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ABSTRACT

A ims: To assess the incidence and aetiology of potentially serious
bacterial disease (PSBD), viral infection and viral-bacterial coin-
fection in a sample of febrile infants aged less than three

months.
Methods: Prospective study of infants aged less than three months ad-
mitted to our hospital because of fever. A complete sepsis study was
performed in all cases, with lumbar tap in selected cases. PSBD is de-
fined as the growth of bacteria in blood, urine or cebrospinal fluid
(CSF). The presence of Respiratory Syncitial Virus and of influenza A
and B viruses was assessed during the epidemic period, and enterovi-
ruses were investigated using the polymerase chain reaction in eleven
patients aged less than one month. The SPSS 12.0 software was used
for the analysis.
Results: The study population comprised 136 infants aged less than th-
ree months. Seventy patients (51.5%) met the Rochester low-risk crite-
ria. The most common final diagnoses were non-focal febrile syndrome
and urinary infection. PSBD was demonstrated in 33 cases (24.3%)
(31 urine cultures, 2 CSF cultures and 7 blood cultures were positive).
The incidence of documented viral infection was 30.8%. Viral and bac-
terial coinfection was demonstrated in 2 cases (4.8% of the total num-
ber of virus-infected patients). Enterovirus was demonstrated in the
CSF in 5 (45.5%) of 11 cases studied; none of them had positive bac-
terial cultures.
Discussion: In the present study, urinary infection was the most fre-
quently occurring potentially serious bacterial disease, with an inciden-
ce higher than those reported in other series. The inclusion of rapid vi-
rological diagnostic tests in the diagnostic algorithms helps in selecting
those infants with lower risk of bacterial infection and opens new pers-
pectives for the management of febrile infants aged less than three
months.

RESUMEN

Fiebre en el lactante menor de 3 meses: incidencia

de enfermedad bacteriana potencialmente grave y

utilidad de los test de diagnóstico rápido virológico

O bjetivos: Determinar la incidencia y la etiología de la enferme-
dad bacteriana potencialmente grave (EBPG), de la infección
vírica y de la coinfección (vírica y bacteriana) en una muestra

de lactantes febriles menores de tres meses.
Métodos: Estudio prospectivo de lactantes menores de tres meses que in-
gresaron en nuestro centro por fiebre. A todos ellos se les realizó estudio
completo de sepsis, con punción lumbar en casos seleccionados. Se define
enfermedad bacteriana potencialmente grave como el crecimiento de un mi-
croorganismo bacteriano en sangre, orina o líquido cefalorraquídeo. Se de-
terminó la presencia de virus respiratorio sincitial (VRS) y virus Influenzae A
y B durante el período epidémico, y la presencia de enterovirus, por reac-
ción en cadena de la polimerasa, en 11 pacientes menores de un mes. Para
el análisis de los resultados se utilizó el programa SPSS (versión 12.0).
Resultados: Se incluyeron 136 lactantes febriles menores de tres meses.
Cumplían los criterios de bajo riesgo de Rochester 70 pacientes (51,5%).
Los diagnósticos finales más frecuentes fueron síndrome febril sin foco e
infección urinaria. En 33 casos (24,3%) se demostró una EBPG (31 uro-
cultivos, 2 cultivos de líquido cefalorraquídeo y 7 hemocultivos resultaron
positivos). La incidencia de infección vírica demostrada fue del 30,8%. En
2 pacientes se demostró coinfección vírica y bacteriana (un 4,8% del total
de los pacientes infectados por virus). Se detectó la presencia de entero-
virus en líquido cefalorraquídeo en 5 (45,5%) de 11 casos estudiados,
ninguno de ellos mostró cultivos bacterianos positivos.
Discusión: En nuestro estudio, la infección urinaria se muestra como la en-
fermedad bacteriana potencialmente grave con mayor incidencia, superior
a la hallada en otras series. La incorporación a los algoritmos diagnósticos
de los test de diagnóstico rápido virológico ayuda a seleccionar a los lac-
tantes con menor riesgo de padecer enfermedad bacteriana, y abre nue-
vas perspectivas en el manejo del lactante febril menor de tres meses.

Palabras clave: Lactante febril. Infección bacteriana. Test de
diagnóstico rápido virológico.
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INTRODUCTION

A high temperature is one of the main reasons people co-
me to the paediatric emergency department. The cause of fe-
ver remains unclear in up to 20% cases after a complete me-
dical history is taken and physical exam is carried out1.

In infants under three months old the risk of potentially
serious bacterial infection (PSBI) is higher than for other chil-
dren and stands at 6-10% according to some series2-4. Infec-
tions affecting children of this age do not usually present
many signs or symptoms and many are vague and vary wi-
dely. Therefore, different diagnostic and treatment markers
have been investigated to help identify the patients who requi-
re a more aggressive initial approach5. Therefore, different
scales have been designed, for example: the Rochester criteria
(for infants � 60 days old) which divides patients into high
and low risk (Table 1); the Philadelphia protocol (infants bet-
ween 29 and 60 days old); and the Boston criteria (infants
between 28 and 89 days old)6-9. By using clinical criteria and
tests it is possible to identify children who run a higher risk
of having PSBI. Garra et al9 confirmed the reliable negative
predictive value of the Rochester and Philadelphia criteria
when applied to different types of infant populations in a re-
cent study (98.8% and 99.7% respectively).

New biochemical markers have recently been introduced
(Interleukin-6, Procalcitonin, Tumoral Necrosis Factor) with
the aim of identifying PSBI in the early stages10,11. Similarly,
rapid diagnostic tests (RDT), (used mainly for RSV, influenza
A and B viruses and enterovirus) are gradually being introdu-

ced into daily clinical practice and as a result many authors
have highlighted the need to re-evaluate the existing protocol
regarding the diagnosis and treatment of febrile infants12,13.

The first aim of this study was to assess incidence rates in
Spain and the causes of PSBI and viral infections in infants
under three months old. The second aim was to identify co-in-
fection incidence in cases in whom RDT were carried out in
order to establish whether confirming a viral cause meant a
reduction in the risk of PSBI.

PATIENTS AND METHOD

A prospective study was carried out on 136 infants under
three months old admitted to Short Stay and Hospitalisation
Units, from our emergency department between 1st Septem-
ber and 31st December 2003 with an axillary temperature of
38°C or above. Tests had been also been carried out in all
subjects. Despite the fact that rectal temperature is the most
reliable indicator for children of this age, the axillary tempe-
rature taken using a digital thermometer was used for this
study because it was the easierst and most comfortable option
for the patient. Infants with chronic diseases were excluded
from the study.

PSBI was defined as the growth of bacteria in a biological
liquid that is normally sterile [cerebrospinal fluid (CSF), blo-
od or urine]. The Rochester criteria was used to assess whet-
her the risk of PSBI was high or low in infants aged up to th-
ree months old.

Our normal procedure when dealing with febrile infants
under three months old includes carrying out additional tests
and admitting the patient so that they can be observed and/or
treated if necessary according to current hospital guidelines
(Figure 1)14. A complete sepsis study was carried out in pa-
tients under one month old as were the following tests: a
complete blood test, C-reactive protein (CRP), qualitative pro-
calcitonin (PCTq), ionogram and acid-base balance (ABB);
blood cultures; urine sediment obtained using a catheter and
urine cultures; lumber tap with biochemical analysis, Gram
staining and CSF culture. All the same tests, apart from the
lumber tap, were carried out in infants aged between one and
three months. The lumber tap was only performed in selected
cases and depended on the clinical test results, risk factors
and the urine sample collected in the first instance. A second
sample was collected using a catheter when abnormal results
were obtained.

RDT were requested for 64 patients according to the cri-
teria of the doctor in charge of the patient at that time in order
to determine the origin of the fever and/or assess more or less

TABLE 1. Rochester criteria for
bacterial infection

1. General good state

2. Previously healthy:

– Born at term � 37 weeks gestation

– No perinatal antibiotic therapy

– No treatment for unexplained hyperbilirubinemia

– No previous hospitalisation

– No chronic diseases or birth conditions

– Not hospitalised for longer than the mother

3. No evidence of infections of the skin, soft tissues,

bones or ears.

4. Lab values:

– Leukocytes 5000- 15000/mm3

– Absolute band count < 1500/mm3

– � 10 leukocytes per high power field in urine sediment

– � 5 leukocytes per high power field in faeces
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evident respiratory symptoms. The presence of RSV (RSV-Di-
rect IF identification; Bio-Mériaux®) and influenza A and B
viruses (Directigen™ Flu A + B: BD) was identified in na-
sopharyngeal aspiration during the epidemic period.

Enterovirus was retrospectively investigated using poly-
merase chain reaction (PCR-EV) in order to obtain a clearer
idea as to the cause of the fever in patients under one month
old who had provided a CSF sample and had been discharged
with a diagnosis of non-focal febrile syndrome. The PCR
technique was carried out with the Pan-Enterovirus reading
system using the Laboratory Light-Diagnostics kit.

The results were analysed using SPSS software (version
12.0).

RESULTS

A total of 136 febrile infants were included in this study
with ages ranging from 4 days to 3 months (57.4% were ma-
le); 61 (44.8%) were under one month old. The average age
was 39.6 ± 23.3 days old. Seventy patients (51.5%) fulfilled
the Rochester criteria for bacterial infection. The final most
common diagnoses are detailed in Table 2. None of the pa-
tients included in the study had received treatment with anti-
biotics previously.

PSBI was detected in 33 patients: positive results were
obtained from urine cultures in 31 cases (29 Escherichia coli,
1 Klebsiella pneumoniae and 1 E. coli and Proteus mirabilis
co-infection); positive results were obtained from 2 CSF cul-
tures and 7 blood cultures. Of the 7 positive blood cultures, 5
revealed urinary tract infection (UTI) caused by E. coli with

bacteraemia, 1 patient had UTI caused by Klebsiella pneumo-
niae and secondary bacteraemia and the seventh blood culture
revealed sepsis caused by S. agalactiae. Of the two positive
CSF cultures, one showed sepsis caused by S. agalactiae and
the other, meningitis caused by group B Neisseria meningiti-
dis.

Of the total number of patients who underwent RDT (64
patients), viral infection was confirmed in 65.6% of cases and
therefore the incidence for the whole sample was 30.8%. In-
fection caused by RSV was confirmed in 26 patients, while
infection by the influenza virus was the result in 11 patients,
and 5 patients had infection by enterovirus. Eleven patients
were able to provide a substantial CSF sample and were im-

Figure 1. The diagnostic
approach in a child with fever
up to the age of three months.
*Toxic appearance: a patient whose
condition is affected generally or has
sepsis. CSF: Cerebrospinal fluid.

TABLE 2. Final diagnoses

Diagnosis Incidence %

Febrile syndrome 37 27.2
Urinary infection 31 22.8
Infection caused by RSV 26 19.1
Infection caused by influenza virus 11 8.1
Upper respiratory tract infection 8 5.9
Otitis media 5 3.7
Infection caused by enterovirus 5 3.7
Acute gastroenteritis 3 2.2
Negative RSV bronchitis 3 2.2
Bacterial meningitis 2 1.5
Lymphocytic meningitis 1 0.7
Pneumonia 1 0.7
Other diagnoses 3 2.2
Total 136 100

RSV: Respiratory Syncitial Virus.

Age 0-3 months
T > 38°C

Complete blood test,
cultures, urine, CSF

Rochester criteria
according to high risk

Admission
Treatment

Complete blood test,
CSF Admission

Treatment

Blood cultures,
CSF Ceftriaxone

Blood cultures
Re-evaluation

Rochester criteria
according to low risk

Non-toxic appearanceToxic appearance* or less than 1 month old
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mediately diagnosed with non-focal febrile syndrome. RDT
were carried out retrospectively to detect enterovirus and posi-
tive results were obtained in 5 cases (45.5%). The bioche-
mistry was normal for these patients and none had pleocyto-
sis. All received antibiotic treatment (ampicillin and
gentamicin, cefotaxime or ceftriaxone) while they were wai-
ting for the culture results. No positive cultures were obtained
from any of the 11 patients who provided a substantial CSF
sample. All the epidemiological information, details about the
treatment received, patient management and results relating to
this sample can be found in Tables 3 and 4.

Two patients demonstrated viral-bacterial co-infection
(4.8% of those infected by viruses). In both cases the PSBI
was a UTI and the viruses detected were RSV in one infant
with a bronchiolitis and influenza A virus in another patient.
Both patients evolved well and the worst prognosis was isola-
ted PSBI.

DISCUSSION

The incidence of PSBI in our series was 24.3% of the
whole sample. This result is higher than that of other clini-
cal reviews (12.6% for new borns aged between 3 and 2
days15; 10.7% for infants aged between 29 and 60 days16)
and similar to results published in other recent studies9,17, in
which authors identified an incidence of PSBI of around
25%. In our study UTI was the most common PSBI among
febrile infants (22.8%), which coincides with the findings of
other published series. However, we should not overlook the
fact that viral infection is still the most common cause of fe-
ver in this age group and is the most commonly attributed

respiratory virus. Most of these viruses are not usually stu-
died in medical practice (adenovirus, coronavirus, rhinovi-
rus) although in the last few years RDT have been used mo-
re regularly, for example RSV and influenza A and B virus
detection in respiratory secretions during an epidemic period
and enterovirus detection by analysing different fluid sam-
ples.

Our sample presented an incidence of viral infection of
30.8% and this figure may be even higher given that RDT we-
re not carried out in all the patients included in the study.
Hsiao, et al obtained similar results using the same techni-
ques. Respiratory viruses were the cause of fever in a third of
infants under 6 months old (38%)18. These tests vary a great
deal in sensitivity, accuracy and in how quickly the results can
be obtained19 depending on the type of technique used (direct
or indirect immunofluorescence staining, polymerase chain re-
action in real time (PCR-RT), enzyme immuno-assay (EIA)
and rapid antigen detection). These techniques are very useful
tools for managing the diagnosis and treatment of this group
of patients in the paediatric emergency department. Their are
use, decreases antibiotic treatment and increases the use of
specific antiviral drugs. The number of unnecessary additional
tests carried out also decreases as does the number of patients
admitted, days hospitalised and consequently, the direct and
indirect costs that this type of patient generates20. The fact that
only 2 of our patients had bacterial and viral infections (4.8%
of with viral infections) compared to almost 25% of the who-
le sample that had a PSBI, coincides with the findings of pre-
vious studies (ranging between 4.2% and 7%)21-23. In these stu-
dies the authors concluded that the prevalence of PSBI is low
among febrile infants with proven viral infections. Thus, the
presence of a viral infection would identify the febrile infants

TABLE 3. Epidemiological data treatment and management and PCR-EV results of CSF in 11 patients

Patient Age Sex EV ABT Days ABT Days admitted

1 6 M + A+G 4 6
2 8 M - Ceft 2 4
3 11 M + Ceft 1 1
4 13 M - Cefo 3 4
5 17 M - A+G 2 4
6 18 F - Ceft 3 5
7 22 M + Ceft 1 2
8 24 F + Ceft 1 4
9 26 M - Ceft 2 3
10 28 M + A+G 4 9
11 31 M - Ceft 1 2

Age: days; Sex: M = male, F = female; EV: enterovirus detected in the cerebrospinal liquid; ABT: antibiotic treatment (A+G = ampicillin+gentami-
cin, ceft = ceftriaxone; cefo = cefotaxime).
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with a lower risk of having PSBI, given that the infants with
unconfirmed viral infections were more likely to have PS-
BI22,23. The same occurs when positive results are obtained for
influenza A and B viruses in which the prevalence of bactera-
emia, urinary infections, pneumonia and PSBI is lower24. Ho-
wever, most of authors have noted that the rate of UTI is not
insignificant in infants with viral infections (5.4%) and there-
fore it is recommended that all patients should at least have
their urine tested21.

Apart from RSV detection, the presence of other viruses
such as influenza and EV has also been studied in this
study. Infants with infection caused by EV may not show
any symptoms and it may develop in the same way as a be-
nign illness or severe sepsis. Detection using new less ag-
gressive diagnostic methods could change the approach to
diagnosis and treatment of these infants and could shorten
their stay in hospital25. The presence of viral infection by
EV in the CSF of 11 infants under the age of one month
with normal cellularity and biochemistry is of note. It
would not have been possible to know whether the fever
was caused by a viral infection or not without using RDT.
Byington et al26 carried out a study in order to assess the
epidemiological prevalence of infection caused by EV in
the central nervous system using a sample of 345 (febrile
and afebrile) infants under 90 days old. EV was detected in
25.8% of cases, whereas only 6.6% demonstrated concomi-
tant PSBI. In our sample of 11 patients, infection by EV in
the CSF was demonstrated in 45.5% of cases and none had
a PSBI. In line with recently published studies27,28, these aut-
hors have also demonstrated that the use of RDT along with
the Rochester criteria helped us to identify infants with a
lower risk of invasive illness23.

Despite the fact that our results are similar to what has
already been published, we are aware that the size of our
sample makes it is difficult to draw conclusions. Given that
there were only two cases of bacterial and viral co-infection
we cannot assess the impact of each of these viruses separa-
tely. We would also need to consider the fact that the inci-
dence of these infections could vary if the study were exten-
ded to cover a whole year, given the seasonal distribution of
certain infections. RSV and the influenza virus have not been
identified in all patients included in this study. The following
viruses that also commonly affect children were also exclu-
ded: herpesvirus 6, rotavirus, rhinovirus, coronavirus and ot-
her viruses that have recently been discovered such as human
metapneumovirus and human bocavirus. These last viruses
were not included because most cannot be diagnosed quickly
and the ability to diagnose them is currently not considered
of utility in daily clinical practice. Thus, the incidence of de-
tected viral infection could be much higher if all the RDT
were carried out. It would be interesting to design new stu-
dies to assess the incidence of these viral infections and their
impact on PSBI incidence rates in febrile infants.

To summarise, on analysing the epidemiological results
obtained, we believe that the use of new diagnostic techni-
ques such as RDT will allow a less aggressive approach in
the management of three-month-old febrile infants to be
adopted in the near future (fewer invasion tests, fewer days in
hospital and less treatment with antibiotics). This will subse-
quently reduce medical costs without increasing the risk for
the patient. Finally, we would like to propose a possible diag-
nostic and treatment algorithm for non-focal fever in infants
under three months old which has already been implemented
in our department as part of the standard protocol.

TABLE 4. Blood analysis and microbiologial test results of the 11 patients undergoing PCR-EV in CSF

Patient Leukocytes Band count CRP PCTq Cultures CSF
(cells/mm3) (cells/mm3) leukocytes

1 9300 0 12 – Negative 0
2 9100 728 13.5 – Negative 5
3 8400 420 18.1 < 0.5 Negative 10
4 9200 736 9.7 – Negative 10
5 10600 0 27 0.5-2 Negative 10
6 12200 0 13.5 – Negative 10
7 9400 470 8.8 – Negative 5
8 11500 0 2.5 < 0.5 Negative 25
9 12000 720 9.1 < 0.5 Negative 0

10 4400 440 19.2 – Negative 0
11 9400 470 8.8 – Negative 5

CRP: C-reactive protein (normal values up to 15mg/l); PCTq: qualitative procalcitonin (values suggestive of PSBI > 2 ng/ml); CSF: cerebrospinal
fluid; cultures: blood culture, urine culture, CSF culture.
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Figure 2. Proposed diagnostic and treatment protocol of non-focal fever affecting infants under 3
months old.
RDT resp: respiratory virus rapid diagnostic tests; PCR-EV: polymerase chain reaction for enterovirus; PCT: procalcitonin; PCR:
reactive C protein, PL: lumber tap; CSF: cerebrospinal fluid; Xr: X-ray; AMPI + GENTA: ampicillin plus gentamicine.
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