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Aim: To study the pattern of respiratory symptoms in children in the general population.

Method: We followed a cohort of children for up to 2 years through parents completing weekly online questionnaires in the Child-Is-Ill study (“Kind-en-Ziekmeting” in Dutch); the study was running 2012–2015. Inclusion criteria were “an ordinary child” (according to the parents) and <18 years old at inclusion. We especially encouraged participation of post-infancy children. Age at inclusion, sex, smoking exposure, allergy in the family, and frequent infections in the family were noted. Pearson's correlation, principal component analysis, latent class analysis, latent profile analysis, linear regression, and linear mixed effects regression were used in the statistical analyses.

Results: Data were collected on 55,524 childweeks in 755 children (50% girls; median age, 7 years; interquartile range, 4–11 years, 97% ≥2 years at inclusion), with reported symptom(s) in 8,425 childweeks (15%), leading to school absenteeism in 25%, doctor's visits in 12%, and parental sick leave in 8%; symptoms lasting ≥3 weeks were rare (2% of episodes). Linear mixed effects regression showed significant, but only limited, effects of season on the proportion of “symptom(s) reported” per individual child. Only runny nose showed a significant, but very small, age effect. However, the variability between the children was considerable. There were no obvious subgroups of children with specific symptom combinations.

Conclusion: In any randomly chosen week, the vast majority of children (85%) in our—mainly—post-infancy cohort derived from the general population did not have any symptom, even in the younger age group, even in winter. The children showed considerable variability; no clear subgroups of symptom patterns could be identified, underlining the difficult position of healthcare providers. These results support our opinion that post-infancy children in the general population should not be evaluated as if they are infants when they have recurrent respiratory symptoms. If they clearly deviate from the above-described most common pattern, it is wise to keep an eye on potential, maybe even rare, serious underlying causes.

Keywords: child, respiratory symptom, season, age, cohort, general population


INTRODUCTION

Especially young children often suffer from respiratory symptoms; this is a source of worry for their parents and a reason for them to consult a doctor. General practitioners as well as pediatricians see a lot of such children with respiratory symptoms and worried parents in day-to-day practice in the first lines of care. Sometimes, the worried parents have a point: the situation can be more serious (e.g., pneumonia). Guidelines with alarm symptoms have been developed for timely recognition of acute severe disease such as pneumonia; these are helpful and widely used (1). However, most respiratory infections in children are mild and self-limiting; their parents can be reassured. It is not always easy to reassure the parents; the child's symptoms may recur more often, or may last longer, than the parents consider “normal.” In many of these cases, still no in-depth analysis is warranted. Day care attendance, cigarette smoke exposure, asthma, or an allergic predisposition may play a role (2). This can be explained, and measures can be taken.

Nevertheless, frequent recurrence of “everyday” respiratory symptoms can be an indication for serious underlying disease such as antibody deficiency (3). Here, the warning signs are more subtle, hidden in the combination of everyday symptoms presenting in an unusual pattern that experts are trained to recognize, but general physicians may easily miss (4). This may lead to underdiagnosis of treatable disease and development—in the long run—of serious complications such as bronchiectasis (5). However, when should suspicion of serious underlying disease arise? In other words: what is the normal pattern of respiratory symptoms in children? This question should be answered bearing the age-related development from infancy to adulthood in mind.

Data that focus on the day-to-day situation in the first lines of care are mainly available for young children, however. Data on post-infancy children are limited. Previous studies on this subject (6–30) mostly included young (≤7 years) (6, 11, 12, 14, 18) or very young (≤3 years) children (7, 9, 10, 15–17, 19, 22–26, 28); besides, half of them were published >10 years ago (Supplementary Table 1). Some of these studies (5/25) only used doctor's files or national health registries (7, 15, 20, 21, 29). For general care, the perspective of parents is actually the most important one: this determines which children are being seen in the consulting room. In addition, in some studies (8/25), the recording of symptoms was performed infrequently: only related to health visits, or a monthly, or even one single questionnaire regarding the past years (6, 7, 10–12, 14, 15, 29). In these studies, symptoms not leading to health visits as well as recall bias may limit the applicability of the results in everyday care.

Therefore, we collected a large cohort of children (n = 755) with the aim to study the pattern of respiratory symptoms in children in the general population. We followed them for up to 2 years with weekly parental online questionnaires regarding respiratory symptoms in the past week in their child(ren); 733 (97%) and 590 (78%) of these children were ≥2 and ≥4 years of age at inclusion, i.e., post-infancy, respectively.



METHODS


Study Design

Inclusion criteria for this online 2-year cohort study were “an ordinary child” according to the parents (meaning “without any major medical problems”; no additional criteria were specified), aged <18 years at inclusion, and informed consent (given through the study website by the parents and/or the child, depending on the child's age). The cohort was not randomly selected. We aimed to obtain as large a cohort as possible and especially encouraged participation of children who were at least 2 years of age at inclusion. Children with the same parents could be included in the study. We included children from February 2012 to June 2013. After a short introductory questionnaire, participating parents weekly received automated email alerts with a link to the question “did your child have any symptoms(s) during the past week?” for 2 years. If the child had symptoms in the past week, additional questions about the type of symptoms (that could be related to respiratory tract infections), doctor visits, child absenteeism, parental leave, and antibiotic use followed (questionnaire in Supplementary Table 2; we deliberately limited the number of questions as much as possible to encourage prolonged participation). All symptoms could be reported as “yes, this symptom was present last week” or “no, this symptom was not present last week,” except fever, which could be reported as “temperature was not taken” as well. The study was advertised through local newspapers (small advertisements), social media (Facebook page), and the internet (Google AdWords); participants were encouraged to spread the word to others (family, friends, work, school). The answers were automatically collected and stored in a coded manner in electronic clinical record forms using the Data Management module of the Research Manager system (Cloud 9 software, Deventer, the Netherlands). Reminder emails were sent manually, if needed. The study was ethically approved by the METOPP (now METC Brabant; nr M362). The protocol was also used in a separate cohort of Down syndrome children (with some additional overall questions) and, as such, was published in BMC Pediatrics (31). The parents and children did not receive any incentive for their participation.



Statistical Analysis

Data analysis was performed using SPSS25 for Mac and—if specifically mentioned—R version 3.4.4. We analyzed the overall frequency (count), proportion “yes, symptom present” (relative frequency, continuous), and combination(s) of (categorical) symptoms (upper respiratory tract: cough, runny nose, blocked nose/general: headache, fever/lower respiratory tract: dyspnea/ENT: throat ache, hoarse voice, earache, ear discharge; present/not present; binary), and the effects thereon of age (three age groups), sex (boy/girl; binary), season (spring/summer/autumn/winter; categorical), smoking exposure (in the house by family/in the house by visitors/only outside/no; categorical), and family history of allergy or of frequent infections (yes/no; binary), as well as their relation to doctor visits (yes/no; binary), antibiotic use (yes/no; binary), school absenteeism (yes/no; binary), and parental sick leave (yes/no; binary).

Parents of children with more symptoms might be inclined to stop (the burden of) study participation sooner, but the opposite was the case in a study on asthmatic children (32). We evaluated the effect of missing data and being siblings using Pearson's correlation (p < 0.05 significant; 0.3 < r < 0.5 effect size moderate).

We analyzed the data in two steps. As first step, we handled each childweek as a separate data-collection entry. We first summarized the data of all children over all reported childweek(s). Next, we summarized the data of all children per calendar week, aggregating their data of the same calendar weeks from 2012 to 2015 (i.e., each year is subdivided into 52 calendar weeks, calendar week 1 containing ≥4 days of each new year). These outcomes are primarily descriptive (33) and included means, medians, and percentages, and extensive visualization of the data. This enabled us to present plain overviews and track data patterns.

As second step, we took the longitudinal character of the data per individual child into account. We counted the duration of symptom blocks per symptom type (1 week, 2 consecutive weeks, etc.; for this calculation, missing childweeks during participation were interpreted as “no symptoms present” because this was by far the most common value). We calculated the proportion of childweeks with symptoms per total reported childweeks per individual child per symptom type (continuous data, range between 0 and 1) over all reported weeks (year round) as well as per separate season. Next, we divided these results into three age categories (<5, 5–10, ≥10 years at inclusion), a division roughly corresponding to “preschool,” “school,” and “teenage” years.

To identify subgroups of children focused on their symptom patterns, we performed latent profile analysis (LPA) for continuous data using the mclust package in R for model-based clustering, classification, and density estimation based on finite Gaussian mixture modeling (34) and latent class analysis (LCA) for binary data with the poLCA package in R using the Bayesian information criterion (BIC) to select the best model (35). Dimensionality reduction regarding symptom patterns was performed with principal component analysis (PCA) using a correlation matrix with extraction based on eigenvalues >1 and a maximum of 25 iterations for convergence, with the varimax with Kaiser normalization as rotation method.

We applied linear mixed effects (LME) regression and linear regression (LR) to distinguish data patterns and to investigate explanatory factors. LME was performed using the package lme4 in R with child as random factor (36). LME can handle missing data because it uses maximum likelihood estimation. We used the logit values of the proportions p [=ln(p/(1 – p)] of symptoms as the dependent variable, adding 0.005 to 0 values and subtracting 0.005 from 1 values. We primarily used the Akaike information criterion (AIC) to evaluate the regression models. Next to season (spring, summer, autumn, winter), we investigated five other potential predictors (the independent variables) in the regression analyses: age category at inclusion (<5, 5–10, and ≥10 years), sex, smoking exposure, allergy in the family, and frequent infections in the family. We analyzed for main effects as well as for potential interactions between these predictors. For additional overall analyses on the proportion of childweeks with symptom(s) over the whole data collection, we used LR with the lm function in R, using logit values of the proportions of symptoms in the same way as in the LME analysis. We used the R package lsmeans to perform pairwise comparisons, applying the Tukey method, to establish which differences between means were significant.




RESULTS


Composition of the Cohort

Parents gave informed consent for 761 children from 497 families (381 girls, 50.1%; median age at inclusion, 7 years; interquartile range, 4–11 years; 97% ≥2 years at inclusion; median, 1; mean, 1.6; range, 1–4 participating children per family). For six children, the parents never answered any questionnaire. In the remaining 755 children, parents reported atopy in the family in 470 children (62.3%; 1.1% unknown) and frequent infections in the family in 40 children (5.3%; 2.4% unknown). Of the households, 85.7% were reported to be completely smoke free [~25% of Dutch adults smoke1]. In addition, in 95.5%, parents reported their ethnicity as “original Dutch descent” [~77% of the Dutch population is of original Dutch descent2]. Finally, the participants were scattered throughout the country, but 37.5% resided in the greater ‘s-Hertogenbosch area. Data were obtained on 55,524 out of the potential 78,520 (=2 × 52 × 755) childweeks (70.7%; Figure 1).
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FIGURE 1. Overview of the reported childweeks obtained in the cohort. Questionnaires on 55,524 childweeks were obtained out of the potential 78,520 (70.7%). Parents sometimes missed reporting one or more childweeks (n = 6,773 weeks); in addition, some parents entirely stopped participation before the 2 years had been completed (n = 16,223 weeks missing).


The correlation between the proportion of missing questionnaires and the proportion of childweeks with “any symptom” (per child) in our study was moderate (Pearson's r = −0.42, two-tailed, p = 0.01); there was no significant correlation for sex, age at the start of the study, ethnicity, smoking exposure, infection in the family, allergy in the family, and residence. Therefore, we did not take dropout into account as confounding variable in our statistical analyses.



Step 1: Childweeks With Symptoms

Figure 2A shows the frequency of all childweeks taken together with parentally reported symptom(s) and related actions. The majority (84.8%) of childweeks was without any symptom. Having symptom(s) led to the child's absence from school, study activities, or work in 25.4% of childweeks (7.0% unknown). Parents consulted a doctor for these symptom(s) only 11.8% of the time (1.4% unknown); this was often a general practitioner (GP). Parents stayed home from work because of the child's symptoms 8.1% of the time (6.6% unknown). Once a doctor was consulted, antibiotics were prescribed in 26.3% (0.7% unknown). Parents reported “temperature was not taken” in 38.1% of childweeks with symptoms in the past week (4.1% unknown); therefore, we did not include fever in the analyses in Step 2 below. The observed pattern suggests that parents are more inclined to take their child's temperature in case of dyspnea and less in case of runny nose, blocked nose, or cough (data not shown).
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FIGURE 2. The various parent-reported (combinations of) symptoms in the cohort in all childweeks taken together. (A) From left to right: 1, “any symptom(s) present in the past week (yes/no)” is shown. When the answer was “yes:” 2, “did the child visit a doctor” and if so “was this a GP/ENT/other/combination (percentages in bar chart);” 3, “was the child absent from school/study/work (percentages in bar chart);” and 4, “did the parent have to stay home from work” is shown. The top right bar chart shows the percentage of children who received an antibiotic prescription (5). The size of the pie charts is proportional to the relevant number of childweeks per item. Symptoms “yes,” n = 8,425 childweeks (15.2%), leading to child's absenteeism in 25.4%, parental sick leave in 8.1%, doctor visit in 11.8%, and antibiotic prescription in 26.3%. White area in graphs = unknown (n = 587 childweeks child's absenteeism unknown, n = 558 childweeks parental sick leave unknown, n = 118 childweeks doctor visit unknown, n = 242 childweeks antibiotics prescribed unknown; antibiotics prescribed, but doctor unknown is not shown in antibiotics graph, n = 4 childweeks). AB, antibiotics; combination, more than one doctor was visited; ENT, ear–nose–throat specialist; GP, general practitioner; other, another doctor than GP/pediatrician/ENT was visited. (B) Number of childweeks where the symptom was reported (including fever). (C) Number of childweeks where one to nine symptoms were reported in the same week (excluding fever). (D) Number of childweeks where the symptom on the one axis was reported concurrently with the symptom on the other axis (either simultaneously with or not simultaneously with other symptoms); a larger number is reflected in darker shading of the cell (excluding fever). (E) Top 75% of number of childweeks with (combinations of) symptoms per childweek with symptoms (including fever). X-axis combination(s) of symptom(s): bn, blocked nose; co, cough; dy, dyspnea; ea, earache; ed, ear discharge; fe, fever; ha, headache; hv, hoarse voice; ta, throat ache; rn, runny nose.


The various symptoms did not occur with the same frequency. The children had only one symptom in 42.7% of the reported childweeks with symptom(s). Some symptoms, and combinations of symptoms, were much more frequent than others (Figures 2B–E). Having only a cough, or a runny nose, or a headache, or a blocked nose comprised one-third of the childweeks with symptoms; one-half additionally comprised combinations of cough, runny nose, and blocked nose and having only a throat ache, or an earache, or a fever.

Next, we grouped the data together per calendar week (1–52, see Methods) to obtain an overall insight in the roles of age, sex, and season. The pattern of having symptom(s) in the past week suggested some seasonal influence, with symptom frequency being low year round but declining from winter to autumn to spring to summer, albeit for some symptoms (e.g., cough) more so than for others (e.g., ear discharge); this seasonal influence seemed most pronounced in younger children (Supplementary Figure 1). The pattern of reported symptoms between boys and girls did not suggest any clinically relevant difference (data not shown).



Step 2: Analyzing Patterns and Investigating Explanatory Variables

Longitudinal analysis of the data gives insight into the duration of (combinations of) symptoms per each individual child and enables classifying subgroups of children regarding the frequency, type, and duration of (combinations of) symptoms, and analysis of symptom predictors.


Incidence and Duration of Symptoms

Counting the duration of symptom blocks per individual child per symptom type showed that most symptom episodes only lasted 1 or 2 weeks, but longer episodes did occur, more often in younger children [Figure 3A, depicted per symptom, either occurring singly or together with other symptom(s); more details in Supplementary Table 3]. Parents reported symptoms in ≤5% of childweeks (equivalent of <2–3 weeks/year) in 32% of children who were <5 years at inclusion. For each symptom type, there was also a large subset of children in each age group that (almost) never suffered the symptom, leading to extremely low medians and interquartile ranges (Figure 3B). Older children (≥5 years at inclusion) showed skewing toward lower symptom frequency, in concordance with the analysis of the separate childweek data in Composition of the Cohort. However, they also showed subgroups with higher frequency: parents reported symptoms in >15% of childweeks (equivalent of >8 weeks/year) in 16% of children who were ≥5 years at inclusion. Thus, the variability between the children was considerable.


[image: Figure 3]
FIGURE 3. Longitudinal analysis of the various parent-reported (combinations of) symptoms per individual child. (A) Duration of episodes of consecutive childweeks counted per individual child depicted up to six consecutive weeks; depicted per symptom, either occurring singly or together with other symptom(s) (for all data see Supplementary Table 3). For this analysis, episodes preceded and/or followed by a missing value (week not reported, or before the start or after the end of the study) were included in the count as if the missing value was “no symptoms in that week.” Thus, it could be that, in reality, the curves of episode duration are shifted slightly toward longer episodes. (B) Boxplots showing the distribution of the percentage of “yes, symptom present” per total reported childweeks counted per individual child per symptom [box = p25→p75, whiskers at 1.5*(p75–p25), outliers and extremes outside the whiskers at >1.5 ∨ <3*(p75–p25) (◦) or >3*(p75–p25) (*), respectively].




Subgroup Analysis

Using LPA and PCA over all individual children on the symptom variables showed that no subgroups of children with clearly distinguishable symptom patterns could be discerned in the data (Supplementary Table 4). LPA resulted in two to nine best fitting numbers of clusters depending on the combination of age category and season; however, plotting the classifications showed that there was no clear pattern discernible in the symptom combinations in these clusters. Clusters overlapped, and many cases did not fit into the cluster ellipses. LPA using only the symptoms in the relevant components identified in the PCA showed that there was no clear pattern in any of those symptom combinations as well (data not shown).

We selected the children who were outlier and/or extreme in ≥1 symptom type in Figure 3B for separate analysis. LCA showed a two-cluster solution yielded the best fit for classification (BIC, 3,846.289; estimated class population shares 0.38 and 0.62 for class 1 and 2, respectively). PCA resulted in two components located to the left of where the scree plot tapered off: “child is an outlier/extreme for cough and blocked nose and runny nose” (loadings 0.710, 0.763, 0.705), and “child is an outlier/extreme for throat ache and headache” (loadings, 0.613, 0.686). Separate PCAs for children <5 and ≥5 years at inclusion showed a difference, with two components <5 years (n = 169 children; “child is an outlier/extreme for cough and blocked nose and runny nose;” loadings 0.742–0.784–0.620; “child is an outlier/extreme for throat ache, headache and earache,” loadings 0.711–0.621–0.645) and one component for ≥5 years (n = 226 children; “child is an outlier/extreme for blocked nose and runny nose,” loadings 0.738–0.718).



Regression Analysis: Investigating the Explanatory Variables

We ordered the childweek data per individual child on season, separately computing the logit of the proportion of childweeks with symptoms in each of the four seasons for nine symptom types (excluding fever). The effects of season on the nine symptom types are clearly visible in Figure 4A, albeit more pronounced for some symptoms than for others but small (Figure 4B): even in winter, most childweeks were without symptoms. This is in accordance with the descriptive per-calendar-week analysis in Step 1: Childweeks With Symptoms. Figure 4C shows the effect of age, which is very limited (Figure 4D).


[image: Figure 4]
FIGURE 4. Choosing the right perspective to evaluate the effects of season and age. The mean proportion of childweeks with “yes, symptom present” calculated per individual child per all reported child weeks is shown on the y-axis [(A,C): y-axis on the left; (B,D): y-axis on the right]. Zooming in on the symptoms (A,C) shows the effects; zooming out to the original size (B,D) shows the effects in the right perspective: they are limited. (A) The effects of season (x-axis) are clearly visible when zoomed in (× 10), albeit more pronounced for some symptoms than for others. (B) When zoomed out to the original size, it is clear that the effects of season are small. (C) When zoomed in (× 10), it is clear that an effect of age (x-axis) is present but only for a few symptoms (see also Table 1). (D) When zoomed out to the original size, it is clear that the effect of age is very limited.


We ran LME analyses for the nine symptom types (excluding fever; Table 1A). We first entered season and age and their interaction and selected the model with the lowest AIC. All symptoms had a significant main effect for season, confirming that the differences in Figure 4A are significant. Only runny nose showed a significant main age effect. Sex was never significant. The effects of allergy in the family, frequent infections in the family, and smoking exposure of the child were low to absent (one significant main effect of allergy for cough; see Table 1A).


Table 1. Distinguishing data patterns and investigating explanatory factors.

[image: Table 1]

We tested for significant differences between season pairs per separate symptom using the package lsmeans in R. Cough, blocked nose, runny nose, and headache have the same pattern: summer has the lowest proportion of symptoms and winter the highest, autumn, and spring being in between (albeit the differences are small, Figure 4B). All other patterns similarly distinguish summer and winter as different seasons, but the position of autumn and spring is more variable (Table 1A).

It is important to note that Figure 4 only shows the central tendency in the cohort; the variability is shown in Figure 3B. That variability in proportions of symptoms was large and increased by splitting up the data in seasons. Therefore, weaker effects may have been overshadowed by the variability within and between individual children. A way to reduce the impact of within-child variability is to aggregate the data over the whole period of observation (year round) to better be able to scrutinize the fairly weak effects of age, allergy in the family, frequent infections in the family, and smoking exposure. We therefore repeated the regression analysis for each symptom separately, the dependent variable being the logit of the proportion of symptoms over the whole period of observation using standard multiple regression analysis (function lm in R). We first entered age and added the other effects next, including their interaction with age if age was significant. By backward selection, we selected the most parsimonious model (using R2 change, α = 0.05, as criterion; Table 1B). There was only a significant age effect in three symptoms. There were no interactions with the three other factors. We again applied pairwise comparisons to explore the age effect of the three age groups in more detail. The comparisons indicate a younger age group effect for cough, blocked nose, and runny nose. For three symptoms, we saw an effect of allergy in the family. All effects were weak, as indicated by the low percentages of explained variance (R2), varying between 0.6 and 2.5% for the five symptoms that had a significant effect.





DISCUSSION


Main Messages

Our most important observation is that, in any randomly chosen week, the vast majority of children in our cohort (85%) did not have any symptom, even in the younger age group, even in winter. As a result, and contrary to what is generally expected, the influence of season on symptom frequency was limited, and the influence of age was very small (Figure 4, Table 1). However, the variability between the children was considerable, and this was the case in all age groups (Figure 3B). Although it is attractive to presume that the children with more frequent symptoms were suffering from—maybe undiagnosed—atopic diseases, this is not supported by our data. We did not find an effect of allergy in the family on most symptom frequencies. Most episodes with symptoms lasted only 1–2 weeks (84% of episodes in children <5 years, 92% of episodes in children 5–10 years, and 93% of episodes in children ≥10 years at inclusion); longer episodes were rare but did occur (2% of episodes were ≥3 weeks; Figure 3A; there may be some underestimation here because of our calculation method, see Methods and Results).

Even if children had symptoms in a childweek, in 88% of cases, they did not visit a doctor, although they stayed home 25% of the time and parents interrupted their daily duties 8% of the time (Figure 2). Many symptom episodes may have been the result of non-infectious causes (migraine, allergy, etc.; see also Introduction), and since many respiratory infections are self-limiting and viral in origin (37, 38), it is likely that some children who did visit a doctor during a childweek with symptoms received unnecessary treatment: in 26%, the visit resulted in the prescription of an antibiotic.

Thus, post-infancy children who are seen in the consulting room with symptoms that could be related to respiratory infections already form a highly selected group, even in general care. It is important for all healthcare providers who see a lot of children with respiratory episodes (39) to realize this: if post-infancy children clearly deviate from the above-described most common pattern, it is wise to keep an eye on potential, maybe even rare, serious underlying causes. On the other hand, the huge variability with many outliers we found in this cohort of ordinary children from the general population underscores the difficult position of healthcare providers: it may well be the extreme of normal. Unfortunately, but also remarkably, it was not possible to identify clearly distinguishable subgroups of children in the cohort based on their symptom type pattern as a whole, nor when split into age groups or evaluated per separate season. Only the outliers (Figure 3B) showed two clusters in the LCA and one (≥5 years at inclusion) or two (<5 years at inclusion) components in the PCA, but this seemed to be based mainly on clustering of children who have at least one of these symptoms very frequently. All this does not really help healthcare providers in their evaluation of post-infancy children with respiratory symptoms.



Comparison With the Literature

Most studies (Supplementary Table 1) have not related the relative proportion of time periods with symptoms to those without symptoms, except one (13). That study did show a decreasing proportion of respiratory episodes with age and a relationship with season in the same low ranges that we observed. This study focused on gastroenteritis related to water supply but included episodes of runny nose, sore throat, or cough with or without fever or chills in the weekly parental diaries. Extrapolating the results from the other studies (all focused on ENT and/or respiratory episodes) to relative proportions shows a similar picture to our study results when including only the post-infancy children: most of them do not have respiratory symptoms most of the time, and the effects of season and age on those relative proportions are limited.



Strengths and Limitations of the Study

The strengths of our study include a large overall cohort size, an unusually long follow-up period, and weekly data collection, which minimizes recall problems.

Our study also has limitations. First, the cohort was not completely unbiased; household smoking was underrepresented and residing in the greater ‘s-Hertogenbosch area as well as original Dutch descent were overrepresented. In addition, missing childweeks and premature discontinuation of the study may have led to overrepresentation of children with more frequent symptoms and some underestimation of the duration of symptom blocks (for details see Results). We chose not to collect in-depth medical history data to keep the burden of participation in this long-term survey study as low as possible. This means that we cannot relate the results of our study to potential influence of differences in medical history in the participating children. We also chose to include all the children in the family who were “ordinary children” according to the parents because we wanted to study the real-life situation as faced in the first lines of care (where patients are not selected on the basis of study criteria), but this may have led to some bias for two reasons. First, siblings share the same family history regarding, e.g., allergy and asthma, and second, they may transmit respiratory viruses more easily among each other and thus influence each other's respiratory symptom frequencies. Obviously, the results should also be assessed in the light of the study background: a high-income country harboring an equally accessible healthcare system for all inhabitants with GPs in the role of gatekeeper.

Finally, it is important to keep in mind that we focused our research on post-infancy children (only 0.7% of childweeks were reported for children <2 years of age at inclusion). This, in fact, is a strength of our study. However, it also means our data cannot and should not be extrapolated to infants.




CONCLUSION

We weekly followed a large cohort of Dutch children for respiratory symptoms for up to 2 years; the children were mainly (97%) post-infancy (≥2 years of age) at inclusion. Most childweeks were without symptoms in the majority of these children, also in the younger age group, even in winter. Most symptoms lasted only 1 or 2 weeks. Even when there were symptoms, most of these children did not visit a doctor. Moreover, the effects of season on symptom frequency were limited, and the effect of age was very small. It is important to realize this when seeing a post-infancy child with respiratory symptoms in the consulting room: for healthcare providers, this is “business as usual,” and they are inclined to judge the situation colored by their experience with infants, but for the post-infancy child, this is an exceptional situation that merits attention. However, even though most post-infancy children do not come for a visit when they have respiratory symptoms, one still sees a lot of them in most bustling practices. Additionally, the considerable variability between the children, as well as the lack of clear subgroups based on age and/or symptom(s) found in our study, underline the difficult position of healthcare providers. Nevertheless, our results offer a wider view on the pattern of respiratory symptoms in post-infancy children in the general population. This can be of help to adequately evaluate post-infancy children in the right perspective when they are visiting general care.



DATA AVAILABILITY STATEMENT

All datasets generated for this study are included in the article/Supplementary Material.



ETHICS STATEMENT

The studies involving human participants were reviewed and approved by METOPP now METC Brabant (PO Box 90151, 5000 LC Tilburg, Netherlands; info@metcbrabant.nl). Written informed consent to participate in this study was provided by the participants' legal guardian/next of kin.



AUTHOR CONTRIBUTIONS

EV designed and executed the study and wrote the consecutive versions of the manuscript. EV and RH performed the statistical analyses, drafted the figures and tables, and critically reviewed and commented all versions. Both authors agree to be accountable for the content of the work.



FUNDING

The Research Manager software license was paid by the Jeroen Bosch Hospital for general use by all researchers within the organization.



ACKNOWLEDGMENTS

We thank all parents who participated in the study and MSc students T. H. W. Kerkers and J. M. C. R. van Schijndel for their assistance in carefully checking the raw data.



SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fped.2020.583630/full#supplementary-material



FOOTNOTES

1https://opendata.cbs.nl/statline/#/CBS/nl/dataset/83021NED/table?dl=1BB38 (accessed June 28, 2019).

2https://opendata.cbs.nl/statline/#/CBS/nl/dataset/37296ned/table?dl=107C4 (accessed June 28, 2019).



REFERENCES

 1. Verbakel JY, Van den Bruel A, Thompson M, Stevens R, Aertgeerts B, Oostenbrink R, et al. How well do clinical prediction rules perform in identifying serious infections in acutely ill children across an international network of ambulatory care datasets? BMC Med. (2013). 15:10. doi: 10.1186/1741-7015-11-10

 2. Duse M, Leonardi L, Zicari AM, De Castro G, Indinnimeo L. Risk factors for upper airway diseases. Int J Immunopathol Pharmacol. (2010) 23(Suppl. 1):13–5.

 3. Ruuskanen O, Nurkka A, Helminen M, Viljanen MK, Käyhty H, Kainulainen L. Specific antibody deficiency in children with recurrent respiratory infections: a controlled study with follow-up. Clin Exp Immunol. (2013) 172:238–44. doi: 10.1111/cei.12053

 4. de Vries E, Fransen L, van den Aker M, Meijboom BR. Preventing gatekeeping delays in the diagnosis of rare diseases. Br J Gen Pract. (2018) 68:145–6. doi: 10.3399/bjgp18X695225

 5. Al Subie H, Fitzgerald DA. Non-cystic fibrosis bronchiectasis. J Paediatr Child Health. (2012) 48:382–8. doi: 10.1111/j.1440-1754.2010.01871.x

 6. Teele DW, Klein JO, Rosner B. Epidemiology of otitis media during the first seven years of life in children in greater Boston: a prospective, cohort study. J Infect Dis. (1989) 160:83–94.

 7. Wright AL, Taussig LM, Ray CG, Harrison HR, Holberg CJ. The Tucson Children's Respiratory Study. II. Lower respiratory tract illness in the first year of life. Am J Epidemiol. (1989) 129:1232–46. doi: 10.1093/oxfordjournals.aje.a115243

 8. Bruijnzeels MA, Foets M, van der Wouden JC, van den Heuvel WJ, Prins A. Everyday symptoms in childhood: occurrence and general practitioner consultation rates. Br J Gen Pract. (1998) 48:880–4.

 9. Holme CO. Incidence and prevalence of non-specific symptoms and behavioural changes in infants under the age of two years. Br J Gen Pract. (1995) 45:65–9.

 10. Daly KA, Brown JE, Lindgren BR, Meland MH, Le CT, Giebink GS. Epidemiology of otitis media onset by six months of age. Pediatrics. (1999) 103(6 Pt 1):1158–66. doi: 10.1542/peds.103.6.1158

 11. Kvaerner KJ, Nafstad P, Jaakkola JJ. Upper respiratory morbidity in preschool children: a cross-sectional study. Arch Otolaryngol Head Neck Surg. (2000). 126:1201–6. doi: 10.1001/archotol.126.10.1201

 12. Kørvel-Hanquist A, Koch A, Lous J, Olsen SF, Homøe P. Risk of childhood otitis media with focus on potentially modifiable factors: a Danish follow-up cohort study. Int J Pediatr Otorhinolaryngol. (2018) 106:1–9. doi: 10.1016/j.ijporl.2017.12.027

 13. Leder K, Sinclair MI, Mitakakis TZ, Hellard ME, Forbes A. A community-based study of respiratory episodes in Melbourne, Australia. Aust N Z J Public Health. (2003) 27:399–404. doi: 10.1111/j.1467-842X.2003.tb00416.x

 14. Schnabel E, Sausenthaler S, Brockow I, Liese J, Herbarth O, Michael B, et al. Burden of otitis media and pneumonia in children up to 6 years of age: results of the LISA birth cohort. Eur J Pediatr. (2009). 168:1251–7. doi: 10.1007/s00431-008-0921-9

 15. Macintyre EA, Karr CJ, Koehoorn M, Demers P, Tamburic L, Lencar C, et al. Otitis media incidence and risk factors in a population-based birth cohort. Paediatr Child Health. (2010) 15:437–42. doi: 10.1093/pch/15.7.437

 16. Latzin P, Frey U, Roiha HL, Baldwin DN, Regamey N, Strippoli MP, et al. Prospectively assessed incidence, severity, and determinants of respiratory symptoms in the first year of life. Pediatr Pulmonol. (2007). 42:41–50. doi: 10.1002/ppul.20542

 17. Usemann J, Xu B, Delgado-Eckert E, Korten I, Anagnostopoulou P, Gorlanova O, et al. Dynamics of respiratory symptoms during infancy and associations with wheezing at school age. ERJ Open Res. (2018) 4 00037–2018. doi: 10.1183/23120541.00037-2018

 18. Lambert SB, O'Grady KF, Gabriel SH, Nolan TM. Respiratory illness during winter: a cohort study of urban children from temperate Australia. J Paediatr Child Health. (2005) 41:125–9. doi: 10.1111/j.1440-1754.2005.00561.x

 19. de Jong BM, van der Ent CK, van Putte Katier N, van der Zalm MM, Verheij TJ, Kimpen JL, et al. Determinants of health care utilization for respiratory symptoms in the first year of life. Med Care. (2007). 45:746–52. doi: 10.1097/MLR.0b013e3180546879

 20. Uijen JH, Bindels PJ, Schellevis FG, van der Wouden JC. ENT problems in Dutch children: trends in incidence rates, antibiotic prescribing and referrals 2002-2008. Scand J Prim Health Care. (2011) 29:75–9. doi: 10.3109/02813432.2011.569140

 21. Barnes R, Blyth CC, de Klerk N, Lee WH, Borland ML, Richmond P, et al. Geographical disparities in emergency department presentations for acute respiratory infections and risk factors for presenting: a population-based cohort study of Western Australian children. BMJ Open. (2019) 9:e025360. doi: 10.1136/bmjopen-2018-025360

 22. von Linstow ML, Holst KK, Larsen K, Koch A, Andersen PK, Høgh B. Acute respiratory symptoms and general illness during the first year of life: a population- based birth cohort study. Pediatr Pulmonol. (2008) 43:584–93. doi: 10.1002/ppul.20828

 23. Fortanier AC, Venekamp RP, de Hoog ML, Uiterwaal CS, van der Gugten AC, van der Ent CK, et al. Parent-reported symptoms of acute otitis media during the first year of life: what is beneath the surface? PLoS ONE. (2015) 10:e0121572. doi: 10.1371/journal.pone.0121572

 24. Nylund A, Toivonen L, Korpilahti P, Kaljonen A, Peltola V, Rautakoski P. Recurrent respiratory tract infections or acute otitis media were not a risk factor for vocabulary development in children at 13 and 24 months of age. Acta Paediatr. (2019) 108:288–294. doi: 10.1111/apa.14546

 25. Toivonen L, Karppinen S, Schuez-Havupalo L, Teros-Jaakkola T, Vuononvirta J, Mertsola J, et al. Burden of recurrent respiratory tract infections in children: a prospective Cohort Study. Pediatr Infect Dis J. (2016) 35:e362–9. doi: 10.1097/INF.0000000000001304

 26. Sarna M, Ware RS, Sloots TP, Nissen MD, Grimwood K, Lambert SB. The burden of community-managed acute respiratory infections in the first 2-years of life. Pediatr Pulmonol. (2016) 51:1336–46. doi: 10.1002/ppul.23480

 27. Pini A, Merk H, Carnahan A, Galanis I, VAN Straten E, Danis K, et al. High added value of a population-based participatory surveillance system for community acute gastrointestinal, respiratory and influenza-like illnesses in Sweden, 2013-2014 using the web. Epidemiol Infect. (2017) 145:1193–202. doi: 10.1017/S0950268816003290

 28. Lupatsch JE, Kreis C, Korten I, Latzin P, Frey U, Kuehni CE, et al. Neighbourhood child population density as a proxy measure for exposure to respiratory infections in the first year of life: a validation study. PLoS ONE. (2018) 13:e0203743. doi: 10.1371/journal.pone.0203743

 29. de Lusignan S, Correa A, Pebody R, Yonova I, Smith G, Byford R, et al. Incidence of lower respiratory tract infections and atopic conditions in boys and young male adults: Royal College of General Practitioners Research and Surveillance Centre Annual Report 2015-2016. JMIR Public Health Surveill. (2018) 4:e49. doi: 10.2196/publichealth.9307

 30. Hay AD, Anderson E, Ingle S, Beck C, Hollingworth W. Respiratory tract infections in children in the community: prospective online inception Cohort Study. Ann Fam Med. (2019) 17:14–22. doi: 10.1370/afm.2327

 31. Verstegen RH, van Hout RW, de Vries E. Epidemiology of respiratory symptoms in children with down syndrome: a nationwide prospective web-based parent-reported study. BMC Pediatr. (2014) 14:103. doi: 10.1186/1471-2431-14-103

 32. De Rooi J, Nørgaard SK, Rasmussen MA, Bønnelykke K, Bisgaard H, Smilde AK. Data representations and -analyses of binary diary data in pursuit of stratifying children based on common childhood illnesses. PLoS ONE. (2018) 13:e0207177. doi: 10.1371/journal.pone.0207177

 33. Jones AP, Riley RD, Williamson PR, Whitehead A. Meta-analysis of individual patient data versus aggregate data from longitudinal clinical trials. Clin Trials. (2009) 6:16–27. doi: 10.1177/1740774508100984

 34. Scrucca L, Fop M, Murphy TB, Raftery AE. mclust 5: clustering, classification and density estimation using gaussian finite mixture models. R J. (2016) 8:289–317. doi: 10.32614/RJ-2016-021

 35. Linzer DA, Lewis JB. poLCA: an R package for polytomous variable latent class analysis. J Stat Softw. (2011) 42:1–29. doi: 10.18637/jss.v042.i10

 36. Bates D, Mächler M, Bolker BM, Walker SC. Fitting linear mixed-effects models using lme4. J Stat Softw. (2015) 67:1–48. doi: 10.18637/jss.v067.i01

 37. Byington CL, Ampofo K, Stockmann C, Adler FR, Herbener A, Miller T, et al. Community surveillance of respiratory viruses among families in the utah better identification of germs-longitudinal viral epidemiology (BIG-LoVE) Study. Clin Infect Dis. (2015) 61:1217–24. doi: 10.1093/cid/civ486

 38. Szilagyi PG, Blumkin A, Treanor JJ, Gallivan S, Albertin C, Lofthus GK, et al. Incidence and viral aetiologies of acute respiratory illnesses (ARIs) in the United States: a population-based study. Epidemiol Infect. (2016) 144:2077–86. doi: 10.1017/S0950268816000315

 39. Hay AD, Heron J, Ness A, ALSPAC Study Team. The prevalence of symptoms and consultations in pre-school children in the Avon Longitudinal Study of Parents and Children (ALSPAC): a prospective cohort study. Fam Pract. (2005). 22:367–74. doi: 10.1093/fampra/cmi035

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Copyright © 2020 de Vries and van Hout. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fped-08-583630-t001.jpg
. Factor

Maineffect  Less symptoms More symptoms Most symptoms Maineffect  Interaction  Maineffect  Maineffect  Main effect
season age season*age allergy frequent smoking
inthe family infections  in the house
Symptom in the family
AN
A
Cough X Summer Spring = autumn Winter o 0 X 0 0
Blocked nose X Summer Spring = autumn Winter (] 0 [ 0 0
Runny nose X Summer Spring = autumn Winter % 0 0 0 0
Headache X Summer Spring = autumn Winter o 0 0 0 0
Throat ache X Summer = spring Auturmn Winter o 0 0 0 0
Dyspnea X Summer = spring (Autumn)® Winter [ 0 ] 0 0
Ear discharge X Summer = spring (Autumn)® Winter o 0 o8 0 0
Earache X Summer = spring = Winter o 0 0 0 0
autumn
Hoarse voice X Summer = spring = Winter o 0 0 0 0
autumn
N Main effect  Comparison Comparison Comparison R? Main effect Main effect Main effect
age <5vs. 510 5-10vs. 210 <5vs. 210 (in %) allergy frequent smoking
yrs of age yrs of age yrs of age in the family infection in the house
in the family

B
Cough X 0 0 X 16 0 [ 0
Blocked nose X x X o 25 X o 0
Runny nose X X X o 13 0 o 0
Headache 0 0 o o 06 X o 0
Throat ache 0 0 0 0 1.0 Xe 0 0
Dyspnea o 0 0 o - 0 o 0
Ear discharge 0 0 0 o - 0 o 0
Earache 0 0 0 o - 0 o 0
Hoarse voice 0 0 0 0 - 0 o 0

(A) Mixed finear regression modeling (LME) on the logit of the proportions of childweeks with *yes, symptom present” analyzed per season. X = significant main effect, 0 = no significant main effect (meaning all symptom frequencies
are significantly affected by season, but only runny nose by age and cough by allergy in the family when analyzed seperately). Summer/spring/autumn/winter = significant differences in seasonal pattern based on pairwise comparisons
using the lsmeans R package. The maximal seasonal diference was found for cough, between 4%, (95% CI 3.1~4.3%) in summer vs. 10% (95% C18.9~11.39%)in winter. The maximal age difference was found for blocked nose, between
6% (95% C1 5.2.1-7.6%) <5 years vs. 4% (95% CI 3.4-4.9%) > 10 years. *No interactions were found, except for cough (more frequent i chicren with allergy in the family), and for blocked nose and ear discharge (more frequent in
chilcren without allergy in the family, but only in the winter). ®Symptom frequency i in between summer/spring and winter, but the difference is not significant for comparisons with autumn. (B) Linear regression analysis (im in ) per
symptom on the logit of the proportions of childweeks with *yes, symptom present” analyzed year-round (all chicweeks together per individual chil). X = significant effect (meaning those symptoms were significantly more frequent with
lower age or with allergy in the family, except for throat ache which wes significantly more frequent in chidren without allergy in the family). 2 = the percentage of the explained variance. Age analyzed also in pairwise comparisons
between the three age groups using the Ismeans R package. Meximl seasonel difference wes found for cough: between 4%, (95% CI 3.1-4.3%) in summer vs. 10% (95% C1 8.9~11.3%)in winter. Meximl age difference was found for
blocked nose: between 6% (95% CI 5.2.1-7.6%) <5 years vs. 4% (95% CI 3.4-4.9%) > 10 years. Yrs, years. P < 0.05 were considered significant.
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