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Abstract
Background: An association has been reported between early life Staphylococcus aureus nasal carriage and higher risk of childhood eczema, but it is unclear whether this
relationship is causal and associations with other bacterial species are unclear.
Objective: To examine the associations of early life nasal and nasopharyngeal bacterial carriage with eczema phenotypes, and the direction of any associations identified.
Methods: Among 996 subjects of a population-based prospective cohort study, nasal
swabs for Staphylococcus aureus, and nasopharyngeal swabs for Streptococcus pneumoniae, Moraxella catarrhalis and Haemophilus influenzae were collected and cultured
from age 6 weeks to 6 years. Never, early, mid-, late transient and persistent eczema
phenotypes were identified from parental-reported physician-diagnosed eczema
from age 6 months until 10 years. Multinomial regression models and cross-lagged
models were applied.
Results: Staphylococcus aureus nasal carriage at 6 months was associated with an increased risk of early transient and persistent eczema (OR (95% CI): 2.69 (1.34, 5.39)
and 4.17 (1.12, 15.51)). The associations between Staphylococcus aureus nasal carriage and eczema were mostly cross-sectional, and not longitudinal. No associations
of Staphylococcus pneumoniae, Moraxella catarrhalis and Haemophilus influenza nasopharyngeal bacterial carriage with eczema and eczema phenotypes were observed
(OR range (95% CI): 0.71 (0.35, 1.44) to 1.77 (0.84, 3.73)).
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Conclusions: Early life Staphylococcus aureus nasal carriage, but not Staphylococcus
pneumoniae, Moraxella catarrhalis and Haemophilus influenza nasopharyngeal carriage, was associated with early transient and persistent eczema. Staphylococcus
aureus nasal carriage and eczema were mostly cross-sectionally associated, and not
longitudinally, making a causal relationship in either direction unlikely.
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Childhood eczema is a common chronic skin disorder with variable

|

M E TH O D S

2.1 | Design

age of onset and persistence.1 We previously identified eczema
phenotypes taking into account the variability of eczema onset

This study was embedded in the Generation R Study, a population-

and persistence within and between individuals over time. 2 The

based prospective cohort study from early foetal life onwards in

use of eczema phenotypes, instead of the simplified dichotomous

Rotterdam, the Netherlands.11,12 The study has been approved

outcome of eczema, might better reflect the natural course of ec-

by the Medical Ethical Committee of the Erasmus MC, University

zema and help understand their specific underlying risk factors.

Medical Centre in Rotterdam (MEC 198.782/2001/31; MEC

Both genetic and environmental factors seem to influence the de-

217.595/2002/202; MEC-2007-413; and MEC-2012-165). Written

3

velopment and persistency of eczema. Additionally, bacterial car-

informed consent was obtained from all participants. A total of 996

riage of the main commensals Staphylococcus aureus, Haemophilus

children were included for the current analysis (Figure 1).

influenzae, Moraxella catarrhalis and Streptococcus pneumoniae in
the nasal cavity and nasopharynx was suggested to be associated
with eczema.4,5 The nasal and nasopharyngeal area may function

2.2 | Bacterial nasal and nasopharyngeal carriage

as important reservoirs for bacteria to spread to different body
sites. In addition, competitive and cooperative inter-b acterial,

Swabs of the nose and nasopharynx area were taken by trained

and host-bacterial interactions affect the microbial coloniza-

research nurses at the research centre at ages 6 weeks, 6 and

tion dynamics and the priming of the host's immune responses,

14 months, and 2, 3 and 6 years, as previously described.13,14 For this,

and thereby altering the susceptibility of developing atopic dis-

sterile transport swabs with liquid Amies medium were used. Nasal

eases. 6 A previous meta-analysis of mainly hospital-b ased cohorts

swabs were put in phenol red mannitol broth at 35°C for 5 days.

showed that nasal carriage of S. aureus was associated with an

Material from tubes that turned yellow was plated on a blood agar

4

increased risk of eczema in children and adults. We previously

plate with 5% sheep blood at 35°C for 1 day to isolate Staphylococcus

showed in a population-b ased cohort that early life nasal carriage
of S. aureus was associated with increased risk of eczema and eczema severity in children aged 1–2 years, but persistent effects at
older ages were not clear.7 Also Haemophilus influenzae, Moraxella

n = 1,246
Generation R Focus Cohort
n = 136
Children without information on
any bacterial nasal or
nasopharyngeal swab

and Streptococcus pneumoniae in the nasopharynx are suggested
to be associated with increased risk of eczema.

5,8,9

However,

studies only used vaccinations against Haemophilus influenzae and
Streptococcus pneumoniae, not bacterial carriage, and were performed in hospital-b ased or adult populations. 5,8,9 Furthermore,
it remains unclear whether bacterial nasal and/or nasopharyngeal

n = 1,110
Children with available information
on any bacterial nasal or
nasopharyngeal swab

carriage leads to increased risk of the development of eczema, is
a consequence of eczema, or occurs simultaneously with eczema
due to other mechanisms.10 Therefore, we aimed to examine the
associations of early life bacterial nasal and nasopharyngeal carriage with eczema phenotypes from birth until age 10 years among
996 subjects of a population-b ased prospective cohort study.
Next, we aimed to disentangle whether the direction of associations was from bacterial nasal and nasopharyngeal carriage leading to an increased risk of eczema or reversely.

n = 114
Missing information on >3
eczema measures from birth
until age 10 years

n = 996
Children with available information
on any bacterial nasal or
nasopharyngeal swab, and
information on ≥3 eczema
measures from birth until age 10
years available

F I G U R E 1 Flow chart of participants included for analysis
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aureus. Nasopharyngeal swabs were plated on a Haemophilus selec-

First, we examined the associations of bacterial nasal and naso-

tive agar plate, a blood agar plate with 5% sheep blood and a choco-

pharyngeal carriage with ever eczema and with five eczema phe-

late agar plate for Haemophilus influenzae, Moraxella catarrhalis and

notypes from birth until age 10 years using logistic and weighted

Streptococcus pneumoniae, respectively. The plates were kept at 35°C

multinomial regression models, respectively. Weights were based on

in a CO2 rich environment for 2 days and assessed daily for growth of

class probabilities. Next, cross-lagged models were used to examine

bacteria. Swabs were classified as either negative or positive for S. au-

bidirectional associations of bacterial nasal carriage with eczema

reus, H. influenzae, M. catarrhalis or S. pneumoniae. Nasopharyngeal

from birth until 10 years. Cross-lagged models allow associations be-

carriage with any bacteria was classified as positive when one of the

tween two repeatedly measured variables to be examined in both

bacteria H. influenzae, M. catarrhalis or S. pneumoniae was positive, and

directions simultaneously while accounting for continuity between

negative if all three were negative. Additionally, to study the bacterial

the repeated measures over time. A conceptual model of the stud-

nasopharyngeal carriage in detail, sensitivity analysis was performed

ied cross-lagged associations is presented in Figure S1. For example,

on each of the three bacteria separately.

the effect estimates of the association of bacterial carriage at earlier age with eczema at later age will be adjusted for all earlier as-

2.3 | Eczema phenotypes

sociations between and within bacterial carriages and eczema. With
this method, we aimed to disentangle the predominant direction of
the observed association between bacterial nasal carriage and ec-

Information on physician-diagnosed eczema was obtained from

zema. We examined cross-lagged effects, cross-sectional effects and

parental-reported questionnaires at the ages of 6 months, and 1,

stability effects in the period from birth until age 3 years, and only

2, 3, 4 and 10 years (‘Was your child diagnosed with eczema in the

cross-lagged and stability effect in the period from 4 until 10 years

last 6 months/last year by a general practitioner or physician in the

due to the uneven distribution of repeated measures of bacterial

hospital?’) (no; yes). In children with available data on physician-

nasal carriage and eczema at those ages. As a sensitivity analyses

diagnosed eczema on at least 3 time points, we previously identi-

for increased statistical power, we applied generalized estimating

fied five eczema phenotypes (never, early transient, mid-t ransient,

equation (GEE) models with an unstructured and autoregressive cor-

late transient and persistent eczema) using latent class growth

relation matrix to examine the associations between bacterial nasal

analysis, in which missing data are handled by maximum likelihood

and nasopharyngeal carriage at age 6 weeks with repeated measures

2

algorithm. Subjects were assigned to the eczema phenotype for

of eczema from 6 months until 10 years. All analyses were adjusted

which they had the highest posterior probability. Children with

for potential confounders, which were first selected from literature

early-, mid- and late transient eczema had a high probability of

including known potential underlying biological mechanisms. 2,16–18

developing eczema at approximately the age of 6 months, 2 years

Next, confounders were selected if they were associated with both

and 5 years, respectively, after which the eczema gradually de-

the exposure (bacterial nasal/nasopharyngeal carriage) and the out-

clines. Children with persistent eczema had a high probability of

come (eczema phenotypes), and were not within the causal pathway

eczema from birth until the age of 10 years. Ever eczema included

based on epidemiological concept. Additionally, they were included

those with early transient, mid-t ransient, late transient or persis-

if they changed the effect estimates or the unadjusted analyses with

tent eczema. Due to relative low number of subjects in the persis-

≥10% in adjusted analyses. Family history of atopic diseases, ma-

tent eczema phenotype in the five eczema phenotypes model, we

ternal age, parity and education, and child's gestational age, birth

performed sensitivity analyses with stronger statistical stability

weight, sex and breastfeeding did not meet our defined statistical

using three eczema phenotypes (never, early-mid transient and

criteria of confounding, and therefore, were not included in the mod-

late-p ersistent phenotype).

els. For better interpretation, we adjusted all analyses models for the
same confounders. We assumed that data were missing at random.

2.4 | Covariates

Twenty data sets were created to handle missing data in covariates
(≤12%) using multiple imputation by chained equations. Missing data
in bacterial nasal and nasopharyngeal carriage and eczema were not

Information on pet keeping and maternal psychiatric symptoms using

imputed. The size and direction of the effect estimates were simi-

the Global Severity Index (GSI) was obtained by questionnaires dur-

lar when we used complete-case analyses, and therefore, we only

ing pregnancy.15 The mode of delivery was obtained from midwives

present the results based on imputed data. We did not adjust for

and hospital records. Postnatal questionnaires provided information

multiple testing in the main analyses (nasal carriage with S. aureus

on daycare attendance and antibiotic use in the first year after birth.

and nasopharyngeal carriage with any bacteria), because the bacterial carriages were examined under the same hypothesis. For the

2.5 | Statistical analysis

sensitivity analysis of the separate nasopharyngeal bacteria, we corrected for multiple testing using alpha .05 divided by the effective
independent number of tests calculated based on the correlation

We compared characteristics of those included and not included in

structure between the bacteria.19 All measures of association are

our study using Pearson's Chi-square and Mann-Whitney U tests.

presented as odds ratios (OR) together with their corresponding 95%

|
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confidence intervals (95%CI). Imputation and regression analyses
were performed using the packages ‘mice’ (version 3.6.0), ‘stats’ (version 3.6.1) and ‘nnet’ (version 7.3.12), cross-lagged analyses were per-

3
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3.1 | Subject characteristics

formed in Mplus (version 8.2), and using package ‘MplusAutomation’
(version 0.7-3), and GEE analyses were performed using the package
‘geepack’ (version 1.2-1) in R version 3.6.1.

20–25

Characteristics of children and their mothers are shown in Table 1.
Compared with children included in the analysis, those not included

TA B L E 1 Characteristics of children
and their mothers (n = 996)

All
(n = 996)

Never eczema
(n = 768)

Ever eczema
(n = 228)

Maternal characteristics
Pet keeping, yes % (n)

43.1 (429)

42.4 (326)

44.3 (101)

Pyschiatric symptoms,
median (IQR)

0.12 (0.06, 0.23)

0.10 (0.06, 0.21)

0.13 (0.04, 0.25)

Mode of delivery % (n)
85.1 (848)

86.4(664)

80.9 (184)

Primary caesarian
section

Vaginal

6.6 (66)

6.0 (46)

8.3 (19)

Secondary caesarian
section

8.2 (82)

7.6 (58)

10.9 (25)

Daycare attendance,
yes % (n)

68.5 (682)

68.8 (525)

67.1 (153)

Antibiotic use, yes % (n)

35.7 (356)

34.7 (266)

38.6 (88)

Children characteristics

S. aureus carriage, yes % (n/total n)a
Age 6 weeks

52.7 (302/573)

51.9 (232)

55.6 (70)

Age 6 months

20.9 (150/718)

18.2 (101)

30.2 (49)

Age 1 year

14.5 (98/676)

14.9 (78)

13.0 (20)

Age 2 years

13.4 (79/590)

12.1 (54)

17.4 (25)

Age 3 years

14.7 (89/604)

13.5 (62)

18.5 (27)

Age 6 years

28.0 (238/850)

26.3 (173)

34.0 (65)

Nasopharyngeal carriage with any bacteria, yes % (n/total n)a
Age 6 weeks

22.9 (131/573)

21.9 (98)

26.2 (33)

Age 6 months

61.1 (438/717)

60.8 (338)

62.1 (100)

Age 1 year

67.0 (453/676)

67.4 (352)

65.6 (101)

Age 2 years

63.6 (375/590)

63.5 (283)

63.9 (92)

Age 3 years

50.0 (302/604)

50.0 (229)

50.0 (73)

Age 6 years

36.9 (314/850)

36.6 (241)

38.2 (73)

Eczema phenotypes, % (n)*
Never eczema

77.1 (768)

100.0 (768)

0.0 (0)

Early transient
eczema

7.5 (75)

0.0 (0)

32.9 (75)

Mid-transient eczema

6.7 (67)

0.0 (0)

29.4 (67)

Late transient
eczema

7.1 (71)

0.0 (0)

31.1 (71)

Persistent eczema

1.5 (15)

0.0 (0)

6.6 (15)

Note: Values are means (SD), valid percentages (absolute numbers) or medians (95% range) based
on imputed data.
a

Nasal carriage of S. aureus and nasopharyngeal carriage with any bacteria (H. influenzae,
M. catarrhalis or S. pneumoniae) were not imputed and were missing (%) for the following ages: 43%
at 6 weeks, 28% at 6 months, 32% at 1 year, 41% at 2 years, 39% at 3 years and 15% at 6 years.
Eczema phenotypes had no missing values.
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had mothers who had more psychiatric symptoms during pregnancy

CI) range: 4.53 (1.99, 10.28) to 11.02 (6.36, 18.92)). Cross-sectional

(Table S1). The number of children eligible for inclusion during fol-

effect analysis showed that nasal carriage of S. aureus was associ-

low-up was 1190 children at ages 6 weeks to 4 years, 1166 children

ated with eczema at ages 6 months and 2 years (OR (95% CI): 2.39

at age 5 years, and 1109 at age 10 years. Physician-diagnosed ec-

(1.38, 4.14) and 2.20 (1.16, 4.18), respectively; Figure 2A; Table S4).

zema ranged from 13.4% at age 6 months to 6.0% at age 10 years

Cross-lagged effect analysis showed that children with eczema at

(Table S1).

age 2 years had an increased risk of nasal carriage of S. aureus at age
3 years (1.95 (1.02, 3.71)), but not at other ages. Reversely, no associ-

3.2 | Early life bacterial nasal and nasopharyngeal
carriage and eczema phenotypes

ations were observed of nasal carriage of S. aureus with eczema. For
nasopharyngeal carriage with any bacteria, stability effect analysis
showed that nasopharyngeal carriage with any bacteria at earlier age
was largely associated with increased risk of nasopharyngeal carriage

Compared with never eczema and no nasal carriage of S. aureus,

with any bacteria at later age between age 6 weeks and 6 years (OR

nasal carriage of S. aureus at age 6 months was associated with an in-

(95% CI) range: 1.28 (0.86, 1.92) to 3.32 (2.29, 4.81); Table S4). No

creased risk of ever eczema (OR (95% CI): 2.01 (1.33, 3.02); Table 2).

cross-sectional or cross-lagged associations were observed between

Nasal carriage of S. aureus at other ages, and nasopharyngeal carriage

nasopharyngeal carriage with any bacteria and eczema (Figure 2B).

with any bacteria was not associated with ever eczema. When exam-

Results from cross-lagged models were similar in effect size and di-

ining eczema phenotypes, nasal carriage of S. aureus at age 6 months

rection when examining nasopharyngeal carriage with H. influenzae,

was associated with an increased risk of early transient and persis-

M. catarrhalis and S. pneumoniae separately (Table S5).

tent eczema, compared with no nasal carriage of S. aureus and never
eczema phenotype (OR (95% CI): 2.69 (1.34, 5.39) and 4.17 (1.12,
15.51), respectively; Table 2). Nasal carriage of S. aureus at ages

4

|

DISCUSSION

6 weeks, and 1, 2, 3, and 6 years was not associated with eczema
phenotypes. Similar size and direction of estimates were observed

In this population-based prospective cohort study, we observed that

when using the regrouped three eczema phenotypes, although the

only nasal carriage of S. aureus at age 6 months was associated with

associations of nasal carriage of S. aureus at age 6 months with late-

an increased risk of ever eczema, and specifically with an increased

persistent eczema attenuated into non-significant (Table S2). We

risk of early transient and persistent eczema phenotypes until age

found no associations of nasopharyngeal carriage with any bacteria

10 years. The direction of effects between nasal carriage of S. aureus

between the ages of 6 weeks and 6 years with eczema phenotypes

and eczema was largely cross-sectional, making causality either way

(Table 2). When we studied the nasopharyngeal carriage with H. in-

unlikely. Nasopharyngeal bacterial carriage with H. influenzae, M. ca-

fluenzae, M. catarrhalis and S. pneumoniae separately in a sensitiv-

tarrhalis and/or S. pneumoniae from age 6 weeks until age 6 years

ity analyses, only nasopharyngeal carriage of H. influenzae at age

was not associated with ever eczema or eczema phenotypes from

6 months was associated with an increased risk of early transient

birth until age 10 years.

eczema phenotype (2.09 (1.03, 4.24); Table S3). This association
attenuated to non-significant after correcting for multiple testing.
We observed no associations of nasal carriage of S. aureus or naso-

4.1 | Comparison with previous studies

pharyngeal carriage with any bacteria at ages 6 weeks with overall
eczema from birth until age 10 years in the sensitivity analyses with

A previous meta-analysis, cohort and case-control studies showed

GEE models (data not shown).

that nasal carriage of S. aureus was associated with an up to fivefold
increased risk of eczema in children and adults.4,26 We observed in

3.3 | Direction of associations between bacterial
nasal and nasopharyngeal carriage and eczema

our current study that nasal carriage of S. aureus at age 6 months
was associated with an increased risk of ever eczema at age 10 years,
which is in line with results of our previous study in children until age
2 years.7 We now additionally explored eczema phenotypes across

Figure 2 and Table S4 show the bidirectional associations between

childhood, taking the onset and persistence of eczema into account,

bacterial nasal and nasopharyngeal carriage and eczema as dichot-

and observed that nasal carriage of S. aureus at age 6 months was

omous outcome from age 6 weeks to 10 years using cross-lagged

associated with an increased risk of early transient and persistent

models. Stability effect analysis showed that nasal carriage of S. au-

eczema. Nasal carriage of S. aureus at other ages until 6 years was

reus at earlier age was associated with increased risk of nasal car-

not associated with ever eczema, and eczema phenotypes until age

riage of S. aureus at later age between ages 6 weeks and 6 months,

10 years. Studies examining the direction of association between

2 to 3 years, and 3 to 6 years (OR (95% CI): 2.23 (1.36, 3.60), 2.39

nasal carriage of S. aureus and eczema are scarce. Only two previ-

(1.27, 4.48) and 1.73 (1.04, 2.89), respectively; Table S4). Stability ef-

ous longitudinal studies, using one-directional statistical methods,

fect analysis showed that eczema at earlier age was associated with

examined the association between skin carriage of S. aureus and ec-

eczema at later age between age 6 months and 10 years (OR (95%

zema in children, and showed conflicting results. 27,28 Skin carriage

0.88 (0.51, 1.52)

1.64 (0.96, 2.77)

1.57 (0.94, 2.61)

1.40 (0.98, 2.00)

Age 1 year

Age 2 years

Age 3 years

Age 6 years

1.06 (0.72, 1.56)

0.90 (0.59, 1.37)

1.06 (0.70, 1.61)

0.95 (0.64, 1.40)

1.10 (0.79, 1.54)

Age 6 months

Age 1 year

Age 2 years

Age 3 years

Age 6 years

Reference

Reference

Reference

Reference

Reference

1.06 (0.56,
2.00)

1.53 (0.72, 3.22)

0.71 (0.35, 1.44)

1.12 (0.50, 2.48)

1.11 (0.54, 2.27)

1.01 (0.40, 2.60)

1.33 (0.68, 2.6)

Reference
Reference

1.68 (0.66, 4.24)

1.29 (0.50, 3.37)

Reference

Reference

0.82 (0.30, 2.24)

2.69 (1.34,
5.39)**

1.10 (0.51, 2.36)

0.73 (0.29, 1.82)

1.35 (0.50, 3.66)

0.62 (0.24, 1.66)

1.16 (0.45, 2.98)

1.21 (0.38, 3.80)

1.22 (0.54, 2.78)

1.64 (0.53, 5.07)

2.02 (0.67, 6.06)

0.97 (0.28, 3.42)

1.90 (0.74, 4.91)

1.59 (0.57, 4.46)

Odds ratio (95% Confidence
Interval)
(n = 67)

Odds ratio (95%
Confidence
Interval)
(n = 75)

1.42 (0.66, 3.09)

Mid-transient eczema

Early transient
eczema

1.23 (0.68, 2.23)

1.02 (0.52, 1.97)

1.05 (0.48, 2.29)

0.98 (0.44, 2.17)

0.80 (0.40, 1.61)

1.77 (0.84, 3.73)

1.74 (0.94, 3.21)

1.20 (0.48, 2.99)

1.20 (0.43, 3.35)

0.69 (0.23, 2.07)

1.48 (0.69, 3.21)

0.93 (0.47, 1.85)

Odds ratio (95%
Confidence
Interval)
(n = 71)

Late transient
eczema

0.85 (0.23, 3.16)

0.82 (0.17, 3.99)

1.23 (0.22, 6.73)

0.83 (0.19, 3.61)

1.82 (0.45, 7.39)

1.39 (0.23, 8.61)

1.82 (0.50, 6.63)

2.25 (0.35, 14.60)

2.08 (0.30, 14.15)

1.14 (0.21, 6.38)

4.17 (1.12, 15.51)*

0.82 (0.16, 4.04)

Odds ratio (95% Confidence
Interval)
(n = 15)

Persistent eczema

Nasopharyngeal bacteria include H. influenzae, M. catarrhalis or S. pneumoniae. Models were adjusted for maternal psychiatric symptoms, pet keeping, mode of delivery, daycare attendance and antibiotic
use.; *p-Value < .05.; **p-Value < .01.

a

Note: Values are odds ratios (OR) with 95% confidence interval from logistic and multinomial regression models on imputed data.

1.36 (0.85, 2.20)

Age 6 weeks

Nasopharyngeal carriage with any bacteriaa

Reference

2.01 (1.33, 3.02)**
Reference

Reference

1.21 (0.80,1.84)

Age 6 months

Odds ratio (95% Confidence
Interval)
(n = 768)

Odds ratio (95% Confidence
Interval)
(n = 228)

Age 6 weeks

S. aureus carriage

Never eczema

Ever eczema

TA B L E 2 Associations of bacterial nasal and nasopharyngeal carriage with ever eczema and eczema phenotypes

HU et al.
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Eczema
6 months

Eczema
1 year

1.09

1.35

0.52

(B)

2.20*

S. aureus
1 year

S. aureus
2 years

S. aureus
3 years

Eczema
6 months

Eczema
1 year

Eczema
2 years

Eczema
3 years

1.05

1.02
0.82
Any NP
6 months

0.90

0.79

Any NP
1 year

1.09
0.75
Any NP
2 years

Eczema
10 years
1.35

0.85
1.95*

1.05

1.00

Eczema
4 years
1.28

S. aureus
6 months

1.28

Any NP
6 weeks

Eczema
3 years
0.85

1.11
1.60

2.39**

S. aureus
6 weeks

Eczema
2 years

1.46
S. aureus
6 years

Eczema
4 years

Eczema
10 years

1.73

1.19

0.65
1.09

1.22

Any NP
3 years

Any NP
6 years

F I G U R E 2 Bidirectional associations between nasal (A) S. aureus carriage and eczema, and (B) nasopharyngeal carriage with any
bacteria (any NP), including H. influenzae, M. catarrhalis or S. pneumoniae, and eczema from birth until 10 years. Values are odds ratios (95%
confidence interval) derived from logistic regression models, using cross-lagged modelling. Models were adjusted for maternal psychiatric
symptoms, pet keeping, mode of delivery, daycare attendance and antibiotic use. *p-value < .05, **p-value < .01. The corresponding 95%
confidence intervals of the cross-lagged and cross-sectional effects, and the effect estimates of the stability effects are shown in Table S3

of S. aureus 2 months prior to eczema onset was associated with an

eczema, and eczema phenotypes on a population-level. The dif-

increased risk of eczema in a cohort of 149 children until age 2 years,

ference between our results and the suggested positive associ-

while skin carriage of S. aureus at age 2 months was associated with

ations of these specific bacteria with eczema in previous studies

a decreased risk of eczema in a nested case-control study of 20 chil-

might be explained by differences in study population (general

dren. 27,28 The use of cross-lagged models allowed us to examine the

versus hospital-b ased) and methods (microbial culture versus

effects between nasal carriage of S. aureus and eczema in both di-

more sensitive rRNA sequencing and nasal carriage versus vacci-

rections (bidirectional), and we observed that this association was

nation responses), and potential publication bias towards positive

largely cross-sectional, and not longitudinal.

findings.

Airway carriage of H. influenzae, M. catarrhalis and S. pneumoniae is suspected to play a role in the development of childhood atopic respiratory diseases by influencing the microbiota

4.2 | Interpretation of results

composition dynamics and/or the priming of the host's immune
responses. 6,16,29 Therefore, we hypothesized that early life nasal

Children with early transient and persistent eczema have a high

and/or nasopharyngeal carriage with H. influenzae, M. catarrhalis

probability of eczema at approximately 6 months of age. 2 Our

or S. pneumoniae might also be associated with eczema, however,

observations of nasal carriage of S. aureus at age 6 months being

few studies examined these associations. A cross-s ectional cohort

associated with increased risks of early transient and persistent

study in children with eczema showed that nasal carriage of dif-

eczema, and not with mid-t ransient or late transient eczema, sug-

ferent Moraxella species was associated with both increased, and

gest that nasal carriage of S. aureus is associated with active ec-

5

decreased risk of eczema severity. A previous case-control and

zema, and not with eczema developing in later life. This hypothesis

cohort study showed that adults with eczema had higher risks of

is also supported by the results from our cross-lagged analyses

severe S. pneumoniae infections, and children with eczema had

that showed predominantly cross-s ectional associations between

a delayed response to Pneumococcal vaccine, respectively.9,30

nasal carriage of S. aureus and eczema rather than causal asso-

One cohort study showed that H. influenzae vaccination at age

ciations from nasal carriage of S. aureus to eczema or vice versa.

6 months was associated with an increased risk of eczema at age

Previous experimental and case-control studies showed that S. au-

18 months. 8 We observed no associations of nasopharyngeal car-

reus might play a role in the development and worsening of eczema

riage of H. influenzae, M. catarrhalis and S. pneumoniae with ever

via the production of proteins, proteases and superantigens that

|
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can induce chronic inflammation of the skin. 31–33 However, a re-

findings to patients with moderate to severe eczema. Last, resid-

cent review found insufficient evidence for beneficial effects of

ual confounding might be present due to influencing factors not

S. aureus reducing interventions on eczema.10 Therefore, S. aureus

measured in our study. For example, the abundance of S. aureus

carriage or overgrowth might also be the consequence of a favour-

and other nasopharyngeal bacteria, and horizontal transmission by

able skin environment in children with eczema. For instance, in

surroundings could not be determined in our study. 36 It might be

eczema the skin has a higher pH compared to normal skin, and

that children with early transient and persistent eczema have skin

changes in skin microbiome composition may lead to more S. au-

conditions (i.e., pH level, natural moisturizing factor and filaggrin

reus growth. 31 Another possibility is that underlying immune dys-

gene mutations) more suitable for S. aureus overgrowth, increased

regulation or skin characteristics, such as dry skin due to reduced

contact with parents due to frequent comforting, S. aureus con-

levels of natural moisturizing factor and loss of function mutation

taminated topical ointments and/or specific household conditions

in the filaggrin gene, prior to eczema development might benefit

promoting S. aureus colonization (i.e., less frequent handwashing,

S. aureus growth. 31,34,35 Interestingly, nasal carriage of S. aureus at

shared towel use and shared bedrooms). 39–42 Also, since we only

age 6 months, and not at older ages, was associated with eczema

used one set of confounders mostly measured at early age, re-

phenotypes. The prevalence of nasal carriage of S. aureus is high-

sidual confounding could be greater for associations between ex-

est at age 6 weeks and declines at age 6 months in children with

posures and outcomes at later ages.

and without eczema. However, the prevalence of nasal carriage of
S. aureus is higher in children with eczema than in those without
eczema at age 6 months. A possible explanation is that the matu-

5

|
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ration of the skin and immune system is disrupted and/or delayed
especially in children with early-onset eczema, which increases

We observed that early life nasal carriage with S. aureus, but not na-

the susceptibility of S. aureus (over)growth on the nose, and per-

sopharyngeal bacterial carriage with H. influenzae, M. catarrhalis or

31

Future studies should focus on

S. pneumoniae, was associated with increased risks of ever eczema,

the microbiota on multiple body sites, such as nose, skin and gut

and early transient and persistent eczema phenotypes. The asso-

in a longitudinal way, to further assess the relationship between

ciation between nasal carriage of S. aureus and eczema was more

bacteria and eczema.

prominently cross-sectional and not longitudinal. This suggests that

haps also on other body sites.

nasal carriage of S. aureus is mainly associated with active eczema,

4.3 | Strengths and limitations

and not with eczema development in later life. Future studies should
focus on the longitudinal effects of the interaction of nasal and skin
microbiome within individuals and their surroundings on eczema

The strengths of this study include that it is embedded in a

phenotypes.

population-b ased prospective designs with detailed and repeated
information on bacterial nasal carriage and eczema, the use of ec-

AC K N OW L E D G M E N T S

zema phenotypes and cross-lagged models to statistically examine

The Generation R Study is conducted by the Erasmus Medical Centre

longitudinal associations. However, methodological limitations of

in close collaboration with the School of Law and the Faculty of

this study must also be taken into account when interpreting the

Social Sciences at the Erasmus University, Rotterdam, the Municipal

results. Selection bias might occur when the associations between

Health Service, Rotterdam area, and the Stichting Trombosedienst

bacterial nasal carriage and eczema phenotypes were different in

and Artsenlaboratorium Rijnmond (Star-MDC), Rotterdam. We

children included versus those not included in the analysis. Second,

gratefully acknowledge the contribution of children and their par-

we used nasal swabs to examine S. aureus carriage. While the nose

ents, general practitioners, hospitals, midwives and pharmacies in

is the most frequent carriage site, other S. aureus prevalent body

Rotterdam.

sites, such as the axilla and perineum, were not examined, thereby
limiting the generalizability to nasal carriage of S. aureus only. 36,37

C O N FL I C T O F I N T E R E S T

Third, a relatively small number of children had nasal swabs, and

The authors have no potential conflicts of interest to disclose.

not all of these had nasal swabs at every visit. Therefore, we were
not able to cluster trajectories of bacterial nasal carriage in order

AU T H O R S C O N T R I B U T I O N

to study the associations of bacterial nasal carriage phenotypes

CH, LD, EM and TN contributed to the conception and design, ac-

with eczema phenotypes. Fourth, non-differential misclassifica-

quisition of data, analyses and interpretation of the data, drafted

tion of eczema remains possible due to use of self-reported ques-

the article, revised it critically for important intellectual content,

tionnaires. Although these questionnaires have been validated

and gave final approval of the version to be published. KL, JK, LP,

for defining eczema in epidemiological research, cases with very

DH, SP, JJ and HM contributed to the conception and design, ac-

mild eczema might be lacking since they are less likely to visit a

quisition of data, revised the drafted manuscript critically for im-

physician. 38 In addition, most children in population-b ased set-

portant intellectual content and gave final approval of the version

tings have relatively mild disease, making it difficult to generalize

to be published.
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