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Abstract

Background: Genetically predicted higher levels of the anti-inflammatory cytokine interleukin-1 receptor antagonist (IL1-

Ra) might reduce the risk of developing epidural-related maternal fever, a phenomenon that occurs exclusively in

women having epidural analgesia in labour. We hypothesised that in women having epidural analgesia, the absence of

specific alleles that lower circulating levels of IL1-Ra would be associated with the development of epidural-related

maternal fever, administration of intrapartum antibiotics, or both.

Methods: We prospectively enrolled women �18 yr of age receiving epidural analgesia during labour, excluding those

with pre-existing fever, antibiotic therapy, or immunodeficiency. Allele scores were constructed from genotyping the C-

allele frequency at variants rs6743376 and rs1542176; more copies of each allele independently raise IL-1Ra. The com-

posite primary outcome was maternal intrapartum fever (>38�C) or administration of intrapartum antibiotics after

epidural placement. The exposure of interest was the IL1-Ra allele score, comparing 0 (lowest genetically predicted IL-1Ra

levels) with �1 allele scores. Maternal fever and antibiotic administration were compared in women with 0 or �1 allele

scores.

Results: Of 624 women genotyped, 155 (24.8%) developed maternal fever or received antibiotics. Fever or antibiotic

administration occurred in 19/74 (25.7%) labouring women with an IL-1Ra allele score of 0, compared with 136/550 (24.7%)

women with IL-1Ra allele scores �1 (odds ratio 1.05, 95% confidence interval 0.60e1.83; P¼0.89).

Conclusions: In women who receive epidural analgesia during labour, genetically predicted (higher) interleukin-1

receptor antagonist levels do not alter the incidence of maternal intrapartum fever or use of intrapartum antibiotics.

Clinical trial registration: ISRCTN99641204.

Keywords: epidural; fever; genetics; interleukin-1 receptor antagonist; inflammation; intrapartum; Mendelian

randomisation
Editor’s key points

� Intrapartum maternal fever affects fetal heart rate

and is associated with adverse outcomes. Epidural-

related maternal fever occurs in ~20% of pregnant

women who receive epidural labour analgesia.
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� The authors hypothesised that in women having

epidural analgesia, specific alleles that determine the

circulating levels of the anti-inflammatory cytokine

interkeukin-1 receptor antagonist (IL1-Ra) are asso-

ciated with development of epidural-related

maternal fever or antibiotic administration.
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� Of 624 prospectively enrolled women having epidural

analgesia during labour, genetically higher levels of

IL1-Ra were not more likely to result in maternal

intrapartum fever, intrapartum antibiotic adminis-

tration, or Caesarean delivery.

� However, intrapartum fever may directly impact ob-

stetric management, increasing the likelihood of

Caesarean delivery.
There are ~600 000 live births in England and Wales each year,

of which ~40% are currently Caesarean deliveries.1 Emergent

Caesarean delivery during labour is frequently precipitated by

fetal tachycardia (>160 beats min�1), even in the absence of

decelerations or reduced variability.2 Intrapartum maternal

fever directly affects fetal heart rate and is associated with

adverse outcomes for bothmother and baby.3 Epidural-related

maternal fever (ERMF) is one source of maternal intrapartum

fever that is observed in ~20% of pregnant womenwho receive

epidural labour analgesia.4 ERMF might develop through a

sterile (non-infectious) inflammatory process, promoted by

local anaesthetic agents preventing the release of the anti-

pyrogenic cytokine interleukin-1-receptor antagonist (IL-

1Ra).5 The decrease in plasma IL-1Ra/IL-1b ratio observed in

women who receive epidural bupivacaine suggests that IL-1Ra

or IL-1b might play a role in ERMF.5

The pro-inflammatory effects of IL-1, a master cytokine

present in nearly all human cells, are tightly controlled by

binding of IL-1 to IL-1Ra.6 Genetic variants rs6743376 and

rs1542176 are non-correlated and located upstream of ILRN,

the gene encoding the IL-1 receptor antagonist (IL-1Ra).7 These

variants are the strongest known genetic determinants of

circulating IL-1Ra protein concentrations. For each IL1RN C-

allele, plasma concentrations of IL-1Ra increase log-fold, with

correlative reductions in markers of systemic inflammation,

including IL-6 and C-reactive protein.7 The construction of a

genetic score combining the alleles of rs6743376 and rs1542176

shows that genetically determined increases in IL-1Ra protein

concentrations have comparable anti-inflammatory effects to

the IL-1R antagonist anakinra.7

Using the Mendelian randomisation approach on UK Bio-

bank intrapartum data, we found that genetically predicted

higher IL-1Ra was associated with a higher risk of Caesarean

delivery after epidural analgesia.8 In contrast, womenwith the

lowest genetically predicted IL-1Ra (0 allele score) had similar

Caesarean delivery rates, regardless of mode of analgesia.

These data can be explained by the hypothesis that neuraxial

analgesia, through local anaesthetic agents such as bupiva-

caine, prevents the release of anti-inflammatory IL-1Ra. This

might alter the finely controlled inflammatory processes that

help determine the duration of labour, and hence impact the

likelihood of obstetric interventions.5 Because IL-1Ra is a

leaderless protein residing in the cytoplasm awaiting release

to counteract acute inflammation, genetically determined

levels are not dependent on the rate of mRNA transcription.6

Thus, endogenous anti-inflammatory countermeasures

within hours of an inflammatory trigger are likely to be criti-

cally dependent on the quantity of intracellular IL-1Ra already

available for rapid release. Based on our UK Biobank data

analysis,8 we hypothesised that in women with epidural la-

bour analgesia, maternal intrapartum fever would be less

frequent in women with genetically predicted higher IL-1Ra.
Methods

Study design

The EPIFEVER-2 study was a prospective observational cohort

study using Mendelian randomisation conducted in six UK

centres after ethical approval was obtained on January 25,

2021, from the London (Bloomsbury) Research Ethics Com-

mittee (20/LO/1213). The study was prospectively registered

(ISRCTN99641204) following ethical approval. A protocol paper

detailing data collection, design, and analysis has been pub-

lished.9 Participants provided written informed consent. We

adhered to STROBE-MR recommendations for strengthening

the reporting of observational studies in epidemiology using

Mendelian randomisation (Supplementary Table 1).10
Inclusion criteria

This prospective study was designed with strict inclusion and

exclusion criteria to minimise the risk of potential con-

founders in interpreting the relationship between maternal

intrapartum fever, clinical outcomes, and allele scores.9 In-

clusion criteria were as follows: women aged �18 yr; singleton

or twin pregnancy; and epidural catheter sited for labour

analgesia. Exclusion criteria were as follows: unwilling or

unable to give consent; inability to understand written or

verbal English; known immune or genetic syndromes or mu-

tations, characterised by immunodeficiency; microbiologically

proven infection before epidural insertion (including a positive

COVID-19 rapid antigen test); established intrapartum fever

(maternal temperature �38�C); intrauterine death; or antibi-

otics prescribed or administered with or without a microbio-

logically proven infection.
Clinical data collection

The time of epidural insertion and birth were recorded, as

were temperature checks guided by routine care guidelines

for women receiving epidural analgesia (Fig. 1). Mode of birth,

prescription of antibiotics before birth, and length of

maternal hospital stay were abstracted from the electronic

health record.
Single-nucleotide polymorphism genotyping

Blood samples were collected within 4 h after epidural cath-

eter insertion in PAXgene Blood DNA tubes (Qiagen, Man-

chester, UK), the optimal methodology to preserve genomic

DNA.11 Paxgene tubes were stored at e80� C before analysis.

QMUL Genome Centre performed targeted DNA analysis. A

batched analysis was undertaken after the end of the study by

personnel masked to all study details. Because this project

involved a small number of single-nucleotide polymorphisms

(SNPs) and a large population, we used Taqman SNP geno-

typing for the presence or absence of rs6743376 and rs1542176

alleles for IL-1Ra to establish the genetic score. We also

explored whether a polymorphism for the NLRP3 (NOD

[nucleotide oligomerisation domain]-, LRR [leucine-rich

repeat]-, and PYD [pyrin domain]-containing protein 3)

inflammasome,12 an innate immune signalling complex, is

related to ERMF, given that NLRP3 is the key mediator of IL-1

family cytokine production.13 We genotyped the NLRP3

intronic variant rs10754555, which is associated with clini-

cally relevant increased systemic inflammation through

inflammasome activation and IL-1b production.12
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Fig. 1. Study protocol. Summary of study procedures and data collection. IL1-Ra, interleukin 1 receptor antagonist; NICE, UK National

Institute for Clinical Excellence; SNP, single-nucleotide polymorphism.
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Construction of IL-1Ra allele score

Rather than measure circulating IL1-Ra levels, we adopted the

same approach described by the Interleukin 1 Genetics Con-

sortium, which examined the cardiometabolic effects of ge-

netic upregulation of the IL-1Ra using a Mendelian

randomisation analysis.7 This score met all the criteria

required for this approach, chiefly because the two SNPs are

uncorrelated and have statistically independent effects on

genetically predicted IL-1Ra concentration.14 Moreover, both

SNPs have similar magnitudes of effect on IL-1Ra concentra-

tion, with a linear association between the genetic score and

IL-1Ra concentration. For each IL1RN C-allele inherited,

genetically predicted IL-1Ra concentrations increase by 0.22

standard deviations.7 This means that combining both SNPs
by constructing a genetic score enhances study power and is

biologically relevant. As an exploratory analysis, we also

examined the association between NLRP3 intronic variant

rs10754555 and the primary outcome.12

Exposure of interest

The exposure of interest was genetically predicted IL-1Ra,

comparing 0 (lowest genetic IL-1Ra levels) with �1 allele

scores.

Primary outcome

The composite primary outcome was maternal intrapartum

fever, defined as maternal temperature >38�C, or
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prescription of antibiotics during labour after epidural anal-

gesia is commenced before delivery (triggered by the UK

Royal College of Obstetrics and Gynaecology guidelines rec-

ommending antimicrobial therapy if maternal temperature

was either >38�C or >37.5�C for two measurements made at

least 1 h apart).15 Therefore, in the absence of antibiotics,

the primary outcome was met if maternal temperature

exceeded 38�C.
Secondary outcomes

Secondary outcomes were individual components of the co-

primary outcome, mode of birth, and clinical care required

for the mother (duration of labour and hospital stay, and

critical care utilisation) and the baby (Apgar score at 5 min

after birth and neonatal critical care utilisation).
Statistical analysis

For the prespecified primary clinical outcome, the relative

incidence of the primary composite outcome was compared

between the allele scores 0 and �1. For primary and sec-

ondary outcomes, we performed a c2 test to establish

whether there was independence between (and across) allele

scores. For mode of birth, the interaction between the pres-

ence or absence of maternal intrapartum fever or antibiotic

administration and allele score on Caesarean delivery and

vaginal birth rates was explored. For post hoc testing, Fisher’s

exact test (two-tailed) was performed for each c2 test, as

statistical simulation studies recommend this as a valuable

post hoc analysis technique for c2 analysis.16 All analyses

were performed on an intention-to-treat basis using NCSS

2023 Statistical Software (2023) (NCSS, LLC, Kaysville, UT,

USA). Summary statistics of the outcome by group are pre-

sented with an estimated treatment effect and correspond-

ing 95% confidence interval (CI) (two-sided P-value). For

secondary outcomes with low event rates (<20), no statistical

analysis was performed. For continuous data, one-way

ANOVA was performed, with post hoc TukeyeKramer testing

to examine interactions between groups. P<0.05 was

considered significant.
Sample size estimate

Based on the IL-1Ra Consortium score6 and our analysis of

the UK Biobank,8 women with an allele score of 0 comprise

~12% of the population. The overall incidence of maternal

intrapartum fever in the first EPIFEVER study was 13.4%,5

which we estimated to be very conservative given the lower

temperature threshold (37.5�C) now used for early intra-

partum antibiotic use, as per UK maternal care guidelines.

Before the UK Biobank study analysis, we had surmised that

women with an allele score of 0 were more likely to develop

maternal intrapartum fever (~22%). Therefore, we estimated

that at least 637 women would be required to detect an ab-

solute difference in the co-primary outcome of ~13%,

assuming 9% incidence of maternal intrapartum fever in

women with allele scores �1 (a¼0.05; 1eb¼0.2), an allocation

ratio of 7.5:1 and allowing for a dropout rate of 1% after

enrolment in labour (two-sided testing). Thus, we estimated

75 women with an allele score of 0 would be compared with

558 women with allele scores �1 (PASS 2023 Software (2023);

NCSS, LLC).
Results

Study participants

Recruitment commenced on April 27, 2021, and was

completed on April 25, 2023, in six UK centres. We screened

2399 women during this period, with 632 participating in the

study (Fig. 2). Five women withdrew from the study after

providing consent to participate; in three women, the DNA

samples were of insufficient quality for allele analysis. A large

number of women underwent induction of labour, with more

than half giving birth for the first time. Opioid analgesia was

administered to 109/624 (17.5%) women before epidural anal-

gesia was initiated. Of the 624 participants with complete

allele analysis, the mean age was 32 (SD 5) yr with 45% of non-

white race (Supplementary Table 1). Sixty-six out of 624

(10.6%) women developed maternal intrapartum fever, of

whom 52/66 (78.8%) had blood cultures; 5/52 women had mi-

crobial growth reported.
Distribution of IL-1Ra allele score

Women with an allele score of 0 comprised 11.8% (n¼74) of the

EPIFEVER-2 study population (Supplementary Fig. 1). There

were no differences between allele scores for ethnicity or other

characteristics (Supplementary Table 2).
Primary composite outcome: maternal intrapartum
fever or antibiotic administration before delivery

For women with an allele score of 0, 19/74 (25.7%) developed

either maternal intrapartum fever or received antibiotics (or

both), compared with 136/550 (24.7%) women with allele

scores�1 (odds ratio 1.05, 95% CI 0.60e1.83; P¼0.89) (Fig. 3a and

Supplementary Fig. 2).
Secondary outcomes

Maternal intrapartum fever alone

For maternal intrapartum fever alone, 7/74 (9.5%) women with

an allele score of 0 developed fever, compared with 59/550

(10.7%) women with allele scores �1 (odds ratio 0.87, 95% CI

0.38e1.98; P¼0.84) (Fig. 3b).
Antibiotic therapy

Intrapartum antibiotics were administered after epidural

analgesia was commenced in 20/74 (27.0%) women with an

allele score of 0, compared with 133/550 (24.2%) women with

allele scores �1 (odds ratio 0.87, 95% CI 0.38e1.98; P¼0.59).
Duration of labour

The duration of labour after epidural catheter insertion in

women with an allele score of 0 was 644 min (95% CI 565e724

min), compared with 601 min (95% CI 578e631 min) in women

with an allele score of 1e4 (P¼0.31, one-way ANOVA).
Mode of delivery

Caesarean delivery occurred in 31/74 (41.9%) women with an

allele score of 0, compared with 183/550 (33.3%) women with

allele scores of 1e4 (c2¼2.15; P¼0.143) (Fig. 4 and

Supplementary Fig. 3).
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Neonatal and maternal outcomes

Neonatal and maternal outcomes, including length of

maternal hospital stay, did not differ between women with an

allele score of 0 and those with allele scores �1

(Supplementary Table 3 and Supplementary Figs. 4 and 5). As

an exploratory analysis, the NLRP3 intronic variant rs10754555

had no relationship with the primary outcome (c2¼2.66;

P¼0.265) (Supplementary Fig. 6).
Discussion

EPIFEVER-2 has generated the largest prospective dataset de-

tailing the incidence and consequences of maternal intra-

partum fever, with strictly defined study entry criteria and

exclusion of potential confounding factors. Our primary

finding was that, among women who receive neuraxial labour

analgesia, the risk of maternal fever is not associated with

genetically determined levels of IL-1Ra. Our data also suggest

that intrapartum fever in a significant minority of women can

directly impact obstetric management.

We designed this prospective study with strict inclusion

and exclusion criteria to minimise the risk of potential con-

founders in interpreting the relationship between maternal

intrapartum fever and allele score. Our genetic data, derived

using Mendelian randomisation analysis, failed to find a
potential causative role for lower IL-1Ra levels in determining

the risk of maternal intrapartum fever or antibiotic treatment

before birth. The construction of a genetic score for IL-1Ra has

enabled Mendelian randomisation studies to examine the

causal relation between critical IL-1Ra SNPs and clinical out-

comes.17 Provided a set of well-characterised assumptions are

met, the Mendelian randomisation approach, particularly us-

ing allele scores that map to protein levels, provides evidence

for a causal relationship between an exposure variable and an

outcome.14 Because Mendelian randomisation is less likely to

be affected by confounding or reverse causation than con-

ventional observational studies,17 this approach can offer

mechanistic insight into the biological impact of IL-1Ra on

outcomes in active labour. Consistent with the UK Biobank, we

found similar proportions of womenwith allele scores to those

reported previously.8 EPIFEVER-2 extends those findings, as

>45% of women were non-white (in contrast to the UK Bio-

bank, where 93% are white British women).

Despite the promise of Mendelian randomisation, where

nature effectively randomises individuals, there have been

notable discrepancies between the results and pharmacologic

RCTs.17 three key assumptions need to be met for a Mendelian

randomisation study to provide robust insights. First, the ge-

netic variant must be related to the biological parameter of

interest. Our laboratory findings suggested a direct link be-

tween local anaesthetic (bupivacaine) and IL-1Ra release.5 For
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the second assumption, the current study and our UK Biobank

study found no evidence for IL-1Ra correlating with

exposureeoutcome relationship confounders, including

pain,18 as evidenced here by similar drug doses across allele

scores. The third assumption rests on the ‘no pleiotropy’ rule,

whichmeans that the genetic variant affects the outcome only

through the risk factor.14

A generalisable strength of our study is that the distribution

of allele scores in this racially mixed study population was

similar to the proportions we reported from the UK Biobank8

and those reported by the IL-1Ra Consortium score.7 SNPs

were processed by batch analysis and reported by personnel

blinded to the clinical outcomes. This prospective dataset is

highly granular and benefits from tightly controlled inclusion/

exclusion criteria. However, the lack of correlative protein

data (i.e. circulating IL1b/IL-1Ra) is a limitation. More precise

data onwhen either fever was first detected or antibiotics were

administered might have provided further insights. We

acknowledge that the secondary outcomes were underpow-

ered. Selection bias in our study is likely, given that women
who request labour epidural analgesia often reflect different

patient characteristics, such as ethnic group and socioeco-

nomic status, plus other healthcare behaviours, comorbidities,

and obstetric history. A further limitation is that the timing

and indication of Caesarean delivery were not recorded.

Measuring plasma levels of IL-6 and CRP might have offered

further insights into maternal fever. It is also possible that the

recent use of lipid-formulated RNA vaccines for COVID-19,

particularly in this higher-risk pregnant population, might

have altered the interleukin 1einterleukin 1 receptor antago-

nist axis.19 We did not record recent COVID-19 vaccination

status. The ~2% dropout rate after intrapartum consent was

obtained was higher than expected, but it did not materially

affect the main findings of the study.

In summary, for women requesting epidural analgesia

during labour, genetically higher levels of IL1-Ra were not

more likely to result in maternal intrapartum fever or intra-

partum antibiotic administration, or in Caesarean delivery.
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