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Association of lymphocyte count and incidence of maternal fever 
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Background: Evidence showed that the use of epidural analgesia increased the risk of maternal fever 
during labor, and the potential mechanisms involved inflammation. Lymphocyte played a role in the 
inflammatory responses, and lymphopenia predicted adverse outcomes for patients. The aim of this study 
was to investigate whether lymphocyte count was associated with the incidence of intrapartum fever in 
nulliparous women undergoing vaginal delivery.
Methods: In this retrospective cohort study, electronic medical record data at the International Peace 
Maternity and Child Health Hospital (IPMCH, Shanghai, China) between 2012 and 2017 were extracted. 
The primary outcome of this study was baseline lymphocyte count in febrile and afebrile parturients who 
received labor epidural analgesia. Other confounding factors associated with the development of intrapartum 
fever were analyzed using multivariable logistic regression.
Results: The final study population consisted of 36,562 parturients, of whom 18,952 (51.8%) received 
labor epidural analgesia. Labor epidural analgesia was associated with an increased risk of maternal fever 
[relative risk: 4.55; 95% confidence interval (CI): 4.16–4.98; P<0.001]. Among the parturients who received 
epidural analgesia, both baseline lymphocyte count and lymphocyte percentage were lower in the febrile 
patients than those in the afebrile patients (P<0.001; P=0.015). The lower (<1.1×109/L) baseline lymphocyte 
was associated with a higher risk of maternal fever (adjusted odds ratio: 1.30, 95% CI: 1.14–1.48; P<0.001).
Conclusions: Our results suggested that lower lymphocyte baseline indicated an increased risk of maternal 
fever during epidural analgesia-involved labor. Further studies are needed to confirm the findings and 
determine the potential mechanisms.
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Introduction

Intrapartum fever occurred in approximately one-
fourth of all labors (1,2). Maternal fever was associated 
with more frequent obstetric interventions, unnecessary 
administration of antibiotics, a higher rate of cesarean 

section, and adverse neonatal outcomes (3,4). Intrapartum 
fever was first proposed to be related to epidural analgesia 
in 1989 in Lancet (5). A following retrospective “before-
and-after” study strengthened the validity of this association 
and demonstrated that labor epidural analgesia increased 
the incidence of intrapartum fever (6). Recently, epidural 
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analgesia-involved labor becomes popular in developing 
regions. However, the factors that cause epidural analgesia-
related fever and their potential mechanisms remained 
unclear.

The current  evidence demonstrated that  most 
intrapartum fever did not have infectious etiologies, 
but involved the inflammatory response and immune 
modulation (7). The baseline interleukin-6 (IL-6) was 
associated with maternal intrapartum fever (8), however, it 
is not feasible to measure cytokine levels in clinical practice. 
Lymphocyte is the essential part of the cellular immune 
response. The decreased lymphocyte count predicted 
adverse outcomes in non-obstetric patients (9-11). However, 
the association between lymphocyte count and maternal 
fever has not been assessed. This retrospective cohort study 
aimed to investigate whether low lymphocyte baseline was 
associated with the incidence of intrapartum fever in a 
large cohort of full-term nulliparous women undergoing 
vaginal delivery. The findings of this study will assist 
both obstetricians and anesthesiologists in estimating the 
potential risk of intrapartum fever before the administration 
of labor epidural analgesia. We present the following 
article in accordance with the STROBE reporting checklist 
(available at http://dx.doi.org/10.21037/atm-20-1724).

Methods

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The study was 
approved by the Ethics Committee of the International 
Peace Maternity and Child Health Hospital (IPMCH, 
No. GKLW2017-153), and the protocol was registered at 
http://www.chictr.org.cn (ChiCTR1900027694). Individual 
consent for this retrospective analysis was waived. 
Electronic medical record data of deliveries at IPMCH 
between January 1, 2012 and December 31, 2017 were 
extracted by investigators. The inclusion criterion was full-
term vaginal delivery with live birth. Parturients who were 
parous, or who had multiple gestations were excluded. In 
addition, some parturients had no records of the white 
blood cells (WBCs) within 24 hours before delivery; these 
parturients were also excluded for further analyses.

Blood samples were taken from the median cubital 
vein for routine blood test when the parturients arrived at 
the labor and delivery unit. When a cervical dilatation of 
3.0 cm or greater was reached, the epidural analgesia was 
administrated to parturients who requested for epidural 
analgesia and did not have the epidural contraindications 

(including coagulation dysfunction and lumbar surgery 
history). Baseline temperatures were recorded when 
parturients arrived at labor and delivery unit. Temperatures 
were assessed every 2 hours by the nursing staff during 
labor and delivery. If a temperature of 37.5 ℃ was reached, 
the diagnosis of fever was made by the obstetric provider, 
temperatures were then assessed hourly. Following the 
diagnosis of fever, the antibiotics was administrated based 
on the patient’s clinical presentation and blood test results. 
The duration of labor was limited to 24 hours according to 
the IPMCH rules.

The extracted data included age, body mass index (BMI), 
gestational age, parity, cervical examinations, labor length 
(the time from regular uterine contraction until placental 
expulsion), birth weight, and WBC test results. Parturients 
with intrapartum fever had several blood tests during labor; 
the results of the first blood test taken within 24 hours 
before delivery were extracted for analyses. More than 3,000 
records were randomly selected for manual evaluation to 
confirm the accuracy of the data.

Statistical analysis

The primary outcome was baseline lymphocyte count, 
defined as the lymphocyte count recorded in the first 
blood routine test within 24 hours before delivery, usually 
at the onset of labor or very close to the onset of labor. 
The normal distribution of continuous variables was 
determined using the Shapiro-Wilk test. Continuous 
variables were presented as mean ± standard deviation 
(SD), or as median [interquartile range (IQR)]. Counting 
variables were presented as numbers (percentage). For 
variables with missing data (maternal age missing in 1.8%, 
and BMI missing in 2.5%), multiple imputation according 
to the Markov chain Monte Carlo method was used by 
creating five imputed data sets for analyses. Quantitive 
data were compared either by independent t-test for 
normally distributed data (including age, BMI, labor 
length, and birth weight), or Mann-Whitney test for the 
non-normally distributed data (including WBC count, 
neutrophil count, neutrophil percentage, monocyte count, 
monocyte percentage, lymphocyte count, lymphocyte 
percentage, and lymphocyte to neutrophil ratio). Counting 
data were compared using the chi-squared test. The 
relationships between baseline lymphocyte count and 
the patient characteristic data with maternal fever were 
first analyzed by individual logistic regression analysis to 
identify variables associated with the incidence of maternal 
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fever. Multivariable forward selection logistic regression 
analysis was then used to identify variables independently 
associated with outcomes at P<0.05. All statistical analyses 
were performed using Statistical Package of Social Sciences 
version 25.0 for Macintosh (IBM Corp., USA).

Results

A total of 48,791 parturients met the inclusion criterion. 
From this initial cohort, 246 cases were excluded due to 
multiple gestations, 9,396 were excluded due to parity, and 
2,587 were excluded because they did not have records of 
WBC (Figure 1). The final study population consisted of 
36,562 parturients, of whom 3,268 (8.9%) were recorded 
as having a fever during labor. The epidural analgesia 
was performed to 18,952 parturients (51.8%). Parturients 
receiving epidural analgesia were more likely to develop 
fever during labor: 14.3% (2,714/18,952) in epidural-
analgesia group compared with 3.1% (554/17,610) in no 
epidural group [relative risk: 4.55; 95% confidence interval 
(CI): 4.16–4.98; P<0.001; Table S1], suggesting an increased 

risk of intrapartum fever among parturients who received 
epidural analgesia.

The parturients were grouped according to epidural 
analgesia administration and fever status (febrile or 
afebrile). In the parturients without epidural analgesia, 
there was no difference in baseline WBC count, neutrophil 
count,  neutrophil  percentage,  lymphocyte count, 
lymphocyte percentage, or the lymphocyte to neutrophil 
ratio between febrile and afebrile women. Baseline 
monocyte count of febrile patients was higher than that 
of afebrile patients (P=0.039; Table 1). However, there was 
no difference in baseline monocyte percentage between 
febrile and afebrile women who did not receive epidural 
analgesia. Among parturients administrated with epidural 
analgesia, both baseline lymphocyte count (febrile patients:  
1.53/nL; afebrile patients: 1.57/nL; P<0.001) and 
lymphocyte percentage (febrile patients: 18.4%; afebrile 
patients: 18.7%; P=0.015) were significantly lower in 
febrile patients than in afebrile patients (Table 1). Baseline 
WBC count, neutrophil count, neutrophil percentage, 
or monocyte count was not different between febrile 

48,791 Full-term vaginal deliveries with live 

birth from January 1, 2012 to December 31, 

2017 at IPMCH 

48,545 Vaginal deliveries with “singleton,  

live birth”

39,149 Nulliparous with “singleton, live birth, 

vaginal delivery”

36,562 Charts enrolled

246 Excluded for multiple gestation

9,396 Excluded for parous

2,587 Excluded no records of white  

blood cells 

Figure 1 Participant flowchart. IPMCH, International Peace Maternity and Child Health Hospital.
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and afebrile patients receiving epidural analgesia. The 
monocyte percentage (febrile patients: 7.0%; afebrile 
patients: 6.8%; P=0.007) and lymphocyte to neutrophil 
ratio (febrile patients: 0.25; afebrile patients: 0.26; P=0.028) 
were significantly different between febrile and afebrile 
parturients in epidural group (Table 1).

The characteristics of parturients stratified by epidural 
analgesia administration and fever status (febrile or 
afebrile) are shown in Table 2. In the non-epidural group, 
labor duration was longer in febrile parturients (febrile 
patients: 405.4±185.8 minutes; afebrile patients: 351.7± 
158.2 minutes), and intrapartum fever occurred more 
often in the women who had a longer duration of labor 

(P<0.001; Table 2). There was no significant difference 
between maternal age, BMI, birth weight, or lymphocyte 
count between febrile and afebrile patients in the non-
epidural group. In the epidural analgesia group, age (febrile 
patients: 29.8±3.1 years; afebrile patients: 29.5±3.0 years; 
P=0.033) and BMI (febrile patients: 26.3±2.7 kg/m2; afebrile 
patients: 26.0±2.7 kg/m2; P<0.001) were greater in the 
febrile group; patients who developed intrapartum fever 
were more likely to be older and obese (Table 2). The labor 
duration of febrile parturients was significantly longer than 
that of afebrile parturients in the epidural analgesia group 
(febrile patients: 586.5±198.7 minutes; afebrile patients: 
498.6±197.3 minutes; P<0.001; Table 2). There was no 

Table 1 WBC baseline according to epidural analgesia administration and fever status

Variables
No epidural analgesia Epidural analgesia

No fever (n=17,056) Fever (n=554) P value No fever (n=16,238) Fever (n=2,714) P value

WBC (109/L) 8.6 (7.3–10.2) 8.6 (7.4–10.3) 0.749 8.6 (7.3–10.0) 8.5 (7.1–10.0) 0.106

Neutrophil (109/L) 6.28 (5.08–7.76) 6.21 (5.14–7.79) 0.750 6.21 (5.04–7.60) 6.16 (5.02–7.59) 0.332

Neutrophil (%) 73.5 (68.5–77.9) 73.4 (68.7–78.6) 0.388 73.3 (68.6–77.6) 73.3 (68.9–77.7) 0.226

Monocyte (109/L) 0.58 (0.47–0.72) 0.60 (0.48–0.73) 0.039 0.58 (0.47–0.71) 0.58 (0.47–0.71) 0.244

Monocyte (%) 6.8 (5.6–8.1) 6.9 (5.8–8.2) 0.107 6.8 (5.7–8.1) 7.0 (5.8–8.2) 0.007

Lymphocyte (109/L) 1.57 (1.30–1.89) 1.54 (1.28–1.87) 0.118 1.57 (1.31–1.88) 1.53 (1.27–1.83) <0.001

Lymphocyte (%) 18.6 (14.8–22.8) 18.2 (14.1–22.6) 0.105 18.7 (15.1–22.7) 18.4 (14.8–22.5) 0.015

Lymphocyte/neutrophil 0.25 (0.19–0.33) 0.25 (0.18–0.33) 0.144 0.26 (0.20–0.33) 0.25 (0.19–0.33) 0.028

Variables were presented as median (IQR). WBC, white blood cell; IQR, interquartile range.

Table 2 Characteristics of study population according to epidural analgesia administration and fever status

Variables
No epidural analgesia Epidural analgesia

No fever (n=17,056) Fever (n=554) P value No fever (n=16,238) Fever (n=2,714) P value

Maternal age (year) 29.3±3.0 29.4±2.9 29.5±3.0 29.8±3.1

Maternal age ≥35 years 864 (5.1) 27 (4.9) 0.911 973 (6.0) 192 (7.1) 0.033

BMI (kg/m2) 25.9±2.7 26.1±2.8 26.0±2.7 26.3±2.7

BMI ≥25 kg/m2 10,833 (63.5) 366 (66.1) 0.226 10,252 (63.1) 1,859 (68.5) <0.001

Labor length (min) 351.7±158.2 405.4±185.8 498.6±197.3 586.5±198.7

Labor length >600 min 1,349 (7.9) 89 (16.1) <0.001 4,236 (26.1) 1,139 (42.0) <0.001

Birth weight (kg) 3.3±0.4 3.3±0.4 3.4±0.4 3.4±0.3

Birth weight >4.0 kg 447 (2.6) 17 (3.1) 0.499 627 (3.9) 112 (4.1) 0.523

Lymphocyte count <1.1×109/L 1,722 (10.1) 68 (12.3) 0.097 1,502 (9.2) 313 (11.5) <0.001

Continuous variables were presented as mean ± SD, counting variables were presented as number (percentage). BMI, body mass index; 
SD, standard deviation.
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significant difference in birth weight between parturients 
with intrapartum fever and parturients without fever. 
In our hospital, the normal lymphocyte count range is  
1.11–3.2×109/L. Records of baseline lymphocyte counts 
showed that parturients with intrapartum fever were more 
likely to have lower baseline lymphocyte counts (<1.1×109/L; 
P<0.001; Table 2).

Based on the results shown in Table 2, we further 
constructed a logistic regression model to evaluate risk 
factors of intrapartum fever in epidural-involved labor. 
Maternal age, BMI, lymphocyte baseline, and labor duration 
were selected in the model. Following multivariable logistic 
regression, it was found that greater BMI, longer duration 
of labor, and lower lymphocyte baseline were independently 
associated with the incidence of intrapartum fever. The 
first two have been reported in previous studies (12); it was 
highlighted that the lower (<1.1×109/L) baseline lymphocyte 
was associated with a higher risk of fever during labor 
(adjusted odds ratio: 1.30, 95% CI: 1.14–1.48; P<0.001; 
Table 3) in the parturients receiving epidural analgesia.

Finally, the demographics of parturients stratified by 
administration of epidural analgesia were described in  
Table S1. The elder (≥35 years) parturients were more 
likely to request for epidural analgesia. The labor duration 
of epidural analgesia group was significantly longer than 
that of the non-epidural group, and the birth weight was 
greater in the epidural group compared with the non-
epidural group. The percentage of parturients with lower  
(<1.1×109/L) baseline lymphocyte was not significantly 
different between the epidural group and the non-epidural 
group.

Discussion

The main finding of this study was that lower lymphocyte 
baseline is associated with an increased incidence of 
maternal fever in the epidural analgesia-involved labor. 
Our result was consistent with the well-established 

understanding that the link between epidural analgesia 
and maternal fever in labor likely involves non-infectious 
inflammation (1,4,13). While labor analgesia has become 
increasingly prevalent throughout developing regions in 
recent years, some parturients prefer natural labor without 
pain-relief interventions. In IPMCH, a large community 
hospital in Shanghai, the rate of epidural analgesia-involved 
delivery was approximately 50%, which provided the ideal 
populations for clinical investigation. Previous studies 
showed that cytokines baseline was associated with maternal 
intrapartum fever (8). However, our study indicated that 
lymphocyte count, which is easier to assess clinically, is also 
associated with intrapartum fever.

Since the first report of epidural-related intrapartum 
fever 30 years ago (5), the maternal fever during labor and 
the potential link with epidural analgesia have received 
widespread attention, but not yet been intensively 
investigated. A review consisting 22 studies demonstrated 
that the intrapartum fever occurred in approximately 20% 
of laboring women with epidural analgesia, which was 
slightly higher than the febrile incidence in our study (1). A 
possible reason for this could be that only vaginal deliveries 
were included in this study. Some febrile parturients turned 
to non-elective cesarean section when the fetal heart rate 
was compromised or parturients presented severe infection. 
Another reason could be the time at which the epidurals 
were placed at IPMCH. In our study, the epidural analgesia 
was administrated to parturients when a cervical dilatation 
of 3.0 cm or greater was reached. This protocol shortened 
the length of exposure to epidural analgesia (14) compared 
with the early epidural labor analgesia, and might reduce the 
rate of intrapartum fever (12). Sharpe et al. recommended 
delaying epidural labor analgesia for a subset of women 
“primed” to develop epidural fever (4). Our findings of this 
study might provide evidence for identifying this subset of 
parturients.

The mechanism by which epidural analgesia played 
in maternal fever was unclear (15,16). The failure of 

Table 3 Characteristics associated with maternal fever in epidural-associated labor

Variables Crude odds ratio (95% CI) Adjusted odds ratio (95% CI)

Maternal age ≥35 years 1.19 (1.02–1.40) 1.01 (0.89–1.02)

BMI ≥25 kg/m2 1.27 (1.16–1.39) 1.23 (1.13–1.35)*

Lymphocyte baseline <1.1×109/L 1.28 (1.12–1.46) 1.30 (1.14–1.48)*

Labor length >600 min 2.05 (1.88–2.23) 2.03 (1.87–2.21)*

*, P<0.05. CI, confidence interval; BMI, body mass index.

https://cdn.amegroups.cn/static/public/atm-20-1724-supplementary.pdf
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prophylactic antibiotic therapy and the effectiveness 
of glucocorticoids implied a noninfectious etiology  
(17-19). Several studies that investigated pro-inflammatory 
cytokines, such as IL-6, found elevated levels of IL-6 
in febrile parturients (20,21). The higher IL-6 baseline 
on admission was showed to be related to an increased 
risk of developing intrapartum fever (8). This suggested 
that the inflammatory state of parturient potentially 
provided the fever foundation, and epidural analgesia 
might act as an accelerator. A recent study examined 
the immunomodulation of mononuclear leucocytes 
by bupivacaine (13). Although it was unclear whether 
bupivacaine or other local anesthetics caused direct injury 
to immune cells (22), the researchers proposed that 
mononuclear leucocytes and their immunomodulation 
are involved in fever development. Lymphocyte decrease 
is an unfavorable prognostic factor for critical patients 
(9-11). In the non-obstetric patients, possible causes of 
the low lymphocyte levels included the impairment of 
microcirculations, and increased corticosteroid hormones, 
cortisol, and catecholamine in response to a pathologic 
process (23,24). The mechanism of lymphocyte count 
reduction in parturients closing to give birth remains 
elusive, however, similar to previous studies, our study 
provided primary evidence that lower lymphocyte count 
can be an indicator of an inflammatory state, which might 
pre-dispose parturients to fever, particularly for women 
who requested for epidural analgesia. In our study, febrile 
parturients without receiving epidural analgesia also 
had lower lymphocyte baseline compared with afebrile 
parturients, but the difference was not statistically 
significant. This might be attributed to the small sample 
size of febrile parturients in the non-epidural group. 
Although this study cannot determine the causative role 
of lymphocytes in the development of epidural analgesia-
involved maternal fever, and although women without 
epidural analgesia or with a normal lymphocyte count can 
still developed fever, the current findings suggested that 
parturients with lower lymphocyte baseline might have 
different immune reaction to epidural analgesia during 
labor, increasing the risk of fever.

Similarly to temperature fluctuations that occurred in 
menstrual cycle, it is physiologic that body temperature 
increases approximately 0.2 of a degree over 10 hours 
of labor due to the effects of estrogen and progesterone 
(12,25,26). Intrapartum fever, however, was unlikely to 
present as normal temperature variation and the potential 
mechanisms would be different from that occurred in the 

menstrual cycle. Inflammation was stimulated since the onset 
of labor and changed over time during active labor (27). 
The factors affecting intrapartum maternal temperature 
have been investigated for years. Besides epidural 
analgesia, the positive factors reported to affect maternal 
temperature included nulliparity, long labor duration, 
high BMI, chorioamnionitis, greater oxytocin doses, 
and lower magnesium doses (12,28,29). The pain during 
labor stimulated endogenous production of steroid; while 
epidural analgesia reduced the pain-stress responses, the 
pre-existing inflammation therefore easily lead to fever (4).  
Our findings confirmed the previously inflammation-
related etiology and suggested epidural-related fever 
likely had multiple causes, consisting maternal baseline 
inflammatory state and the immune reactions throughout 
the labor process. One important point should be noticed 
is that the specific inflammatory components of labor may 
be necessary for the development of intrapartum fever, 
because the same results were not found in the controlled 
parturients undergoing elective cesarean section (4,13).

There were several limitations in the study. First, in 
this retrospective study, the temperature of parturients 
was recorded every 2 hours during labor; we were unable 
to get the highest temperature or assess their febrile 
degree. As a result, only the presence of fever, measured 
by “yes or no”, was used for analyses in the study. Given 
this, we were unable to determine any link between the 
degree of reduction in lymphocyte baseline and the febrile 
degree. Additionally, while data from 2012 to 2017 were 
obtained from electric medical records, temperature 
measurement protocol changed from oral temperature to 
tympanic temperature after 2015. We could not, therefore, 
determine the accuracy of temperature measurement 
devices. Systematic bias, however, could be balanced 
between groups. Secondly, the baseline lymphocyte counts 
analyzed in this study was not performed at a definitely set 
time point; it was at the onset of labor or very near to the 
onset of labor. Because the onset of labor was not usually 
determined in advance, even in the prospective study, 
lymphocyte could not be measured in a restricted interval 
around admission to labor. Thirdly, we did not investigate 
the changes in lymphocyte levels during labor and delivery. 
Increasing leukocyte counts appeared to be linearly related 
to the duration of elapsed labor (30). Blood test was not 
usually performed after delivery for most parturients, thus 
the changes of lymphocyte count during labor would be 
investigated in further prospective studies. In addition, our 
findings cannot be extended to parous women, because they 
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have a much shorter labor duration, and the incidence of 
intrapartum fever was significantly lower in parous women 
than nulliparous women (28).

In conclusion, our results suggest that lower lymphocyte 
baseline indicated an increased risk of developing 
fever during epidural analgesia-involved labor. Further 
prospective studies are required to confirm the findings and 
determine the potential mechanisms.
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Supplementary

Table S1 Characteristics of study population according to epidural analgesia administration

Variables No epidural analgesia (n=17,610) Epidural analgesia (n=18,952) P value

Maternal age ≥35 years 891 (5.1) 1,165 (6.1) <0.001

BMI ≥25 kg/m2 11,199 (63.6) 12,111 (63.9) 0.542

Labor length >600 min 1,438 (8.2) 5,375 (28.4) <0.001

Birth weight >4.0 kg 464 (2.6) 739 (3.9) <0.001

WBC 8.6 (7.3–10.2) 8.5 (7.2–10.0) <0.001

Neutrophil baseline (109/L) 6.27 (5.09–7.77) 6.21 (5.04–7.60) <0.001

Monocyte baseline (109/L) 0.58 (0.47–0.72) 0.58 (0.47–0.71) 0.104

Lymphocyte baseline (109/L) 1.57 (1.30–1.89) 1.56 (1.31–1.87) 0.249

Lymphocyte count ≤1.1×109/L 1,815 (9.6) 1,790 (10.2) 0.060

Lymphocyte/neutrophil 0.25 (0.19–0.33) 0.25 (0.19–0.33) 0.028

Fever 554 (3.1) 2,714 (14.3) <0.001

Continuous variables were presented as median (IQR); counting variables were presented as number (percentage). BMI, body mass index; 
WBC, white blood cell; IQR, interquartile range.
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