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Objective: Limited data from prospective cohort studies in high-income 
countries are available on the perinatal risk factors for common infections 
in children. Our hypothesis was that perinatal factors may be risk factors for 
infectious episodes during the first year of life.
Methods: In this prospective Health and Early Life Microbiota birth 
cohort study of full-term infants (n = 1052) born in 2016–2018, the num-
ber and duration of infection episodes were collected online at weekly to 
monthly intervals. In a multivariate regression model, the main exposures 
were perinatal factors such as mode of delivery and intrapartum antibiotics. 
Environmental factors were additional exposures. The outcomes were the 
number and duration of infectious episodes in the first year of life.
Results: The mean number of infection episodes was 4.2 (2.9 SD). The 
mean duration of infection symptoms was 44 days (40 SD). Upper respira-
tory infections accounted for 83% of the episodes (3674/4455). Perinatal 
factors were not associated with the number nor the duration of infection 
episodes, but cesarean section was associated with an increased occurrence 
of urinary tract infections in infancy [adjusted odds ratio (aOR): 3.6; 95% 
confidence interval (CI): 1.13–11.1]. Of the additional exposures male sex 
(aOR: 1.1; 95% CI: 1.0–1.2) and the presence of siblings (aOR: 1.3; 95% 
CI: 1.2–1.4) were associated with the number of infection episodes.
Conclusions: This prospective cohort study showed that perinatal factors, 
mode of delivery and intrapartum antibiotics were not associated with the 

risk of common infections in infancy, but cesarean delivery was associated 
with a risk of urinary tract infections.
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Respiratory tract infections (RTIs) and gastrointestinal infec-
tions (GIs) are common in children,1–4 causing a burden on 

health care and the economy and reducing the quality of life.5,6 
Healthy children have a variable frequency of common infec-
tions,2,4,5 in which previously reported known epidemiological 
risk factors include male sex,7,8 day care,3,4,9–11 the presence of 
siblings,2,4,10,12 parental smoking13 and the duration of breast-
feeding.14

Although the risks of RTIs and lung health,15,16 GIs,17 
urinary tract infections (UTIs)18 and infections during chemo-
therapy19 in children have been shown to be associated with the 
composition of the gut and respiratory microbiota, limited data 
are available on the perinatal factors previously shown to mod-
ify gut and respiratory tract colonization20,21 as risk factors for 
common infections in childhood in prospective cohort studies in 
high-income countries.1–4,10

Given the hypothesis that perinatal factors may be predictive 
of the number and duration of infection episodes in infancy, we set 
out in this prospective cohort study to investigate in a cohort of 
term infants the perinatal and other risk factors for common infec-
tions during the first year of life.

METHODS

Study Design
HELMi (Health and Early Life Microbiota) is a longitudi-

nal, prospective general population birth cohort study, set up to 
identify environmental, lifestyle and genetic factors that modify 
the development of the intestinal microbiota in the first years of life 
and their relation to child health.22 Of 1149 families giving written 
consent, we included 1052 healthy singleton infants born on ges-
tational weeks 37–42 without any known congenital defects, for 
whom complete information on childbirth, sex and family back-
ground were recorded (Fig. 1). In brief, the families, living mainly 
in the Helsinki region of Finland, were recruited between February 
2016 and March 2018, that is, before the COVID-19 pandemic. The 
data were collected prospectively at weekly to monthly intervals, 
and the retention rate at 12 months was 94% (n = 988/1052). The 
proportion of highly educated mothers (80%) in the group that did 
not complete the questionnaires and diaries for the whole first year 
of life (n = 64), was statistically significantly lower than in the total 
cohort (P = 0.03). Otherwise, the responding and nonresponding 

Accepted for publication August 28, 2023
From the *Department of Pediatrics, Tampere University Hospital, Tampere, 

Finland; †Department of Pediatrics, Faculty of Medicine, University of Hel-
sinki, Helsinki, Finland; ‡Research Unit of Clinical Medicine and Medical 
Research Centre Oulu, University of Oulu, Oulu, Finland; §Department of 
Pediatrics and Adolescent Medicine, Oulu University Hospital, Oulu, Fin-
land; ¶Biocenter Oulu, University of Oulu, Oulu, Finland; ∥Research Service 
Unit, Oulu University Hospital, Finland; **Pediatric Clinic, Social Services 
and Health Care Division, City of Helsinki, Helsinki, Finland; ††Human 
Microbiome Research Program, Faculty of Medicine, University of Helsinki, 
Helsinki, Finland; ‡‡Laboratory of Microbiology, Wageningen University, 
the Netherlands; §§Department of Pediatric Gastroenterology, Children’s 
Hospital, Helsinki University, Helsinki, Finland; and ¶¶Department of Pedi-
atrics, Faculty of Medicine and Health Technology, University of Tampere, 
Tampere, Finland.

This work was supported by the Signe and Ane Gyllenberg Foundation, Finland 
(5044 to S.H.), the Foundation for Paediatric Research, Finland (200141 
and 210168 to S.H. and grant not numbered to K-.L.K.), the Finnish Med-
ical Foundation, Finland (5851 to S.H.) and by Tekes/Business Finland 
(329/31/2015 to W.M.V.) to establish the HELMi cohort. None of these 
sources had any role in the design or execution of the research.

The authors have no conflicts of interest to disclose.
Supplemental digital content is available for this article. Direct URL citations 

appear in the printed text and are provided in the HTML and PDF versions of 
this article on the journal’s website (www.pidj.com).

Address for correspondence: Sanni Hyvönen, MD, Department of Paediatrics, 
Tampere University Hospital, P.O. Box 5014, Elämänaukio 2, 33521 Tam-
pere, Finland. E-mail: sanni.hyvonen@helsinki.fi.

Copyright © 2023 The Author(s). Published by Wolters Kluwer Health, Inc. This 
is an open access article distributed under the Creative Commons Attribution 
License 4.0 (CCBY), which permits unrestricted use, distribution, and repro-
duction in any medium, provided the original work is properly cited.

https://orcid.org/0000-0001-5433-4207
mailto:
mailto:
mailto:
mailto:
https://orcid.org/0000-0002-0273-3166
mailto:
mailto:
https://orcid.org/0000-0001-9170-8415
mailto:
www.pidj.com
mailto:sanni.hyvonen@helsinki.fi
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/


Copyright © 2023 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.

 The Pediatric Infectious Disease Journal • Volume 42, Number 12, December 2023

e448 | www.pidj.com © 2023 The Author(s). Published by Wolters Kluwer Health, Inc.

Hyvönen et al

groups did not show any significant differences in baseline char-
acteristics.

We have reported baseline characteristics of the HELMi 
cohort earlier.22 Briefly, the proportion of infants born via cesar-
ean section was 17% (Table  1), reflecting the general propor-
tion of cesarean section births in Finland (16.7% in 2017).23 In 
addition to previously reported characteristics, the children were 
exclusively breastfed up to a mean age of 3.3 months (1.8 SD) 
and partially breastfed up to 10 months (3.3 SD). By 12 months 
of age 77% of the children were fully vaccinated against rota-
virus, pneumococcus, diphtheria–tetanus–pertussis–polio–Hib, 
measles–mumps–rubella and varicella-zoster virus in accord-
ance with the national immunization program. Altogether 4.8% 
of the children started day care in the first year of life. In addi-
tion to the regular electronic online data collection from the 
families, 97% (n = 1015/1052) of the infants attended a health 
status examination at the age of 3 months.22

The study was conducted in accordance with the principles 
of the Helsinki Declaration and the protocol was reviewed by the 
ethical committee of the Helsinki and Uusimaa Hospital District 
(263/13/03/03 2015), Finland. All the families gave their written 
informed consent in advance.

Clinical Follow-up
A prospective clinical follow-up was conducted using elec-

tronic questionnaires that stored the answers instantly in an online 
database. The parents filled in the questionnaire form weekly for 
the first 4 months, every 2 weeks until 7 months and monthly from 
8 to 12 months. In addition, they filled in comprehensive ques-
tionnaires that included childcare practices, living conditions and 
infant health at 3-month intervals. The parents received automatic 
reminders via email and text message to promote compliance with 
this questionnaire program.22

Families recorded daily infection episodes and infec-
tion-related symptoms and reported them in a continuous man-
ner using an online study diary. The infections recorded in this 
way were classified as follows: (1) Respiratory tract infections 

(RTI): upper (URTI) and lower (LRTI) respiratory tract infec-
tions, (2) URTI: common cold, cough, laryngitis, influenza, otitis 
media, tonsillitis and pharyngitis, (3) LRTI: pneumonia, acute 
obstructive bronchitis, bronchiolitis, (4) GI: diarrhea, vomiting, 
(5) UTI: pyelonephritis and any UTI and (6) other infections (see
Table, Supplemental Digital Content 1, http://links.lww.com/
INF/F264).

Statistical Analysis
The main exposures of interest were delivery mode and 

exposure to intrapartum antibiotics. Other exposures and covar-
iates were the number of siblings, breastfeeding, the use of pro-
biotics during pregnancy, parental asthma, maternal education 
status, day-care attendance and presence of furry pets in the 
household. The outcomes were the number of infection episodes 
and the number of infection-related symptom days during the first 
year of life. For the statistical analysis, an infection episode was 
defined by the first and last dates with symptoms that the fam-
ilies reported. If the dates of different symptoms overlapped or 
started on the day after another symptom, they were considered 
to form 1 episode. The infections were categorized according to 
the symptoms.

We used a multivariate Poisson regression model to esti-
mate the association between exposures and outcomes. Means, 
SDs, medians and interquartile ranges (IQR) were reported for 
the infections. The multivariate analyses included the following 
variables: sex, year and season of birth, mode of delivery, intra-
partum antibiotics, number of siblings, parental asthma, maternal 
education, use of probiotics during pregnancy and presence of 
furry pets in the household. Maternal education and the presence 
of siblings were grouped into 2 category variables in the analy-
ses. The analyses were performed with SPSS version 28, and the 
results were expressed as adjusted odds ratios with 95% confi-
dence intervals (95% CIs). We estimated the required sample size 
for the observational cohort study using StatsDirect Statistical 
Software. We regarded OR of 1.25 as a clinically significant risk 
for both cesarean section and exposure to intrapartum antibiot-
ics during vaginal birth. We chose statistical power of 80% and 
alpha error of 5%. The required sample size, with a ratio of 1:4 
for exposed and unexposed subjects, was 165 exposed and 660 
unexposed participants.

RESULTS

Infections in the Cohort
The 1052 full-term infants who met the inclusion criteria 

(Fig. 1) and were followed up with online data collection for the 
first year of life had a total of 4455 infection episodes, affecting 
90% of them (Table 2). The mean numbers of infections per child 
for the year and for each 3-month period can be seen in Table 2. 
The mean age at the first infection episode was 3.4 months (SD 
2.8; median 3.0 months; IQR: 1.0–5.0). Children had mostly RTIs 
(3688 episodes) during the first year of life, and URTIs alone 
accounted for 83% (3674 episodes) of all the episodes, followed 
by other infections 12% (515 episodes), GIs 5.4% (239 episodes), 
LRTIs 0.3% (14 episodes) and UTIs 0.3% (13 episodes) (Table 2).

Antibiotics were prescribed for 9.2% of the infection epi-
sodes, including 10% of URTIs, 71% of the LRTIs, 92% of the 
UTIs, 0.8% of the GIs and 4.5% of the other infections. Amox-
icillin was the most frequently used antimicrobial agent (57%), 
followed by amoxicillin–clavulanate (18%). The proportion of all 
infections that were treated in the hospital was 2.4%. Severe infec-
tions such as osteomyelitis, cellulitis and sepsis were rare (0.25%) 
and none of the children died.

FIGURE 1. Flow chart.

http://links.lww.com/INF/F264
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Risk Factors for Infections

Perinatal Factors
Multivariate analysis showed no association between the 

number of overall infection episodes and perinatal factors such as 

mode of delivery and intrapartum antibiotics (Table 3). The differ-
ences in the infection burden between cesarean and vaginal deliv-
ery were not statistically significant (95% CI: 0.85–1.01) (Table 3). 
Children exposed to intrapartum antibiotics had a smaller infection 
burden (95% CI: 0.88–1.03) than those not exposed to antibiotics, 
which again were not statistically significant findings (Table 3).

Other Factors
Other factors associated with an increase in reported infec-

tion symptoms were the use of probiotics during pregnancy (95% 
CI: 1.1–1.2), male sex (95% CI: 1.0–1.1), birth date in spring (95% 
CI: 1.0–1.2), the presence of older siblings (95% CI: 1.2–1.4) and 
the mother’s higher education status (95% CI: 1.1–1.3) (Table 4). 
Conversely, we found that a furry pet in the household was a pro-
tective factor for overall infections (95% CI: 0.9–0.99) (Table 4).

Risk Factors for Respiratory Infections

Perinatal Factors
We found no significant association between the perinatal 

factors and RTIs (Table 3). Those born via cesarean delivery had 
fewer RTI episodes (95% CI: 0.85–1.02) and infection days (95% 
CI: −7.9 to 4.5), figures which were not statistically significant 
(Table 3). Children exposed to intrapartum antibiotics showed no 
difference in infection episodes (95% CI: 0.83–1.0) or infection 
days (95% CI: −9.4 to 2.5) relative to those not exposed (Table 3).

Other Factors
The following factors were statistically significantly associ-

ated with an increase in reported RTIs episodes: use of probiotics 
during pregnancy (95% CI: 1.1–1.3), male sex (95% CI: 1.0–1.2), 
the presence of siblings (95% CI: 1.2–1.4) and the mother’s higher 
education (95% CI: 1.1–1.3) (Table 4). We found no protective fac-
tors. The statistically significant factors for URTIs were the same 
as for RTIs (Table 4).

Risk Factors for UTIs

Perinatal Factors
UTI was the only infection with a statistically significant 

association with the mode of delivery, cesarean delivery being asso-
ciated with an increased mean number of UTIs (95% CI: 1.1–11.1) 
in the first year of life as compared with those born via vaginal 
delivery (Table 3). The difference in days of reported UTI-related 
symptoms was not statistically significant (Table  3). There was 
no difference in the number of UTI episodes between the infants 
exposed to intrapartum antibiotics and those not exposed (Table 3).

Other Factors
The use of probiotics during pregnancy was a protective fac-

tor for UTIs, as it was associated with a decreased mean number of 
UTI episodes (95% CI: 0.1–0.99) in the first year as compared with 
children not exposed to probiotics during pregnancy. The consump-
tion of probiotics during pregnancy was not statistically associated 
with the number of reported UTI symptom days (Table 4).

DISCUSSION
In this prospective birth cohort study of 1052 infants, peri-

natal factors, including delivery mode and exposure to intrapartum 
antibiotics, were not associated with the number of infection epi-
sodes during the first year of life or the total number of days with 
infection symptoms, although the risk of UTIs was associated with 
the delivery mode, as the infants born via cesarean delivery had an 
increased risk.

TABLE 1. Baseline Characteristics of Study 
Population (n = 1052)

Categorical: n (%) 
Numeric: Mean (SD) 

Gender, male 532 (51%)
Gestational weeks at birth 40 (1.2 SD)
Birth weight (kg) 3.56 (0.4 SD)
Year of birth

 2016 420 (40%)
 2017 570 (54%)
 2018 62 (6%)

Season of birth
 Winter 202 (19%)
 Spring 241 (23%)
 Summer 320 (30%)
 Autumn 289 (28%)

Mother’s age 32.8 (4.0 SD)
Father’s age 34.8 (5.2 SD)
Mode of delivery

 Cesarean delivery 176 (17%)
 Antibiotics (yes) 176 (100%)

 Vaginal birth 876 (83%)
  Antibiotics (yes) 208 (20%)

Number of siblings in household
 0 siblings 514 (49%)
 1 sibling 416 (40%)
 2 siblings 98 (9.3%)
 ≥3 siblings 24 (2.3%)

Breastfeeding yes 1039 (99%)
 Exclusive (months) 3.3 (1.8 SD)

  Partial (months) 10.4 (3.3 SD)
Breastfeeding exclusive <4 months 490 (47%)
Maternal education

 Secondary school 8 (0.8%)
 Upper secondary/vocational school 117 (11%)
 University including polytechnic 927 (88%)

Paternal education
 Secondary school 24 (2.3%)
 Upper secondary/vocational school 245 (23%)
 University including polytechnic 768 (73%)

Maternal smoking (yes) 7 (0.7%)
Use of probiotics during pregnancy 742 (71%)
At least 1 parent with asthma 134 (13%)
Mother with asthma 92 (8.7%)
Father with asthma 48 (4.6%)
At least 1 parent with an autoimmune disease 162 (15.4%)
Mother with an autoimmune disease 102 (9.7%)

 Celiac disease 20 (1.9%)
 Inflammatory bowel disease 22 (2.1%)
 Thyroid disease 44 (4.2%)
 Type 1 diabetes 3 (0.3%)
 Psoriasis 7 (0.7%)
 Rheumatic disease 6 (0.6%)

Father with an autoimmune disease 65 (6.2%)
 Celiac disease 9 (0.9%)
 Inflammatory bowel disease 24 (2.3%)
 Thyroid disease 4 (0.4%)
 Type 1 diabetes 13 (1.2%)
 Psoriasis 10 (1.0%)
 Rheumatic disease 5 (0.5%)

Started day care in the first year of life 51 (4.9%)
Vaccination

 Full programme 806 (77%)
 Partial programme 108 (10%)
 None 33 (3%)

Furry pet at home 378 (36%)

Data missing (n): Father’s age (17), Paternal education (15), Started day care in the 
first year of life (83), vaccination (105).
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TABLE 2. Incidence and Duration of Infectious Episodes in 1052 Full-term Children During Their First Year of Life

Frequency of Infections Per 
Child

No. of Days With Infection 
Per Child

Total Number of Episodes Proportion of Children With Episodes (No.) Mean (SD) Median (IQR) Mean (SD) Median (IQR) 

All infections
0–12 months 4455 90% (944) 4.2 (2.9) 4.0 (2.0–6.0) 44 (40) 35 (15–63)
0–3 months 916 54% (570) 0.9 (1.0) 1.0 (0.0–1.0) 9 (14) 3 (0.0–13)
4–6 months 1119 63% (663) 1.1 (1.0) 1.0 (0.0–2.0) 11 (15) 7 (0.0–16)
7–9 months 1143 63% (660) 1.1 (1.1) 1.0 (0.0–2.0) 12 (15) 7 (0.0–17)
10–12 months 1277 65% (684) 1.2 (1.2) 1.0 (0.0–2.0) 13 (17) 8 (0.0–19)
RTI
0–12 months 3688 89% (913) 3.5 (2.6) 3.0 (1.0–5.0) 41 (39) 31 (12–59)
0–3 months 810 50% (520) 0.8 (1.0) 0.0 (0.0–1.0) 8 (13) 0 (0.0–13)
4–6 months 969 58% (613) 0.9 (1.0) 1.0 (0.0–2.0) 11 (14) 6 (0.0–15)
7–9 months 936 55% (582) 0.9 (1.0) 1.0 (0.0–2.0) 11 (15) 5 (0.0–16)
10–12 months 973 56% (592) 0.9 (1.0) 1.0 (0.0–2.0) 12 (16) 6 (0.0–17)
URTI
0–12 months 3674 87% (913) 3.5 (2.6) 3.0 (1.0–5.0) 41 (38) 31 (12–59)
0–3 months 806 50% (520) 0.8 (1.0) 0.0 (0.0–1.0) 8 (13) 0 (0.0–13)
4–6 months 965 58% (611) 0.9 (1.0) 1.0 (0.0–2.0) 10 (14) 6 (0.0–15)
7–9 months 935 55% (582) 0.8 (1.0) 1.0 (0.0–2.0) 11 (15) 5 (0.0–16)
10–12 months 968 56% (591) 0.9 (1.0) 1.0 (0.0–2.0) 12 (16) 6 (0.0–17)
LRTI
0–12 months 14 1.1% (12) 0.01 (0.1) 0 (0.0–0.0) 0.3 (4) 0 (0.0–0.0)
0–3 months 4 0.4% (4) 0.004 (0.6) 0 (0.0–0.0) 0.03 (0.6) 0 (0.0–0.0)
4–6 months 4 0.4% (4) 0.004 (0.06) 0 (0.0–0.0) 0.1 (3) 0 (0.0–0.0)
7–9 months 1 0.1% (1) 0.001 (0.03) 0 (0.0–0.0) 0.01 (0.3) 0 (0.0–0.0)
10–12 months 5 0.5% (5) 0.01 (0.07) 0 (0.0–0.0) 0.1 (2) 0 (0.0–0.0)
UTI
0–12 months 13 1.0% (10) 0.01 (0.14) 0 (0.0–0.0) 0.1 (1.2) 0 (0.0–0.0)
0–3 months 3 0.3% (3) 0.003 (0.05) 0 (0.0–0.0) 0.01 (0.2) 0 (0.0–0.0)
4–6 months 5 0.5% (5) 0.005 (0.7) 0 (0.0–0.0) 0.05 (0.8) 0 (0.0–0.0)
7–9 months 2 0.2% (2) 0.002 (0.05) 0 (0.0–0.0) 0.02 (0.6) 0 (0.0–0.0)
10–12 months 3 0.1% (1) 0.003 (0.1) 0 (0.0–0.0) 0.02 (0.6) 0 (0.0–0.0)
GI
0–12 months 239 20% (212) 0.2 (0.5) 0 (0.0–0.0) 1 (4) 0 (0.0–0.0)
0–3 months 22 2% (22) 0.02 (0.1) 0 (0.0–0.0) 0.1 (1.2) 0 (0.0–0.0)
4–6 months 41 6% (41) 0.04 (0.2) 0 (0.0–0.0) 0.2 (1.1) 0 (0.0–0.0)
7–9 months 73 7% (72) 0.07 (0.3) 0 (0.0–0.0) 0.4 (2.3) 0 (0.0–0.0)
10–12 months 103 9% (96) 0.1 (0.3) 0 (0.0–0.0) 0.4 (2) 0 (0.0–0.0)
Other infections
0–12 months 515 36% (373) 0.5 (0.8) 0 (0.0–1.0) 2.3 (5) 0 (0.0–3.0)
0–3 months 81 7% (81) 0.08 (0.3) 0 (0.0–0.0) 0.5 (3) 0 (0.0–0.0)
4–6 months 104 9% (97) 0.1 (0.3) 0 (0.0–0.0) 0.4 (1.6) 0 (0.0–0.0)
7–9 months 132 11% (119) 0.1 (0.3) 0 (0.0–0.0) 0.5 (1.9) 0 (0.0–0.0)
10–12 months 198 16% (173) 0.2 (0.5) 0 (0.0–0.0) 0.1 (2.7) 0 (0.0–0.0)

GI indicates gastrointestinal infection; LRTI, lower respiratory tract infection; RTI, respiratory tract infection; URTI, upper respiratory tract infection; UTI, urinary tract infec-
tion.

TABLE 3. Mode of Delivery and Intrapartum Antibiotics as a Risk Factor for the Occurrence of Infections in Full-
term Infants During Their First Year of Life

Cesarean Deliv-
ery n = 176 No. 

of Episodes Mean 
(SD), Crude 

Vaginal Delivery 
n = 876 No. of 

Episodes Mean 
(SD), Crude 

Cesarean 
Delivery Versus 
Vaginal Delivery 
aOR* (95% CI) 

Vaginal Delivery, 
Antibiotics Yes n = 
208 No. of Episodes 
Mean (SD), Crude 

Vaginal Delivery, 
Antibiotics no n = 

668 No. of Episodes 
Mean (SD), Crude 

Exposure to Anti-
biotics in Vaginal 

Delivery Yes Versus 
No aOR* (95% CI) 

All infections 3.8 (2.5) 4.3 (3.0) 0.93 (0.86–1.01) 4.1 (3.0) 4.4 (3.0) 0.95 (0.88–1.03)
Respiratory tract 

infections
3.2 (2.4) 3.6 (2.7) 0.93 (0.85–1.02) 3.3 (2.6) 3.7 (2.7) 0.92 (0.83–1.00, P = 

0.051)
Upper respiratory 

tract infections
3.2 (2.4) 3.6 (2.7) 0.94 (0.86–1.03) 3.3 (2.6) 3.7 (2.7) 0.92 (0.84–1.00, P = 

0.050)
Urinary tract 

infections
0.03 (0.3) 0.01 (0.1) 3.6 (1.1–11.1) 0.01 (0.1) 0.01 (0.1) 1.2 (0.20–5.8)

Gastrointestinal 
infections

0.2 (0.4) 0.2 (0.5) 0.83 (0.58–1.2) 0.2 (0.5) 0.2 (0.5) 1.0 (0.75–1.4)

Other infections 0.4 (0.7) 0.5 (0.8) 0.90 (0.71–1.2) 0.6 (0.8) 0.5 (0.8) 1.1 (0.92–1.4)

Values are aORs and 95% CIs obtained by using a Poisson regression model.
*All the aORs were adjusted for sex, year of birth, mode of delivery, intrapartum antibiotics, number of siblings, parental asthma, maternal education, use of probiotics during 

pregnancy and a furry pet in the household.
aOR indicates adjusted odds ratio; CI, confidence interval.
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To our knowledge, there are a limited number of prospective 
birth cohort studies performed in high-income countries that concern 
perinatal factors, previously shown to modify the colonization and 
development of the gut and respiratory microbiome,24,25 as risk factors 
for common infections in childhood. Two previous Scandinavian birth 
cohort studies addressing the effect of cesarean delivery on the risk 
of childhood infections have reported inconsistent results,4,26 while in 
Denmark, Vissing et al.4 found that cesarean delivery increased the risk 
of LRTIs. A large birth cohort study conducted in Norway was nev-
ertheless unable to find any significant association between cesarean 
delivery and recurrent LRTIs.26 Here, we found no association between 
perinatal factors (mode of delivery and intrapartum antibiotics) and the 
occurrence of overall infections or RTIs.

Other factors associated with common infections in child-
hood have been investigated more extensively. In 5 prospective 
birth cohort studies from Denmark,4,10 Germany1,3 and Holland2 
day-care attendance and the presence of siblings have been reported 
as risk factors for infections in childhood. The occurrence of infec-
tion episodes in the first year of life obtained from our cohort was 

comparable to those reported in 2 of the above-mentioned birth 
cohorts studied in Denmark and Germany,1,4 whereas the num-
bers of infections reported in the other cohorts were higher than 
in the present study.2,3,10 However, the differences in the methods 
of reporting symptoms need to be noted when comparing these 
results. Only one of the previous birth cohort studies made partial 
use of electronic data collection,3 whereas the present data were 
collected prospectively with an electronic online system.

UTI has been reported to be one of the leading reasons 
for intravenous antibiotic treatment for hospitalized children in 
a high-income country with a comprehensive immunization pro-
gram.27 UTIs have previously been associated with the composition 
of the gut microbiota,18 which in turn has also been associated with 
perinatal factors such as mode of delivery24 and intrapartum anti-
biotics.25 We found no association between intrapartum antibiotics 
and UTIs, but we did find cesarean delivery to be associated with an 
increased occurrence of UTIs. This observation supports the idea 
that there is a link between the maturing gut microbiota and the 
risk of UTI.

TABLE 4. Other Risk Factors for the Occurrence of Infections in Full-term Infants During Their First Year of Life

All Infections RTI UTI

No. of Episodes 
Mean (SD), 

Crude *aOR (95% CI) 

No. of Epi-
sodes Mean 
(SD), Crude *aOR (95% CI) 

No. of Epi-
sodes Mean 
(SD), Crude *aOR (95% CI) 

Gender
 Girls (n = 520) 4.1 (2.9) Reference 3.4 (2.6) Reference 0.01 (0.2) Reference

  Boys (n = 532) 4.4 (2.9) 1.1 (CI: 1.0–1.1) 3.6 (2.7) 1.1 (CI: 1.0–1.2) 0.01 (0.1) 1.2 (CI: 0.4–3.5)
Season of birth

 Summer (n = 320) 4.1 (2.9) Reference 3.4 (2.7) Reference 0.01 (0.1) Reference
 Spring (n = 241) 4.5 (2.9) 1.1 (CI: 1.0–1.2) 3.6 (2.6) 1.1 (CI: 

0.97–1.2)
0.01 (0.1) 0.7 (CI: 0.1–3.8)

 Winter (n = 202) 4.1 (2.9) 1.0 (CI: 0.9–1.1) 3.5 (2.7) 1.0 (CI: 0.9–1.1) 0.02 (0.2) 1.3 (CI: 0.3–5.7)
  Autumn (n = 289) 4.2 (2.9) 1.0 (CI: 0.95–1.1) 3.5 (2.7) 1.0 (CI: 0.9–1.1) 0.01 (0.1) 1.0 (CI: 0.3–4.5)
Number of siblings

 0 siblings (n = 514) 3.7 (2.6) Reference 3.0 (2.3) Reference 0.01 (0.1) Reference
 ≥1 sibling (n = 538) 4.8 (3.1) 1.3 (CI: 1.2–1.4) 4.0 (2.9) 1.3 (CI: 1.2–1.4) 0.01 (0.2) 1.9 (CI: 0.6–5.9)

Parent with asthma
 No (n = 918) 4.3 (2.9) Reference 3.5 (2.7) Reference 0.01 (0.1) Reference
 Yes (n = 134) 4.1 (2.8) 0.96 (CI: 0.9–1.1) 3.5 (2.6) 0.97 (CI: 

0.9–1.1)
0.01 (0.1) 1.3 (CI: 0.3–5.8)

Parent with an autoimmune 
disease
 No (n = 890) 4.3 (2.9) Reference 3.4 (2.7) Reference 0.01 (0.2) Reference
 Yes (n = 162) 4.1 (3.0) 0.98 (CI: 0.9–1.1) 3.5 (2.6) 1.0 (CI: 0.9–1.1) 0.01 (0.1) 0.95 (CI: 0.2–4.4)

Use of probiotics during 
pregnancy
 No (n = 310) 3.9 (2.8) Reference 3.1 (2.5) Reference 0.02 (0.2) Reference
 Yes (n = 742) 4.4 (3.0) 1.1 (CI: 1.1–1.2) 3.7 (2.7) 1.2 (CI: 1.1–1.3) 0.01 (0.1) 0.3 (CI: 0.1–0.99)

Mother’s education
 Secondary/upper secondary/
vocational school (n = 125)

3.7 (2.9) Reference 3.1 (2.6) Reference 0.01 (0.1) Reference

 University, including poly-
technic (n = 927)

4.3 (2.9) 1.2 (CI: 1.1–1.3) 3.6 (2.7) 1.2 (CI: 1.1–1.3) 0.01 (0.2) 2.2 (CI: 0.3–17.4)

Furry pet at home
 No (n = 674) 4.4 (3.0) Reference 3.6 (2.7) Reference 0.01 (0.1) Reference
 Yes (n = 378) 4.0 (2.8) 0.93 (CI: 0.9–0.99, 

P = 0.03)
3.3 (2.5) 0.94 (CI: 

0.9–1.01)
0.02 (0.2) 2.3 (CI: 0.8–6.9)

Started day care in the first 
year of life
 Yes (n = 51) 5.0 (3.2) —† 4.1 (2.9) —† 0 (0) —†
 No (n = 918) 4.5 (2.8) 3.7 (2.6) 0.01 (0.2)

Maternal smoking
 Yes (n = 7) 1.4 (1.8) —† 0.9 (1.5) —† 0.4 (1.1) —†
 No (n = 1045) 4.3 (2.9) 3.5 (2.6) 0.01 (0.1)

Values aORs and 95% CIs are obtained by using Poisson regression model.
*All the aORs were adjusted for sex, year of birth, mode of delivery, intrapartum antibiotics, number of siblings, parental asthma, maternal education, use of probiotics during 

pregnancy and a furry pet in the household.
†Limited number of observations.
— indicates not applicable; aOR, adjusted odds ratio; CI, confidence interval.
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The results of this observational cohort study suggest that 
the use of probiotics during pregnancy might reduce the occur-
rence of UTIs in infants. Because of the small sample of UTIs 
in this cohort, we were not able to assess the effects of differ-
ent probiotics, the 3 most used being Lactobacillus rhamnosus, 
Lactobacillus acidophilus and Bifidobacterium bifidum. In any 
case, the results need to be interpreted with caution because of 
the high proportion of mothers using probiotics during preg-
nancy (71%). In particular, the evidence of vertical transfer of 
prenatal probiotics is inconclusive.28

When assessing other associated factors, our results comple-
ment previous findings, that male sex is a risk factor for RTIs2,8,29 
and that the existence of older siblings is negatively associated with 
RTIs.2,4,10,12 We could not verify exclusive breastfeeding as a pro-
tective factor, however, although such an association is commonly 
mentioned in the literature.14,30–32 The only protective factor we 
found was exposure to a furry pet, which was positively associated 
with the number of overall infections, but not with RTIs as has pre-
viously been established.1,33,34

The strength of our study lies in the large prospective longi-
tudinal cohort providing comprehensive prospective data on 1052 
families. The extensive questionnaires and diaries were collected 
online at weekly to monthly intervals, and there were few cases of 
missing data, as most families continued the follow-up until the 
child reached 1 year of age. As the main focus of the HELMi-birth 
cohort is gut microbiota development,20,35 the data includes over 
10,000 biological samples in total (fecal, breastmilk and genetic 
testing), which can be connected to our study’s infection data in 
future studies. The strength of the present epidemiological cohort 
study is that the association of the gut microbiota composition with 
infectious diseases in infancy in this prospective cohort is under-
way. This enables the comparison of epidemiological perinatal risk 
factors presented here and those retrieved from a large-scale bioin-
formatics analysis regarding gut microbiota composition, and their 
associations with the occurrence of infectious diseases in infants. 
We acknowledge that the sample size may be a limitation for some 
included comparisons. The main limitation of this work is that the 
cohort represents highly educated mothers in a high-income coun-
try. Almost all the mothers breastfed their infants, for instance and 
very few reported smoking. Thus, the results are not generalizable 
to child cohorts with different background characteristics. As the 
number of children starting day care in the first year of life was low, 
we were not able to assess the impact of day care on the infection 
burden at this age. It is to be noted that our study shows only asso-
ciations rather than causality.

CONCLUSIONS
The results of this prospective cohort study show that per-

inatal factors, which have previously been shown to be related to 
the development of the human microbiota, were not associated with 
the common infections found in infants, except for an increased 
occurrence of UTIs in those born via cesarean section. The present 
findings suggest that the burden of common respiratory infections in 
infants does not depend on the mode of delivery or intrapartum anti-
biotics, but is more closely related to other environmental factors.
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