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Abstract
Clinical algorithms used in the assessment of febrile children in the Paediatric Emergency Departments are commonly based 
on threshold values for vital signs, which in children with fever are often outside the normal range. Our aim was to assess 
the diagnostic value of heart and respiratory rate for serious bacterial infection (SBI) in children after temperature lower-
ing following administration of antipyretics. A prospective cohort of children presenting with fever between June 2014 and 
March 2015 at the Paediatric Emergency Department of a large teaching hospital in London, UK, was performed. Seven 
hundred forty children aged 1 month–16 years presenting with a fever and ≥ 1 warning signs of SBI given antipyretics were 
included. Tachycardia or tachypnoea were defined by different threshold values: (a) APLS threshold values, (b) age-specific 
and temperature-adjusted centiles charts and (c) relative difference in z-score. SBI was defined by a composite reference 
standard (cultures from a sterile site, microbiology and virology results, radiological abnormalities, expert panel). Persistent 
tachypnoea after body temperature lowering was an important predictor of SBI (OR 1.92, 95% CI 1.15, 3.30). This effect 
was only observed for pneumonia but not other SBIs. Threshold values for tachypnoea > 97th centile at repeat measurement 
achieved high specificity (0.95 (0.93, 0.96)) and positive likelihood ratios (LR + 3.25 (1.73, 6.11)) and may be useful for 
ruling in SBI, specifically pneumonia. Persistent tachycardia was not an independent predictor of SBI and had limited value 
as a diagnostic test.
  Conclusion: Among children given antipyretics, tachypnoea at repeat measurement had some value in predicting SBI and 
was useful to rule in pneumonia. The diagnostic value of tachycardia was poor. Overreliance on heart rate as a diagnostic 
feature following body temperature lowering may not be justified to facilitate safe discharge.

What is Known:
• Abnormal vital signs at triage have limited value as a diagnostic test to identify children with SBI, and fever alters the specificity of com-

monly used threshold values for vital signs.
• The observed temperature response after antipyretics is not a clinically useful indicator to differentiate the cause of febrile illness.
What is New:
• Persistent tachycardia following reduction in body temperature was not associated with an increased risk of SBI and of poor value as a diag-

nostic test, whilst persistent tachypnoea may indicate the presence of pneumonia.
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Abbreviations
APLS  Advanced Paediatric Life Support
CRT   Capillary refill time
CSF  Cerebrospinal fluid
EPP  Events per predictor variable
HR  Heart rate
MTS  Manchester Triage System
LR +   Positive likelihood ratio
LR-  Negative likelihood ratio
LRTI  Lower respiratory tract infection
NICE  National Institute for Health and Care Excellence
NPV  Negative predictive value
PED   Paediatric Emergency Department
PICU  Paediatric intensive care unit
PPV  Positive predictive value
ROC  Area under the receiver operating characteristics 

curve
RR  Respiratory rate
SBI  Serious bacterial infection
UTI  Urinary tract infection

Introduction

Fever constitutes one of the most common reasons for pae-
diatric emergency presentations accounting for up to 20% of 
consultations [1–3]. Vaccination programmes have reduced 
the incidence of vaccine preventable serious bacterial infec-
tion (SBI), especially sepsis and meningitis [4]. Nowadays, 
an SBI is diagnosed only in a minority of febrile children 
(7–10%), with pneumonia and urinary tract infections (UTI) 
being the most frequent [5, 6]. Most children with fever suf-
fer from self-limiting viral illnesses, and identifying those 
who need further investigations and antibiotic treatment for 
SBI remains a diagnostic challenge.

Most clinical algorithms are based on specific thresholds 
for abnormal vital sign parameters such as the age-specific 
cut-off values published by the Advanced Life Support 
Group (APLS) [7]. In febrile children, heart and respiratory 
rates are often elevated and outside the normal range [8–11]. 
Temperature-dependent, age-specific centile charts for heart 
and respiratory rate have been developed to account for this 
effect of fever on vital signs [12, 13].

Antipyretics (paracetamol or ibuprofen) are frequently 
given to febrile children in hospital prior to evaluation, espe-
cially when abnormal heart and respiratory rates are recorded 
at triage which are categorised as a ‘warning sign’ based on 
NICE guidelines for managing febrile children ≤ 5 years [14]. 
It is a common practice to perform serial vital sign meas-
urements to demonstrate a lowering effect on heart and res-
piratory rate following reduction in fever. However, previous 
research showed that temperature response to paracetamol 

was not a clinically useful indicator by which to differentiate 
the cause of febrile illness [15, 16].

There are few existing studies assessing the value of repeat 
vital sign measurements in predicting SBI and whether con-
comitant reductions in heart and respiratory rates are associ-
ated with a decreased risk of SBI. In this prospective cohort 
study, we investigate the value of serial heart and respiratory 
rate measurements following reduction in body temperature 
after administration of antipyretics and its association with 
the risk of having SBI.

Methods

Design, setting and participants

This prospective observational study (Infections in Children 
in the Emergency Department (ICED)—study) was conducted 
at the paediatric accident and emergency department (PED) 
at St. Mary’s Hospital, Imperial College NHS Healthcare 
Trust, London, UK [17]. The PED is a large tertiary inner-
city department which sees about 27,000 children per year.

All children aged 1 month to 16 years presenting to the 
PED between June 2014 and March 2015 with fever and ≥ 1 
amber or red warning sign(s) according to NICE Fever in 
under 5 s: assessment and management [14] were eligible. 
Fever was defined:

1. Axillary or tympanic temperature of ≥ 38.0 °C at triage
2. Fever as a discriminator in the Manchester Triage Sys-

tem (MTS)
3. Fever as a reason for GP referral to the PED
4. Fever ≥ 38.0 °C measured at home in the previous 24 h

Children triaged under the ‘immediate’ (red) category for 
emergency treatment (MTS) were excluded (treatment based 
on protocols for life threatening conditions). The following 
additional exclusion criteria were applied: (a) complex medi-
cal history (underlying medical problem requiring ≥ 2 annual 
specialist visits) [18], (b) not waited to be seen, (c) discharged 
to the urgent care centre without being seen in PED, (d) non-
UK residents (determining a final outcome not possible), (e) 
all data for visit missing, (f) overruling of fever or warning 
signs as a presenting problem by the physician with the patient 
actively deemed non-eligible for the study, (g) patient did not 
consent to participation in embedded biomarker study.

Analysis was confined to children with at least one repeat 
set of observations consisting of either respiratory rate (RR) 
or heart rate (HR) and available temperature and time of 
measurement and was performed separately for RR and HR. 
PED standards dictate that abnormal vital signs are repeated 
within 60 min. A senior clinician may discharge the patient 
before this time. The last available set of repeat vital signs was 
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used for each child. Measurements beyond the 3rd repeat were 
not included as these represent a minority of children with a 
prolonged stay in the PED (delayed transfer or resuscitation). 
Analysis of HR was restricted to children from 3 months to 
10 years (centile charts not derived outside this range).

Data collection

Information was collected prospectively and recorded in 
electronic patient records using a predefined integrated data 
collection form. Standardised triage data according to the 
MTS and warning signs of fever (NICE) were recorded at 
the time of triage [14]. Vital signs were measured by a nurse 
at triage (baseline) with repeat measurements as per the 
Advanced Paediatric Life Support (APLS) standard [7]. HR 
was measured through pulse oximetry in beats/minute, body 
temperature in °C with a tympanic or axillary thermometer 
and RR in breaths/minute by counting breaths for 60 s. Data 
on diagnostics, interventions, treatment and discharge were 
recorded in a data entry form and clinical details extracted 
from medical records.

According to local standards, patients were given either 
paracetamol (first line) or ibuprofen (second line) orally 
according to the British National Formulary (BNF) [19] if 
not given within 4 h at home. Children who received an anti-
pyretic at home were eligible for receiving the antipyretic 
not yet given.

Outcome measures

A final diagnosis of SBI was based on a composite refer-
ence standard combining positive cultures from a sterile site 
(blood, urine, CSF), available microbiology and virology 
results, radiological abnormalities and consensus diagnosis 
by an expert panel [5, 17]. SBI was further categorised into 
pneumonia and other SBIs (meningitis, septicaemia, UTI, 
cellulitis, osteomyelitis, septic arthritis) [5]. A diagnosis of 
pneumonia was supported by radiographic evidence of con-
solidation or effusion determined by a paediatric radiologist. 
Patients were followed up via telephone for 1 week after 
PED attendance and a final outcome coded by independ-
ent members of the research team, considering data from 
all PED visits within a 5-day period including admissions.

Statistical analysis

The number of children with tachycardia or tachypnoea was 
defined using different threshold values for HR and RR at 
baseline and repeat measurement: (a) APLS threshold values 
[7], (b) HR or RR > 90th centile on age-specific temperature-
adjusted centile charts and (c) z-score difference between 

corresponding z-scores at baseline and repeat measurement 
[12, 13]. Each HR or RR was transferred into a z-score 
considering body temperature and age. The z-score differ-
ence was calculated by subtracting the z-score following 
body temperature lowering from the z-score at baseline. We 
investigated the change in number of children classifying as 
tachycardic or tachypneic by APLS definition and changes 
in allocated age-specific and temperature-dependent cen-
tiles for HR and RR as measured by differences in z-scores. 
Diagnostic performance of repeat vital signs was assessed by 
odds ratios (OR) derived from logistic regression analyses 
adjusting for potential confounders. Age (4 standard catego-
ries), gender, z-score at baseline, time from triage to repeat 
vital sign measurement (mins), bronchodilator treatment and 
dehydration were considered as potential confounders. Sensi-
tivity, specificity, positive and negative predictive value and 
positive and negative likelihood ratios for different threshold 
values for tachycardia and tachypnoea were calculated. The 
discriminative ability was expressed by the area under the 
receiver operating characteristics curve (ROC). We used a 
multinominal regression model and relative risk ratios (RRR) 
to identify if the predictive value differed by type of SBI. 
Stata version 15.1 was used for all statistical analysis.

An SBI prevalence of 7% has been previously published  
[17, 20], and a conservative sample size of n = 700 was estimated  
to achieve 12 events per predictor variable (EPP) based on 
inclusion of 4 parameters.

Results

1628/2130 children attending PED with fever and ≥ 1 warn-
ing signs were eligible (Fig. 1). The final data set for analysis 
of HR comprised 715 and RR 740 children after excluding 
high acuity patients (N = 20), repeat presentations (N = 75), 
children without repeat observations (HR N = 692 and RR 
N = 793) and children outside the age range of available HR 
centile charts (N = 126). Characteristics of included and 
excluded children are shown in Online Resource 1.

Study cohorts

Median age of included children was 2.2 years (IQR 1.3–4.5). 
The prevalence of SBI was 8.8% (n = 70) with pneumonia 
(3.4%), UTI (1.8%) and other SBIs (3.1%) the most frequent 
infections (Table 1).

Frequency of tachycardia and tachypnoea 
for different thresholds

Following lowering of body temperature, APLS thresholds 
identified 30% of children as tachycardic versus 13% using 
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Fig. 1  Selection of study sample
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Table 1  Clinical and demographic characteristics of the study population

SpO2 saturation of peripheral oxygen, CRT  capillary refill time, UTI urinary tract infection, IQR interquartile range
a Triage category MTS = 1 (emergent) excluded
b Missing values: SpO2 n = 13, CRT n = 131, dehydration n = 5, type of antipyretic n = 323, referral category n = 2
c Salbutamol administered via any route (spacer, nebuliser, IV)
d Paracetamol or ibuprofen administered via any route (oral, rectal, IV)
e Unknown n = 319, missing n = 4

Total
N (%)

No SBI
N (%)

SBI
N (%)

795 (52) 725 (91) 70 (8.8)
Age (years) Median (IQR) 2.2 (1.3–4.5) 2.2 (1.2–4.4) 2.6 (1.4–5.4)

1 month– < 1 year 130 (16) 118 (16) 12 (17)
1– < 2 years 227 (28) 212 (29) 15 (21)
2– < 5 years 263 (33) 239 (33) 24 (34)
5– < 16 years 175 (22) 156 (21) 19 (27)

Gender Male 437 (55) 405 (56) 32 (46)
Triage urgencya Very urgent 448 (56) 412 (57) 36 (51)

Urgent 138 (17) 123 (17) 15 (21)
Standard 209 (26) 190 (26) 19 (27)
Non-urgent - - -

Body temperature (°C) Median (IQR) 38.5 (38.0–39.1) 38.5 (38.0–39.0) 38.8 (38.0–39.5)
SpO2b < 94% 29 (3.6) 27 (3.7) 2 (2.9)
CRT b > 2 s 12 (1.5) 12 (1.5) -
Pain at triage 77 (10) 69 (9.5) 8 (11)
Distress at triage 107 (13) 100 (14) 7 (10)
Dehydration at triageb 14 (1.8) 10 (1.4) 4 (5.7)
Post-ictal following seizure 31 (3.9) 28 (3.9) 3 (4.3)
Bronchodilator treatmentc 113 (14) 104 (14) 9 (13)
Administration of antipyreticsd None 16 (2.0) 14 (1.9) 2 (2.8)

Yes 489 (87) 634 (87) 55 (78)
Unknown 90 (11) 77 (11) 13 (18)
Triage 537 (67) 494 (68) 43 (61)
Homee 414 (52) 386 (53) 28 (40)

Type of antipyreticb Paracetamol 177 (22) 162 (22) 15 (21)
Ibuprofen 25 (3.1) 23 (3.2) 2 (2.9)
Combination 346 (43) 320 (44) 26 (37)

Time in department (min) Median (IQR) 197 (153–232) 192 (149–228) 233 (199–240)
Referral categoryb Self-referred 662 (83) 602 (83) 60 (86)

GP referral 18 (2.3) 14 (1.9) 4 (5.7)
Ambulance 25 (3.1) 24 (3.3) 1 (1.4)
Other 71 (8.9) 83 (11) 5 (7.1)

SBI 70 (8.8) - 70 (8.8)
Pneumonia 27 (3.4) - 27 (3.4)
Sepsis/meningitis 4 (0.5) - 4 (0.5)
UTI 14 (1.8) - 14 (1.8)
Other SBI 25 (3.1) - 25 (3.1)

Disposition Discharged 602 (76) 586 (81) 21 (30)
Admitted 184 (23) 138 (19) 46 (66)
PICU 3 (0.4) 1 (0.1) 2 (2.9)
Died 1 (0.1) - 1 (1.4)
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the 90th centile on temperature-adjusted centile charts. 
Thirty-four percent of children remained tachypnoeic after 
temperature lowering applying APLS thresholds versus 15% 
using centile charts (Table 2). Additional values for vital 
signs at different repeat measurements are given in Online 
Resources 2 and 3.

Association between tachycardia and tachypnoea 
at repeat measurement and SBI for different thresholds

Children diagnosed with any SBI were significantly more 
likely classified as tachypnoeic on repeat measurement 
based on either APLS threshold values (adjusted OR 1.92, 
95% CI 1.12, 3.30, p = 0.018) or a RR > 90th centile on 
temperature-adjusted centile charts (adjusted OR 2.40, 95% 
CI 1.21, 4.75, p = 0.012). Z-score difference was not signifi-
cant in the unadjusted model (OR 1.29, 95% CI 0.97, 1.72, 
p = 0.080) for SBI. A significant association after adjusting 
for baseline z-score may be explained through a negative 
correlation between baseline z-score and z-score difference 
(Spearman’s rank correlation coefficient, −0.54, p < 0.0001). 
Children classified as tachycardic on repeat measurement 
by any threshold value were not significantly more likely 
diagnosed with an SBI (Table 3).

Categorised into pneumonia and other SBIs, persistent 
tachypnoea was strongly related to pneumonia (RRR 7.11, 
95% CI 2.83, 17.87, p < 0.0001 and RRR 5.65, 95% CI 2.57, 
12.39, p < 0.0001, respectively) though their value for the 
prediction of other SBIs or the use of z-score difference in 
predicting any SBI appeared to be limited (Table 4). Persis-
tent tachycardia was not useful for predicting pneumonia or 
other SBIs.

Diagnostic performance and discriminative ability 
of change in HR and RR for different threshold values

APLS thresholds for tachypnoea at repeat measurement 
had poor sensitivity (0.46, 95% CI 0.34, 0.59) and speci-
ficity (0.67, 95% CI 0.63, 0.71) with moderate specificity 
for tachypnoea using cut-off values > 90th centile on centile 
charts (0.86, 95% CI 0.83, 0.88). Threshold values > 97th 
centile achieved high specificity (0.95, 95% CI 0.93, 0.96) 
and positive likelihood ratios (LR + 3.25. 95% CI 1.73, 
6.11) and were useful for ruling in SBI. Persistent tachyp-
noea showed poor discriminative ability at repeat measure-
ment following change in body temperature for all assessed 
thresholds (ROC 0.48–0.57).

Persistent tachycardia (APLS thresholds) had poor sen-
sitivity (0.30, 95% CI 0.18, 0.43) at repeat measurement. 
Specificity for centile cut offs > 97th was high (0.96, 95% 
CI 0.94, 0.97), but low positive likelihood ratios make tachy-
cardia according to either threshold less useful for ruling 
in SBI. Persistent tachycardia at repeat measurement after 
body temperature lowering had poor discriminative ability 
for the diagnosis of SBI regardless of which threshold was 
used (range ROC 0.48–0.52) (Table 5).

Discussion

Principal findings

Persistent tachycardia following reduction in body tempera-
ture was not associated with an increased risk of SBI in chil-
dren presenting to the PED with fever and ≥ 1 NICE warning 

Table 2  Median heart rate and respiratory rate, body temperature and proportion tachycardic or tachypnoeic at baseline and at repeat measurement

a Median (IQR)
b Children age < 3 months and > 11 years excluded (centile charts for HR not available)

Baseline Last available repeat Baseline Last available repeat

N (%) 715 (100) 715 (100) N (%) 740 (100) 740 (100)
HR (beats/min)a,b 155 (141–168) 134 (121–148) RR (breaths/min)a 33 (28–42) 30 (25–36)
3 months– < 1 year 168 (157–177) 147 (135–158) 1 month– < 1 year 44 (38–52) 40 (34–44)
1– < 2 years 162 (152–176) 141 (132–155) 1– < 2 years 36 (31–44) 32 (28–37)
2– < 5 years 152 (143–162) 132 (121–144) 2– < 5 years 32 (28–40) 28 (26–32)
5– < 11 years 135 (126–142) 115 (105–128) 5– < 16 years 26 (22–28) 24 (22–26)
Body temperaturea (°C) 38.5 (38.0–39.2) 37.4 (36.9–37.8) Body temperaturea (°C) 38.5 (38.0–39.1) 37.4 (36.9–37.8)
Z-scorea 0.57 (0.01–1.14) 0.34 (-0.27–1.00) Z-scorea 0.46 (0.01–1.05) 0.50 (0.00–1.00)
Z-score differencea N/A -0.23 (-0.81–0.39) Z-score differencea N/A −0.03 (−0.55–0.45)
Tachycardia (APLS) 574 (80%) 214 (30%) Tachypnoea (APLS) 431 (58%) 253 (34%)
Tachycardia (> 90th 

centile)
133 (18%) 93 (13%) Tachypnoea (> 90th 

centile)
146 (20%) 112 (15%)

Time from triage to repeat 
(mins)a

N/A 125 (90–165) Time from triage to repeat 
(mins)a

N/A 125 (90–169)
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signs. The presence of tachycardia on repeat measurement 
had low sensitivity and was of limited value as a rule in or a 
rule out feature of SBI. Tachypnoea (APLS or temperature-
adjusted centile charts) at repeat measurement had some 
value in predicting SBI and was useful to rule in pneumonia, 
especially for threshold values > 97th centile (LR + 3.25).

Comparison with previous research

Abnormal vital signs are used to identify children at risk of 
SBI. During episodes of fever, the normal range for HR and 
RR often differs from APLS thresholds, and the application 
of temperature-adjusted centiles in our study underlined the 
impact fever has on vital signs [14, 15]. In a previous study, 
RR values based on temperature-adjusted centiles performed 
better than APLS thresholds in predicting the risk of pneu-
monia with values > 97th centile highly specific and useful 
as a rule in feature, similar to our study [13]. Interestingly, 
this effect was not replicated for children with sepsis and 

APLS-based definitions for tachycardia outperformed the 
temperature-adjusted centiles [21]. In this study, tachycar-
dia was not an independent predictor of SBI, irrespective of 
temperature lowering and thresholds used. Similar to our 
findings, the utility of tachycardia as a diagnostic tool was 
found to be limited in previous studies [20–22]. It is com-
mon practice to administer antipyretics to febrile children, 
and 67% received additional full or partial doses at triage. 
Less than 2% had no evidence of antipyretic exposure. A 
variety of timing and dosing regimens prohibited further 
stratification by type of antipyretic. There is currently little 
evidence to suggest the effect of different antipyretics on 
fever differs significantly [23, 24].

Strengths and weaknesses

One strength of this study is the large cohort of febrile chil-
dren representing a broad population of children with fever 
and warning signs, an everyday clinical dilemma in acute care. 

Table 3  Association between tachycardia and tachypnoea at repeat measurements for different threshold values and SBI

* Wald test
a Adjusted for gender, bronchodilators, z-score at baseline

OR (95% CI) p-value* Adjusted ORa (95% CI) p-value*

Heart rate
No SBI (N = 658) SBI (N = 57)

 Tachycardia (APLS) 527 (80) 47 (82) 0.99 (0.55, 1.80) 0.986 0.99 (0.53, 1.86) 0.982
 Tachycardia (> 90th 

centile)
88 (13) 5 (9) 0.62 (0.24, 1.60) 0.326 0.59 (0.22, 1.57) 0.291

 Z-score difference −0.23 (−0.81–0.37) −0.21 (−0.75–0.42) 1.03 (0.79, 1.33) 0.842 1.04 (0.76, 1.42) 0.801
Respiratory rate

No SBI (N = 673) SBI (N = 67)
 Tachypnoea (APLS) 222 (33) 31 (47) 1.75 (1.05, 2.90) 0.029 1.92 (1.12, 3.30) 0.018
 Tachypnoea (> 90th 

centile)
95 (14) 17 (25) 2.07 (1.14, 3.74) 0.016 2.40 (1.21, 4.75) 0.012

 Z-score difference −0.04 (−0.56–0.43) 0.17 (−0.46–0.64) 1.29 (0.97, 1.72) 0.079 1.56 (1.11, 2.19) 0.011

Table 4  Analysis between individual predictors and SBI stratified by type of infection for respiratory rate (relative risk ratio (RRR) from multi-
nomial regression)

Constraints due to low event numbers per stratum precluded further adjustment for covariates

RRR (95% CI) p-value RRR (95% CI) p-value

Tachypnoea (APLS) Tachycardia (APLS)
Pneumonia 7.11 (2.83, 17.87) < 0.0001 Pneumonia 0.83 (0.32, 2.12) 0.692
Other SBI 0.68 (0.32, 1.41) 0.298 Other SBI 1.12 (0.53, 2.34) 0.765
Tachypnoea (> 90th centile) Tachycardia (> 90th centile)
Pneumonia 5.65 (2.57, 12.39) < 0.0001 Pneumonia 0.29 (0.04, 2.21) 0.235
Other SBI 0.68 (0.23, 1.94) 0.467 Other SBI 0.86 (0.30, 2.51) 0.788
Z-score difference Z-score difference
Pneumonia 1.28 (0.83, 1.98) 0.266 Pneumonia 1.18 (0.79, 1.76) 0.417
Other SBI 1.30 (0.90, 1.86) 0.154 Other SBI 0.93 (0.67, 1.30) 0.690



2212 European Journal of Pediatrics (2023) 182:2205–2214

1 3

Data collection was conducted prospectively as part of clini-
cal care increasing generalisability. Healthcare professionals 
were unaware of the study question limiting the potential for 
observer bias. The prevalence of SBI in children with and 
without documented repeat vital signs was not significantly 
different (8% vs 7%,Online Resource 1), and analysed patients 
should adequately represent an important group with higher 
diagnostic uncertainty. Reference investigations are not rou-
tinely performed on all children leading to potential verifica-
tion bias. Standard diagnostic tests are imperfect, and it may 
not be possible to differentiate between bacterial and viral 
pneumonia. We attempted to limit this impact by applying a 
composite reference standard and use of an expert panel allow-
ing inclusion of additional information including a follow-up 
period [25]. Measurement of predictor variables within the 
clinical setting may be prone to error and interrater variability 
which aligns with routine practice where the predictors will be 
used. Although APLS protocols provide a standard of meas-
urement, counting breaths is known to lack accuracy compared 
to more objective devices and varies by level of expertise [26]. 
The low number of events in the individual SBI outcome cat-
egories resulted in imprecise effect estimates and may have 
been underpowered to detect an effect for other SBIs. Low 

prevalence of invasive bacterial infections (IBI) and small 
number of children requiring admission to PICU precluded 
inclusion as a secondary outcome.

Clinical and research implications

The results of this study reemphasise NICE recommenda-
tions that vital signs should not be used in isolation to guide 
decision-making on discharge and overreliance on HR as 
a diagnostic feature following body temperature lowering 
may not be justified. Our findings question the utility of giv-
ing antipyretics to well-appearing febrile children awaiting 
HR normalisation prior to discharge which might not be a 
cost-effective management strategy, with minimal yield of 
potentially missed SBI. Whilst children with tachycardia at 
discharge may be more likely to return, isolated tachycar-
dia was not a useful predictor for future admission or need 
for significant interventions [27]. Our study showed similar 
results with few children requiring admission or significant 
intervention on return visit, whilst one child died of sepsis 
several hours after discharge when normal vital signs were 
recorded (Online Resources 4 and 5). Almost all febrile 
children (98%) were given antipyretics, either by parents or 

Table 5  Diagnostic performance and discriminative ability of different thresholds for heart rate and respiratory rate at repeat measurement

PPV positive predictive value, NPV negative predictive value, LR likelihood ratio, ROC area under the receiver operating characteristics curve

Sensitivity Specificity PPV NPV LR + LR- ROC 

Tachycardia 
APLS

0.30 (0.18, 0.43) 0.70 (0.66, 0.73) 0.08 (0.05, 0.12) 0.92 (0.90, 0.94) 1.00 (0.66, 1.51) 1.00 (0.84, 1.19) 0.50 (0.44, 0.56)
Tachycardia 

centile 
thresholds

 50th 0.67 (0.53, 0.79) 0.37 (0.33, 0.41) 0.08 (0.06, 0.11) 0.93 (0.89, 0.96) 1.05 (0.87, 1.28) 0.91 (0.62, 1.33) 0.52 (0.45, 0.58)
 75th 0.33 (0.21, 0.47) 0.64 (0.60, 0.67) 0.07 (0.04, 0.11) 0.92 (0.89, 0.94) 0.92 (0.63, 1.35) 1.04 (0.86, 1.27) 0.49 (0.42, 0.55)
 90th 0.09 (0.03, 0.19) 0.87 (0.84, 0.89) 0.05 (0.02, 0.12) 0.92 (0.89, 0.94) 0.66 (0.28, 1.55) 1.05 (0.97, 1.15) 0.48 (0.44, 0.52)
 97th 0.03 (0.00, 0.12) 0.96 (0.94, 0.97) 0.07 (0.01, 0.22) 0.92 (0.90, 0.94) 0.82 (0.20, 3.37) 1.01 (0.96, 1.06) 0.50 (0.47, 0.52)
Z-score 

difference
- - - - - - 0.50 (0.41, 0.58)

Tachypnoea 
APLS

0.46 (0.34, 0.59) 0.67 (0.63, 0.71) 0.12 (0.08, 0.17) 0.93 (0.90, 0.95) 1.4 (1.06, 1.86) 0.80 (0.64, 1.01) 0.57 (0.50, 0.63)
Tachypnoea 

centile 
thresholds

 50th 0.82 (0.71, 0.90) 0.25 (0.21, 0.29) 0.10 (0.07, 0.13) 0.93 (0.89, 0.96) 1.1 (0.97, 1.24) 0.71 (0.42, 1.21) 0.54 (0.49, 0.58)
 75th 0.43 (0.31, 0.56) 0.61 (0.58, 0.65) 0.10 (0.07, 0.14) 0.92 (0.89, 0.94) 1.12 (0.84, 1.5) 0.92 (0.74, 1.15) 0.52 (0.46, 0.59)
 90th 0.25 (0.15, 0.37) 0.86 (0.83, 0.88) 0.15 (0.09, 0.23) 0.92 (0.90, 0.94) 1.8 (1.15, 2.82) 0.87 (0.75, 1.00) 0.56 (0.50, 0.61)
 97th 0.16 (0.85, 0.27) 0.95 (0.93, 0.96) 0.24 (0.13, 0.40) 0.92 (0.90, 0.94) 3.25 (1.73, 6.11) 0.88 (0.78, 0.98) 0.56 (0.51, 0.60)
Z-score 

difference
- - 0.55 (0.46, 0.63)
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health professionals. Fever is a physiological mechanism to 
infection, and beneficial effects on the immune response have 
been demonstrated [28]. Although antipyretics alleviate some 
of the discomfort associated with fever, their near universal 
administration may not be a rational clinical intervention.

Whilst studies looking at scores, such as the LqSOFA [29], 
have shown the value of vital sign-based scores, larger studies 
need to be conducted in different settings and populations to 
evaluate the value of temperature-adjusted centile charts and 
incorporation of more subjective signs in prediction models.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s00431- 023- 04884-7.

Authors’ contributions All authors contributed to the study conception 
and design, material preparation, data collection and interpretation of 
data. Analysis was performed by Ruud Nijman and Stefanie Wittmann. 
The first draft of the manuscript was written by Stefanie Wittmann, 
and all authors commented on previous versions of the manuscript and 
revised it critically for important intellectual content. All authors read 
and approved the final manuscript.

Funding This research was supported by the National Institute of 
Health Research Biomedical Research Centre based at Imperial Col-
lege London. RN was awarded an Early Career Research Grant by the 
Thrasher Fund (Award number 12830), as well as an academic clinical 
fellowship (ACF-2015–21-016) and lectureship by the National Insti-
tute of Health Research (CL-2018–21-007).

Data availability Data available from corresponding author upon rea-
sonable request.

Declarations 

Ethics approval This study was in line with the principles of the Decla-
ration of Helsinki. The study was part of a larger biomarker study, and 
approval was granted by the local Medical Ethics Committee Camden 
& Islington, London (Local approval number 14/LO/0266).

Consent to participate Informed consent was obtained for children 
included in the embedded biomarker study. A waiver of informed con-
sent was obtained from the local Medical Ethics Committee Camden 
& Islington, London (Local approval number 14/LO/0266), for this 
section of the ICED study as only routine clinical data were used.

Competing interests The authors declare no competing interests.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

 1. Sands R, Shanmugavadivel D, Stephenson T et al (2012) Medi-
cal problems presenting to paediatric emergency departments: 10 
years on. Emerg Med J 29:379–382. https:// doi. org/ 10. 1136/ emj. 
2010. 106229

 2. Armon K, Stephenson T, Gabriel V et al (2001) Determining the 
common medical presenting problems to an accident and emer-
gency department. Arch Dis Child 84:390–392. https:// doi. org/ 
10. 1136/ adc. 84.5. 390

 3. Alpern ER, Stanley RM, Gorelick MH et al (2006) Epidemiol-
ogy of a pediatric emergency medicine research network: the 
PECARN Core Data Project. http:// journ als. lww. com/ pec- online

 4. le Doare K, Nichols AL, Payne H et al (2014) Very low rates of cul-
ture-confirmed invasive bacterial infections in a prospective 3-year 
population-based surveillance in Southwest London. Arch Dis Child 
99:526–531. https:// doi. org/ 10. 1136/ archd ischi ld- 2013- 305565

 5. Nijman RG, Vergouwe Y, Thompson M et al (2013) Clinical pre-
diction model to aid emergency doctors managing febrile chil-
dren at risk of serious bacterial infections: diagnostic study. BMJ 
(Online) 346:1–16. https:// doi. org/ 10. 1136/ bmj. f1706

 6. Hagedoorn NN, Borensztajn DM, Nijman R et al (2020) Variation in 
antibiotic prescription rates in febrile children presenting to emer-
gency departments across Europe (MOFICHE): a multicentre obser-
vational study. PLoS Med 7. https:// doi. org/ 10. 1371/ JOURN AL. 
PMED. 10032 08

 7. Samuels M, Wieteska S (2016) editors. Advanced Paediatric Life 
Support Wiley. https:// doi. org/ 10. 1002/ 97811 19241 225

 8. Davies P, Maconochie I (2009) The relationship between body 
temperature, heart rate and respiratory rate in children. Emerg 
Med J 26:641–643. https:// doi. org/ 10. 1136/ emj. 2008. 061598

 9. Hanna CM, Greenes DS (2004) How much tachycardia in infants 
can be attributed to fever? Ann Emerg Med 43:699–705. https:// 
doi. org/ 10. 1016/j. annem ergmed. 2003. 10. 002

 10. Gadomski AM, Fermutt T, Stanton B (1994) Correcting respiratory 
rate for the presence of fever*. J Clin Epidemiol 47:1043–1049

 11. Heal C, Harvey A, Brown S et al (2022) The association between 
temperature, heart rate, and respiratory rate in children aged 
under 16 years attending urgent and emergency care settings. Eur 
J Emerg Med Published Online First 9 https:// doi. org/ 10. 1097/ 
MEJ. 00000 00000 000951

 12. Thompson M, Harnden A, Perera R et al (2009) Deriving tem-
perature and age appropriate heart rate centiles for children with 
acute infections. Arch Dis Child 94:361–365. https:// doi. org/ 10. 
1136/ adc. 2008. 145011

 13. Nijman RG, Thompson M, van Veen M et al (2012) Derivation 
and validation of age and temperature specific reference values 
and centile charts to predict lower respiratory tract infection 
in children with fever: prospective observational study. BMJ 
(Online) 345:1–11. https:// doi. org/ 10. 1136/ bmj. e4224

 14. National Institute for Health and Clinical Excellence (2013) NICE 
Clinical Guideline 160: feverish illness in children. Assessment 
and initial management in children younger than 5 years

 15. Baker MD, Fosarelli PD, Carpenter RO (1987) Childhood fever: 
correlation of diagnosis with temperature response to acetami-
nophen. Pediatrics 80:315–318. https:// doi. org/ 10. 1016/ s0196- 
0644(88) 80521-3

 16. Mackowiak PA (2000) Diagnostic implications and clinical conse-
quences of antipyretic therapy. Clin Infect Dis 31 https:// doi. org/ 
10. 1086/ 317512

 17. Nijman RG, Jorgensen R, Levin M et al (2020) Management of 
children with fever at risk for pediatric sepsis: a prospective study 

https://doi.org/10.1007/s00431-023-04884-7
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1136/emj.2010.106229
https://doi.org/10.1136/emj.2010.106229
https://doi.org/10.1136/adc.84.5.390
https://doi.org/10.1136/adc.84.5.390
http://journals.lww.com/pec-online
https://doi.org/10.1136/archdischild-2013-305565
https://doi.org/10.1136/bmj.f1706
https://doi.org/10.1371/JOURNAL.PMED.1003208
https://doi.org/10.1371/JOURNAL.PMED.1003208
https://doi.org/10.1002/9781119241225
https://doi.org/10.1136/emj.2008.061598
https://doi.org/10.1016/j.annemergmed.2003.10.002
https://doi.org/10.1016/j.annemergmed.2003.10.002
https://doi.org/10.1097/MEJ.0000000000000951
https://doi.org/10.1097/MEJ.0000000000000951
https://doi.org/10.1136/adc.2008.145011
https://doi.org/10.1136/adc.2008.145011
https://doi.org/10.1136/bmj.e4224
https://doi.org/10.1016/s0196-0644(88)80521-3
https://doi.org/10.1016/s0196-0644(88)80521-3
https://doi.org/10.1086/317512
https://doi.org/10.1086/317512


2214 European Journal of Pediatrics (2023) 182:2205–2214

1 3

in pediatric emergency care. Front Pediatr 8. https:// doi. org/ 10. 
3389/ fped. 2020. 548154

 18. Simon TD, Cawthon ML, Stanford S et al (2016) Pediatric medical 
complexity algorithm: a new method to stratify children by medi-
cal complexity. Pediatrics 133:e1647–54. www. aappu blica tions.  
org/ news

 19. Paediatric Formulary Committee (2021) BNF for Children. Lon-
don: BMJ Group. Pharm Press RCPCH Public

 20. Craig JC, Williams GJ, Jones M et al (2010) The accuracy of 
clinical symptoms and signs for the diagnosis of serious bacterial 
infection in young febrile children: prospective cohort study of 15 
781 febrile illnesses. BMJ (Online) 340:1015. https:// doi. org/ 10. 
1136/ bmj. c1594

 21. Brent AJ, Lakhanpaul M, Ninis N et al (2011) Evaluation of 
temperature-pulse centile charts in identifying serious bacterial 
illness: observational cohort study. Arch Dis Child 96:368–373. 
https:// doi. org/ 10. 1136/ adc. 2010. 183129

 22. Thompson M, Coad N, Harnden A et al (2009) How well do vital 
signs identify children with serious infections in paediatric emer-
gency care? Arch Dis Child 94:888–893. https:// doi. org/ 10. 1136/ 
adc. 2009. 159095

 23. Wong T, Stang AS, Ganshorn H et al (2014) Combined and alternat-
ing paracetamol and ibuprofen therapy for febrile children. Evidence-
Based Child Health 9:675–729. https:// doi. org/ 10. 1002/ ebch. 1978

 24. Paul IM, Walson PD (2021) Acetaminophen and ibuprofen in the 
treatment of pediatric fever: a narrative review. Curr Med Res 
Opin. https:// doi. org/ 10. 1080/ 03007 995. 2021. 19286 17

 25. Reitsma JB, Rutjes AWS, Khan KS et al (2009) A review of solu-
tions for diagnostic accuracy studies with an imperfect or missing 
reference standard. J Clin Epidemiol 62:797–806. https:// doi. org/ 
10. 1016/j. jclin epi. 2009. 02. 005

 26. Lovett PB, Buchwald JM, Stürmann K et al (2005) The vexatious 
vital: neither clinical measurements by nurses nor an electronic moni-
tor provides accurate measurements of respiratory rate in triage. Ann 
Emerg Med 45. https:// doi. org/ 10. 1016/j. annem ergmed. 2004. 06. 016

 27. Wilson PM, Florin TA, Huang G et al (2017) Is tachycardia at 
discharge from the pediatric emergency department a cause for 
concern? A nonconcurrent cohort study. Ann Emerg Med 70:268-
276.e2. https:// doi. org/ 10. 1016/j. annem ergmed. 2016. 12. 010

 28. Sullivan JE, Farrar HC (2011) Fever and antipyretic use in chil-
dren. Pediatrics 127. https:// doi. org/ 10. 1542/ peds. 2010- 3852

 29. Romaine ST, Potter J, Khanijau A et al Accuracy of a modified 
qSOFA score for predicting critical care admission in febrile 
children. http:// www. publi catio ns. aap. org/ pedia trics/ artic le- pdf/ 
146/4/ e2020 0782/ 12458 32/ peds_ 20200 782. pdf

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.3389/fped.2020.548154
https://doi.org/10.3389/fped.2020.548154
http://www.aappublications.org/news
http://www.aappublications.org/news
https://doi.org/10.1136/bmj.c1594
https://doi.org/10.1136/bmj.c1594
https://doi.org/10.1136/adc.2010.183129
https://doi.org/10.1136/adc.2009.159095
https://doi.org/10.1136/adc.2009.159095
https://doi.org/10.1002/ebch.1978
https://doi.org/10.1080/03007995.2021.1928617
https://doi.org/10.1016/j.jclinepi.2009.02.005
https://doi.org/10.1016/j.jclinepi.2009.02.005
https://doi.org/10.1016/j.annemergmed.2004.06.016
https://doi.org/10.1016/j.annemergmed.2016.12.010
https://doi.org/10.1542/peds.2010-3852
http://www.publications.aap.org/pediatrics/article-pdf/146/4/e20200782/1245832/peds_20200782.pdf
http://www.publications.aap.org/pediatrics/article-pdf/146/4/e20200782/1245832/peds_20200782.pdf

	Heart rate and respiratory rate in predicting risk of serious bacterial infection in febrile children given antipyretics: prospective observational study
	Abstract
	Introduction
	Methods
	Design, setting and participants
	Data collection
	Outcome measures
	Statistical analysis

	Results
	Study cohorts
	Frequency of tachycardia and tachypnoea for different thresholds
	Association between tachycardia and tachypnoea at repeat measurement and SBI for different thresholds
	Diagnostic performance and discriminative ability of change in HR and RR for different threshold values

	Discussion
	Principal findings
	Comparison with previous research
	Strengths and weaknesses
	Clinical and research implications

	Anchor 19
	References


