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Abstract

Background

Respiratory infections are the most frequent health problem in childhood leading to morbid-

ity and socioeconomic burden. Studying symptoms of respiratory infections in home based

settings requires dedicated prospective cohort studies using diaries. However, no informa-

tion is available on which birth cohort studies using symptom diary data. A review of birth

cohort studies with available symptom diary data, follow-up data, and bio samples is needed

to support research collaborations and create potential synergies.

Methods

We conducted a scoping review of birth cohort studies using diaries for the collection of

respiratory symptoms. The scoping review was conducted in accordance with the PRISMA

Extension. We searched the electronic databases PubMed, Embase, Web of science and

CINAHL (last search November 2020) resulting in 5872 records (based on title and abstract

screening) eligible for further screening.

Results

We examined 735 records as full text articles and finally included 57 according to predefined

inclusion criteria. We identified 22 birth cohort studies that collect(ed) data on respiratory

symptoms using a symptom diary starting at birth. Numbers of participants ranged from 129

to 8677. Eight studies collected symptom diary information only for the first year of life, nine

for the first two years or less and six between three and six years. Most of the cohorts col-

lected biosamples (n = 18) and information on environmental exposures (n = 19).

Conclusion

Information on respiratory symptoms with daily resolution was collected in several birth

cohorts, often including related biosamples, and these data and samples can be used to

study full spectrum of infections, particularly including those which did not require medical

treatment.
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Introduction

Acute respiratory infections (ARI) are the most common health problems in early childhood

[1], and the most common causes of death in children under the age of 5 years worldwide [2].

Although most of ARI are not severe [1], they are frequent and cause a high number of doctor

visits [3, 4], hospitalizations, antibiotic prescriptions [3, 5], a high socioeconomic burden [6,

7], and absenteeism in education and work [8]. Infections with respiratory viruses (e.g. human

rhinovirus, enterovirus and adenovirus) in early childhood may influence the development of

chronic and immune-mediated diseases such as asthma, type II diabetes and obesity later in

life [9, 10], however, it is not clear how. Research in this area therefore remains very important.

About half of ARI in infancy do not lead to consultation of a physician, which leads to a signifi-

cant underestimation of the true incidence [7, 11–14].

For many specific etiologic questions, it is necessary to have information on a light course

of infections. However, this requires prospective data, and collecting this information provides

a large challenge. Therefore, the accurate recording of ARI during early childhood needs thor-

oughly planned prospective birth cohort studies using symptom diaries. Symptom diaries are

tools for participants to record symptoms daily in a systematic manner over a defined period

[15]. This allows analyses of a prospective evolution of symptoms linked to specific pathogens

(if biosamples allow identification of pathogens) and accounting for previous infection epi-

sodes, age at infection and time since the last episode. Symptom diaries have a long tradition

in evaluating acute infections [13, 16], but are also very demanding. Therefore, other

approaches such as retrospective questionnaires, reports from clinical visits or retrospective

interviews are more often used [17–23], but have to accept the possibility of recall bias [24].

Additionally, retrospective assessment does not allow studying the duration of symptoms or

the change of symptoms over time adequately.

In birth cohort studies, newborns or infants are recruited before, at, or shortly after birth

and observed over many years to examine associations between early life exposures and out-

comes later in life [25]. Many birth cohorts have been focusing on respiratory infectious dis-

eases and various aspects of these studies were covered in systematic and scoping reviews [26–

32].

However, none of them focused on the prospective recording of respiratory infections

using symptom diaries and the combination with biosamples. This information can be used to

study patterns and severity of symptoms associated with pathogens and other factors such as

susceptibility, immune system development or the development of chronic diseases later in

life.

In this scoping review, we aimed to compile, map, and compare the existing birth cohort

studies collecting symptom diary information on respiratory infections in childhood starting

at birth to promote potential research collaborations and exploit synergies. We considered

respiratory infections, the collection of biosamples and environmental exposures in order to

identify studies suitable for providing a holistic understanding of the association of ARI as

exposure with potential long-term sequelae in a life course perspective.

Material and methods

Inclusion and exclusion criteria

This scoping review was performed using PRISMA Extension [33]. We included (1) prospec-

tive observational birth cohort studies that (2) examined healthy newborns and (3) used a

symptom diary related to respiratory infections. We defined a birth cohort study as a study

that recruits children prospectively prior to birth or up to the age of four months.
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We excluded all other study designs such as randomized controlled trials, case control stud-

ies, cross sectional, qualitative studies and publications in languages other than English. In

addition, we excluded studies that focused only on children with chronic lung disease, studies

that included children only when a specific symptom or virus was identified, studies that

recruited children older than 4 months, or studies that focused only on preterm infants. There

were no requirements for the duration of the symptom diary or a time limit for the date of

publication.

Search strategy

In a first step, we searched four electronic databases (last search 11.2020): MEDLINE;

EMBASE; CINAHL; Web of Science. The search strategy was developed to include several

terms referring to respiratory infections in children, symptom diary, and study design. In

Table 1, we present the search strategy that was used for MEDLINE and was applied with

minor changes to the other databases.

Cohort identification took place between January 2019 and November 2020.

One researcher (SL) screened titles and abstracts of identified studies with respect to the

inclusion and exclusion criteria. In a second step, two authors (SL and BK) conducted a back-

ward search whereby bibliographies of the included studies were screened to identify any stud-

ies that might have been missed in the first screening. Subsequently, titles, abstracts and full

text articles of additionally identified references were screened according to the inclusion and

exclusion criteria. The results of both screeners were compared and discrepancies were dis-

cussed. In a third step, we scanned other sources such as registers of birth cohort studies

(BirthCohorts.net (https://www.birthcohorts.net/) (11.2020), Asthma Birth Cohorts Database

(https://asthmabirthcohorts.niaid.nih.gov/) and performed a grey-literature search and

reviewed other reviews of birth cohorts (last search 11.2020). The final search results were

exported into EndNote and duplicates were removed. Two authors (SL and BK) extracted data

from all included birth cohorts independently, based on predefined criteria, compared the

results, and discussed disparities. Data of interest included: cohort name, country in which the

study took place, number of participants, enrollment period, follow-up times without symp-

tom diary, symptom diary duration (from birth), at what age questionnaires were answered, if

and at what time communication was via email, telephone and if interviews were conducted, if

Table 1. Search strategy for PubMed.

(Child [TIAB] OR Children [TIAB] OR Childhood [TIAB] OR newborn [TIAB] OR infant [TIAB] OR

newborn [MH] OR infant [MH] OR child [MH])

AND

(“birth-cohort” [TIAB] OR birth� [TIAB] OR “Prospective-study” [TIAB] OR “longitudinal study” [TIAB] OR

“follow-up study”[TIAB] OR cohort� [TIAB] OR “Birth cohort study” [TIAB]OR “cohort studies”[MH])

AND

(“respiratory-tract-infection” [TIAB] OR“Infectious diseases” [TIAB] OR “Infection diseases” [TIAB] OR

“communicable diseases” [TIAB] OR “respiratory infections” [TIAB] OR “virology” [TIAB] OR

“immunology” [TIAB] OR “virus disease” [TIAB] OR “viral disease” [TIAB] OR “infectious” [TIAB] OR

“bacterial infection” [TIAB] OR “infections” [TIAB] “respiratory tract infections"[MH]"communicable

diseases"[MH] OR “virology"[MH] OR “allergy and immunology"[MH] OR" virus diseases"[MH] OR "bacterial

infections"[MH] OR "infection"[MH])

AND

(“Daily-diary-study” [TIAB] OR Diary [TIAB] OR “daily-diary” [TIAB] OR “daily-diaries” [TIAB] OR “daily-

observation” [TIAB] OR “daily- records” [TIAB] OR “self-reported-Questionnaire”[TIAB] OR “Symptom

records”[TIAB] OR “Symptom questionnaire”[TIAB]OR “Symptom diary” [TIAB] OR “Symptom diaries”

[TIAB])

https://doi.org/10.1371/journal.pone.0263559.t001
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and when home visits, examinations in the clinic or in general took place. In addition, we

extracted data on what biosamples were collected and at what time. In addition, it was of inter-

est which risk factors for respiratory infections were of interest in each study. In only three of

the cohorts a cohort profile was available. Thus, information on the study design was often

taken from several publications focusing on different aspects of the same cohort study. It was

often not possible to extract complete data from these specialized publications. Therefore, the

last step was to validate and complement the extracted results by contacting the authors of the

most recent publications of the respective birth cohorts via email and asking them to confirm

or complete the available information (February-November 2020). Reminders were sent 3–5

weeks later. Investigators of 14 out of 22 studies (63.6%) responded to our inquiries.

Results

Search results

We identified 5960 records by database search and by backward reference, register and review

search (Fig 1).

After removing duplicates, 5872 records were included in the screening of abstracts and

titles of which 735 were found eligible for full-text analysis based on our inclusion criteria. Of

these, a final number of 57 full-text articles met the inclusion criteria. Based on the articles, we

identified 22 birth cohort studies that collect data or have already completed data collection on

respiratory symptoms using a symptom diary (Table 2).

Characteristics of included cohorts

The majority of included birth cohorts were conducted in Europe (n = 12), four were con-

ducted in Australia, four in the United States of America and one each in Canada, Nicaragua

and in Taiwan. Three of those were conducted in several countries, such as the TEDDY Study,

which was conducted in the United States and Europe.

The number of participants ranged from 126 in the VIGALL- Study [34] to 8677 in the

Teddy-Study [35] (Fig 2A). The most recent study is the LoewenKIDS study from Germany

Fig 1. PRISMA-flow diagram.

https://doi.org/10.1371/journal.pone.0263559.g001
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which recruited participants between 2014 and 2016, while the oldest study is a cohort study

from Pittsburgh, which enrolled subjects from July 1985 to April 1986 (Fig 2B).

Recruitment period had a median of 30 months and ranged between 9 and 133 months.

Five studies are still collecting data at the time of writing, while 17 studies are completed.

Symptom diary and follow up

In most cases, symptom diary entries were only noted when study participants showed symp-

toms, in others, participants were asked to enter all days including those without symptoms.

The response rate of symptom diary data was reported rarely. Six years was the longest period

for which symptom recording by diary was planned, while the shortest was ten months

(Table 2). Seven studies collected data by symptom diary only for the first year of life or less,

seven studies for the first two years, three for three years or less, two for six years, and the

other studies for five years, 21 months and 18 months.

Besides using symptom diaries, thirteen studies used questionnaires to conduct the follow-

up of their participants. The mode of follow-up by questionnaires ranged between monthly

assessments to a follow-up interval of 17 years, but the majority of birth cohorts sent out ques-

tionnaires very frequently in the first two years after birth. In addition to questionnaires, tele-

phone calls, interviews, email contact, home visits, and clinical examinations were used to

contact the participants and collect data. Most studies used phone calls and interviews to con-

duct follow-ups. Nine studies carried out home visits in order to collect data, to remind partici-

pants, or to conduct routine visits during the first respiratory infection or in cases where

subjects could not come to the study center. Clinical visits or medical examinations took place

in 18 studies, which were usually part of a fixed follow-up-appointment. A smaller proportion

of these studies encouraged their participants to visit a health center when symptoms of respi-

ratory infections occurred.

Almost all studies analyzed individual symptoms, such as dry or wet cough, wheezing,

runny or stuffy nose, sore throat, fever, chills, loss of appetite and attachment. From these

symptoms, most studies derived acute respiratory infections (ARI) as outcome variables.

Lower and upper respiratory tract infection (LRTI, URTI) were reported in thirteen of the

Fig 2. A. Time of enrollment B. Number of participants in considered studies.

https://doi.org/10.1371/journal.pone.0263559.g002
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studies listed. Some studies considered only individual diseases such as pneumonia, acute otitis

media, or rhinitis.

We also considered the drop-out rates of the identified studies. However, not all studies

reported a clear rate and those that did are very heterogeneous and not very comparable.

After six months, the New Mexico cohort recorded a drop-out rate of 12.5% [36]. The iden-

tified drop-out rates in the first year of life ranged from 10.3% in the Perth Cohort [6] and the

Copenhagen Cohort [37] to 47% in the Adelaide Cohort [38]. The NPICS Cohort study was

also in the lower third with 14.8% within at the first year [39]. In contrast, the STEPS study

[40] reported a drop-out rate of 6% after 13 months. Three of the identified studies reported a

drop-out rate of 12% after 2 years in the LoewenKIDS cohort (personal request), 32.5% in the

Vigall cohort [34] and 58% in the Adelaide cohort. The PEIC cohort [41] reported a drop-out

rate of 20.5% after three years. The data of all other studies considered here could not be clearly

and comparably identified.

Biosamples

Eighteen studies collected biosamples from participants during follow up periods.

Blood samples. The collection of blood from children was part of the protocol in thirteen

studies (Table 3). Eight of these studies took additional blood samples, including umbilical

cord blood (n = 8) and maternal blood (n = 7). One study collected umbilical cord blood sam-

ples only.

Nasal swabs. A total of fifteen studies collected nasal swabs in different frequencies. In

eight of fifteen studies, nasal swabs were taken when the child was free of respiratory infection

symptoms and every time symptoms occurred, whereas in three of the fifteen studies, only

asymptomatic swabs were taken.

Stool samples. Nine studies collected stool samples when children were free of gastroin-

testinal symptoms. Of these, one study additionally collected stool samples in symptomatic

subjects.

Other biomaterials. In eight studies, genetic swabs (n = 6), urine samples (n = 4), placen-

tal sample (n = 1), toe nail clipping (n = 1), hair sample (n = 2), dried blood (n = 1), skin sam-

ple (n = 1), semen (n = 1), and samples of breastmilk (n = 4) were collected.

Exposures and potential risk factors for respiratory infections

In most studies, known exposures and risk factors such as environmental exposures in house-

holds and outside of households, information on social contacts, socioeconomic factors, birth

mode, breastfeeding, presence of siblings, animal contact, daycare-attendance, vaccination,

nutrition, stress, and information about the family history were part of the collected data

(Table 4). Seven studies assessed all mentioned risk factors.

Discussion

In this scoping review, we identified 22 birth cohort studies using a symptom diary to collect

symptoms of respiratory infections beginning within the first four months after birth. These

studies varied in terms of number of participants, duration of data collection, follow-up times,

as well as in respiratory outcomes, collected biosamples and assessed environmental

exposures.

The number of detected birth cohort studies employing diaries is small compared to the

overall number of birth cohort studies that were established on bronchial asthma, allergies,

and respiratory infections over the past 35 years. Some excluded studies used symptom diaries

after the first year of life and the majority of the excluded studies used other approaches like

PLOS ONE A scoping review of birth cohort studies

PLOS ONE | https://doi.org/10.1371/journal.pone.0263559 February 10, 2022 9 / 19

https://doi.org/10.1371/journal.pone.0263559


Table 3. Biological samples collected in the birth cohorts studies.

COHORT

-NAME

CHILD

BLOOD

ASYMPTOMATIC

NASAL SWAB

SYMPTOMATIC

NASAL SWAB

ASYMPTOMATIC STOOL

SAMPLE

MATERNAL

BLOOD

CORD

BLOOD

OTHER

SAMPLES

Raine age of 5, 8, 14,

17, 18, 20, 22

yrs

- - - 18 wks, 34 wks

before birth

yes placental-,

semen-, urine-

, saliva sample

VIGALL-Study - - if symptoms occur - - - -

Perth-Cohort 5 yrs one in winter and a

second in summer

onset of respiratory

symptoms

- - - -

Allergyflora age of 18 m - - wk 1, 2, 4, and at 6, 8, 12, 18 m,

part born after 07/2000

additionally at age of 36 m

- - -

COPSAC 2000 6 m, 18 m, 1,

4, 6 yrs

during infancy 1m, 1y and if

symptoms occur until

3 yrs

1w, 1, 12, 18 yrs ad-hoc but at

least 2 yrs after

birth

yes hair-, urine-,

breast-milk-,

saliva-sample

COPSAC 2010 6, 18 m, 6,8,10

yrs

1 w, 1 m, 3 m if symptoms occur 1w, 1m, yl until 6 yrs, then at

the age of 8, 10 yrs

24th wk of

pregnancy

yes hair-, urine-,

breast-milk-,

saliva-, skin-,

dried blood

sample

PASTURE 1, 4, 6, 10,5 y - - - at birth, at age

of 1 year

yes breast milk (2

m)

Kopenhagen age 5 days,

12 m

at every home visit (mtly) - - at enrolment - -

Madigan

Childcare Study

- a sample at time of

enrolment

at symptom onset and

wkly thereafter until

asymptomatic

study 2008–2009 wkly

asymptomatic and

symptomatic samples

- - -

TEDDY Study every 3 m

until to the

end

at 9 m of age and at each

visit thereafter

- mtly until 48 m of age, then

every three m until 10 yrs, then

every six m until 08/2018.

gestation/ at

birth

yes toe nail

clipping,

urine, saliva

sample

Utrecht-Cohort age of 1 m - at every respiratory

episode

- - - -

STEPS 1, 2 and 3 yrs 2, 13 and 24 m during respiratory

infection

at the age of one year yes yes breastmilk

WHISTLER - the start of every m

(subgroup)

second day of a

wheezing episode

(only subgroup)

- - - buccal sample

at birth

DIABIMMUNE 3, 6, 12, 18, 24,

36m

during each visit of study

clinic

- every m starting at age of 1 m - yes -

NPICS yl for

children > 6

m

- during visits at health

centre with symptoms

- - - -

OrChid - at birth and wkly - at birth and once a week - yes

PATCH - 1, 2, 4, 6, 12 m during acute wheezy

episodes

- - - -

LoewenKIDS age of 1 y and

2 yrs in

subcohort

once per year (age 0–6

yrs; complete cohort) four

times per year (age 0–2;

subcohort)

if respiratory

symptoms occur

once per year (age 0–6 years;

complete cohort) four times

per year (age 0–2; subcohort)

additionally symptomatic

sample if symptoms occur

- yes buccal sample

at the age of 1

y

wk - Week yrs years data not

reportedwks wks y year

wkly weekly yl yearly

m months Mtly part Monthly participant

https://doi.org/10.1371/journal.pone.0263559.t003
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retrospective questionnaires, interviews and clinical visits to estimate the burden of respiratory

diseases [17–23].

While episodes of respiratory infections can be recalled fairly well over a period of two

months [88–90], it is unlikely that daily symptom evolution can be accurately recalled without

prospective daily collection. Therefore, it is unlikely that the sequence of symptoms, especially

if they were frequent and less severe, can be recalled with any degree of accuracy using retro-

spective records, thereby introducing recall bias into these studies [91]. Preventing this is par-

ticularly important for transient symptoms of childhood infections, especially when we are

interested in the prospective evolution of symptoms. This includes duration, intensity, and

whether only one or multiple symptoms occurred [52]. Therefore, symptom diaries have been

used for many decades. They produce more valid data, i.e. higher reporting and incidence

rates thereby mitigating recall bias [13, 91, 92].

Causes of low symptom diary use in birth cohort studies

An overall aim of this review was to map birth cohorts that use(d) symptom diaries to identify

respiratory diseases. Of the numerous birth cohort studies identified, relatively few really used

a symptom diary to identify respiratory illness. Substantial administrative study efforts, the

effort involved in data analysis, but also possible upcoming problems due to drop-out rates,

could be possible barriers from the researchers’ point of view. In addition, filling out a daily

symptom diary is a considerable burden for participants. Some studies show that, although the

respondents themselves report good compliance, data collection protocols are often not fol-

lowed, and a large number of missing records might occur [93, 94]. On the other hand, one

reason for the rather infrequent use may be the risk of "hoarding", which is known as a prob-

lem where participants enter data into their diary retrospectively [93]. Unfortunately, hoarding

is almost impossible to detect unless the time of data entry is recorded electronically. Weari-

ness can also lead to a decline in diary completion rates over time [95]. It is therefore impor-

tant to have a well-staffed and well-trained study team that can maintain good contact with the

study participants to avoid missing data and drop-out.

This review shows that especially immediately after birth, when infants show a high suscep-

tibility to respiratory illness, few studies use symptom diaries to record respiratory symptoms

[96]. Because the immune system undergoes crucial developmental maturation during this

time, detailed recording of all potential exposures, including infections, is crucial in under-

standing the development of the immune system and other outcomes. Most of the studies

identified here were conducted in Europe, North America, and Australia, which may limit the

generalizability of results and thus require more birth cohorts from other regions of the world.

Some studies retrieved either ARI, URTI or LRTI as respiratory outcomes from the symp-

tom diary data, yet there is no consensus how to use the collected data in harmonized manner.

This also makes it difficult to compare respiratory outcomes in this ScR. Additionally, most

studies collected a broad range of environmental exposures, but only a few collected a broad

range of biosamples. Nevertheless, biosamples are important because, they complement associ-

ations and research questions. For example, nasal swabs can be used to identify pathogens

responsible for the development of ARI and to study them in relation to a specific combination

of symptoms. Analysis of other biosamples, such as blood samples, can help to understand the

immune system’s response to the development of ARI.

Strengths and limitations

To our knowledge, this scoping review is the first comprehensive attempt to summarize, map

and compare birth cohort studies with symptom diary information for respiratory symptoms
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beginning from birth. The strength of our review is the comprehensive search of the literature.

Our rather specific search strategy was comprehensively extended by a systematic search in

four databases, an additional extensive search in registers and a very elaborate search in refer-

ence lists of the identified publications from all four databases. We assume that due to this

extended search strategy the probability of having overlooked a birth cohort study with the use

of symptom diaries from birth is low.

We also conducted additional searches of the gray literature to avoid omitting cohorts that

had recently started. Finally, to ensure the accuracy of the extracted data, we contacted one or

two authors of all included birth cohorts to confirm the extracted information or clarify, if

questions remained open. Our study also had several limitations. It is possible that we failed to

identify some cohort studies applying symptom diaries due to no uniform wording for symp-

tom diaries. Not all birth cohort studies offer detailed cohort profiles, and information had to

be collected in different publications. In addition, it may be possible that a birth cohort study

could not be identified because it is neither registered in one of the web-based registers nor

published in a way that met our search criteria. We hope that the broad search allowed to min-

imize these problems.

Conclusions

We have been able to provide a comprehensive review with all birth cohort studies that are

suitable for providing a holistic understanding of the association of ARI as exposure with

potential long-term sequelae in a life course perspective. We found 22 birth cohort studies that

use(d) symptom diaries for respiratory infections. While, symptom diaries provide a powerful

tool for prospective data collection, their long-term application is very challenging, so this is

why it is not often applied. Our review shows that is possible and was done in several studies.

Many questions related to the role on infections in the development of the immune system

require information on symptom evolution and infection history over time. When combined

with biosamples, this detailed information is very valuable. This overview helps to establish

collaborations between researches in order to investigate the pattern, timing and sequence of

respiratory infections and their association with the developing immune system and other

exposures in a life-course perspective.
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