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ABSTRACT
Objective The leukocyte count is frequently used to
evaluate suspected bacterial infections but estimates of
its test performance vary considerably. We evaluated its
accuracy for the detection of serious bacterial infections
in febrile children.
Design Prospective cohort study.
Setting Paediatric emergency department.
Patients Febrile 0–5-year-olds who had a leukocyte
count on presentation.
Outcome measures Accuracy of total white blood
cell and absolute neutrophil counts for the detection of
urinary tract infection, bacteraemia, pneumonia and a
combined (‘any serious bacterial infection’) category.
Logistic regression models were fitted for each outcome.
Reference standards were microbiological/radiological
tests and clinical follow-up.
Results Serious bacterial infections were present in 714
(18.3%) of 3893 illness episodes. The area under the
receiver operating characteristic curve for ‘any serious
bacterial infection’ was 0.653 (95% CI 0.630 to 0.676)
for the total white blood cell count and 0.638 (95% CI
0.615 to 0.662) for absolute neutrophil count. A white
blood cell count threshold >15×109/L had a sensitivity
of 47% (95% CI 43% to 50%), specificity 76% (95%
CI 74% to 77%), positive likelihood ratio 1.93 (95% CI
1.75 to 2.13) and negative likelihood ratio 0.70 (95%
CI 0.65 to 0.75). An absolute neutrophil count threshold
>10×109/L had a sensitivity of 41% (95% CI 38% to
45%), specificity 78% (95% CI 76% to 79%), positive
likelihood ratio 1.87 (95% CI 1.68 to 2.09) and
negative likelihood ratio 0.75 (95% CI 0.71 to 0.80).
Conclusions The total white blood cell count and
absolute neutrophil count are not sufficiently accurate
triage tests for febrile children with suspected serious
bacterial infection.

INTRODUCTION
Febrile illnesses are common in young children1

and account for 20% to 30% of all visits to paedi-
atric emergency departments.2–4 Although most
febrile episodes are self-limiting viral infections, a
significant proportion (7% to 27% depending upon
the setting) are due to serious bacterial infections,5–8

where a delayed diagnosis may lead to prolongation
of illness, untoward complications or death.9 10 In
one study, 95% of cases of bacteraemia, over half of
all cases of pneumonia and all urinary tract infec-
tions were missed on history and examination, high-
lighting the challenging nature of the clinical
evaluation of the febrile child.11 During the initial
assessment of febrile children, clinicians therefore
frequently rely on rapid laboratory tests, most com-
monly the total white blood cell and the absolute

neutrophil counts to assess the likelihood of under-
lying serious bacterial infections.12 13 International
guidelines and clinical decision rules for the evalu-
ation of febrile children provide specific white blood
cell count thresholds to guide further investigations
and antibiotic therapy.14–16

Results of previous studies of test performance of
total white blood cell count have been variable,
with the reported sensitivities and specificities for
the commonly used total white blood cell count
threshold of greater than 15×109/L ranging from
38% to 86% and 53% to 85%, respectively.7 17–22

Reports of test accuracy of the absolute neutrophil
count are equally contradictory (sensitivity range:
28% to 87%; specificity range: 68% to
95%).17 19 21 23 24 Despite the near universal use
of these tests in this setting, and the very common
nature of febrile illness in children, there remains
considerable uncertainty about their accuracy and
clinical utility. Furthermore, most of the studies were
performed before the introduction of routine

What is already known

▸ The white blood cell and absolute neutrophil
counts are frequently used in the initial
evaluation of febrile children for suspected
serious bacterial infections.

▸ Existing guidelines for evaluation of febrile
children endorse the use of specific white cell
count thresholds to guide management.

▸ Reports of the accuracy of these tests are
contradictory, based on small studies limited in
their design, conducted mostly in the
prepneumococcal vaccine era.

What this study adds

▸ The white blood cell and absolute neutrophil
counts are inaccurate markers of serious
bacterial infection in children less than 5 years
old presenting with fever.

▸ A white cell count threshold of 15×109/L
misses half of all serious bacterial infections
while misclassifying a quarter of self-limiting
illnesses.

▸ Recommendations regarding white cell count
testing for febrile children need careful
re-evaluation.
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pneumococcal immunisation and when Streptococcus pneumoniae
was the commonest cause of bacteraemia. Reliance on an inaccur-
ate marker to triage febrile children with a likelihood of under-
lying serious bacterial infection could cause delayed or missed
diagnoses if test sensitivity is low and overinvestigation and
overtreatment of self-limiting viral illnesses if specificity is low.
The aim of our study was to determine the test performance of
the total white blood cell and absolute neutrophil counts for the
detection of the three most common serious bacterial infections
in young children, namely urinary tract infections, bacteraemia
and pneumonia in a broad spectrum of young children present-
ing with fever. Our assumption was that these tests are used as
triage tools, to identify children who are test positive and pre-
sumably have high likelihood of infection, who would then be
investigated further and be treated empirically pending micro-
biological culture results.

METHODS
We incorporated the Standard for Reporting of Diagnostic
Accuracy (STARD) guidelines for reporting of diagnostic test
accuracy studies.25

Study design and setting
This is a substudy of the Febrile Evaluation of Children in
the Emergency Room (FEVER) study, conducted prospect-
ively in the Emergency Department of The Children’s
Hospital at Westmead between 1 July 2004 and 30 June
2006.5

Recruitment
Consecutive children under 5 years of age presenting to the
emergency department with a febrile illness (as defined else-
where)5 were eligible. All investigations including full blood
count were at the discretion of the treating doctors. For ethical
reasons we did not mandate that a full blood count or reference
standard tests (blood culture, urine culture, chest X-ray) be per-
formed on all eligible children.

Study exclusion criteria
Children transferred from another hospital, those with malig-
nancy, and transplant recipients were excluded. The unit of ana-
lysis was an instance of febrile illness. In case of multiple
presentations,5 for the same illness, the history and clinical
evaluation data from the first visit were included.

White blood cell count and differential count
Cells were stained using Stromatolyser 4DLS fluorescent dye.
Total and differential cell counts were performed by flow cyto-
metry using the Sysmex XT-2000i system.

Data collection
Children were triaged on presentation to the emergency depart-
ment by the triage nurse according to the Australasian triage
scale to one of five triage categories in decreasing order of clin-
ical urgency.26 Clinical information for each illness episode was
entered by the examining physician into a mandatory template
(described elsewhere),5 added to the hospital’s electronic record
keeping system. This information was entered into a research
data base. Records of investigations carried out at the hospital
were electronically linked by unique medical record number and
date to within 3 days of triage date of eligible febrile visits.

Outcome definitions
The primary outcomes of interest were the three most
common serious bacterial infections in young febrile children,
urinary tract infection, pneumonia and bacteraemia. There
were too few cases of other forms of serious bacterial infection
such as meningitis, osteomyelitis and septic arthritis to provide
robust estimates of test performance for these infections separ-
ately. We included these illnesses in a fourth category, ‘any
serious bacterial infection’, in combination with any of the
three common infections. In cases where multiple infections
clustered together, for example when a child developed con-
comitant urinary tract infection and bacteraemia, they were
included in all relevant outcomes. The reference standard test
criteria included culture positivity (for urinary tract infection
and bacteraemia) or radiological criteria (for pneumonia) as
detailed elsewhere.5

Follow-up
All participants were followed until they fulfilled the case defin-
ition for serious bacterial infection or until the fever had
resolved for over 24 h. Follow-up included review of hospital
records, and parental phone contact at day 10–14. Results of
tests done at any other healthcare facility were obtained with
parental permission.

Statistical analysis
The unit of analysis was a febrile illness with at least one total
white blood cell count performed on presentation. Where mul-
tiple counts were performed during a single illness, only the
first was analysed. For each of the outcomes of interest (urinary
tract infection, bacteraemia, pneumonia and any serious bacter-
ial infection), estimates of sensitivity and specificity (with their
95% CIs) were computed separately for total white blood cell
and absolute neutrophil counts at cut-off values commonly used
to define test positivity. A separate logistic regression model was
fitted for each outcome to generate the receiver operating char-
acteristic curve and corresponding area under the curve for total
white blood cell and absolute neutrophil counts. The analysis
was performed using computer software SAS V.9.3. The method
of DeLong et al27 as implemented in a SAS macro was used to
obtain CIs for the area under the curves.

Age and temperature are frequently included variables in deci-
sion rules and diagnostic algorithms for serious bacterial infec-
tions in febrile children. We assessed whether the accuracy of
total white blood cell count was modified by age by including
an interaction between total white blood cell count and age
group (0–<3 months, 3–<6 months, 6–<12 months, 12–
<24 months and ≥24 months) in the model. The same
approach was used to assess for any interaction with tempera-
ture (<38°C, 38–<39°C, 39–<40°C and ≥40°C). The Wald
statistic was used to test for interaction.

RESULTS
Participant recruitment
There were 15 781 episodes of febrile illness (involving 16 742
visits to the emergency department) that met the FEVER study
inclusion criteria (one illness episode could include more than
one visit) as shown in figure 1. Of these 3893 (24.7%) illnesses
had a full blood count reported and were included in this study.

Characteristics of the enrolled children
Of the 3893 febrile episodes, 1398 (35.9%) were in infants
under 1 year of age, 1051 (27.0%) were in the 1–2-year age
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group and 1444 (37.0%) were in ages between 2 and 5 years
(table 1). The median duration of illness was 48.0 h (IQR 24–
96 h). The most common provisional diagnosis was viral infec-
tion (in 913 (23.5%) illnesses).

Patient characteristics of the illness episodes included in this
study compared with the overall FEVER cohort are detailed in
table 2. Children and infants who received a more urgent triage
category (categories 1–3), required admission, had no obvious
focus of infection or had a provisional diagnosis of a serious
bacterial infection, and very young infants (under 3 months of
age) were more likely to undergo a full blood count.

Serious bacterial infections
One or more serious bacterial infections were present in 714
(18.3%) of the 3893 febrile illness episodes. These included
bacteraemia in 60 (1.5%) of the 3893 illness episodes with a

predominance of S pneumoniae (21), followed by Escherichia
coli (12), Staphylococcus aureus (6), other Staphylococcus
species (4), Streptococcus pyogenes (5), group B Streptococcus
(3), one each of Salmonella species and Neisseria meningitidis
and seven other miscellaneous organisms. Pneumonia was diag-
nosed in 328 (8.4%) and urinary tract infections in 345 (8.9%)
of the 3893 illness episodes. Two or more serious bacterial
infections were present in 38 illness episodes.

Test performance of the total white blood cell count and
absolute neutrophil count
The area under the receiver operating characteristic curve for
the combined ‘any serious bacterial infection’ category was
0.653 (95% CI 0.630 to 0.676) for total white blood cell count
and 0.638 (95% CI 0.615 to 0.662) for absolute neutrophil
count with similar results across individual infection categories.

Figure 1 Patient flow chart.
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Threshold-specific sensitivities, specificities and likelihood ratios
are provided in figures 2 and 3. There was no evidence that the
test performance of the total white blood cell count for ‘any
serious bacterial infection’ differed by age group (p value for
interaction=0.66) or temperature category (p value for
interaction=0.52).

DISCUSSION
In this large prospective cohort study, the total white blood cell
and absolute neutrophil counts failed to detect the three most
common serious bacterial infections in young febrile children
with fever across a broad range of ages. The low sensitivity and
specificity at the conventional threshold of 15×109/L for the
total white blood cell count is an important finding for policy
and practice as many practice guidelines and decision rules for

the evaluation of young infants and children with fever have
recommended this cut-off value for gauging the likelihood of
serious bacterial infection.14–16 28 29 The policy statement by
the National Institute for Health and Care Excellence on evalu-
ation of febrile illness states that well appearing febrile infants,
1–3 months of age with a total white cell count between 5×109/
L and 15×109/L may be exempt from lumbar puncture and
empiric antibiotic therapy.29 Various low risk (of sepsis) criteria
for evaluation of febrile young infants include similar

Table 1 Demographic and clinical characteristics of the study
population (n=3893)

Number Per cent

Males 2176 55.9
Age (months)
<3 400 10.3
3–5 315 8.1
6–11 683 17.5
12–23 1051 27.0
≥24–60 1444 37.1

Temperature at triage (°C)
≤37.9 576 14.8
38.0–38.9 1321 33.9
39.0–39.9 1387 35.6
≥40 609 15.6

Duration of illness (hours)
<24 570 14.6
24–47 858 22.0
48–71 804 20.7
72–96 546 14.0
>96 1115 28.6

Total white blood cell count (×109/L)
<5 259 6.7
≥5–15 2516 64.6
>15–20 609 15.6
>20 509 13.1

Absolute neutrophil count (×109/L)

<2 356 9.2
≥2–10 2496 64.7
>10–15 616 16.0
>15 390 10.1

Provisional diagnoses in the emergency department
Suspected viral illness 913 23.5
Fever with no identifiable focus 795 20.4
Other 410 10.5
Focal infection* 351 9.0
Acute gastroenteritis 356 9.1
Pneumonia 350 9.0
Asthma/croup/bronchiolitis 244 6.3
Febrile convulsion 172 4.4
Urinary tract infection 171 4.4
Other conditions† 131 3.4

*Ear, nose and throat infections, skin infection and lymphadenitis.
†Allergy, sepsis, meningitis, osteomyelitis and Kawasaki disease.

Table 2 Frequency of full blood count testing according to patient
characteristics

Total number
of illnesses

Full blood
count done
n %

Overall 15 781 3893 24.7
Age (months)
<3 728 400 55.0
3–5 914 315 34.5
6–11 2989 683 22.9
12–23 4877 1051 21.6
≥24–60 6273 1444 23.0

Gender
Male 6967 2176 31.2
Female 8814 1717 19.5

Highest recorded temperature (°C)
≤37.9 3446 1075 31.2
38–38.9 5624 1055 18.8
39–39.9 4994 1225 24.5
≥40 1717 538 31.3

Triage category
1 (most urgent) 30 23 76.7
2 453 281 62.0
3 4894 1972 40.3
4 6936 1269 18.3
5 (least urgent) 3468 348 10.0

Admission to hospital
Admitted 1912 1650 86.3
Not admitted 13 869 2243 16.2

Provisional diagnosis
Viral infection 5940 913 15.4
Fever no focus 1285 795 61.9
Other 974 410 42.1
Gastroenteritis 2186 356 16.3
Asthma/croup/bronchiolitis 2125 244 11.5
Focal infections* 1586 351 22.1
Pneumonia 641 350 54.6
Febrile convulsion 420 172 41.0
Urinary tract infection 295 171 58.0
Allergy 244 55 22.5
Sepsis, meningitis, osteomyelitis 72 64 89.0
Kawasaki disease 13 12 92.3

Serious bacterial infections
Urinary tract infection 543 345 63.5
Pneumonia 533 328 61.5
Bacteraemia 64 60 93.8

Meningitis 8 6 75.0
Osteomyelitis 12 10 83.3
Septic arthritis 6 5 83.3
≥2 serious bacterial infections 44 38 86.4

*Ear, nose and throat infections, skin infection and lymphadenitis.
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recommendations.16 Appearance itself is a poor discriminator of
serious bacterial infection in young infants,30 and our findings
suggest that relying on the white cell count would miss serious
bacterial infections in this very vulnerable population. The
American College of Emergency Physicians’ clinical policy for
young children presenting to emergency department with fever,
recommends consideration of empiric antibiotic therapy for pre-
viously healthy, well appearing children, aged between 3 and
36 months with fever without a source, a temperature above
39°C and total white blood cell count of 15×109/L or greater.14

This cut-off would miss a significant proportion of children
with serious bacterial infections, perhaps as many as one-half,
while subjecting a quarter of those with fever due to self-
limiting illness to unnecessary tests, treatment or hospitalisation.
As well as promoting misclassification for individual children,
the widespread use of these tests means that the costs of testing,
hospitalisation and treatment of relatively well children with
‘elevated’ counts are substantial. Our study strongly suggests
that these tests should not be routinely used to guide manage-
ment in otherwise healthy children presenting with an intercur-
rent febrile illness. However, leukocyte count has a definite role
in a select subset of febrile presentations, including immune sup-
pressed children, for example those on chemotherapy, who are
at a high risk of neutropenic sepsis or those with prolonged
unexplained or recurring fevers where the differential diagnoses
would include conditions such as haematological malignancies.
Our findings should not preclude testing in these clinical
contexts.

Previous studies with findings similar to ours mostly lacked preci-
sion and generalisability in view of either small sample size,

incomplete or unreported verification of outcome, narrow age
ranges, sole outcome measure (bacteraemia) or had preceded the
introduction of routine pneumococcal immunisation.7 8 17 20–

22 31 32 Studies which reported favourable estimates of test per-
formance tested only for bacteraemia, with pneumococcal bac-
teraemia predominating, in children aged between 3 and
36 months.18 19 33

Our study has several strengths. It is large, with precise esti-
mates of test performance, included a broad range of ages and
all serious bacterial infections of interest. Very few included chil-
dren did not have their final diagnosis clarified through
follow-up and follow-up testing. But there are some potential
limitations. Confirmation of bacterial pneumonia was based
mostly on radiological testing since routine culture of pleural
fluid is not clinically justifiable. All abnormal radiographs were
reviewed by two specialist paediatricians experienced in infec-
tious diseases and respiratory medicine and a radiologist but
there remains a possibility of misclassification of some viral
pneumonias falsely lowering test sensitivity. However, the tests’
performance characteristics for pneumonia did not differ from
the other infection categories. There was an identifiable focus of
infection in 9% of the study population, some of which may
have been of bacterial origin where the leukocyte counts may
have been appropriately elevated, falsely lowering the test speci-
ficity. As they were relatively few in number, we believe that it is
unlikely to have had a significant impact on the overall accuracy
of our analysis. Only one-quarter of the FEVER cohort had a
full blood count. As expected, infants and children who were
more unwell on presentation were more prone to testing.
Selective testing of the more unwell children may have resulted

Figure 2 Receiver operating
characteristic curve of the total white
blood cell (WBC) count for detecting
serious bacterial infections in young
children with fever.
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in overestimates of test performance due to spectrum bias.
However, testing all children was not possible ethically. Recent
results from the National Hospital Ambulatory Medical Care
Survey of Emergency Department practice in the US showed
that a full blood count was ordered in 20.5% of children aged
3–36 months who presented with fever and without source.3 In
our study 24.7% of all febrile illnesses had a full blood count,
suggesting our results are broadly transferrable. Finally, not all
children who had a full blood count had microbiological and
radiological verification (see figure 1). To minimise the potential
for verification bias, we applied a double reference standard,
whereby children were classified as negative for serious bacterial
infection if all reference standard tests were done and were
negative or if on follow-up a parent reported resolution of the
child’s illness by day 10–14. We had a high follow-up rate of
95.9% but there remains a possibility that some cases of bacter-
aemia, urinary tract infection and pneumonia that resolved
spontaneously may have been missed. These biases typically
cause overestimates of test performance. Given our findings, the
policy and clinical implications of our study remain and perhaps
should be even stronger.

CONCLUSION
To conclude, the total white blood cell and absolute neutrophil
counts do not have sufficient accuracy to be useful as triage
tools for evaluating likelihood of serious bacterial infections in
febrile children. Clinicians relying on these tests risk overinvesti-
gation and overtreatment of children with benign, self-resolving
illnesses as well as missing a substantial proportion of children
with serious bacterial infections.
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