18h, n (%) 14 (45.2) 3 65 (4.0) 1644 <0.001 
MSAF, n (%) 4(11.4) 1 284 (8.7) 0 0.65 
Epidural analgesia, n (%) 20 (58.8) 0 1206 (36.8) 0 0.016 
Duration of labor, n (%)   2  0  
≥12 hours  12 (37.5)  250 (15.8) 1685 0.0054 
≥24 hours 3 (9.4)  23 (0.7) 1685 0.027 
Assisted delivery, n (%)  0  0  
Cesarean Section 7 (20.6)  479 (14.6)  0.45 
Vacuum extraction 8 (23.5)  149 (4.6)  <0.001 
Blood loss ≥1000 ml, n (%) 6 (17.6) 0 243 (7.8) 160 0.095 
NEONATAL OUTCOME n=35  N = 3311   
Apgar score, n (%)      
<4 at 1 minute  3 (8.8) 1 72 (2.2) 29 0.087 
<4 at 5 minutes  1 (2.9) 0 23 (0.7) 27 0.45 
<7 at 5 minutes 6 (17.1) 0 76 (2.3) 27 <0.001 
Umbilical cord artery, n (%)        
pH <7.05 2 (6.7) 5 27 (1.1) 797 0.09 
Base excess < -12  -  13 (0.4) 29 >0.99 
Umbilical cord vein, n (%)  6    
PH <7.17 -  54 (1.9) 420 >0.99 
Base excess < -12 1 (3.4) 0 12 (0.4) 31 0.22 
Resuscitation***, n (%) 7 (20) 0 96 (2.9) 0 <0.001 
      
EONS = Early onset neonatal sepsis. GW = Gestational week. BMI = Body mass index. UTI = urinary tract infection. 
MSAF =Meconium stained amniotic fluid. ∇Chronic hypertension, diabetes, inflammatory bowel disease, chronic 
kidney disease, systemic lupus erythematosus. * < 28+0: 2 (5.9 %) among EONS vs. 6 (0.2 %) among neonates 
without EONS (p 0.006) **Diagnoses of chorioamnionitis or fever >38.5 °C during labor. *** Ventilation on mask, 
intubation or cardiac massage.  
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The incidence of CA or intrapartum fever among deliveries in 2016 was 1% (n=33) (Table 3). 

Among these women, EONS was diagnosed in 14% of their newborns, compared to 1% 

among newborns to women without CA or intrapartum fever (p <0.001).  

In table 3, labor characteristics of mothers with CA or fever having newborns with EONS 

(n=5) are compared to mothers having newborns without EONS (n=28). The only difference 

observed in maternal background or labor characteristics was that mothers not having 

newborns with EONS had a longer duration of labor. The majority (88 %) of mothers with 

CA or intrapartum fever received antibiotics during labor. In three of these mothers GBS was 

found in cervical or urine cultures, and in one mother Beta Streptococcal Group G was found 

in placental cultures.  

  

 
 
Table 2. Maternal data during labor for the mothers having newborns with early onset neonatal sepsis (EONS) 
(n=34).  
 

Variable 
Mothers of neonates  
with EONS, n=34 Missing (n) 

Temperature at admission  10 
median (IQ1-IQ3) 37.2 (37.0-37.3)  
≥38.0°C, n (%) 1 (4.2)  
Maximal temperature during labor  7 
median (IQ1-IQ3) 37.8 (37.6- 38.2)  
>38.5°C, n (%) 5 (18.5)  
≥38.0°C, n (%) 8 (29.6)  
Onset of fever, n	(%)  19 
Before labor 1 (6.7)  
During labor 12 (80.0)  
After labor 2 (13.3)  
Duration of fever ≥24 h 1 (5.0) 14 
Acetaminophen during labor, n	(%) 18 (52.9) 0 
Antibiotics during labor, n	(%)  0 
Total 15 (44.1)  
Benzyl penicillin 13 (86.7)  
Clindamycin 2 (13.2)  
Ampicillin 2 (13.3)  
Metronidazole 1 (6.7)  
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EONS = Early onset neonatal sepsis. CRP = C-reactive protein. WBC = white blood cell. *	No child was born 
<28+0 GW.  **Meconium stained amniotic fluid. *** blood, urine, cervix, wound and placenta.  

Table 3. Characteristics of deliveries complicated by chorioamnionitis or intrapartum fever (N=33) having and 
not having newborns with EONS.   
    
Variable  No EONS n=28  Missing (n) EONS n=5 Missing (n) P-value  
 
LABOR CHARACTERISTICS          
Gestational length (weeks), n (%)  0  0  
< 37+0 * 3 (10.7)  -  >0.99 
> 37+0  25 (89.3)  5 (100)  >0.99 
Induction of labor (n=10), n (%) 9 (31.4) 0 1 (20) 0 >0.99 
Cervical catheter 3 (33.3)  1 (100)  0.8 
Prostaglandin 3 (33.3)  -  >0.99 
Oxytocin 3 (33.3)  -  >0.99 
Temperature at admission 
≥38.0°C, n (%) 3 (11.1) 1 1 (20) 0 >0.99 

Temperature at admission (°C), 
median (IQ1-IQ3) 37.1 (37.0-37.5) 1 37.2 (37.1-37.2) 0 

0.92 

Onset of fever, n (%)  1  0  
Before labor 3 (11.1)  1 (20)  >0.99 
During labor 24 (88.9)  4 (80)  0.84 
Maximal temperature during 
labor >38.5°C, n (%) 16 (57.1) 0 4 (80) 0 0.66 

Maximal temperature during 
labor (°C), median (IQ1-IQ3) 38.7 (38.2-39.2)  38.7 (38.6-39.1)  0.72 

Duration of fever >24 h, n (%) 2 (7.4) 1 1 (20)  0.82 
CRP during labor (mg/L),  
median (IQ1-IQ3) 33 (12-53) 6 17 (28-52) 1 0.97 

WBC during labor (109/L), 
median (IQ1-IQ3) 17.8 (14.3 - 20.7) 6 21.3 (18.4-21.9) 1 0.56 

Premature membrane rupture,  
n (%)  3 (10.7) 0 - 0 >0.99 

Rupture of membranes ≥18h,  
n (%) 13 (46.4) 0 3 (60) 0 0.94 

Rupture of membranes (h),  
median (IQ1-Q3) 15.5 (12.6-23.5)  28 (9.3-84)  0.51 

MSAF **, n (%) 7 (25)  - 0 0.55 
Dystocia, n (%) 17 (60.7) 0 1 (20) 0 0.23 
Epidural analgesia, n (%) 22 (78.6) 0 5 (100) 0 0.68 
Duration of labor  0  0  
Median (IQ1-IQ3) 13.5 (10-16.4)  9.5 (7.3-10.5)  0.04 
≥12 h, n (%) 15 (53.6)  -  0.07 
≥24 h, n (%) 2 (7.1)  -  >0.99 
Assisted delivery (n=15), n (%) 12 (36) 0 3 (60) 0 0.82 
Vacuum extraction 3 (12.0)  2 (40)  0.31 
Cesarean section 9 (32.1)  1 (20)  >0.99 
Bleeding ≥1000 ml, n (%) 5 (17.9) 0 - 0 0.83 
Acetaminophen during labor n (%) 28 (100) 0 5 (100) 0 - 
Antibiotics during labor, n (%)  0 -  0  
Total 26 (96.3)  3 (60)  0.11 
Benzyl penicillin 18 (66.7)  2 (66.7)  0.52 
Clindamycin 3 (11.1)  1 (33.3)  >0.99 
Ampicillin 13 (48.1)  2 (66.7)  >0.99 
Metronidazole 13(51.9)  1 (33.3)  0.51 
Positive cultures ***, n (%) 3 (10.7) 13 1 (20,0) 3 0.73 
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Figure 1. Temperature and white blood cell count during labor, comparing women with CA or fever having 

newborns with EONS (n=5) to those having newborns without EONS (n=28).  

 

Characteristics of the 35 newborns with EONS is presented in Table 4. The majority, 21 out 

of 35 were tachypnoeic at admission, and 94% had levels of lactate >2.2 during 

hospitalization. Four of the newborns with EONS had positive blood cultures (12 %), those 

are further presented in Table 5, and none of them occurred among newborns to mothers with 

CA or intrapartum fever. There were 14 newborns with EONS with positive external cultures, 

and 15 of the 27 newborns where blood and/or external cultures were taken had at least one 

positive culture: GBS (53%), Escherichia coli (E. coli, 33%), Coagulase negative 

staphylococci and Enterococcus faecalis (13% respectively), and Staphylococcus aureus, Alfa 

Streptococcus, Staphylococcus lugendensis and Beta Streptococcus Group C (7% 

respectively). 

In 12 of the 15 newborns with EONS where any culture was positive, the mother had not 

received any intrapartum antibiotic, or an intrapartum antibiotic not covering the present 

bacteria later cultured from the newborn. Three of the newborns with positive cultures had a 

mother with CA or intrapartum fever during the delivery, and none of these mothers received 

an intrapartum antibiotic covering the present bacteria later cultured from the newborn. 

 

Temperature during labor  White blood count during labor  

109 /Liter °C 

P 0.72 

EONS EONS No EONS 

P 0.56 

No EONS 
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Table 4. Descriptive data of the neonates with early onset neonatal sepsis during hospitalization (n=35).  
 
NEONATAL CHARACTERISTICS n=35 missing (n) 
Mother with CA or fever during labor* n (%) 5 (14.3) 0 
Gestational length (weeks), n (%)  0 
< 37+0 ** 6 (17.1)  
37+0 - 41+6  27 (77.1)  
≥42 +0  2 (5.7)  
APGAR, median (IQ1-IQ3)   
1 minute 9 (6-9) 1 
5 minute 9 (8-10) 0 
10 minute 10 (9-10) 0 
Pathological POX***, n (%) 7 (23.0) 5 
Tachypnea at admission♦, n (%) 21 (77.8) 8 
Temperature at admission  1 
C°, median (IQ1-IQ3) 37.5 (37.3 - 37.9)  
≥38,0°C n (%) 7 (20.6)  
<36 °C n (%) 1 (2.9)  
Airway support, n (%)  0 
Oxygen 19 (54.3)  
CPAP 26 (74.3)  
Ventilator  6 (17.1)  
Transfer to another hospital, n (%) 4 (11.4) 0 
Positive cultures, n (%)   
Blood 4 (12.1) 2 
External 14 (51.9) 7 
Antibiotic treatment, n (%)  0 
Total 35 (100)  
Benzyl penicillin 32 (91.4)  
Gentamicin 33 (94.3)  
Cefotaxim 4 (11.4)  
Ampicillin 3 (8.6)  
Vancomycin 2 (5.7)  
Cefuroxime 1 (2.9)  
Cloxacillin 2 (5.7)  
Unknown 2 (5.7)  
Lab during hospitalization, median (IQ1-IQ3)   
CRP, max, (mg/L)  75 (56 - 113.5) 0 
Bilirubin, max, (um/L)  118 (82 - 171) 2 
P-glucose, min, (mmol/l)  3.1 (2.8 - 3.7) 1 
Jaundice, n (%) 8 (22.9) 0 
Hypoglycemia, n (%) 5 (14.3) 0 
Blood gas ◊  0 
pH, median (IQ1-IQ3) 7.28 (7.23 - 7.36)  
pH <7.30, n (%) 18 (51.4)  
Base excess, (mmol/L), median (IQ1-IQ3) - 3.1 (-6.0 - 0.3)  
Base excess < -3 mmol/L, n (%) 19 (54.3)  
Lactate, (mmol/L), median (IQ1-IQ3)  4.4 (3.3 - 7.0)  
Lactate >2.2 mmol/L, n (%) 33 (94.3)  
Hospitalization (days) median (IQ1-IQ3)  8 (8-23) 0 
Readmission ≤28 days n (%) 1 (2.9) 0 
 
* Diagnose of chorioamnionitis or diagnose of fever >38.5°C during labor. ** < 28+0: 2 (5.7 %). 
***Pathological pulse oximetry (defined as oxygen saturation <95%) in hand or foot or a difference of >3% 
between hand and foot when measured repeatedly (1-2 times every 30-60 minutes).  
♦Tachypnea defined as >70 breaths per minute (if the number o breaths or tachypnea was not noted in the 
chart it was assumed to be normal. ◊ The most pathological blood gas during hospitalization.  
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Discussion  

Principal findings  

It was found to be more common having newborns with clinical EONS among mothers 

having CA or fever (14%), than among mothers without CA or fever (1%). The only 

differences found between mothers, with CA or fever, of newborns with EONS compared to 

those of newborns without EONS, was that mothers of newborns without EONS had a longer 

duration of labor. Only one-third of all mothers of newborns with EONS had a temperature 

≥38 °C during labor and one fifth had a temperature >38.5°C.  However, it was more common 

with CA or fever among mothers of newborns with EONS (15%), than among mothers of 

newborns without EONS (1%). Factors associated to having a newborn with EONS was 

nulliparity, extremely preterm delivery, use of EDA, rupture of membranes ≥18 hours, 

duration of labor ≥12 hours, operative vaginal delivery, Apgar <7 at 5 minutes and 

resuscitation of the newborn.  

Comparison to other studies 

The incidence of CA or fever among mothers of newborns with EONS was 15% in our study. 

This is in concordance with the study by Sung et al. also using clinical diagnoses [28], and 

Escobar et al. reported an incidence of 13% among newborns with birth weight ≥2000 g with 

EONS[29]. However, Wortham et al. using the same criteria of CA, reported an incidence of 

Table 5. Description of bacterial cultures and antibiotic treatment for the four newborns with positive blood culture. 

 Newborn 1 Newborn 2 Newborn 3 Newborn 4 
Blood culture newborn GBS GBS E. Faecalis  CoNS  
External culture newborn Beta Streptococcus 

Group C  
+ E. Coli  

0 E. Faecalis E. Coli  

Neonatal antibiotic 
 treatment 

Benzyl-PC 
+ Gentamicin 
+ Cefotaxim 

Benzyl-PC  
+ Gentamicin 
+Cefuroxime  
+ Cloxacillin 

Benzyl-PC 
+ Gentamicin 
+ Ampicillin 

Vancomycin   
+ Cloxacillin  
+ Gentamicin 

Maternal cultures Missing Missing Missing 0 

Intrapartum antibiotic 
treatment 

0 Benzyl-PC  0 Benzyl-PC  

E. faecalis = Enterococcus faecalis. CoNS = Coagulase negative staphylococci. E. Coli = Escherichia coli.  
Benzyl-PC = Benzyl penicillin. GBS = Group B Streptococcus 
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39% of clinical CA [30], similar to Stoll et al. who reported an incidence of 40% [31] among 

cases with EONS. Sgro et al. presents an incidence of 26% (2003-2005) and 36% (2006-

2008) [32]. The current study is retrospective and register based, only including those with an 

ICD-10 diagnosis code of CA or fever, which may explain the lower incidence. Inconsistent 

diagnostic criteria of CA is another explanation of different incidental numbers. The criteria 

for CA have low specificity, and the sensitivity of the clinical signs are approximately 50-

60% [20,33]. Also, the current study found a total incidence of CA in the lower range (1%), 

compared to other studies reporting 1-4.6% [14,23,34], which might have affected the result 

as well. One-third of mothers having newborns with EONS had an intrapartum temperature of 

≥38 °C, which is similar to data by Stoll et al [31], reporting that 26% had a temperature of 

≥38 °C within 72 h before delivery. Further, intrapartum fever can be non-infectious, e.g. 

caused by epidural analgesia [35], thus it is likely that the incidence of intrapartum 

temperatures ≥38 °C is greater than the incidence of CA making the results of the present 

study likely. This is supported by a study by Romero et al, showing that in 40% of women in 

labor, the cause of intrapartum fever or CA is not a microbial infection [33], which might lead 

to overuse of antibiotic treatment.  

Factors found to be associated to EONS were nulliparity, extremely preterm delivery, EDA, 

rupture of membranes ≥18 hours and duration of labor ≥12 hours. Nulliparity is in itself 

associated with prolonged labor, use of EDA and assisted delivery.  

Assisted delivery with vacuum extraction, Apgar <7 at 5 minutes and resuscitation were also 

factors related to EONS. These findings are in agreement with prior studies [11,12,36]. The 

association between vacuum extraction and EONS could either be explained by use of 

assisted vaginal delivery in case of prolonged labor, or it might cause intrusion of bacteria 

caused by small skin lesions of the vacuum cup. However, bacterial infection in a 

cephalhematoma is rare, even though it is a potential site of infection and it is often associated 

with systemic infection [37]. Also, clinical experience suggests that the swelling of the head 

after vacuum extraction causes a clinical picture similar to EONS such as CRP elevation and 

irritability [Personal communication, Barbro Hedin Skogman, Pediatrician].  

Other studies have found MSAF to be a risk factor for development of EONS [12], and 

MSAF has been suggested an indicator of fetal distress as a symptom of EONS [36].  In this 

study this correlation could not be found. However, the analysis was only based on meconium 

in the amniotic fluid at the time of membrane rupture, as this data was available for all 

deliveries. In the present study, medical records were further reviewed only in deliveries 
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complicated with EONS, and it was then found that 42% had meconium in the amniotic fluid 

at any time until delivery, meaning almost half of these neonates were actually exposed to 

meconium.  

The risk of having a newborn with clinical EONS was 14% among women with CA or fever 

in our study, compared to the study by Kiser et al, using the same criteria, which found 5% 

[34]. The difference might reflect that they only included late preterm and term infants in their 

study, as prematurity is a well-known risk factor for EONS [12]. Alexander et al. found that 

1.3% of term infants post exposure to CA developed blood culture proven EONS [38], and 

Tower et al. reported that 0.24% of term infants post exposure to CA or intrapartum 

temperature ≥38.0°C developed verified EONS [3]. We included infants of all gestational 

ages and used clinical EONS rather than verified, making the incidence higher. The majority 

of other studies, using the definition of EONS as blood culture-proven, report incidence 

numbers ranging from 0.58/1000 to 8/1000, which are in accordance with our findings. 

Furthermore, the most common pathogens being GBS and E. Coli [29–31,39–41] are in line 

with our findings in external cultures, where half was positive for GBS and one third for E. 

Coli. 

Other pathogens causing CA are strictly anaerobe bacteria or genital mycoplasmas, organisms 

that very seldom cause invasive infections, which might explain the incidence of verified 

EONS post-exposure to CA is not higher. In the present study, few positive maternal cultures 

were found in mothers with CA or fever. This might be explained by missing data, in almost 

half (13/28) of those cases no cultures had been taken during labor. Further, difficulties in 

culturing Mycoplasma and Ureaplasma species might explain the low rate [20].  

Among the mothers with CA or fever, no additional risk factors for EONS were found except 

for shorter labor, which might not be considered a risk factor, but could be a spurious finding 

or a consequence from more assisted deliveries. The study population might have been too 

small to detect a modest but clinical significant difference in other variables or mean that no 

specific factors determine if CA will result in EONS. However, to identify subpopulations at 

risk is however a new approach that to our knowledge has not been investigated previously.  

In 12 out of 15 neonates with EONS with positive blood- or external cultures the mother had 

been treated with intrapartum antibiotic prophylaxis not covering the present bacteria. E. Coli 

was found to be the second most common bacteria found in cultures, although no case was 

found in blood culture. It is the most common pathogen of mortality in neonatal sepsis 
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patients [42], which stresses that E. Coli should be covered in treatment for suspected CA. 

However, antibiotic resistance and the fact that antibiotic treatment in utero or the first year of 

life might have long-lasting negative effects on the child (e.g., increased asthma incidence) 

must be considered [43].  

There is a challenge in diagnosing EONS only in infants with a true infection. Generally, 

blood culture remains the golden standard for diagnosing EONS, but sensitivity is low, partly 

because of administrated intrapartum antibiotics, but also because of limitations in blood 

volume per culture [44–46]. According to this study, tachypnea, need of airway support and 

lactate >2.2 were factors in the newborn associated to EONS. Unexpected, we found that only 

23 % of newborns with EONS had pathological pulse oximetry.  

Strengths and Limitations 

Strengths of the study included detailed information on pregnancy, labor, and neonatal 

outcome. Also using diagnosis of EONS as inclusion criteria and not excluding culture-

negative infections makes it likely cases of EONS have not been missed.  

One limitation in the present study is that the inclusion criteria are based on the clinical 

diagnosis of CA and fever >38.5°C and not histological CA. This could explain the low 

number of newborns with EONS having a mothers with CA or fever. Data were collected 

with different methods in cases and the rest of the deliveries and births in 2016, with restricted 

information primarily about labor characteristics for those not being cases, which limits 

comparisons between groups. Also, there is a risk of information bias as the collection of data 

was made retrospectively. Due to the limited number of cases, and the fact that the study was 

conducted at one center might reduce the ability to generalize the results. Also the factors 

found to be associated to an outcome were produced by a univariate analysis, hence they are 

not assured to be independent risk factors.  

 

Conclusion 

Chorioamnionitis or intrapartum fever increases the risk of mothers having a newborn with 

clinical EONS. However, the majority of mothers of newborns with clinical EONS had no 

signs of infection during labor. Of mothers with chorioamnionitis/fever, 12% are not treated 

with intrapartum antibiotics and in almost half of these mothers no cultures were taken, 

suggesting a field of potential improvement. Tachypnea, high lactate and need of airway 
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support are factors in the newborn associated to EONS while culture verified sepsis occur in a 

minority of the newborns diagnosed with EONS, indicating that with the laboratory methods 

of today the diagnosis is mainly clinical.  
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Cover letter  

January 2018. Corresponding author: Linda Lorenz, Bachelor of Medicine, School of Medical 
Sciences, Örebro University  

Dear Editor 

We kindly ask you to consider publication of the following manuscript entitled “Intrapartum 

fever and early neonatal sepsis”.  

This study is one of few studies looking at clinical neonatal sepsis instead of verified, making 

this study unique. Because clinicians usually do not separate clinical from verified neonatal 

sepsis, this is a grate approach. We performed a retrospective cohort study of all births during 

2016 on a small hospital in Sweden where we aimed to examine the association between 

intrapartum fever and clinical early onset neonatal sepsis. We found that it was markedly 

more common having newborns with neonatal sepsis among mothers having chorioamnionitis 

or fever (14%), compared to 1% among mothers not having chorioamnionitis or fever 

(p<0.001). Nevertheless, the majority of the mothers of newborns with neonatal sepsis had no 

signs of infection. Among the mothers with CA or fever, the only specific risk factor found 

for neonatal sepsis was short labor, however this is one of the first studies even looking at this 

approach and this needs to be further studied. Review of all medical records made detailed 

information available in all cases. Some other studies on the field include only specific cases 

e.g. single births or term neonates. We, however, included all cases with the diagnose of 

chorioamnionitis, fever >38.5°C and early onset neonatal sepsis making the results more 

generalizable.  

We hope that this paper could be of interest for the readers.   

This study has not been published before and is not considered for publication elsewhere. 

 

Kind regards  

Linda Lorenz 
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Populärvetenskaplig sammanfattning  

 

Feber under förlossningen 
– ökad risk för infektion hos barnet 
 

Att kvinnor har feber under förlossningen 

är vanligt. Det förekommer i upp till en 

tredjedel av alla förlossningar. Det kan 

bero på en infektion i fosterhinnorna, eller 

vara en biverkan till ryggmärgsbedövning. 

Man känner till sedan tidigare att feber 

under förlossningen ökar risken för svår 

infektion hos barnet. Man behandlar  

därför mamman med antibiotika och 

febernedsättande under förlossningen. 

Nyligen har man i en amerikansk studie 

ifrågasatt detta samband. Vi ville därför 

undersöka detta samband på Falu lasarett, 

och utvärderade därför alla födslar under 

2016 i en studie. Vi kom fram till att 

infekterade fosterhinnor eller feber under 

förlossningen över 38,5°C ökar risken från 

1% till 14% för att få ett barn med svår 

infektion de första dagarna efter födseln. 

Dock har majoriteten (ca 70%) av 

mammorna till barn med infektion ingen 

feber under förlossningen. Vi kom också 

fram till att det är svårt att urskilja vilken 

av mammorna med en infektion eller feber 

under förlossningen som kommer att få ett 

sjukt barn. Några redan kända riskfaktorer 

för infektion hos nyfödda kunde påvisas 

även i denna studie, såsom tid från 

vattenavgång till födsel ≥18 timmar , 

förlossning ≥12 timmar och att barnet föds 

innan 28 fullgångna veckor.  

  



 

Ethical considerations  

This study did not aim to be published, and was rather performed to examine local 

epidemiology. Therefor no ethical approval was needed in accordance with SF2003:460. 

Ethical aspects included intrusion in the medical records of the patients, which might include 

sensitive personal data. Approval was not collected for the participants in the study. Approval 

from the mothers could have been given, but not from the neonates. However, it would not 

have been time efficient, since no data in the study can be connected to a study participant, 

and the study was partly made for a quality review of the clinic. The patients have not been 

discriminated to different treatment as it is a retrospective study. That might, however, be a 

problem in a prospective case-referent study. The benefits of this study is insight in how great 

the risk for EONS is when the mother has CA, which is important information primarily for 

pediatricians, and for improved neonatal outcome. This knowledge might however cause 

worry in expectant parents, problems with connecting to the newborn, and possible feelings of 

guilt. Nevertheless, there might be some advantages for the parents in future deliveries, as the 

science might be useful hopefully causing better neonatal outcome, which is the all over aim 

in this field of research.  

 

 

 


