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Invasive bacterial infections in a paediatric emergency
department in the era of the heptavalent pneumococcal
conjugate vaccine
Marı́a Herreroa, Maider Alcaldea, Borja Gómeza, José Luis Hernándezb,
Mercedes Sotab, Javier Benitoa and Santiago Mintegia

Objective To describe the characteristics of patients

diagnosed with invasive bacterial infections (IBIs) in a

Paediatric Emergency Department (PED) following the

introduction of the heptavalent pneumococcal conjugated

vaccine (PCV7).

Methods Descriptive retrospective study of children under

14 years of age diagnosed with IBIs in a PED of a tertiary

hospital between January 2008 and December 2009.

Results In this period we registered 123 396 episodes and

59 patients who were diagnosed with IBIs (22 patients

under 1 year of age, 37.2%). Of these, 11 (18.6%) had some

severe underlying condition and 38 (64.4%) were stable on

arrival. The most common diagnoses were sepsis

with/without meningitis (23, 38.9%) and bacteraemia

(14, 23.7%), while the pathogens most frequently isolated

were Streptococcus pneumoniae (23, 38.9%) and Neisseria

meningitidis (18, 30.5%). Pathogens were isolated from

blood in 57 patients and from the cerebrospinal fluid in

eight (in these, the same bacterial species was isolated in

the blood, except for two cases with S. pneumoniae). Of the

pneumococci isolated, 80% corresponded to serotypes

included in the 13-valent PCV13. In seven cases, pathogens

were detected using only PCR analysis (N. meningitidis,

four; S. pneumoniae, three). Twenty-five patients were

admitted to the Paediatric Intensive Care Unit. No patient

died but two had sequelae.

Conclusion In the era of PCV7, pneumococcus is the

leading cause of IBI in PED. The introduction of PCV13 may

lead to a very significant decrease in the IBI rate and

meningococcus may become the leading cause of

IBI. European Journal of Emergency Medicine 00:000–000
�c 2011 Wolters Kluwer Health | Lippincott Williams &

Wilkins.
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Introduction
Fever is a common reason for children to be brought to

Paediatric Emergency Departments (PEDs), and in most

cases they have self-limiting viral infections. It can be

difficult to identify those with the most severe infections,

such as meningitis or occult bacteraemia, as patients

arrive at hospital very early in the course of their illness at

which point signs and symptoms of invasive bacterial

infection (IBI) tend to be nonspecific. Given this, in

some cases complementary tests to detect IBIs should be

carried out in at-risk patients.

Classically, since the introduction of the conjugate

vaccine against Haemophilus influenzae b, Streptococcus
pneumoniae has been the most commonly isolated patho-

gen in IBIs in childhood. However, the introduction of

the pneumococcal conjugated vaccine (PCV7) has caused

changes in invasive pneumococcal diseases. There has

been a significant decrease in the prevalence of invasive

pneumococcal diseases among vaccinated populations

[1–4], but, in contrast, in the last few years, serotype

replacement has started to be reported [5–9]. PCV7 was

introduced in the Basque Country in 2001 and, although

it is not included in the list of child vaccinations paid

for by the Public Health System, it is estimated that

the rate of vaccination is 70%. Not being the only reason,

the introduction of PCV7 has been accompanied by a

replacement of the pneumococcal serotypes, and, in turn,

new pneumococcal conjugate vaccines (including more

serotypes) have been developed to prevent these IBIs.

The objective of this study is to describe the clinical and

microbiological characteristics of patients diagnosed with

IBIs in our PED following the introduction of the PCV7.

Methods
Study design

This is a descriptive retrospective study including

patients under 14 years of age diagnosed with IBI

attending the PED of a tertiary teaching hospital.
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Definitions

Invasive bacterial infection

IBI was defined as the isolation in blood or cerebrospinal

fluid (CSF) of a bacterial pathogen, using bacterial

culture or PCR techniques. The results were considered

positive when the following microorganisms were iso-

lated: Neisseria meningitidis, S. pneumoniae, Escherichia coli,
Staphylococcus aureus, Proteus mirabilis, Enterococcus faecium,
whereas coagulase-negative Staphylococci were considered

the contaminant in healthy patients.

The blood culture media used were BACTEC PLUS

aerobic/F (Becton Dickinson San Agustı́n del Guadalix,

Spain). The CSF culture was performed according to

conventional techniques.

For the PCR, the extraction of nucleic acids was perfor-

med using the QIAamp DNA Mini Kit (QIAGEN, Hilden,

Germany) (blood) or EZ1 Virus Mini Kit (CSF) (QIA-

GEN Sample & Assay Technologies. Hilden, Germany).

The molecular diagnosis of N. meningitidis and S. pneumoniae
was made using real-time PCR with TaqMan probes

(RealCycler MENE, Progenie molecular Valencia. España)

in a SmartCycler System (Cepheid Europe, Maurens-

Scopont, France), on EDTA-treated blood samples and/or

CSF. The detection of N. meningitidis and S. pneumoniae was

based on the amplification of fragments of the capsular

transport protein and pneumolysin genes. The internal

control was a heterologous DNA construct, containing

regions homologous to the human CFTR gene and the

pathogen.

Well-appearing children: Children were considered to

appear well when assessed by a qualified nurse in the

PED within half an hour of admission and by the emer-

gency paediatrician using the Pediatric Assessment Triangle

of the American Academy of Pediatrics [10]. For the

general condition of a child to be classified as well, their

appearance, work of breathing and circulation to the skin

had to be normal and these data were noted in their medi-

cal records.

Case

Cases were established related to the day of the

consultation on which the blood sample was taken for

bacterial culture or PCR, the day on which the attending

physician considered that the patient could have an IBI.

Previous consultations were defined as any visits that had

occurred in the preceding days, and reconsultations as

visits made in the following days.

Management of febrile patients in our Emergency

Department:

(1) Toxic-appearing children, all febrile patients with a

toxic appearance are admitted for antibiotic treat-

ment and supportive care.

(2) Well-appearing children, the management is related

differently in the presence/absence of focality. The

decision to obtain a blood culture from previously

healthy patients with fever without a source and well

appearance varies according to age and vaccine

status. For all infants under 3 months of age with

fever, complete blood cell count, C-reactive protein

(CRP), procalcitonin (PCT) and blood culture are

indicated. In older infants (3–24 months of age)

blood tests are only routinely performed for those

with a temperature of 39.51C or more who have

received fewer than two doses of the PCV7. Further,

a chest radiograph may be considered depending on

the blood test results, and we recommend obtaining

it for a child under 24 months of age with fever

without a source, if white blood cell (WBC) count

was more than 20.000/mm3. In babies between 3 and

24 months of age and with a temperature of more

than 391C, we recommend obtaining a urine sample

for all baby girls under 24 months of age and baby

boys under 12 months of age. PCR was obtained

when there was a suspicion of sepsis or bacterial

meningitis.

The parents or guardians of children managed as out-

patients receive verbal and written instructions explain-

ing that they should observe children at home and

describing what should prompt them to bring the child

back to hospital or to their general paediatrician.

System of data collection

The period of the study was from 1 January 2008 to 31

December 2009. Positive results in these tests were

identified in the electronic records of the Microbiology

Service of our hospital, with updated reports provided on a

monthly basis. Data regarding the patient and the episode

were obtained from the hospital admission records and

subsequent electronic clinical records of the PED. The

following data were collected: case number, date of the

consultation, age, sex, personal history, vaccine status,

duration of fever and maximum temperature, associated

symptoms, temperature in the PED, general condition,

findings from the Pediatric Assessment Triangle, physical

examination, diagnosis at earlier consultation and number

of days since this previous visit (when applicable), previous

antibiotic therapy, vital signs (heart and respiratory rates,

oxygen saturation and blood pressure), blood results, CSF,

urine and/or other complementary tests, destination of the

patient, approach taken after arrival of the culture results

and treatment and progress.

Statistical analysis

Statistical analysis was carried out using the Statistical

Package for the Social Sciences (SPSS version 17; IBM

company, Chicago, Illinois, USA). Data were expressed as

mean and standard deviations, and numbers and percen-

tages for quantitative and categorical variables, respectively.

Quantitative variables were compared using Student’s

t-tests, whereas categorical variables were analysed using
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w2 and Fisher’s exact tests. Results of P values of less than

0.05 were considered statistically significant.

The study was approved by the Research Committee of

the Paediatric Emergency Department. Data collection

and entry were carried out anonymously. Informed

consent was not considered necessary, as no intervention

was provided or withheld in association with this study.

Results
Epidemiology

During the study period, 123 396 cases were seen in the

PED, for which 3392 blood cultures (2.75%), 391 CSF

cultures (0.32%) and PCR analysis of blood and CSF (in

80 and 56 patients, respectively) were performed. Fifty-

nine patients were diagnosed with IBI and their char-

acteristics are listed in Table 1 and Fig. 1.

Of these patients, 11 (18.6%) had a relevant underlying

disease, this being more common in children over 5 years

of age (33.3%, three of nine; vs. 13.5%; eight of 50 in

younger children), but the difference was not significant

(P = 0.35).

Clinical signs and symptoms

More than half of the children (54.2%) were brought to

hospital within 12 h of the onset of signs and symptoms.

On arrival at the PED, 63% were stable (well appearance,

no clinical sign of instability, normal blood pressure) and

23.7% were afebrile. There were no relevant findings on

physical examination in 32.2%, whereas in the others

petechiae–ecchymoses were the most common observa-

tions (17%).

Of the 59 patients with IBI, seven had been seen

previously in our PED, most of them having been dia-

gnosed with fever without a source. Three of them were

younger than 2 years of age. On their previous visits, all

had been stable and their physical examinations normal,

no complementary tests were requested, and they were

managed as outpatients with instructions to be monitored

at home. The second visit was prompted by the

appearance of new signs, such as petechiae or malaise,

or because they continued to have a high temperature.

The definitive diagnoses of these children were: sepsis

(three), pneumonia (two), meningitis (one) and bacter-

aemia (one). With the exception of the two children

whose eventual diagnosis was pneumonia, all had come

back to the hospital within 24 h. None of them had a

relevant personal history or sequelae.

Acute-phase reactants and cytochemical examination

of cerebrospinal fluid

In our series, WBC count was obtained for 57 patients

(24, 42.1%, had normal WBC count; five, 8.8%, less than

5000 leucocytes/ml; and 28, 49.1%, more than 15 000

leucocytes/ml), and 33 (56%) had more than 10 000

neutrophils/ml.

The CRP was obtained in 56 patients and was above

20 mg/l in 42 (75%). In 88.9% of the 36 patients in whom

the PCT was obtained it was higher than 0.5 ng/dl.

Two patients had normal blood test results: a 3-year-old

girl with an infection of the bottom of the mouth and bac-

teraemia due to S. pyogenes and a 16-month-old immuno-

suppressed child with bacteraemia due to Pseudomonas
aeruginosa.

For five patients, a second blood test was taken within

24 h, and three of these produced abnormal results that

had not been detected previously.

Samples of CSF were obtained from 15 patients, eight of

which revealed pleocytosis and/or had a positive-gram

stain.

Microbiology

The bacterial isolates are listed in Table 2.

In all the patients in whom a pathogen was isolated from

the CSF, the same pathogen was also found in their blood,

except for two in whom a pneumococcus was isolated only

in the CSF.

Table 1 Characteristics of the children with invasive bacterial
infections

Period of the year
October–March 43/59 (72.9%)
April–September 16/59 (27.1%)

Sex
Male 35/59 (59.3%)
Female 24/59 (40.7%)

Personal medical history
Respiratory 1/59 (1.7%)
Immunological 4/59 (6.8%)
Nephrological 4/59 (6.8%)
Others 2/59 (3.4%)
None 48/59 (81.4%)

PCV7
None 29/59 (49.2%)
One dose 3/59 (5.1%)
Two doses 5/59 (8.5%)
Three doses 5/59 (8.5%)
Four doses 8/59 (13.6%)
Unknown 9/59 (15.3%)

PCV7, pneumococcal conjugated vaccine.

Fig. 1
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In seven patients (11.8%), the pathogen was only

identified by PCR: 11.5% of the pneumococcal and 20%

of the meningococcal isolates. PCR was not obtained for

all the patients (11 in blood, five in CSF and four in blood

and CSF).

The serotypes of 20 cases of S. pneumoniae were

identified; these and their relationship with the various

pneumococcal conjugate vaccines are reported in Table 3.

The three patients with pneumococcal serotypes in-

cluded in the PCV7 had not received any doses of PCV7.

Diagnosis

The diagnoses and the characteristics of the 59 patients

with IBIs are listed in Table 4. Most common diagnoses

were sepsis and bacteremia.

Treatment and progression

A total of 43 patients (72.8%) were admitted, of which 25

were transferred to the Paediatric Intensive Care Unit.

None of the patients died.

All the 16 patients who were discharged received anti-

biotic, except one who had a normal physical examination

and did not show any alteration in the tests practiced. Of

these 16 patients, 11 had a pneumococcal infection.

Two patients, both with S. pneumoniae serotype 7F, had

sequelae: one necrotising pneumonia with a broncho-

pleural fistula and the other hydrocephalus, endocarditis

and deafness.

Discussion
The pneumococcus is the main cause of IBI in our PED

in the era of the PCV7. The second cause is the

meningococcus that accounts for nearly one-third of the

cases. Children are brought to hospital with very early

onset of symptoms (mainly, fever) and tend to have

nonspecific signs and symptoms.

Fever is a very common sign and reason for consultation in

the PEDs [11] and it has always been a challenge for

paediatricians to identify severe and potentially severe

infections. To this end, a great deal of research has been

conducted and protocols have been designed to support

decisions concerning complementary tests. These studies

stress the importance of the age, vaccine status, and in

particular appearance when admitted to the Emergency

Department [12]. Further, to correctly manage febrile pae-

diatric patients, it is essential to have up-to-date informa-

tion concerning the prevalence of pathogens causing IBI

and to identify differences between geographical areas

Table 2 Bacterial isolates in blood and cerebrospinal fluid

Medium Species
Number of

isolates Percentage

Blood N = 57 %
S. pneumoniae 21 36.8
N. meningitidis 18 31.5
E. coli 5 8.7
S. aureus 4 7.0
S. agalactiae 2 3.5
S. pyogenes 2 3.5
P. aeruginosa 2 3.5
E. faecium 1 1.7
P. mirabilis 1 1.7
K. pneumoniae 1 1.7

CSF 8
S. pneumoniae 5 62.5
N. meningitides 2 25
S. agalactiae 1 12.5

CSF, cerebrospinal fluid.

Table 3 Serotypes causative of the invasive pneumococcal
infections

Serotype n

In PCV7
14 2
19F 1

In PCV10
1 5
7F 2

In PCV13
19A 6

Other serotypes
10A 1
7 1
17 1
23B 1

PCV7, pneumococcal conjugated vaccine.

Table 4 Diagnoses and characteristics of the 59 children with invasive bacterial infections

Definitive diagnosis n (%)
Well appearance

(%)
Duration of fever

> 12 h
Altered physical

examinationa Altered WBCb
Altered

CRPc (%)
Altered

PCTd (%)

Sepsis 23 (38.9) 12 (52) 11 23/23 (100%) 14/22 (63.6%) 20/21 (95) 17/17 (100)
Bacteraemia 14 (23.7) 13 (92) 6 2/14 (14.6%) 7/13 (53.8%) 5/13 (38.5) 4/7 (57)
Pneumonia 8 (13.5) 2 (25) 7 7/8 (88.5%) 5/8 (62.5%) 7/8 (87.5) 1/1 (100)
Meningitis 6 (10.1) 2 (33) 5 5/6 (83.2%) 4/6 (66.6%) 4/6 (66.7) 4/5 (80)
Urinary tract infection 5 (8.4) 5 (100) 2 0/5 3/5 (60%) 4/5 (80) 5/5 (100)
Osteoarticular and soft tissues

infections
3 (4.9) 3 (100) 2 3/3 (100%) 0/3 2/3 (66.7) 1/1 (100)

Total 59 37/59 (62.7) 33/59 40/59 (67.7%) 33/57 (57.8%) 42/56 (75) 32/36 (88.8)

Data are expressed as numbers and percentages.
CRP, C-reactive protein; PCT, procalcitonin; WBC, white blood cell.
aPresence of any focality or petechiae.
bPatients with a number of leucocytes lower than 5000/mm3 or higher than 15 000/mm3. WBC was obtained in 57 patients.
cC-reactive protein values higher than 20 mg/l. CRP was obtained in 56 patients.
dProcalcitonin values higher than 0.5 ng/ml. PCT was obtained in 36 patients.
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[13]. Classically, H. influenzae has been the main causative

agent of this type of infection [14–16]. However, the intro-

duction of a vaccine against this pathogen has significantly

decreased its prevalence, S. pneumoniae subsequently

becoming the main causative agent. The introduction of

the PCV7 in our region has changed the pattern of IBI in

children, decreasing the prevalence of pneumococcal

bacteraemia in infants checked for occult bacteremia

(1.62–0.69%) [1]. In particular, children who have received

any doses of PCV7 have a lower risk of suffering from

invasive pneumococcal infections [12,17–19]. In fact, in

this study, all the patients with invasive pneumococcal

infections due to a serotype included in the PCV7 had not

received any doses of PCV7. However, most of the sero-

types that we isolate nowadays are not included in the

PCV7 therefore, as observed by other researchers [20–22],

to have the highest degree of protection, children need to

have received a PCV containing the most prevalent

serotypes, currently including the serotype 19A. Indeed,

this serotype is nowadays the main causative agent in

invasive pneumococcal infection in children [23].

In our series, S. pneumoniae was the most common causa-

tive agent of IBI followed by N. meningitidis. The conjugate

vaccine against 13 serotypes including 19A, PCV13, was

introduced in our region soon after the end of this study.

It seems logical to suppose that within the next years

N. meningitidis will become the main agent involved in IBI

in children. It is extraordinarily important to determine

whether this is true, as the various potential comple-

mentary tests have very different degrees of effectiveness

in identifying pneumococcal or meningococcal infections.

The typical profile of a child brought to the PED with an

IBI is that of a previously healthy infant with recent-onset

fever, nonspecific symptomatology and a good appearance

on arrival. This means that it is difficult to differentiate

between such patients on the basis of their clinical picture,

making it necessary to perform complementary tests in

high-risk children and recognize the importance of a close

observation of such patients. In addition, personal medical

history is very important in febrile children. In our series,

a large proportion of patients had a relevant underlying

condition and, as postulated by other researchers, this was

much common in patients more than 5 years of age than

younger ones, although in our study there was no significant

difference probably because of our sample size [6].

Potentially useful complementary tests include WBC and

neutrophil counts, and measurement of acute-phase

reactants, such as CRP and PCT. Although in most cases

abnormal results are found in such tests, there is no single

parameter that enables us to identify all cases of IBI.

Nevertheless, we note that PCT seemed to be among the

more useful indicators, as has been found by other

researchers, especially in the case of meningococcal

infections [24]. Furthermore, sometimes blood tests should

be repeated in PEDs, as infection parameters can change

[25].

Treatment on an outpatient basis must be accompanied by

an explanation to the family of warning signs that should

prompt them to bring the child back to hospital. This

explanation is given verbally in our department by the

physician and in writing on discharge. These explanations

help to enhance family involvement, improving their con-

tribution to the management of the child’s condition, and

can decrease the number of complications due to delays

in seeking medical attention. In our series, most children

were brought to the hospital within hours of the onset of

warning signs. None of them had notable complications.

With regard to the identification of the causative agent, a

blood culture is still the gold standard. Nevertheless, in a

relatively high proportion of our patients the pathogen

was only isolated by PCR. It could be useful to adopt this

technique in selected patients in emergency departments

to enable such children to be diagnosed rapidly [26,27].

This study has certain limitations. The data were collected

retrospectively. However, the fact that all cases seen in our

department are recorded electronically, including medical

histories and notes concerning progression and follow-up of

patients, makes the collection process consistent. Further,

the fact that this was not a multicentre study may limit the

extent to which our findings can be extrapolated to other

areas. In particular, there may be microbiological differ-

ences between countries that must be taken into account.

Although we found patients in whom the microbiological

diagnosis was reached only by using PCR techniques, we

were unable to assess what results this technique would

have produced in the febrile patients for whom only blood

culture was performed. PCR techniques give very im-

portant information much faster than cultures and it seems

clear that their systematic adoption in certain groups of

patients is necessary in Paediatric Emergency Units. Finally,

a larger sample size might have made it easier to reach

conclusions for subgroups of patients, although this was not

the main objective of this study.

To conclude, pneumococcus is currently the main causative

agent of IBI seen in our PED, although the introduction of

new pneumococcal conjugate vaccines may cause the

meningococcus to become the most prevalent agent, with

the implications this has for the management of patients

with suspicion of IBI on arrival at hospital, related to the

different value of acute phase reactants to identify the

children with a serious bacterial infection among those

admitted with fever to the emergency department.
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