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INFECTIOUS DISEASES

A predictive model to estimate the risk
of serious bacterial infections

in febrile infants

Abstract Low risk criteria have
been defined to identify febrile in-
fants unlikely to have serious bacter-
ial infection (SBI). Using these crite-
ria approximately 40% of all febrile
infants can be defined as being at
low risk. Of the remaining infants
(60%) only 10%—20% have an SBL
No adequate criteria exist to identify
these infants. All infants aged 2
weeks—1 year, presenting during a
1-year-period with rectal temperature
>38.0°C to the Sophia Children’s
Hospital were included in a prospec-
tive study. Infants with a history of
prematurity, perinatal complications,
known underlying disease, antibiotic
treatment or vaccination during the
preceding 48 h were excluded. Clini-
cal and laboratory variables at pre-
sentation were evaluated by a multi-
variate logistic regression model us-
ing SBI as the dependent variable.
By using likelihood ratios a predic-
tive model was derived, providing a
post test probability of SBI for every
individual patient. Of the 138 infants
included in the study, 33 (24%) had
SBI. Logistic regression analysis de-
fined C-reactive protein (CRP), dura-

tion of fever, a standardized clinical
impression score, a history of diar-
rhoea and focal signs of infection as
independent predictors of SBI.

Key words Infant - Fever - Bacterial
infection - Logistic regression

Abbreviations CRP C-reactive
protein - SBI serious bacterial
infection - UTT urinary tract infection

introduction

The evaluation and management of febrile infants remains
controversial [1, 33, 9, 14, 15, 22]. Serious bacterial in-
fections (SBI) are reported to occur in 3%—15% of these
patients and can be difficult to identify [15, 19, 23]. Using

the Rochester criteria, or modifications thereof, about
40% of all febrile infants can be assigned to a low risk
group for SBI [3-5, 7-9, 14]. The negative predictive
value of these criteria is high (94.6%-98.9%) [19]. How-
ever, of the remaining 60% only about 12% will actually
have SBI. The rest is at risk for overtreatment [1, 3, 10,
14, 19]. It thus appears desirable to have positive criteria
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identifying infants at high risk of having SBI. In this study
we determined independent predictors of SBI in febrile in-
fants using multivariate logistic regression analysis [17].

Patients and methods
Patients

The Sophia Children’s Hospital, University Hospital Rotterdam, in
the Netherlands has a catchment area of nearly 2 million habitants.
The paediatric emergency ward is open 24 h per day, and admits
yearly about 4000 children. These children are either self-referred
or referred by a general practitioner. In this study all infants aged
2 weeks—1 year, who presented during a 1-year-period with rectal
temperature > 38.0° C, measured on the ward were prospectively
followed. Infants who were borm preterm (gestational age < 37
weeks), had perinatal complications, received antibiotics or had
been vaccinated in the 48 h preceding the visit, and infants with a
known previous or underlying disease were excluded. Informed
consent was obtained from the parents of the infants.

Variables

Data on history, observation and physical examination were ob-
tained using a standard form. Clinical impression was standardized
using a modification of variables proposed by McCarthy et al. [20,
21]: the child’s looking around the room, spontaneous movement
of arms and legs, reaching for objects, tonus and hydration. These
variables were scored on an ordinal scale (0 = normal, 1 = moder-
ately impaired, 2 = severely impaired). Skin colour was scored as
“normal” or “impaired” (i.e. cyanotic, flushed/mottled or pale). The
variables which appeared to be significantly associated with SBI in
this population were then used to compose a “standardized clinical
impression score”. Respiratory rales, signs of nucheal rigidity, of
enteritis, of arthritis, a skin lesion or a positive urinalysis (as de-
fined below) were considered as “focal signs of infection”.

Laboratory data included WBC and differential counts, ESR, C-
reactive protein (CRP) and urinalysis. Urine was cultured, when the
urinalysis was positive, which means a dipstick for leucocyte-es-
terase was positive and/or ten leucocytes or more per high power
field were present in the urinary sediment. Blood samples, nose and
throat swabs, and stool specimens were cultured. Lumbar puncture
and chest radiography were left to the discretion of the house offi-
cer, and tympanocenthesis was performed if suggested by the ENT
consultant. Joint fluid and skin were cultured when arthritis or skin
lesion respectively, were suspected. All infants were re-evaluated
14 days after presentation. The outcome variable was SBI, defined
as bacterial growth in cultures from blood, CSF or urine, or as
growth of Salmonella, Shigella or Campylobacter species in stool.
Urinary tract infection (UTI) was defined by a urine culture with
=105 colonies/ml of a single organism. Presumptive clinical diagnosis
of otitis media, cellulitis, arthritis and osteomyelitis was regarded as
SBI only in combination with bacterial growth in specimen culture
from middle ear aspirate, soft tissue, joint and bone respectively. In-
fants with a chest roentgenogram yielding pulmonary infiltrate, con-
firmed by an attending radiologist, were considered as having seri-
ous illness and included in the SBI group. Staphylococcus epider-
midis and other skin commensales were considered to be contami-
nants in this population of previous healthy infants. Those who de-
fined the outcome were blinded for the predictive findings.

Analysis

The results were compiled by a predesignated format, and sub-
jected to univariate and multivariate analyses. For univariate

analysis, continuous variables were divided into thirds, and the
first was used as reference. For the WBC counts the reference was
the range between 5,000-15,000/mm?. For variables scored on the
three-point ordinal scale, the first category was used as a reference.
The 95% confidence intervals for the risk ratios were calculated
according to Woolf [11]. The variables introduced in the logistic
regression model were those with perceived clinical relevance,
those identified by the univariate analysis, or those reported as of
diagnostic value by others. Diagnostic variables were selected on
the basis of the maximum likelihood ratio. Variables were in-
cluded in the model if they substantially improved the log likeli-
hood (P < 0.10). The SAS package was used for statistical compu-
tations. To calculate post test probabilities and likelihood ratios the
mathcad mathematical package was used. In the group of infants
without focal signs of infection pretest probability of SBI was esti-
mated based on recent literature data [3, 5, 6, 14].

Results

Of 196 febrile infants presented to the ward in the study
period, 58 (29.6%) were excluded: 23 for previous antibi-
otic treatment, 14 for premature birth or perinatal compli-
cations, 7 for previous vaccination and 8 for known un-
derlying disease. Six infants were excluded because no
blood culture results were available.

A total of 138 infants were enrolled in the study of
whom 77 (56%) were males; 67 (49%) were referred by a
general practitioner, while the remainder were self-referred.
Physical examination revealed in 73 infants (53%) either no
cause for the fever or only trivial symptoms of upper respi-
ratory tract infections. SBI was diagnosed in 33 infants
(24%): UTI 9 (2 accompanied by bacteraemia), meningitis
6 (4 with bacteraemia), enteritis 6 (no bacteraemia), pneu-
monia 5 (no bacteraemia), arthritis/cellulitis 2 (1 with bac-
teraemia), purulent otitis media 2 (no bacteraemia) and bac-
teraemia without focal signs of infection 3. The most fre-
quent SBI was bacteraemia (n = 10, 7.3%). Of the referred
and self-referred infants, 31% and 17% respectively had
SBI (relative risk 1.86, 95% confidence interval 0.99-3.47).

Univariate analysis revealed that the following vari-
ables were associated with a significantly increased risk
of SBI: age < 1 month, duration of fever = 48 h, a history
of diarrhoea, focal signs of infection, WBC > 15,000/mm?,
more than 3% band forms in the peripheral smear (or
more than 500 band forms/mm?), ESR > 20 mm/h and
CRP > 20 mg/l. Gender, degree of fever, tonus and hydra-
tion were not associated with increased risk ratios (Table
1). Of the variables used to standardize clinical impres-
sion, highest scores for “looking around the room”,
“spontaneously moving arms and legs”, and “reaching for
objects”, as well as an impaired skin colour were associ-
ated with statistically significant risk ratios. The sum of
these scores was used as a “clinical impression score”. An
infant, classified by this score as severely ill, had a signif-
icant higher statistical risk of SBI (Table 2).

Logistic regression analysis identified CRP, duration of
temperature = 38.0°C, the “clinical impression score”, a
history of diarrhoea and focal signs of infection as predic-
tors of SBI with the highest discriminating power (values
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Table 1 Univariate analysis of
the clinical and laboratory vari-

ables. (RR relative risk, C/
95% confidence interval)

Table 2 Univariate analysis of
the variables used to standard-

ize clinical impression. The

clinical impression score is the

sum of the shown observa-
tional variables

Variable Category SBI/total RR 95% CI
Gender Female 12/61 1
Male 21/77 1.39 0.74- 2.59
Age (months) -~ 1 5/6 1
-3 7724 0.35 0.17- 0.72
- 6 8/47 0.20 0.10- 0.41
-12 13/61 0.26 0.14~ 0.47
Duration of —24 15/80 1
temperature > 38°C (h) —48 5/26 1.03 0.42- 2.56
> 48 13/32 2.17 1.17- 4.03
Diarrhoea No 18/102 1
Yes 15/36 2.36 1.34- 4.18
Temperature (°C) 38 - 13/52 1
39 — 16/60 1.07 0.57- 2.01
40 — 4/26 0.53 0.28— 1.00
WBC (10%/mm?) -5 1/5 1.11 0.18— 6.80
- 15 15/83 1
> 15 17/49 1.92 1.06- 3.49
Absolute Bands - 05 18/103 1
(103/mm?) -5 13/30 2.48 1.38— 4.46
> 5 2/2 5.72 2.71-12.10
ESR (mm/h) -20 7/70 1
-50 13/36 3.61 1.58— 8.25
> 50 10/15 6.67 3.03-14.68
CRP (mg/l) -5 1/16 1
-20 4/54 1.19 0.14— 9.91
> 20 25/57 7.02 1.03-47.90
Variable Category Score SBI/total RR 95% CI
Looking around the room Normal 0 16/79 1
Moderately
Impaired 1 7/39 0.89 0.40-1.98
Severely
Impaired 2 10/18 2.74 0.82-5.00
Moving arms and legs Normal 0 16/92 1
spontaneously Moderately
Impaired 1 9/32 1.34 0.66-2.72
Severely
Impaired 2 8/12 3.83 2.11-6.98
Reaching for objects Normal 0 16/85 1
Moderately
Impaired 1 5/29 0.92 0.37-2.28
Severely
Impaired 2 10/20 2.66 1.43-4.95
Colour (cyanotic or pale Normal 0 12/75 1
or flushed/mottled) Impaired 2 21/63 2.08 1.12-3.89
Clinical impression Normal 0-2 12/83 1
Moderately
il 3-5 8/30 1.84 0.84-4.07
Severely ill 6-8 11721 3.62 1.87-7.03




471

for one of the variables were missing in 24 infants). None
of the infants without focal signs of infection (n = 53) ap-
peared to have SBI. For infants with focal signs of infec-
tion (values for one of the variables were missing in 18 in-
fants) the highest discriminating power was reached by
the same variables found in the total group: CRP, duration
of temperature = 38°C, the clinical impression score and
a history of diarrhoea (Table 3). For these infants, post test

Table 3 The independent predictors of SBI selected in the logis-
tic regression analysis. (OR odds ratio, CI 95% confidence interval
of the odds ratio.) The odds ratio is a measure of the increase in
risk for SBI. In the variable CRP it represents the risk increase
with each mg/l, in the variable impression score it represents the
risk increase with each score point

Variable Coefficient OR 95% C1
(n==67y

CRP (mg/ml) 0.03 1.03  1.01- 1.05

Duration of temp > 48 h 1.35 3.85 1.11-13.34

Clinical impression (0-8) 0.20 1.22  0.95- 1.57

A history of diarrhoea 1.15 315 097-10.19

@ Infants with focal signs of infection

Table 4 Post test probabilities of SBI, given various values of the
variables retained in the diagnostic model. A For infants with focal
signs of infection. B for infants without focal signs of infection,

A

probabilities of SBI were calculated for the various values
of the variables retained in the diagnostic model (Table
4a). The adequacy of fit of the model was as follows: in
16 patients with a predicted probability of SBI (Pgp)
<0.15, according to the model 1.7 infants were predicted to
have SBI, whereas 1 was observed. In 18 patients (0.15 <
Pgp; <0.35) 4.6 patients with SBI were predicted, whercas
5 were observed. In 13 patients (0.35 < Pgy, <0.55) 6.4 in-
fants with SBI were predicted, whereas 8 were observed.
Finally, in 20 patients with Pgg; > 0.55 16.3 infants were
predicted to have SBI, whereas 15 were observed. (¥2 =
0.83; degrees of freedom = 2, P > 0.1). For infants with-
out focal signs of infection the probability of SBI was 0.
In this group of 53 infants CRP was low (median 11.5
mg/l, range 3-120 mg/1), only 9 infants had been febrile
longer than 48 h, 4 scored severely ill, and 8 had a posi-
tive history of diarrhoea. For this specific group we as-
sumed a pretest probability of SBI of 0.08, based on data
on prevalence of SBI in comparable infants reported in lit-
erature [3, 5, 6, 14]. Using the likelihood ratios of the re-
maining independent predictors of SBI retained in our di-
agnostic model, we calculated post test probabilitics
(Table 4b). According to these calculations, six (11.3%)
of the infants without focal signs of infection would have

based on a pretest probability of 0.08 (see text). Note that the pre-
dictive model is not validated for direct clinical use, but is meant
as an illustration of the clinical potential of the used technique

Clinical impression Score 0-2 Score 3-5 Score 6-8
Hours of temp. > 38°C <48 > 48 <48 > 48 <48 > 48
Diarrhoea No Yes No Yes No Yes No Yes No Yes No Yes
CRP mg/l 5 0.05 0.16 0.15 0.40 0.10 0.29 0.28 0.59 0.20 0.47 047 0.76
25 0.08 0.25 0.25 0.55 0.17 043 042 0.73 0.31 0.62 0.61 0.85
45 0.14 0.38 0.37 0.67 0.27 0.57 0.57 0.83 0.45 0.75 0.74 0.91
65 0.23 0.53 0.52 0.80 0.40 0.71 0.71 0.90 0.60 0.84 0.84 0.95
85 0.36 0.67 0.66 0.88 0.55 0.82 0.81 0.94 0.72 0.91 0.91 0.97
105 0.50 0.79 0.78 0.93 0.69 0.89 0.89 0.97 0.83 0.95 0.95 0.99
155 0.82 0.94 0.94 0.98 0.91 0.97 0.97 0.99 0.96 0.99 0.99 1
B
Clinical impression Score 0-2 Score 35 Score 6-8
Hours of temp. > 38°C <48 >48 <48 >48 <48 > 48
Diarrhoea No Yes No Yes No Yes No Yes No Yes No Yes
CRP mg/1 5 0.006  0.02 0.02 0.07 0.01 0.04 0.04 0.14 0.03 0.09 0.09 0.26
25 0.01 0.04 0.04 0.12 - 0.02 0.08 0.07 0.23 0.05 0.15 0.15 0.39
45 0.02 0.06 0.06 0.20 0.04 0.13 0.13 0.35 0.08 0.25 0.24 0.54
65 0.03 0.11 0.11 0.31 0.07 0.21 0.21 0.49 0.14 0.38 0.37 0.68
85 0.06 0.18 0.18 0.45 0.12 0.33 0.33 0.64 0.23 0.52 0.52 0.80
105 0.10 0.29 0.29 0.59 0.20 0.48 0.47 0.76 0.35 0.67 0.66 0.88
155 0f33 0.65 0.64 0.87 0.52 0.80 0.80 0.94 0.71 0.90 0.90 0.97
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been thought to have an increased post test probability of
SBI (P > 0.08), ranging from 0.10-0.61. The other infants
all had decreased post test probabilities ranging from
0.006-0.04.

Discussion

Age, temperature, toxic appearance and the modified
Rochester criteria have been proposed as important diag-
nostic features in the management of febrile infants and
children [4].

In this study we looked for independent clinical and lab-
oratory criteria for the diagnosis of SBI in febrile infants
using multivariate analysis. We found that CRP, the
duration of fever, a “standardized clinical impression
score”, a history of diarrhoea and focal signs of infection
were the variables with the strongest discriminating power
for SBI. Although the variables age, WBC and the band
count were, using univariate analysis, associated with an
increased risk of SBI, they provided no additional value in
discriminating those febrile infants with or without SBL

The prevalence of SBI in our study (24%) was high in
comparison to other reports [3, 4, 14]. This may be atirib-
uted to the high percentage of infants (49%) referred by
general practioners since the prevalence of SBI in the re-
ferred infants was almost double that in the self-referred
infants. In our study 83% of infants less than 28 days of
age were diagnosed as SBI. This high prevalence is in
concordance with previous reports and supports the re-
cently published guidelines that these infants be admitted
to hospital and started on antibiotic treatment pending cul-
ture results [4, 19]. In contrast to other reports the risk for
SBI in infants 1-3 months was no greater than the risk in
infants aged 3—-12 months [4, 6, 23].

The clinical impression is a key component in var-
ious studies on febrile infants [2, 8, 14, 21]. The des-
cription “toxic appearance” is however subjective and
dependent on the physicians experience [19, 23]. We
therefore devised a “standardized score of clinical impres-
sion” based on objective observations applicable to in-
fants in this age group. These observations are simple to
perform and less dependent on the physicians experience
[20, 21].

The logistic regression function used in this study of-
fers distinct advantages. By defining cut off points at
which a test is positive or negative, information on the to-
tal range of values of a variable is lost. Using the logistic
regression function the complete information provided by
a continuous variable can be maximally used. In addition
dependencies between the results of different tests can be
taken into account. Given these properties more precise
estimates of the post test probability of SBI can be calcu-
lated. The coefficients in the regression model (Table 3),
illustrating the potential of each variable in discriminating

between SBI and no SBI, are valid in every population.
After adjusting the pretest probability, which is deter-
mined by the prevalence of SBI in a specific population,
the model can be used in various populations. Using this
predictive model post test probabilities for every febrile
infant aged 2 weeks to 1 year, can be calculated. The
value of this kind of model is in guiding threshold based
decision making [26]. The decision to withhold therapy
depends on the no treatment threshold, which is a measure
of the balance of the benefits of the treatment of infants
with SBI and the costs and risks of treatment of infants
without SBI. The management of infants with suspected
SBI should take into account the costs to the individual in-
fant in terms of hospitalization and side-effects of antibi-
otic treatment but also the costs to the community, as un-
necessary antibiotic treatment may increase resistance to
antibiotics. Formal decision analysis may help to find the
probability of SBI at which the trade off between the costs
and benefits of treatment is most favourable for the pa-
tient, paediatrician and community [16, 22].

It has been stated that febrile infants who present with
focal signs of infection do not pose diagnostic or therau-
peutic dilemmas [4, 25]. Our results contradict these state-
ments as the prevalence of SBI in febrile infants with a fo-
cal sign of infection was 44%. Had all febrile infants with
a focal sign of infection been treated for SBI, more than
half would have been treated unnecessarily, incurring
needless risks and expenses [10, 16]. The probability of
SBI in a patient with a focal sign of infection can be esti-
mated more precisely by our defined independent predic-
tors. For example, by applying our diagnostic model to an
infant with a focal sign of infection, a clinical impression
score 0-2, no history of diarrhoea, a temperature of less
than 48 h duration and a CRP of 5 mg/l, one can reduce
the probability of SBI from 0.44 to 0.05. Had the CRP
been 155 mg/l our diagnostic model would adjust the risk
for SBI in this infant to 0.82.

Certain aspects of our study require further explana-
tion. In the group of infants without focal signs of infec-
tion no patients had SBI, thus presuming a negative pre-
dictive value of 100%. This result may be due to the small
number of patients in our study. Based on comparability
with other studies we assumed a pretest probability of 8%
in this group of infants [3, 5, 6, 14]. The high prevalence
of SBI in the total group might be influenced by the high
proportion of patients referred by a general practioner. In
our study no SBI not identified by work up at presentation
was detected during the 14-day follow up. A lumbar
puncture and urine culture were not routinely performed
in all infants. Because of the 14-day follow up period we
feel that missed bacterial menigitis could be excluded.
Urine samples were only cultured when the urine screen-
ing was positive. Although the negative predictive value
of a screening method using combined elements of urin-
analysis has been demonstrated to be high, UTI’s might
have been missed [7, 13, 18, 24]. However the prevalence
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of UTI in our population (7%) and the percentage of UTI
in relation to the total number of SBI (27%) is comparable
to the percentages reported in the literature [3, 4, 12].
These results plus the negative findings after a 14-day fol-
low up period make it unlikely that any UTD’s were
missed.

We conclude that the independent predictors of SBI in
febrile infants, identified using logistic regression analy-
sis, were CRP, the duration of fever, a “standardized clin-
ical impression score”, a history of diarrhoea and focal

signs of infection. However, our diagnostic model must
still be prospectively validated in other population groups.
The purpose of its presentation is therefore not to advo-
cate its immediate use in practice but to illustrate its clin-
ical potential in the management of febrile infants. This
approach offers the advantage of assessing the probability
of SBI in individual infants, providing the best basis for
well-founded decisions in the management of these in-
fants.
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