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Abstract

Background. Little is known about respiratory tract infection (RTI) severity in children following
consultation.

Objectives. To investigate post-consultation symptom trajectories in children with acute cough
and RTI and whether baseline characteristics predict trajectory group.

Methods. Prospective cohort study of 2296 children (3 months-16 years) whose parents were
invited to report cough severity and duration using a 7-point Likert scale. Longitudinal latent class
analysis (LLCA) was used to identify post-consultation symptom trajectories in the first 15 days,
and multinomial models to predict class membership.

Results. Complete data were available for 1408 children (61%). The best LLCA model identified
five post-consultation symptom trajectory groups: ‘very rapid recovery’ (28.5%), ‘rapid recovery’
(37.7%), ‘intermediate recovery’ (18.2%), ‘persistent symptoms’ (9.5%) and ‘initial deterioration
with persistent symptoms’ (6.0%). Compared with very rapid recovery, parent-reported severe
cough in the 24 hours prior to consultation increased the likelihood of rapid recovery (OR
1.79 [95% CI 1.23, 2.60]), intermediate recovery (OR 2.13 [1.38, 3.30] and initial deterioration
with persistent symptoms (OR 2.29 [1.26, 4.16]). Initial deterioration was also associated with
‘severe barking cough’ (OR 3.64 [1.50, 8.82]), ‘severely reduced energy in the 24 hours prior to
consultation’ (OR 3.80 [1.62, 8.87] and higher parent-assessed illness severity at consultation
(OR 2.21 [1.17, 4.18]).

Conclusion. We identified five distinct symptom trajectory groups showing the majority of children
improved post-consultation, with only one group experiencing illness deterioration. The few
characteristics associated with group membership did not fall into a pattern that seemed clinically
useful.
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Introduction

Respiratory tract infections (RTI) are frequent in children and a
common reason for primary care consultations (1). They are mostly
self-limiting with low risks of complications, but represent the major
indication for antibiotics prescribed for children internationally
(2-4), and this despite antimicrobial resistance being high on public
health agendas (5,6).

Systematic reviews have demonstrated that diagnostic and prog-
nostic uncertainty, and poor clinician—parent communication are
major drivers of antibiotic prescribing for children (7-9), suggesting
that managing prognostic uncertainty and improving communica-
tion could reduce antibiotic use. Indeed, an internet-based training
program for family physicians providing information on symptoms
and the natural history of infections was found to be effective in
reducing antibiotic prescribing for RTT in adults (10). Interventions
are also more effective when focused on specific symptoms (rather
than generic messages about antibiotic overuse and resistance) (11)
and when providing information about the natural history of RTIs
(12). The National Institute for Health and Care Excellence recom-
mends that delayed antibiotic prescribing should include advice only
to use antibiotics if symptoms worsen or do not settle in accordance
with the expected course of the illness (13).

While there is good evidence regarding overall RTI symptom
duration in children (14), we are not aware of any research inves-
tigating post-consultation symptom trajectories—and specifically
whether children’s symptoms worsen before improving, how com-
monly this occurs, or whether these children can be identified at the
baseline consultation.

The aims of this study were to investigate (i) whether modelling
prospective symptom severity and duration data in children present-
ing to primary care with acute RTI could identify distinct and clinic-
ally useful post-consultation symptom trajectories, and (ii) whether
baseline characteristics can be used to predict trajectory group mem-
bership. In addition, we sought to describe the change in symptom
severity the day after the consultation.

Methods

Participants

Participants were part of the “TARGET’ multi-centre prospective
cohort study of children aged 3 months to under 16 years presenting
to general practice with acute cough and RTI between July 2011
and May 2013. The study design (15) and main results (16) have
been reported in detail elsewhere, but briefly, eligible children were
recruited by prescribing ‘clinicians’ (family physicians and nurse
practitioners) across four centres when they presented with an acute
cough as the most prominent symptom, combined with other symp-
toms or signs suggestive of RTI. Here, we report a secondary analysis
based on data from symptom diaries that the parents of children
(n = 2296) recruited to the lead centre only (Bristol, UK) were asked
to provide.

Symptom diary

Parents were invited to complete a symptom diary, the design of
which was based on a previously validated diary (17) and success-
fully used in a previous study (18). The presence of six symptoms
(cough, shortness of breath, impaired sleep, being unwell, reduced
level of activity and temperature) was recorded once daily in the
diary (Supplementary Material S1) for the first 28 days post-
consultation, or until all symptoms were scored ‘normal’ for two

consecutive days, whichever was soonest. Symptom severity was
scored from zero (normal) to six (as bad as it could be). Day of
recruitment was defined as ‘day 1°.

For the current analysis, we selected only the symptom ‘cough’
as it was the only diary item also required for study inclusion (and
therefore the most prevalent symptom), and we considered it most
representative of the overall illness.

Parents could complete the symptom diary either online or on a
paper version. Online data entry had the advantage that validation
rules were applied to prevent parents entering invalid data. Study
team administrators telephoned parents up to three times to sup-
port diary completion during the first 7 days and then at least once
a week until day 28 if no data had been obtained that week. On
symptom diary completion, parents received a £5 high street vou-
cher and a thank you letter. All diaries were checked for accuracy
and completion, and two attempts were made to contact parents to
clarify any data queries.

Baseline and follow-up variables

At the recruitment (baseline) consultation, clinicians completed
a baseline case report form (Supplementary Material S2), which
included 8 sociodemographic and 4 past medical history items, 24
parent-reported symptoms (including symptom severity; mild, mod-
erate or severe in the 24 hours prior to consultation), 14 physical
examination signs, and whether antibiotics were prescribed (immedi-
ate or delayed). Children’s medical records were checked for chronic
illness and RTIs in the 12 months prior to recruitment. Variables
were excluded from analysis if they were rare in this population (pre-
sent in <50 individuals). Symptom severity (mild/moderate/severe)
was dichotomized between severe and other categories if more than
5% had severe symptoms, or between moderate/severe and mild if
5% or less had severe symptoms.

Statistical analyses

First, characteristics of children with and without symptom diaries
were compared using the chi-square test for categorical variables
and unpaired #-test for continuous variables. Subsequently, two sets
of analyses were performed: (i) an analysis of initial change and (ii)
a longitudinal trajectory model that utilized repeated symptom data.
All analyses were carried out using Stata/MP 14.1 for Windows
(StataCorp. 2015. Stata Statistical Software: Release 14. College
Station, TX: StataCorp LP) with the exception of the derivation of
the trajectory model that employed Mplus version 7.4 (19).

Analysis of initial change

For the analyses of initial change in symptom severity, we compared
the severity of ‘cough’ reported in the symptom diary on the day of
recruitment (day 1) and the severity reported on day 2. We accepted
a difference of one point reflecting real change as we considered this
to adequately discriminate severity on adjacent days. Associations in
univariable analyses were tested by chi-square test.

Latent class models for longitudinal patterns of change

Longitudinal latent class analysis (LLCA) was used to derive dis-
tinct trajectories of cough (20,21). LLCA assumes that variability
in response is due to a latent (unobserved) grouping. Starting with
a single class, additional classes were added incrementally until the
resulting model was deemed acceptable based on a range of statis-
tical and substantive criteria. The resulting latent grouping was then
used as the dependent variable in a set of multinomial regression
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models to study potential risk factors for class membership. For
these analyses, we assigned each child to the class for which their
assignment probabilities were greatest. Simulation studies indicate
that such an approach may downwardly bias results when entropy
(class separation) is low; however, in this instance entropy was 0.9,
which is above the currently recommended guidelines for using this
‘standard three-step’ approach.

Two restrictions were made to maintain a reasonable ratio of
sample size to number of parameters. First, we restricted our data
analyses to the first 2 weeks post-consultation (when we anticipated
most of the symptom severity change to occur), giving 15 days’
repeated data. Second, the seven-category ordinal responses were
collapsed into three-category variables indicating increasing severity:
‘normal’, ‘very little problem’ and ‘slight problem’ were combined
and coded 0, ‘moderately bad’ and ‘bad” were coded 1, and ‘very
bad’ and ‘as bad as can be’ coded 2.

Preliminary results for the LLCA utilizing 15 consecutive days
of data showed that the model was unable to capture the strong
association between adjacent measures, even when many classes

were included. This problem was most marked at the start and
end of the 2-week timespan—that is, when most respondents are
consistently ill or consistently well from one day to the next. To
address this, we reduced the number of measures by taking only
alternate days (days 1, 3, etc.) giving 8 days in all, resulting in no
dramatic changes in either the class sizes or within-class patterns of
change (Supplementary Material S3, LLCA models—model fit and
comparisons).

Missing data

Parents were asked to record symptoms until they scored ‘normal’
on all symptoms for two consecutive days. As a consequence, there
were missing values (by design) for all days after this. We inserted
the value 0, ‘normal’, for all days following two consecutive days of
‘normal’. In addition, a small amount of sporadic missingness was
retained as the trajectory modelling can incorporate partially incom-
plete data using maximum likelihood (ML) estimation. As with mul-
tiple imputations, ML-based estimation is based on the missing at
random assumption—namely, that conditional on the data in the

2,470 children invited to participate in the study

72 declined

28 children’s parents thought study would take too much time
26 had other reasons
11 gave no reason

6 children’s parents were not interested

1 child’s parents thought their child was too ill

A 4

| 2,398 children recruited

—b{ 50 consent forms not received or not valid

\ 4

| 2,348 gave consent

48 children excluded
20 had previously been entered in the study
12 were immuno-compromised
8 were out of the required age range
4 had illness duration of >28 days
3 were temporary residents of the practice
1 had a routine swab taken

4 withdrawn by parent
2 gave no reason
1 did not like the study having identifiable information
1 moved house

A

| 2,296 included and invited to complete diary

—>| 710 diaries without any symptom data

A 4

| 1,586 diaries with some symptom information

178 diaries excluded
162 diaries with recovery day only
16 diaries incomplete

A 4

1,408 complete symptom diaries

Figure 1. Flowchart showing the recruitment of children presenting to primary care with respiratory tract infection between July 2011 and May 2013 and invited

to complete symptom diaries.
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model, there are no systematic differences between respondents and
nonrespondents with reference to the variables with missing data.

Results

Baseline characteristics and comparison of

symptom diary responders and nonresponders

Of the 2296 children recruited to the Bristol centre, 1408 (61.3%)
had complete symptom diary data [1214 (86%) paper, 194 (14%)
online; Fig. 1]. Of these, 742 (53%) were male, mean age was
4.2 years, 1251 (89%) were White and the mean pre-consultation
illness duration was 7.7 days (Table 1). Children with and without
complete symptom diaries did not differ with respect to these base-
line characteristics, parent or clinician global illness severity scores
or antibiotic prescribing (Table 1). However, compared with non-
responders, responding mothers were more likely to be older, live
in less deprived areas, have breastfed at 3 months and not smoke
(Table 1).

Analysis of initial change

There were missing diary data on severity of cough for the day of
recruitment in 21 children, and they were excluded for the analyses
on initial change in severity.

On the day after consultation (day 2), the vast majority of par-
ents reported children had the same (61%) or improving (31%)
cough severity, with 7.5% reporting a deterioration (Table 2).
Younger age (<2 years) was associated with worsening cough sever-
ity from day 1 to day 2, whereas moderate-to-severe shortness of
breath in the 24 hours prior to consultation, severely disturbed sleep
in the 24 hours prior to consultation, or inter-/subcostal recession
observed by clinician were associated with improved cough severity

(Supplementary Table S1, univariable analyses of change in cough
severity).

Analyses of longitudinal patterns of change

Five post-consultation symptom trajectories were identified (Fig. 2),
showing distinct patterns of cough severity and duration, which var-
ied with regard to (i) initial symptom severity, (ii) severity change
immediately following consultation, and (iii) symptom duration.
‘Very rapid recovery’ (to which 28.5% of children belonged) had
the lowest initial symptom severity (0.8/2) and had reached average
severity scores of zero by day 3. ‘Rapid recovery’ (37.7%) and ‘inter-
mediate recovery’ (18.2%) had slightly higher initial severities (1.2/2
and 1.5/2), with longer recovery times—7 and 11 days respectively.
‘Persistent symptoms’ (9.5%) started with moderate severity and
showed little change for 10 days. Finally, ‘initial deterioration with
persistent symptoms’ [the group to which the smallest percentage
(6.0%) belonged] had both the highest severity starting point and
the slowest recovery rate.

Multinomial modelling

A total of 33 explanatory variables were investigated (Table 3).
Children whose parents reported severe cough in the 24 hours prior
to consultation were more likely to be assigned to trajectory groups
with more severe and longer lasting cough in a ranked manner, but
this pattern was not observed when differentiating between different
types of cough (dry, productive, barking). Assignment to the initial
deterioration with persistent symptoms group was associated with
severe barking cough and severely reduced energy in the 24 hours
prior to consultation, along with parental assessment of illness
severity in the top quartile at the consultation. Children assessed by
the clinician to be in the top quartile were more likely to be in the

Table 1. Baseline characteristics of 2296 children presenting to primary care with respiratory tract infection between July 2011 and May
2013 (Children with and without post-consultation symptom diary data are compared.)

Children with diary Children without diary P Value
datan = 1408 datan = 888
Child baseline characteristics
Male gender, 72 (%) 742 (52.7) 446 (50.2) 0.248*
Mean age, year 4.1 4.2 0.772%
Ethnicity, White, 7 (%) 1251 (89.2) 767 (86.6) 0.061
Chronic illness, 7 (%) 271 (19.3) 167 (18.8) 0.803*
Current asthma, 7 (%) 147 (10.4) 86 (9.7) 0.5592
Previous asthma, 72 (%) 67 (4.8) 34 (3.8) 0.2902
Diabetes, 7 (%) 2(0.1) 1(0.1) 0.8492
Pre-consultation illness duration, mean days 7.7 7.4 0.176°
Global illness severity score clinician (range 0-10), mean 2.9 2.9 0.861°
Global illness severity score carer (range 0-10), mean 5.3 5.3 0.460°
Family/background data
Mother’s mean age, year 35.0 32.4 <0.001
Number of children in home (mean) 1.9 2.1 <0.001">
Only child, 7 (%) 501 (35.7) 289 (32.8) 0.150°
Breastfed at 3 months, 7 (%) 676 (51.3) 325 (40.5) <0.001°
Mother smoker, 7 (%) 217 (15.6) 249 (28.9) <0.0012
Index of multiple deprivation, mean 20.7 24.8 <0.001*
Living in 20% most deprived areas, 7 (%) 223 (15.9) 238 (27.1) <0.001°
Clinical management
Antibiotics prescribed, 7 (%) 568 (40.3) 366 (41.2) 0.678*
Immediate, 7 (%) 446 (31.7) 299 (33.7) 0.457¢
Delayed, 7 (%) 122 (8.7) 67 (7.6)

“Pearson’s chi-square test.
"Unpaired -test.
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Table 2. Change?® in cough severity from day 1 (recruitment) until day 2 in 1385 children presenting to primary care with respiratory tract
infection between July 2011 and May 2013

Cough severity on day 1

Number of children

Cough severity on day 2

(recruitment)
Improved Same Worse

n n % n Y% n %
Normal 9 NA 7 77.8 2 22.2
Very little problem 23 2 8.7 19 82.6 2 8.7
Slight problem 138 27 19.6 90 65.2 21 15.2
Moderately bad 389 101 26.0 245 63.0 43 11.1
Bad 460 151 32.8 280 60.1 29 6.3
Very bad 290 112 38.6 171 59.0 7 2.4
As bad as can be 76 37 48.7 39 51.3 NA
Total 1385° 430 31.0 851 61.4 104 7.5

NA, not applicable, impossible change.

*“Improved’ and ‘worse’ are defined by change of >1 point on a 7-point Likert scale.

"Number of children <1408 due to missing data.
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Figure 2. Post-consultation symptom trajectories derived by longitudinal latent class analysis in 1408 children presenting to primary care with respiratory tract
infection between July 2011 and May 2013 (percentage of children assigned to each class). Symptom severity scores have been collapsed from range 0-6.

intermediate recovery group. Also, moderate-to-severe wheeze in the
24 hours prior to consultation, and fever, pallor or crackles observed
by the clinician were associated with trajectories with more severe
and longer lasting cough than very rapid recovery. However, there
was no systematic assignment to one or more trajectory groups.

Discussion

Summary

We found novel evidence of five distinct classes of post-consultation
symptom trajectory in children presenting to primary care with acute
cough and RTI, and four could be ranked according to severity and
duration of symptoms. Only a few baseline characteristics were asso-
ciated with trajectory group membership, but for most of them the
association was weak and did not correspond with how the trajec-
tory groups could be ranked. Severe cough in the 24 hours prior to

consultation was associated with trajectory groups with more severe
and longer lasting cough in a ranked manner.

The majority of children showed no evidence of symptom deterior-
ation post-consultation. Increased symptom severity on the day follow-
ing consultation was reported in 7.5% of the children and 6% were
assigned to the initial deterioration with persistent symptoms group.

Strengths and limitations

To our knowledge, this is the first study to use LLCA to identify dif-
ferent symptom trajectories in RTI in any age group. The study was
rigorously conducted and used a large, prospective cohort study to
measure severity and duration of symptoms following consultation
for acute cough and RTI in children. This is a secondary analysis
and therefore no formal power calculation was performed. Multiple
variables were analysed to explore possible associations, and the
size of some of the groups and rarity of some symptoms limit our
interpretation.
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We are aware of two main weaknesses. The first is the relatively
high symptom data attrition at 39%, which is comparable with
other studies relying on patient-reported outcomes (22,23). There
is a risk that symptom trajectories could differ in the groups with
and without symptom diaries, even when children’s baseline charac-
teristics, including illness severity and clinician’s management, were
similar in the two groups. Parents were more likely to respond if they
lived in affluent areas and the results could therefore be vulnerable to
bias as children residing in deprived areas could have different symp-
tom trajectories, for example as a result of less adequate nutrition
or other factors. That said, we did not find evidence of deprivation
being associated with trajectory group membership or initial change
in cough severity, but may lack power to reliably rule out an effect.

The second is the potential for confounding and performance
bias effects of antibiotic treatment. Previous studies have shown lim-
ited benefit of antibiotics for children with acute cough and RTI (24).
It is still possible that clinicians’ selection of children for antibiotics
could have altered their subsequent outcome, so-called confounding
by indication. Indeed, a separate analysis that used propensity scor-
ing to adjust for confounding by indication (paper submitted for
publication) has shown that delayed (but not immediate) antibiotic
prescribing reduced subsequent consultations for illness deterior-
ation. Moreover, parents knew whether their children were given
antibiotics, and it is possible that this knowledge changed, perhaps
improved, their perception of symptom severity.

Interpretation/comparison with existing literature

We have applied a novel approach to an extensive data set on symp-
tom severity in children following consultations for RTIs. Previous
studies have focused on duration only and the results from stud-
ies up to 2012 have been summarized (14). The findings of this
study complement the existing knowledge on symptom duration by
also incorporating symptom severity. We have made some conces-
sions to be able to use latent class analyses to model trajectories.
The values on the Likert scale are collapsed from seven to three,
and we restricted the analysis to the first 15 days post-consultation.
Most RTI-related symptoms (earache, sore throat, croup and symp-
toms related to bronchiolitis and the common cold) resolve within
15 days, the exception being cough which can last up to 25 days,
although 80% resolve within 15 days (14). The duration described
in the model is therefore not directly comparable to previous studies
on duration.

Implications for clinical care and research

Numerous interventions have been designed in an attempt to reduce
unnecessary antibiotic prescriptions in primary care (11). Those that
aim to direct prescribing, such as computer decision support ‘pop-
ups’ or feedback reports, are popular among health authorities and
policy makers, but show little effect (25). There is also emphasis on
developing and implementing better guidelines. However, research
shows that a major implication of new guidelines has been for clini-
cians to shift towards more unspecific diagnoses where treatment
decisions are not strongly regulated (2). This suggests that other
strategies are required to reduce antibiotic prescribing.

Increased knowledge of the natural history of infections will
aid patient assessment, communication with patients and carer,
treatment decisions and safety netting information (8,9). We have
found that distinct symptom trajectory groups exist, but it is not
possible for clinicians to differentiate between groups using clin-
ical presentation at the point of care. Parents and clinicians can be
reassured that a minority (around 1 in 14) of children deteriorate

post-consultation and that the vast majority show steady improve-
ment, albeit at different rates. This provides support for clinicians
to more often watch and wait rather than to prescribe antibiotics
for children with RTIs.

The UK guidelines recommend that delayed antibiotic prescrib-
ing should include advice to only use antibiotics if symptoms worsen
or do not settle in accordance with the expected course of the illness
(13). Our results suggest illness deterioration should be a relatively
low contributor to the cashing of delayed antibiotics, and as chil-
dren with initial deterioration show later improvement advice about
using antibiotics should also include information about signs sug-
gesting bacterial and more serious infection.

Conclusions

Five distinct symptom trajectory groups were identified showing the
vast majority of children improve post-consultation, albeit from dif-
ferent levels of baseline severity. Only one group (6% of the patient
population) showed any post-consultation illness deterioration, and
baseline characteristics were not strongly associated with member-
ship of this trajectory. Knowledge of the existence of different trajec-
tories will aid clinicians in the management of children with acute
cough and RTL
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Supplementary data are available at Family Practice online.
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