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Human birth where the infant survives without passing through the mother’s genital tract has

only been recorded in the past few thousand years, with accounts of cesarean delivery in antiq-

uity. Cases where the mother also survives the surgery are more recent still, with the first

authenticated description of successful cesarean delivery in 1610 [1]. The development and

implementation of safe cesarean delivery in the late 19th and 20th centuries were transforma-

tive for maternal and infant survival in high-income countries. Globally, the availability of

cesarean delivery is now 1 of the most important elements of emergency obstetric care to

reduce rates of maternal and perinatal death [2].

In the past century, however, cesarean delivery has transformed from occasional lifesaving

surgery to the most commonly performed laparotomy, accounting for 1 in 14 of all surgical

procedures worldwide in 2012 [3]. The indications for its use, once lethal and absolute, have

been supplemented with many relative indications. Maternal preference for the method in the

absence of any medical indication is increasing [4]. Given that there is widespread interna-

tional variation in the proportion of female obstetricians choosing to have elective cesarean

deliveries themselves [5], variation in practice reflects differences in interpretation of the same

evidence base.

Deciding on cesarean section depends on understanding its risks and benefits, and a huge

volume of data exists to inform women. Interpretation of elements of the evidence base may

not be simple, such as associations with the actual mode of delivery [6], which, unlike the

intended mode of delivery, cannot be known when making a decision. While there is extensive

information on the short-term associations, the long-term effects on the both the mother and

child are less well documented. This week in PLOS Medicine, a cohort study including 7.1 mil-

lion live births from 4 countries, reported by Jessica Miller and colleagues, provides useful new

evidence and raises the possibility that cesarean delivery may be associated with the risk of

later childhood infectious disease [7]. The authors performed a pooled analysis of retrospective

cohort studies using data from Denmark, Scotland, England, and Australia. They defined

mode of delivery and assessed potential confounders using birth records and identified subse-

quent infant infections by record linkage to hospital discharge data from the children.

Although the proportional increase in risk is relatively modest (hazard ratio 1.10, 95% confi-

dence interval 1.09 to 1.12), as cesarean delivery is common, even this modest association

leads to an attributable fractions of 1.8% to 3.2% across the different countries. However, these

calculations assume causality.

One finding in favour of a causal association is the fact that it was observed with both

planned and emergency cesarean delivery, given that the indications for each are very differ-

ent. However, it is still possible that an unmeasured confounder explains this observation, and

the relatively modest hazard ratios are consistent with this. The most common indication for
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emergency cesarean in first pregnancies is poor progress in labour [8]. Repeat cesarean section,

both planned and emergency, accounts for a large proportion of cesarean sections in parous

women [8]. Hence, it is plausible that a single unmeasured confounder, associated with both

poor progress in labour and the risk of infection in the offspring, could explain the findings.

However, the fact that the association was observed across all 4 countries strengthens the argu-

ment for causality. It is interesting that the association was observed across a wide range of age

windows, from 0 to 3 months through to 2 to 5 years, and involved infection of multiple organ

systems. The consistency of association could be interpreted as supporting causation. How-

ever, the same pattern could also be interpreted as a lack of specificity. A causal association

requires an underlying mechanism, and it is important to consider what type of mechanism

might explain a modest increase in risk, but one which is present across a wide range of ages

and across multiple organs.

An argument in favour of a causal association is the fact that cesarean section represents—

literally—an unnatural form of birth. Labour and vaginal delivery are associated with multiple

stimuli for the infant, including physical, hormonal, and microbial. Extrauterine life is charac-

terised by colonisation of the infant by the various site-specific microbiomes. Passage through

the genital tract exposes the fetus to the mother’s anogenital microbiome and is thought to

have an important role in the genesis of the infant’s commensal microbiota. The past 20 years

have seen a massive expansion in our understanding of the importance of the various organ-

specific microbiomes in the determination of health and disease. Given that mammalian phys-

iology has, for more than 100 million years, involved this exposure of the fetus during transi-

tion from the sterile womb to the microbially diverse world, it seems plausible that entering

the world through an aseptic opening could have significant effects on the infant. The area is

highly controversial. Some authors have applied molecular tests to intrauterine tissues and

concluded that the fetus may be colonised before birth [9]. Others have argued that these sig-

nals are artefacts, including contamination of laboratory reagents with DNA from environ-

mental bacteria and contamination of tissues by bacteria from the mother’s genital tract

during birth [10]. Some have observed prolonged alteration in the fetal intestinal microbiome

in relation to cesarean delivery [11], while others have not [12]. However, there is direct exper-

imental evidence in animal models to indicate that cesarean section can lead to altered

immune responses through effects on intestinal colonisation [13], and this a candidate mecha-

nism to explain the observations described by Miller and colleagues.

Key points for women considering this evidence in their decision-making around mode of

delivery could include the following. First, human beings have evolved giving birth vaginally.

As we will never have perfect information about the balance of risks and benefits, some priori-

tisation of what is physiological is scientifically reasonable. Second, in relation to the associa-

tion documented by Miller and colleagues, the absolute risk difference is relatively small.

Moreover, it is uncertain whether the actual decision about mode of delivery is causally associ-

ated with this outcome. Finally, the individual woman’s choice is not to be delivered by cesar-

ean section or to have a vaginal birth. Rather, the alternative to elective cesarean section is to

attempt vaginal birth with the possible outcomes of success or emergency cesarean delivery.

For a minority of women with a high prior risk of emergency cesarean, a planned procedure

may be associated with lower risks [14]. However, among the majority of women who have a

high probability of vaginal delivery, the balance of risks and benefits will favour aiming for a

vaginal birth. But calculating the balance of risks and benefits requires knowing both as fully as

possible. It is biologically plausible that mode of delivery could have lifelong effects on the

mother and baby, and studies such as this one are crucial for women to make fully informed

decisions.

PLOS MEDICINE

PLOS Medicine | https://doi.org/10.1371/journal.pmed.1003457 November 19, 2020 2 / 3

https://doi.org/10.1371/journal.pmed.1003457


References
1. Low J. Caesarean section—past and present. J Obstet Gynaecol Can. 2009; 31(12):1131–1136.

https://doi.org/10.1016/s1701-2163(16)34373-0 PMID: 20085678

2. McClure EM, Goldenberg RL, Bann CM. Maternal mortality, stillbirth and measures of obstetric care in

developing and developed countries. Int J Gynaecol Obstet. 2007; 96(2):139–146. https://doi.org/10.

1016/j.ijgo.2006.10.010 PMID: 17274999

3. Weiser TG, Haynes AB, Molina G, Lipsitz SR, Esquivel MM, Uribe-Leitz T, et al. Size and distribution of

the global volume of surgery in 2012. Bull World Health Organ. 2016; 94(3):201–9F. https://doi.org/10.

2471/BLT.15.159293 PMID: 26966331

4. Begum T, Saif-Ur-Rahman KM, Yaqoot F, Stekelenburg J, Anuradha S, Biswas T, et al. Global inci-

dence of Caesarean deliveries on maternal request: a systematic review and meta-regression. BJOG.

2020. Epub 2020 Sep 16. https://doi.org/10.1111/1471-0528.16491 PMID: 32929868

5. Finsen V, Storeheier AH, Aasland OG. Cesarean section: Norwegian women do as obstetricians do—

not as obstetricians say. Birth. 2008; 35(2):117–120. https://doi.org/10.1111/j.1523-536X.2008.00224.x

PMID: 18507582

6. Lumbiganon P, Laopaiboon M, Gulmezoglu AM, Souza JP, Taneepanichskul S, Ruyan P, et al. Method

of delivery and pregnancy outcomes in Asia: the WHO global survey on maternal and perinatal health

2007–08. Lancet. 2010; 375(9713):490–499. https://doi.org/10.1016/S0140-6736(09)61870-5 PMID:

20071021

7. Miller JE, Goldacre R, Moore HC, Zeltzer J, Knight M, Morris C, et al. Mode of birth and risk of infection-

related hospitalisation in childhood: A population cohort study of 7.17 million births from 4 high-income

countries. PLoS Med. 2020;17(11): e1003429. https://doi.org/10.1371/journal.pmed.1003429

8. Brennan DJ, Robson MS, Murphy M, O’Herlihy C. Comparative analysis of international cesarean deliv-

ery rates using 10-group classification identifies significant variation in spontaneous labor. Am J Obstet

Gynecol. 2009; 201(3):308.e1–8. https://doi.org/10.1016/j.ajog.2009.06.021 PMID: 19733283

9. Aagaard K, Ma J, Antony KM, Ganu R, Petrosino J, Versalovic J. The placenta harbors a unique micro-

biome. Sci Transl Med. 2014; 6(237):237ra65. https://doi.org/10.1126/scitranslmed.3008599 PMID:

24848255

10. de Goffau MC, Lager S, Sovio U, Gaccioli F, Cook E, Peacock SJ, et al. Human placenta has no micro-

biome but can contain potential pathogens. Nature. 2019; 572(7769):329–334. https://doi.org/10.1038/

s41586-019-1451-5 PMID: 31367035

11. Shao Y, Forster SC, Tsaliki E, Vervier K, Strang A, Simpson N, et al. Stunted microbiota and opportunis-

tic pathogen colonization in caesarean-section birth. Nature. 2019; 574(7776):117–121. https://doi.org/

10.1038/s41586-019-1560-1 PMID: 31534227

12. Chu DM, Ma J, Prince AL, Antony KM, Seferovic MD, Aagaard KM. Maturation of the infant microbiome

community structure and function across multiple body sites and in relation to mode of delivery. Nat

Med. 2017; 23(3):314–326. https://doi.org/10.1038/nm.4272 PMID: 28112736

13. Zachariassen LF, Krych L, Rasmussen SH, Nielsen DS, Kot W, Holm TL, et al. Cesarean Section

Induces Microbiota-Regulated Immune Disturbances in C57BL/6 Mice. J Immunol. 2019; 202(1):142–

150. https://doi.org/10.4049/jimmunol.1800666 PMID: 30487172

14. Sovio U, Smith GCS. Blinded ultrasonic fetal biometry at 36 weeks and the risk of emergency caesar-

ean delivery: a prospective cohort study of 3,047 low risk nulliparous women. Ultrasound Obstet Gyne-

col. 2017; 52(1):78–86.

PLOS MEDICINE

PLOS Medicine | https://doi.org/10.1371/journal.pmed.1003457 November 19, 2020 3 / 3

https://doi.org/10.1016/s1701-2163%2816%2934373-0
http://www.ncbi.nlm.nih.gov/pubmed/20085678
https://doi.org/10.1016/j.ijgo.2006.10.010
https://doi.org/10.1016/j.ijgo.2006.10.010
http://www.ncbi.nlm.nih.gov/pubmed/17274999
https://doi.org/10.2471/BLT.15.159293
https://doi.org/10.2471/BLT.15.159293
http://www.ncbi.nlm.nih.gov/pubmed/26966331
https://doi.org/10.1111/1471-0528.16491
http://www.ncbi.nlm.nih.gov/pubmed/32929868
https://doi.org/10.1111/j.1523-536X.2008.00224.x
http://www.ncbi.nlm.nih.gov/pubmed/18507582
https://doi.org/10.1016/S0140-6736%2809%2961870-5
http://www.ncbi.nlm.nih.gov/pubmed/20071021
https://doi.org/10.1371/journal.pmed.1003429
https://doi.org/10.1016/j.ajog.2009.06.021
http://www.ncbi.nlm.nih.gov/pubmed/19733283
https://doi.org/10.1126/scitranslmed.3008599
http://www.ncbi.nlm.nih.gov/pubmed/24848255
https://doi.org/10.1038/s41586-019-1451-5
https://doi.org/10.1038/s41586-019-1451-5
http://www.ncbi.nlm.nih.gov/pubmed/31367035
https://doi.org/10.1038/s41586-019-1560-1
https://doi.org/10.1038/s41586-019-1560-1
http://www.ncbi.nlm.nih.gov/pubmed/31534227
https://doi.org/10.1038/nm.4272
http://www.ncbi.nlm.nih.gov/pubmed/28112736
https://doi.org/10.4049/jimmunol.1800666
http://www.ncbi.nlm.nih.gov/pubmed/30487172
https://doi.org/10.1371/journal.pmed.1003457

