Check for
DOI: 10.1002/ppul.25100 updates

Received: 31 May 2020 Accepted: 19 September 2020

|
ORIGINAL ARTICLE: OUTCOMES === WILEY

Effect of antibiotics in preventing hospitalizations from
respiratory tract infections in children with Down syndrome

Logan Manikam PhD'2 | Monica Lakhanpaul DM3* |
Anne G. M. Schilder MD PhD>® | Peter Littlejohns MD’ | Meghan A. Cupp MPH® |
Emma C. Alexander MBBS® | Andrew Hayward PhD?

1UCL Institute of Epidemiology and Health

Care, University College London, London, UK Abstract
2UCL Institute of Health Informatics Background: Children with Down syndrome (DS) are at high risk of respiratory tract
Research, University College London,

Londor. UK infections (RTIs) due to anatomical variations, comorbidities, and immune system

3population, Policy & Practice, UCL Great immaturity. Evidence on interventions to reduce this risk is incomplete. This study

Ormond Street Institute of Child Health, aims to quantify the effect of antibiotics prescribed for RTls in primary care on the
University College London, London, UK

subsequent risk of RTI-related hospitalization for children with DS versus controls.
o ) Methods: We conducted a retrospective cohort study of 992 children with DS and
National Institute of Health Research

University College London Hospitals 4874 controls managed by UK National Health Service General Practitioners (GPs)
Biomedical Research Centre, London, UK

“Whittington Health NHS Trust, London, UK

and hospitals as identified in CALIBER (Clinical disease research using Llnked
6 . ) -

evidENT, UCL Ear Institute, University Bespoke studies and Electronic health Records), 1997-2010. Univariate and
College London, London, UK

7Centre for Implementation Science, Institute multivariate logistic regression were undertaken.

of Psychiatry, Psychology and Neurosciences, Results: In children with DS, the prescription of antibiotics following an RTl-related
King's Coll London, London, UK . . e g . T . .
ings -oflege tondon, London GP consultation did not significantly reduce the risk of RTl-related hospitalization in

the subsequent 28 days (risk with antibiotics, 1.8%; without, 2.5%; risk ratio, 0.699;

8paediatric Liver, Gl and Nutrition Centre and
MowatLabs, King's College Hospital, Denmark

Hill, London, UK 95% confidence interval, 0.471-1.036). Subgroup analyses showed a risk reduction
only in infants with DS, after adjustment for covariates. There was no reduction in

Correspondence

Logan Manikam, PhD, UCL Institute of risk for controls, overall or across subgroups.

Epidemiology and Health Care, University
College London, 1-19 Torrington PI, London,
WC1E 6BT, UK. GP consultations were effective for infants with DS in reducing subsequent RTI-

Email: logan.manikam.10@ucl.ac.uk

Conclusions: In conclusion, while prescription of antibiotics following RTI-related

related hospitalization, this was not the case for older children with DS. We would

encourage further high-quality cohort and randomized controlled trials to inter-
Funding information

National Institute for Health Research rogate this finding, and to examine the impact of antibiotics on other endpoints,

Grant/Award Number: DRF-2014-07-005 including Symptom duration.

KEYWORDS

antibiotics, children, Down syndrome, hospitalization, respiratory

This paper was presented as a poster at the American Thoracic Society Conference 2018.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium,
provided the original work is properly cited.
© 2020 The Authors. Pediatric Pulmonology published by Wiley Periodicals LLC

Pediatric Pulmonology. 2020;1-8. wileyonlinelibrary.com/journal/ppul 1


http://orcid.org/0000-0001-5288-3325
http://orcid.org/0000-0001-7063-6846
mailto:logan.manikam.10@ucl.ac.uk
http://crossmark.crossref.org/dialog/?doi=10.1002%2Fppul.25100&domain=pdf&date_stamp=2020-10-13

MANIKAM ET AL

2
—‘—WILEYJ%
1 | INTRODUCTION

With an incidence of 1 in 1000 live births, and prevalence of 6.3 in
10,000 people, Down syndrome (DS) is one of the most common genetic
conditions in the UK.? As of 2011, an estimated 37,090 people were
living with DS in England and Wales, of whom approximately 10,438
were aged 0-18.2 It has been projected that the number of children with
DS is increasing in the UK, with one analysis projecting 11,592 children
0-15 to be living in England and Wales by 2020.* In addition, life ex-
pectancy of people with DS has doubled in the past six decades, in-

creasing from 30 to 60 years,®

alongside advances in medical and
surgical treatment, improved social inclusion and support, and general
quality of life.>®

Children with DS are thought to be at an increased risk of
frequent and severe respiratory tract infections (RTIs) due to
anatomical variations (such as a narrow upper airway), compli-
cations from comorbidities (including congenital heart disease
and reflux), and immune system immaturity.”® A study of 22
children with DS age-matched to 22 healthy siblings found chil-
dren with DS had a significantly higher frequency of lower RTls
(LRTIs) compared to their siblings alongside observed immune
parameter differences.” These respiratory infections account for
a large proportion of healthcare utilization in children with DS,
especially at younger ages.” In an Australian study of 3786
hospitalizations in 405 children with DS, 26.7% of all admissions
were due to RTls, with 52.6% of all children with DS experiencing
any hospital admission due to an RTI.®> When compared to pub-
lished admission rates for the pediatric population in Western
Australia, significant differences were noted—the rate ratio for
hospitalizations with respiratory system-related diagnoses in
children with DS was 17.9. In particular, LRTIs result in longer
length of stay and a high proportion of intensive care unit
admissions (43% in one study) in children with DS.*°

Despite this perceived risk, there is remarkably little evi-
dence on interventions to reduce RTls, with most trials for RTI
treatments worldwide being less open to children and adults with
DS than those without DS. There are many implicit barriers to
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research for individuals with learning disabilities,
riers may also be explicit in the form of exclusion criteria. A 2019
review of over 26,000 studies in the NIHR portfolio found that
60.3% of all studies excluded learning disability groups, all stu-
dies investigating pneumonia excluded learning disability groups,
and only 1.4% of studies were specifically targeted towards in-
dividuals with learning disabilities.’®> Recent research on pre-
ventative and therapeutic interventions for RTIs in adults and
children with DS is limited; a 2015 systematic review identified
only five studies, from a search of 13,575 records, none of which
focused on the effect of antibiotics.'* The impact of antibiotics
prescribed for RTls in primary care has been previously quanti-
fied for the general UK population,’® but given the differing
prevalence and severity of RTls in children with DS, the lack of
evidence for the role of antibiotics in treating children with DS
and RTIs therefore represents an important research gap.

Evidence in this area would be beneficial for patients, their fa-
milies, and healthcare professionals (HCPs) to guide appropriate,
timely and personalized treatment of RTIs in children with DS.
The present study utilizes routinely collected primary and sec-
ondary UK National Health Service health care data to address this
study gap, estimating the effect of antibiotic prescription following
RTl-related General Practitioner (GP) consultations in terms of re-

ducing RTl-related hospitalizations in children with DS and controls.

2 | MATERIALS AND METHODS

2.1 | Objectives

This study aimed to (a) quantify the effect of antibiotics prescribed for
RTlIs in primary care on the subsequent risk of RTl-related hospitali-
zation for children with DS compared to controls, and (b) to determine
if the effect of antibiotics varies by type of RTI, and age group.

2.2 | Data sources
CALIBER is a database of linked routinely collected electronic health
records from England,'® incorporating primary care (Clinical Practice
Research Datalink [CPRD]),*® hospital admissions data (Hospital
Episode Statistics [HES]),">*” the Myocardial Ischaemia National Audit
Project,’® and the Office for National Statistics national death registry.
Healthcare utilization in this database is extrapolated from Read and
ICD-10 (International Statistical Classification of Diseases and Related
Health Problems 10th edition) codes which are used by GPs and hos-
pital staff to classify healthcare encounters by theme and diagnosis.
CPRD has been used by previous studies to quantify complications and
characteristics of RTls in the UK, as well as the efficacy of antibiotics in
treating them.™

As part of this study a novel algorithm was developed which
searched through symptom and diagnosis codes in CALIBER in line
with the aims of this study, using the R CALIBERcode package.*’
Individual codes (e.g., “bronchitis”) were classified as referring to a
lower RTI (LRTI), an upper RTI (URTI), or unclassified RTI (i.e., not
able to be clearly classified as either according to code list terms).
The same process was used for DS and to identify other co-
morbidities, for example, congenital heart disease, using pre-
defined Read and ICD-10 codes in CPRD and HES. Additionally,
codes were labeled as referring to either probable or possible
RTIs. Previous code lists from other similar works (published and
unpublished, 42 in total) were consulted and merged and any new/
unclassified/disputed codes were reviewed by two academics and
adjudicated by a third in cases of disagreement. After finalization
of code lists, they were reviewed in a consensus meeting with
L. M, A. S, M. L, and A. H. (clinicians and academics with prior
relevant expertise) to ensure agreement. See Table S1 for the code
lists. This methodology is also reported in our paper investigating
RTI-related healthcare utilization in children with DS.”
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2.3 | Participants

CALIBER was searched between January 1st, 1997 and March 25th,
2010 for all adults and children with DS, as identified by all Read and
ICD-10 codes related to DS in CPRD and HES. Individuals with an
exit date before their entry date were removed, due to suspected
data quality issues. For each remaining individual with DS, five
controls without DS were frequency matched by GP, gender, birth
year (x5 years), and start of follow-up. Those who were over

18 years old at the entry date were excluded after this point.

24 | Definitions

Hospitalization rates were acquired from HES and prescription
and consultation rates from CPRD, within CALIBER. Hospitali-
zations were defined according to HES coding of an event as a
“hospital admission,” which were then coded by diagnosis in line
with the ICD-10 coding system. Length of stay was calculated as
“discharge date - admission date + 1 day,” and all admissions in-
cluding those lasting only 1 day were included. When calculating
baseline risk of hospitalization from a consultation, all GP con-
sultations for RTls were the exposure and all RTl-related hospi-
talizations were the outcome. Each RTl-related GP consultation
was followed up for 28 days or until the first RTl-related hospi-
talization within that time period. Rates of hospitalization were
calculated by dividing the number of episodes of hospitalization
in 28 days by the total number of person-years in this time.
Analyses were conducted across years, age groups, gender, and
RTI type (i.e., URTI/LRTI/unclassified RTI). Age-groups were de-
fined according to author consensus in the following four cate-
gories: infants (0O-1 years old), toddlers (1-5 years old), juniors
(5-10 years old), and young persons (10-18 years old).

A ranking system was used based on RTI-type (LRTI>URTI >
unclassified), setting (secondary > primary care) and whether it was
probable or possible (probable > possible) in the event of multiple
RTI events being noted on the same day for the same patient (e.g., a

probable URTI consultation and a possible LRTI hospitalization).

2.5 | Sample size

The Fitzgerald et al.® Australian study of hospitalizations for
children with DS was utilized to inform our sample size calcula-
tion. They found an average of 0.8 and 0.1 RTl-attributable
hospital admissions in children with and without DS, respectively
(with numbers representing the proportion of each population
with an outcome of interest (e.g., a record of hospitalization).® To
calculate our sample size, with the assumption UK hospitalization
rates were similar, we estimated that at least 20 individuals per
group were required to identify this difference in hospitalization

rates between children with DS and controls at 80% power using
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a significance level of 0.05. The number of individuals required

increases by 10% for each variable considered for confounding.

2.6 | Statistical models

Univariate logistic regression was undertaken as the initial model to
assess the effect of antibiotic prescriptions on the risk of subsequent
RTl-related hospitalization in patients consulting for RTls.

Multivariate logistic regression was undertaken in the final model.
The covariates included in the final model (entered in a single step)
were antibiotic prescription, age group, gender, presence of congenital
heart disease, presence of asthma, and number of prior RTl-related
hospitalizations and RTIl-related GP consultations in the preceding
6 months. Comorbidities were identified if a relevant Read (i.e., GP
consultation) or ICD-10 (i.e., hospitalization) code was recorded for a
child at any point between their CALIBER entry and exit dates. Two
further covariates were considered, but ultimately were excluded
from the final model because there was insufficient power to detect
difference due to the ratio of covariates to outcomes. These were the
28-day RTl-related Consultation Average, and the 28-day RTl-related
Hospitalization Average.

Subgroup analysis was performed to assess the effect of anti-
biotics across age groups and RTI types. Where there was a reduc-
tion of sample size in subgroup analysis, post hoc power calculations
were conducted to assess the risk of type Il error.?’ Where a sig-
nificant protective effect of antibiotic prescription was seen, the
number needed to treat (NNT) was estimated. All data management
and analyses were performed using STATA statistical software ver-
sion 13 and R version 3.2.3 via the UCL Data Safe Haven.

2.7 | Study registration and ethics

The protocol for this study was approved by the CPRD independent
scientific advisory committee, reference number 15_041R. The
CALIBER record linkage has separate ethical approval (09/H0810/16)
for observational clinical research. Informed consent from subjects or
parents/guardians was not applicable; this study used routinely col-
lected clinical data from CALIBER, which as mentioned has ethical
approval for observational clinical research. This study was therefore
performed in accordance with the ethical standards laid down in the
1964 Declaration of Helsinki and its later amendments.

3 | RESULTS

3.1 | Cohort size, demographics, and comorbidities

A total of 992 children with DS and 4874 controls met the criteria for
inclusion; their demographics are displayed in Table 1. In general, de-

mographics were similar, although with regard to ethnicity, of those with
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TABLE 1 Demographics and comorbidities of the study
population

Controls Children with DS
Total (N) 4874 (100.0%) 992 (100.0%)
Gender
Male 2626 (53.9%) 528 (53.2%)
Female 2248 (46.1%) 464 (46.8%)
Age group
Infants (0-1 year) 1247 (25.6%) 252 (25.4%)
Toddlers (1-5 years) 1133 (23.2%) 224 (22.6%)
Juniors (5-10 years) 1044 (21.3%) 208 (21.0%)
Young persons 1454 (29.8%) 308 (29.8%)
(10-18 years)
Ethnicity
Asian or Asian British 211 (2.5%) 56 (3.3%)
Black or Black British 189 (2.4%) 48 (2.8%)
Chinese or “other” group 114 (1.35%) 30 (1.7%)
Mixed 393 (4.7%) 72 (4.2%)
Unknown 4005 (47.5%) 504 (29.5%)
White 3523 (41.8%) 1001 (58.5%)
Comorbidities
Asthma 618 (12.7%) 136 (13.7%)
CHD 48 (1.0%) 393 (39.6%)
Diabetes 20 (0.4%) 11 (1.1%)
Epilepsy 34 (0.7%) 18 (1.8%)
Thyroid 11 (0.2%) 103 (10.4%)

Abbreviation: CHD, coronary heart disease.

records available, 41.8% of controls were white, compared to 58.5% of
children with DS.

Over the study period, there were 2874 RTI- related consulta-
tions in which children with DS were prescribed antibiotics, and
1811 where they were not (see Table 2).

3.2 | Prescription of antibiotics following an
RTIl-related GP consultation and risk of subsequent
hospitalization

In the overall population of children with DS, without adjustment for
covariates, the prescription of antibiotics following an RTl-related
GP consultation did not show any significant evidence for reduction
in the risk of RTl-related hospitalization in the subsequent 28 days
(risk, 1.8% (95% confidence interval [Cl], 1.3%-2.3%), and 2.5% (95%
Cl, 1.9%-3.4%) respectively; risk ratio [RR], 0.699; 95% ClI,
0.471-1.036). This finding also held true for controls (RR, 0.758; 95%
Cl, 0.482-1.191).

Among subgroups, without adjustment for prespecified covari-
ates, antibiotics did not provide a significant protective effect against
hospitalization across any type of RTI and any age group for children
with DS or controls (see Table 3).

TABLE 2 Risk of RTl-related hospitalization within 28 days of an RTl-related GP consultations in children with DS and controls

With antibiotics versus without

Risk ratio [95% Cl]

Without antibiotic treatment

With antibiotic treatment

p value

Risk [95%ClI]

# of hospitalizations

# of consultations

# of hospitalizations Risk [95%Cl]

# of consultations

Classification

0913

0.699 [0.471-1.036]

0.025 [0.019-0.034]

46

1811

0.018 [0.013-0.023]

51

2874

Children with DS

2553

0.758 [0.482-1.191]

0.007 [0.005-0.010]

47

6350

0.006 [0.004-0.008]

31

5527

Controls

Children with DS

.2068

0.654 [0.359-1.193]

0.019 [0.012-0.029]

22

1159
55

0.012 [0.008-0.019]

20
12
19

1610
566
698

URTI
LRTI

1396
4249

0.389 [0.113-1.336]

0.055 [0.011-0.159]

0.021 [0.011-0.037]

0.774 [0.420-1.425]

0.035 [0.022-0.054]

21

597

0.027 [0.016-0.043]

Unclassified RTI

Controls

.6485

0.855 [0.469-1.558]

0.006 [0.004-0.009]

24

4109
114
2127

0.005 [0.003-0.008]

0.007 [0.002-0.016]

19

3806
724
997

URTI
LRTI

2444
.5430

0.394 [0.077-2.005]

0.018 [0.002-0.063]

0.711 [0.303-1.667]

0.010 [0.006-0.015]

21

0.007 [0.003-0.014]

Unclassified RTI

Abbreviations: DS, Down syndrome; LRTI, lower respiratory tract infection; URTI, upper respiratory tract infection.
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TABLE 3 Unadjusted protective effect
of prescribing antibiotics following an

QOdds ratio [95% Cl] p value Odds ratio [95% Cl] p value RTl-related GP consultation on RTI-
Classification related hospitalization in children with DS

All 0.693 [0.463-1.037] 0747 0.756 [0.480-1.192] 2291 and controls

URTI 0.650 [0.353-1.197] 1667 0.854 [0.467-1.561] .6082

LRTI 0.375 [0.103-1.373] .1387 0.389 [0.075-2.032] 2632

Unclassified RTI 0.768 [0.409-1.442] 4107 0.709 [0.300-1.674] 4327

Infants 0.319 [0.100-1.016] .0532 0.382 [0.086-1.684] .2034

Toddlers 0.862 [0.488-1.523] 6096 1.346 [0.762-2.376] .3058

Juniors 1.453 [0.560-3.768] 4425 0.858 [0.261-2.819] .8011

Young person 0.725 [0.204-2.584] .6204 - -

Note: (-) Small sample counts prevented analyses in certain subgroups.

After adjustment for all seven covariates (see Section 2.6), an-
tibiotics did not protect against RTl-related hospitalization for the
overall group of children with DS or for controls.

However, subgroup analysis by age after adjustment for covariates
revealed a protective effect for infants (0-1 years; see Table 4). RTI-
related hospitalizations for infants with DS were reduced when anti-
biotics were prescribed (adjusted odds ratio, 0.260 (95% ClI,
0.077-0.876); NNT, 11.9 (95% CI 6.0-1708.7)). There was no protective
effect at other ages, or by type of RTI, or in controls (see Table 4).

Post hoc power calculations were conducted across RTI sub-
groups for both children with DS and controls. Study power was
higher for analyses in children with DS (range, 11.4%-37.3%) than in
controls (range, 7%-21.2%), due to the relative infrequency of hos-

pitalization in controls (see power calculations in Table S2).

4 | DISCUSSION

In this large population of 992 children with DS and 4874 controls,
the prescription of antibiotics following RTl-related GP consultations

did not reduce the overall risk of subsequent RTI-related

Children with DS

Controls

hospitalization. However, subgroup analyses showed a reduction in
risk of hospitalization for infants with DS (0-1 year of age). There
was no reduction in risk when analysing across RTI subtypes. The
present findings therefore suggest a possible risk reduction for in-
fants with DS which warrants further research and subsequent
consideration in updated guidelines.

In terms of strengths, this study is the first to assess the effect of
antibiotics in reducing the risk of hospitalization from RTls in chil-
dren with DS, and addresses the pressing need for evidence-based
interventions to treat RTls in children with DS. A major strength of
this study is the utilization of CALIBER, which allowed for analysis of
a large and recent sample. A 2007 study used CPRD primary care
data to assess the effect of antibiotics in preventing serious com-
plications following RTIs in the general population, and found a
limited benefit, with an NNT of over 4000."° That study did not link
primary to secondary care data, thereby potentially underestimating
complication rates and overestimating the NNT. The present study
overcomes this limitation by successfully linking primary and sec-
ondary care data.

Limitations of our study relate the scmall number of individuals with
LRTI-related hospitalizations identified, that is, 15 hospitalizations in

TABLE 4 Adjusted protective effect
of prescribing antibiotics following an

Odds ratio [95% Cl] p value Odds ratio [95% Cl] p value RTl-related GP consultation on
Classification RTI-related hospitalization in children

All 0.769 [0.511-1.157] 2074 0.901 [0.569-1.426] 6554 WitiBS Snelcontrols

URTI 0.748 [0.403-1.390] .3587 1.033 [0.561-1.901] 9175

LRTI 0.470[0.121-1.833] 2772 0.610 [0.114-3.270] 5644

Unclassified RTI 0.784 [0.412-1.492] 4593 0.752 [0.318-1.781] 5175

Infants 0.260 [0.077-0.876] .0297 0.409 [0.091-1.846] 2451

Toddlers 0.841 [0.472-1.497] .5557 1.316 [0.744-2.328] .3448

Juniors 1.422 [0.544-3.716] 4731 0.772 [0.232-2.571] 6739

Young person 0.705 [0.197-2.528] .5918 - -

Note: (-) Small sample counts prevented analyses in certain subgroups.



MANIKAM ET AL

s 1wy LEY-

children with DS, and seven in controls: this has affected the power in
this domain (see post hoc power calculations above?’). These small
numbers could be explained by misclassification of GP diagnoses or
reasons for hospitalization (e.g, sepsis). Differential misclassification bias
could have occurred if consultation codes are more accurately recorded
in patients who are prescribed antibiotics compared to those who are
not. General errors in coding accuracy may have affected the analysis (a
2017 study found that specific asthma coding in CPRD had a positive
predictive value of 86.4%2%). The protective effect observed for infants
should be interpreted with caution, due to multiple significance testing.
Additionally, after their initial presentation to their GP for an RTI, some
untreated children may ultimately have been prescribed antibiotics in
other settings, and it is not possible to tell whether prescribed antibiotics
were ultimately taken as prescribed, meaning that risk reduction could
have been underestimated.

There are a number of implications from this study for clinical
practice and future research. Previously, scientific literature has in-
dicated that antibiotics have a limited role in reducing complications in
children from the general population with RTIs.?> 2> A secondary ana-
lysis of 8320 children presenting with cough and respiratory symptoms
found that antibiotics were prescribed immediately in 28% of cases and
delayed in 9% of cases, but did not reduce hospitalizations in either case
(Immediate: RR, 0.83; 95% Cl, 0.47-1.45; delayed: RR, 0.70; 95% ClI,
0.26-1.90).>° A Cochrane review found insufficient evidence for anti-
biotics as a means to reduce the risk of pneumonia in children up to
5 years of age.”* These findings however had not been personalized to
children with DS since they have been excluded from the majority of
studies so far. UK National Institute for Health and Care Excellence
(NICE) recommendations for antibiotic prescribing in RTls state that
antibiotics should be prescribed immediately if any child is either sys-
temically unwell or at high risk of serious complications due to pre-
existing comorbidities, such as congenital heart disease.? This study
indicates that other than in infancy children with DS do not receive an
observable benefit with regard to hospitalization after being prescribed
antibiotics for RTls in primary care. This finding has added significance
because children with DS may be more at risk of antibiotic resistance
given immune system immaturity and increased likelihood of receiving
multiple antibiotic courses.?” *° Despite this, children with DS are
prescribed antibiotics for RTls more frequently than healthy controls, at
a rate of 42 per 100 person years for children with DS versus 19 per
100 person years for controls (adjusted RR, 2.26).” The reasons for this
are unclear and may be due to perceived benefits in other areas that
have not been well-studied. Previous studies have suggested that pre-
scribing decisions are also related to parental expectation, uncertainty,
and pressure from employers.>**? Clinical uncertainty in children with
DS is likely to be higher than the general population, with a greater
prevalence of comorbidities and possible practitioner uncertainty;
hence, practitioners may be adopting a risk-averse approach. Qualita-
tive studies investigating practitioner decision-making, and parental
health-seeking behavior, would be very valuable.

To build a more rounded picture of whether antibiotics help
children with DS and RTIs in other ways than reducing hospitaliza-
tions, future cohort studies and randomized controlled trials should

examine the effect of antibiotics on the duration of RTl-related
symptoms, and on days lost at school or at work due to RTls. Studies
should also investigate the impact of prescribing in different settings
(e.g., Urgent Care, A&E), differing impacts by duration of antibiotics,
and whether prescribed antibiotics are ultimately taken. The existing
NICE guidelines on antibiotic prescribing and guidance disseminated
by the Down Syndrome Medical Interest Group could then be adapted
to incorporate these new findings, with consideration of the limita-
tions of our study.*>®> HCPs caring for children with DS could equally be
empowered to give more appropriate advice on the efficacy of anti-
biotics. On the basis of our initial findings, professionals are en-
couraged to use alternative safety-netting avenues in addition to
antibiotic prescriptions, when managing older children with DS suf-

fering from RTls.

5 | CONCLUSIONS

In conclusion, HCPs and families should be aware that prescribing
antibiotics for RTIs in older children with DS does not appear to
prevent subsequent RTl-related hospitalization, irrespective of RTI
type. This study provides new evidence that antibiotics may be
beneficial for infants with DS.

ACKNOWLEDGEMENTS

The authors would like to thank Dr. Stefano Cacciatore, Ms. Natalie
Fitzpatrick, Prof. Spiros Denaxas, Dr. Arturo Gonzalez-lzquierdo,
Mr. Kenan Direk, Dr. Charlotte Warren-Gash, Mr. Nishchay Mehta,
Dr. Mark Ashworth, Denise Beales, Giovanna Ceroni, Dr. Jill Ellis,
Dr. Hannah Evans, and Prof Rolf Groenwold for their advice and
assistance provided in undertaking this study. The authors would
additionally like to thank our patient and public involvement panel
consisting of Donna Self and Lindsey Fairchild (parents of children
with Down syndrome) and representatives from the Down's
Syndrome Association (Stuart Mills and Vanda Ridley) whom assisted
in research design, analyses, interpretation, and dissemination
throughout the study.

CONFLICT OF INTERESTS

This study was completed as part of Logan Manikam's National
Institute for Health Research (NIHR) Doctoral Research Fellowship
(DRF-2014-07-005) hosted at the UCL GOS Institute of Child Health.
While preparing the fellowship application, Logan Manikam was in
receipt of a NIHR Academic Clinical Fellowship in Public Health at
King's College London. CALIBER is funded by a Wellcome Trust
project grant (086091/Z/08/Z) and a NIHR programme grant
(RP-PG-0407-10314). Logan Manikam is currently funded via a NIHR
Advanced Fellowship (Ref: NIHR300020) and is Director of Aceso
Global Health Consultants Limited. Anne Schilder is an NIHR senior
investigator; her research is supported by NIHR funding through the
University College London Hospitals Biomedical Research Centre,
CLAHRC (currently ARC) North Thames and project and programme
grants. This study was supported by the UCL Institute of Health



MANIKAM ET AL

Informatics Research by providing both infrastructure, access and
technical support in utilising CALIBER. Andrew Hayward is an NIHR
senior investigator. Peter Littlejohns is supported by the NIHR
Applied Research Collaboration (ARC) South London at King's
College Hospital NHS Foundation Trust. Monica Lakhanpaul was
partly supported by the NIHR CLAHRC North Thames at Bart's
Health NHS Trust and is now supported by the NIHR GOSH
Biomedical Research Centre. Emma C. Alexander and Meghan Cupp
have no competing interests to declare. This publication presents
independent research funded by the National Institute for Health
Research (NIHR). The views expressed are those of the author(s) and
not necessarily those of the NHS, the NIHR or the Department of
Health and Social Care.

AUTHOR CONTRIBUTIONS

Logan Manikam, Anne G. M. Schilder, Monica Lakhanpaul, Peter
Littlejohns, and Andrew Hayward led the study conception and design,
and acquisition, analysis and interpretation of data, with contributions
from Meghan A. Cupp and Emma C. Alexander. Material preparation,
data collection and analysis were predominantly performed by Logan
Manikam with advice from all other authors. The first draft of the
manuscript was written by Emma C. Alexander and Logan Manikam
and all authors commented on subsequent versions of the manuscript.

All authors read and approved the final manuscript.

ORCID

Logan Manikam http://orcid.org/0000-0001-5288-3325

Emma C. Alexander ") http://orcid.org/0000-0001-7063-6846

REFERENCES

1. Wu J, Morris JK. Trends in maternal age distribution and the live
birth prevalence of Down's syndrome in England and Wales: 1938-
2010. Eur J Hum Genet. 2013;21:943-947.

2. Alexander M, Ding Y, Foskett N, Petri H, Wandel C, Khwaja O.
Population prevalence of Down's syndrome in the United Kingdom.
J Intellectual Disabil Res. 2016;60:874-878.

3. Wu J, Morris JK. The population prevalence of Down's syn-
drome in England and Wales in 2011. Eur J Human Genet. 2013;
21:1016-1019.

4. Best KE, Glinianaia SV, Lingam R, Morris JK, Rankin J. Projected number
of children with isolated spina bifida or down syndrome in England and
Wales by 2020. Eur J Med Genet. 2018;61:539-545.

5. Esbensen AJ. Health conditions associated with aging and end of
life of adults with Down syndrome. Int Rev Res Ment Retard.
2010;39:107-126.

6. Glasson EJ, Sullivan SG, Hussain R, Petterson BA, Montgomery PD,
Bittles AH. The changing survival profile of people with Down's syn-
drome: implications for genetic counselling. Clin Genet. 2002;62:
390-393.

7. Broers CJ, Gemke RJ, Weijerman ME, Kuik DJ, van Hoogstraten IM,
van Furth A. Frequency of lower respiratory tract infections in
relation to adaptive immunity in children with Down syndrome
compared to their healthy siblings. Acta Paediatr (Stockholm). 2012;
101:862-867.

8. Fitzgerald P, Leonard H, Pikora T, Bourke J, Hammond G. Hospital ad-
missions in children with Down syndrome: experience of a population-
based cohort followed from birth. PLOS One. 2013;8:e70401.

10.

11.

12.

13.

14.

15.

16.

17.
18.

19.

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

o WILEY——

53]

Manikam L, Schilder AGM, Lakhanpaul M, Littlejohns P,
Alexander EC, Hayward A. Respiratory tract infection-related
healthcare utilisation in children with Down's syndrome. Infection.
2020;48:1-8.

Hilton JM, Fitzgerald DA, Cooper DM. Respiratory morbidity of
hospitalized children with Trisomy 21. J Paediatr Child Health. 1999;
35:383-386.

Rios D, Magasi S, Novak C, Harniss M. Conducting accessible re-
search: including people with disabilities in public health, epide-
miological, and outcomes studies. Am J Public Health. 2016;106:
2137-2144.

Shepherd V. An under-represented and underserved population
in trials: methodological, structural, and systemic barriers to the
inclusion of adults lacking capacity to consent. Trials. 2020;
21:445.

Spaul S, Hudson R, Harvey C, Macdonald H, Perez J. Exclusion
criterion: learning disability. The Lancet. 2020;395:e29.

Manikam L, Reed K, Venekamp RP, et al. Limited evidence on
the management of respiratory tract infections in Down's
syndrome: a systematic review. Pediatr Infect Dis J. 2016;35:
1075-1079.

Petersen |, Johnson AM, Islam A, Duckworth G, Livermore DM,
Hayward AC. Protective effect of antibiotics against serious com-
plications of common respiratory tract infections: retrospective
cohort study with the UK General Practice Research Database. BMJ.
2007;335:982.

Herrett E, Gallagher AM, Bhaskaran K, et al. Data resource profile:
clinical practice research datalink (CPRD). Int J Epidemiol. 2015;44:
827-836.

Hospital Episode Statistics. http://content.digital.nhs.uk/hes
Herrett E, Smeeth L, Walker L, Weston C, Group MA. The myo-
cardial ischaemia national audit project (MINAP). Heart. 2010;96:
1264-1267.

CALIBERcodelist. http://caliberanalysis.r-forge.r-project.org/
Rosner B. Fundamental of biostatistics. 8th Ed. Boston, MA: Cengage
Learning; 2010.

Levine M, Ensom MHH. Post hoc power analysis: an idea whose time
has passed? Pharmacotherapy. 2001;21:405-409.

Nissen F, Morales DR, Mullerova H, Smeeth L, Douglas 1J, Quint JK.
Validation of asthma recording in the Clinical Practice Research
Datalink (CPRD). BMJ Open. 2017;7:e017474.

Spurling GK, Del Mar CB, Dooley L, Foxlee R, Farley R. Delayed
antibiotics for respiratory infections. Cochrane Database Syst Rev.
2013:CD004417.

Alves Galvao MG, Rocha Crispino Santos MA, Alves,
da Cunha AJ. Antibiotics for preventing suppurative complica-
tions from undifferentiated acute respiratory infections in
children under five years of age. Cochrane Database Syst Rev.
2016;2:CD007880.

Redmond NM, Turnbull S, Stuart B, et al. Impact of antibiotics for
children presenting to general practice with cough on adverse
outcomes: secondary analysis from a multicentre prospective cohort
study. Br J Gen Pract. 2018;68:€682-e693.

NICE. Respiratory tract infections (self-limiting): prescribing anti-
biotics. 2008.

Ram G, Chinen J. Infections and immunodeficiency in Down syn-
drome. Clin Exp Immunol. 2011;164:9-16.

Bloemers BL, Broers CJ, Bont L, Weijerman ME, Gemke RJ,
van Furth A. Increased risk of respiratory tract infections in children
with Down syndrome: the consequence of an altered immune sys-
tem. Microbes Infect. 2010;12:799-808.

Kusters MAA, Verstegen RHJ, Gemen EFA, De Vries E. Intrinsic
defect of the immune system in children with Down syndrome: a
review. Clin Exp Immunol. 2009;156:189-193.


http://orcid.org/0000-0001-5288-3325
http://orcid.org/0000-0001-7063-6846
http://content.digital.nhs.uk/hes
http://caliberanalysis.r-forge.r-project.org/

® 1wy LEY-

30.

31.

32.

33.

MANIKAM ET AL

Bloemers BL, van Bleek GM, Kimpen JL, Bont L. Distinct abnormalities in
the innate immune system of children with Down syndrome. J Pediatr.
2010;156:804-809.

Barden LS, Dowell SF, Schwartz B, Lackey C. Current attitudes
regarding use of antimicrobial agents: results from physicians'
and parents' focus group discussions. Clin Pediatr. 1998;37:
665-671.

Lucas PJ, Cabral C, Hay AD, GHorwood J. A systematic
review of parent and clinician views and perceptions that
influence prescribing decisions in relation to acute childhood
infections in primary care. Scand J Prim Health Care. 2015;33:
11-20.

Choi EK, Yoo lY. Resilience in families of children with Down
syndrome in Korea. Int J Nurs Pract. 2015;21:532-541.

SUPPORTING INFORMATION

Additional Supporting Information may be found online in the

supporting information tab for this article.

How to cite this article: Manikam L, Lakhanpaul M, Schilder
AGM, et al. Effect of antibiotics in preventing hospitalizations
from respiratory tract infections in children with Down
syndrome. Pediatric Pulmonology. 2020;1-8.
https://doi.org/10.1002/ppul.25100


https://doi.org/10.1002/ppul.25100



