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Abstract

Introduction: Pediatric invasive disease (PID) is confirmed by isolation of a microorganism from a normally sterile site. The inci-
dence of infection due to multi-drug resistant (MDR) bacteria is increasing worldwide, which threatens the effective treatment of
infections. This study aims to characterize PID during 10-years in a Portuguese hospital: morbimortality, risk factors and antimicro-
bial susceptibility.

Methods: Descriptive retrospective study of PID in children aged between 28 days and 18 years old, attended in a pediatric depart-
ment from 2010 to 2020.

Results: 236 PID episodes were identified among 230 patients. Comorbidities were present in 25.4%, predominantly prematurity
(37.7%) and sickle cell disease (30.4%). The median age was 21.4-month-old. The most common diagnosis was bacteremia withouta
source (34%) and pneumonia (18%). Sepsis occurred in 17.4%. Clinical sequelae were present in 17.4%. Pneumonia and meningitis
were associated to worse outcomes (p-value < 0.001). Mortality rate was 1.3%. Were isolated 279 microorganisms: 88% in blood; 6%
in cerebrospinal fluid; 4% in pleural liquid; 2% in joint fluid. The most frequently isolated were Streptococcus pneumoniae (22.6%)
and methicillin-susceptible Staphylococcus aureus (13.3%); 7.5% were MDR bacteria, of which 33% were community-associated.

Conclusion: PID is still an important cause of morbimortality. The incidence of MDR microorganisms is alarming, which alerts to the

problem of wide use of antibiotics, especially broad spectrum.
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Introduction

Invasive pediatric disease (PID) is a clinically compatible case
confirmed by isolation of a microorganism from a normally sterile
site. It can be caused by many microorganisms, including bacteria
and fungi. Streptococcus pneumoniae is the most common agent
responsible for severe bacterial infections, such as bacteremia (af-
fecting mostly children from six to 36 months), meningitis (most-
ly children from six to 18 months) and osteoarticular infections
(mostly children from three to 34 months) [1,2]. Fungal disease is
also an important part of PID, especially in immunocompromised

patients [3].

Children under five years of age, and specially under two years
of age, are more susceptible to PID, partially due to the immature
immune system and, not only frequent exposures to infection but

also colonization by S. pneumoniae [2].

The introduction of routine immunizations has reduced the in-
cidence of PID. Nevertheless, it is, still, an important cause of mor-
bidity and mortality. Wide vaccination is thought to have changed
the serotypes causing PID, mostly for nonvaccine serotypes. Also,
the larger use of antimicrobials has been causing an increase in
multi-drug resistant (MDR) microorganisms, hampering treatment
[1,2,4].

Risk factors can vary depending on the microorganism. General

risk factors for PID include: younger age (less than five years), as-
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plenia (functional or anatomical, including sickle cell disease), hu-
man immunodeficiency virus infection, immunoglobulin deficits,
aplastic anemias, hematopoietic cell transplant, malignancy (such
as acute myeloid leukemia and acute lymphoblastic leukemia) and
associated underlying condition, namely neutropenia and immu-

nosuppressive therapies [5,6].

The problem of antimicrobial resistance is one of the foremost
issues that we will face in the coming decades. The incidence of
infection and colonization due to MDR bacteria is increasing in hos-
pitals worldwide. For MDR bacteria, such as methicillin-resistant
Staphylococcus aureus (MRSA), there are some well-known risk fac-
tors: prior antibiotic use (in the last six months), previous infection
or colonization with these microorganisms; hospitalization last-
ing more than 48 hours in the last six months (especially if it was
prolonged and in intensive care units); surgery or dialysis; wound
care; presence of indwelling medical devices such as urinary cath-

eters, feeding tubes, endotracheal tubes and vascular lines [7,8].

Diagnosis of PID is usually difficult, as it is essentially made by
direct observation of the sterile products, often obtained through
invasive procedures, which results in a low sensitivity for microor-
ganism identification. Nowadays there are Polymerase Chain Reac-

tion techniques, which make diagnosis somewhat easier |3].

Early suspicion and subsequent treatment are crucial for reduc-
ing complications. However, despite aggressive approach, the only

way to reduce PID related mortality, is to prevent the disease [4].

The aim of this study was to characterize PID, namely the diag-
noses associated with invasive disease, its morbidity and mortality,
associated risk factors and the pattern of resistance to antimicrobi-
als in a frame period of 10 years in the pediatric department of a

level Il hospital in Portugal.

Materials and Methods

This was a retrospective study of PID in patients with age com-
prised between 28 days and 17 years and 365 days old. We ana-
lyzed data from 1 January 2010 to 31 December 2019 of PID cases
in children observed in a level II Portuguese hospital in the sur-
roundings of Lisbon, that treated an average of 1790 pediatric pa-

tients annually, in the past 10 years.

Pediatric invasive disease was defined as a clinically compatible
case confirmed by isolation of a bacteria or fungi from a normally
sterile site (blood, cerebrospinal fluid, joint fluid, pleural fluid or

pericardial fluid). Only agents isolated from samples of these ster-
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ile body fluids were considered. The various specimens were pro-
cessed in the microbiology laboratory by standard techniques ac-

cording to our hospital protocol.

Demographic characteristics (age and sex) and clinical informa-
tion (underlying diseases, site of isolation and results of antibiotic
susceptibility testing, outcome and mortality) were obtained from

clinical records.

Were excluded from this study children treated in the neonatal
intensive care unit, bacteria or fungi isolated in cultures of non-

sterile products and contaminated blood cultures.

Infections can be divided into community onset and nosocomial
acquisition. In this study we used the most frequent cut-off to dis-
tinguish between these two categories: whether the onset of infec-
tion was within the first 48 hours of hospitalization (community-

onset) or later (nosocomial) [8].

Statistical analysis was performed with SPSS Statistics version
25 (SPSS Inc, Chicago, IL, USA). The significance level was set on
0.01.

The study was approved by the ethics committee of our hospi-

tal. All information was anonymous and confidential.

Results and Discussion

We analyzed data of PID in a pediatric population for a period of
10 years, with a total number of 230 patients, in which 60% were
male. Ninety percent were Portuguese and 7% were from African

countries (Table 1).

There were 236 episodes of invasive disease. The average num-
ber of PID cases per year was 24 (minimum 18; maximum 31). The
median age of children by episode was 21.4-month-old (interquar-
tile range 8.1-70.3 months). At least one comorbidity was present
in 25.4% of the invasive disease episodes, the most frequent be-
ing prematurity (37.7%), followed by sickle cell disease (30.4%),
chronic lung disease (30.4%), immunosuppression (13%) and ma-
lignancy (2.9%) - (Table 1).

Hospitalization was required in 206 episodes. During the peri-
od of our study, there were a total of 16139 hospitalizations by any
motive in children older than 28 days of age. PID represented 1.3%
of the total of hospitalizations, which accounts for an incidence of

13 cases per 1000 hospitalized children. As the number of annual
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cases has not changed much over the years, the disease incidence

evolution curve is relatively stable (Graphic 1).

The most frequent diagnosis was bacteremia without a source
(33.8%), followed by pneumonia (17.6%), meningitis (10.4%) and
urinary tract infection (8.4%) - (Table 2). Considering diagnoses
per age group, in all groups the most frequent was bacteremia
without a source, except for children aged between 36-month-old
to nine years-old, in which the most frequent diagnosis was pneu-
monia (Table 3).

There were identified 279 microorganisms in microbiologic
cultures, corresponding to 269 bacteria and 10 fungi. The isolates
were 88% in blood, 6% in cerebrospinal fluid, 4% in pleural liquid
and 2% in joint fluid. The most common isolated microorganism
was Streptococcus pneumoniae in 22.6%, followed by Methicillin-
Susceptible Staphylococcus aureus (MSSA) (13.3%) and Escherichia
coli (10.4%) - (Table 4).

We analyzed the microorganisms responsible for PID by age
group. The most common microorganism causing PID in chil-
dren between one and two months old was Enterococcus faecalis
(6/27; 22.2%). S.pneumoniae was the most frequent in the next
two age groups, which include children aged three to 35 month-old
(38/150; 25.3%) and 36 months to nine years-old (8/58; 31%).
Concerning children over the age of 10, E. coli and MSSA were the

two most frequently identified microorganisms (8/44; 18% each).

Regarding Haemophilus influenzae infection, we reported five
cases identified in blood cultures: three unecapsulated H. influen-
zae and in two cases it was not possible to identify the H. influenzae
serotype. Three of these cases occurred in children previously vac-

cinated against H. influenzae type b.

Regarding the 12 cases of Neisseria Meningitidis infections
(eight identified in blood and four in liquor), 60% occurred in chil-
dren aged four to six months. Nine corresponded to serogroup B,
two to serogroup Y and in the other case it was not possible to iden-
tify the serogroup. All of these children were not vaccinated against

the N. meningitidis serogroup responsible for the infection.

Concerning the 63 cases of S. pneumoniae infections, 49 were
identified in blood, nine in liquor and five in pleural liquid. We eval-
uated the vaccination status of children with invasive pneumococ-
cal disease. Three cases fulfilled the criteria of vaccine failure in
which invasive disease occurred in a fully vaccinated child without

immunossupression or immunodeficiency: one failure of 7-valent
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pneumococcal conjugate vaccine (serotype 4 isolation) and two
cases of 13-valent pneumococcal conjugate vaccine failure (PCV13
- serotypes 19A and 6B). One child was considered to be incom-
pletely vaccinated before PID (2 doses of PCV13 under 12 month
of age), with identification of a serotype 6B. No underlying comor-

bidities were identified in these cases.

In our study 20% (56/279) of the infections were nosocomial
(Table 4). A central venous catheter was present in 77% of the pre-

viously mentioned cases (43 of 56 cases).

Regarding the analysis of antibiotic resistance in specific agents:
100% of the identified Streptococcus pneumoniae had full suscep-
tibility to penicillin and to ceftriaxone; 17.2% (5/29) of the non-
extended-spectrum B-lactamase-producing (ESBL) E. coli showed
resistance to amoxicillin/clavulanic acid and all of them were sus-

ceptible to cefuroxime.

We identified a total of 21 MDR bacteria (7.5% of the isolates),
being 33% of these responsible for community-associated infec-
tions. At least one known MDR risk factor was present in 71.4% of
cases, while 9.5% did not present any risk factor and data was not
available in 19% of the cases. Regarding the identified risk factors,
the most frequent were recent antibiotic therapy (61.9%) or hos-
pitalization in the last six month (61.9%). A previous MDR infec-
tion was documented in 19% and 33% were carriers of indwelling

medical devices.

The most common MDR was ESBL Enterobacteriaceae with
57% of MDR positive cultures (Table 5).

A total of 10 isolations of fungi in blood culture were identified
(3.6% of the total isolated microorganisms). The incidence of inva-
sive fungal disease in our population was 6 cases per 10000 hospi-
talized children. Seven of them were isolated in the context of noso-
comial infection, in patients with at least one risk factor, namely
prematurity, immunodeficiency, sickle cell disease or presence of
central venous catheter. Of the three non-nosocomial fungi identi-
fied in blood cultures, only one of them, corresponding to a Candida
sp., was isolated in a 12-month-old child without any risk factor;
the other two corresponded to a child with sickle cell disease and

another with prematurity.

Regarding clinical evolution, in 29% (68/236) of episodes, a
central venous catheter was placed. Sepsis occurred in 17.4%.
There was a total of three deaths due to PID, which corresponds

to a case fatality rate of 1.3%. The deaths correspond to: a 2-year-
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old patient with sickle cell anemia that developed a Streptococcus
pneumoniae sepsis; a 2-month-old premature child with pulmo-
nary chronic disease that had a pneumonia with isolation of En-
terococcus faecalis in blood and pleural liquid; a 2-year-old patient
with a septic shock in which it was isolated an Enterococcus faecalis

and Streptococcus pyogenes in blood cultures.

13

Atleast one clinical sequela was presentin 17.4% (41/236). Ap-
plying Pearson’s chi-squared test, there is a significant correlation
between the diagnosis and the clinical evolution (p-value < 0.001).
Pneumonia and meningitidis were the diagnoses associated to
worse outcomes. Pneumonia was associated with 34.1% of the
registered sequelae and meningitidis was responsible for 29.3%.
There were limited data regarding the characterization of these se-

quelae and their long-term evolution.

Characterization of the population with PID

Age by episode n=236 %
1- 2-month-old 23 9.7%
3- 35-month-old 117 49.6%
36-month-old- 9 years-old 57 24.2%
210 years-old 39 16.5%

Nationality n=230 %
Portugal 207 90%

African countries Angola (6) 16 7%

Guinea-Bissau (5)
Saint Thomas and Prince (2)
Cape Verde (2)
Namibia (1)
Other European countries Netherlands (1) 3 1.3%
Spain (1)
Romania (1)

Brazil 3 1.3%
India 1 0.4%

Comorbidities n=:69 %
Preterm birth 26 37,7%
Sickle cell disease 21 30,4%
Chronic lung disease 11 15,9%
Immunosuppression Primary immunodeficiency 9 13,0%

)
HIV (1)
Immunosuppressive therapy (3)

Malignancy 2 2,9%

Table 1: Characterization of the population with Invasive Pediatric Disease between 2010-2020 in a Portuguese Pediatric Hospital.
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Diagnoses associated to PID n=250 %

Bacteremia without a source 81 33,8%
Pneumonia 44 17,6%
Meningitis 26 10,4%

Urinary tract infection 21 8,4%
Osteoarticular infection 18 7,2%
Skin infection 11 4,4%
Fungemia without a source 10 4,0%
Gastroenteritis 8 3,2%
Cellulite 7 2,8%
Endocarditis 7 2,8%
Peritonitis 5 2,0%

Cervical abscess 3 1,2%
Otomastoiditis 3 1,2%
Surgical wound infection 2 0,8%
Pericarditis 1 0,4%
Myositis 1 0,4%

Toxic shock syndrome 1 0,4%
Cervical lymphadenitis 1 0,4%
Phlebitis 1 0,4%

Table 2: Diagnoses associated to Invasive Pediatric Disease.

Age group

1-2-month-old

3-35-month-old

36-month-old -9 years-old

210 years-old

Most frequent
diagnosis

Bacteriemia
without a source
(10/25; 40%)

Bacteriemia
without a source
(58/125; 46.4%)

Pneumonia
(17/59; 28.8%)

Bacteriemia
without a source
(11/41; 26.8%)

Most frequent
microorganism

Enterococcus faecalis

S. pneumoniae

S. pneumoniae (8/58; 31%)

E. coli and MSSA

(6/27; 22.2%) (38/150; 25.3%)

(8/44; 18% each)

Table 3: Distribution of the most frequent diagnosis and microorganisms per age group.

Isolation of microorganism in patients with PID
Community infections N =223 %
Streptococcus spp Streptococcus pneumoniae 27.4% (61) 104 46.6%
Streptococcus viridans 11.7% (26)
Streptococcus pyogenes (type A) 7.2% (16)
Streptococcus agalactiae (type B) 2.7% (6)
Streptococcus dysgalactiae (Group C/G) 0.4% (1)
Staphylococcus spp Staphylococcus aureus - Methicillin-Sensitive 12.6% (28) 32 14.3%
Staphylococcus aureus - Methicillin-Resistant 1.8% (4)
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Escherichia coli 26 11.7%

Neisseria meningitidis Neisseria meningitidis Group B 4.0% (9) 12 5.4%
Neisseria meningitidis Group Y 0.9% (2)
Neisseria meningitidis (nonspecified) 0.4% (1)

Salmonella spp Salmonella spp. 1.3% (3) 10 4.5%
Salmonella ser Enteritidis 1.8% (4)
Salmonella ser Paratyphi 0.4% (1)
Salmonella ser Typhi 0.4% (1)
Salmonella ser Typhimurium 0.4% (1)

Klebsiella spp. Klebsiella pneumoniae 1.3% (3) 7 3.1%
Klebsiella pneumoniae (ESBL) 0.9% (2)
Klebsiella oxytoca 0.9% (2)

Haemophilus influenzae Unencapsulated Haemophilus influenzae 1.3% (3) 5 2.2%
Haemophilus influenzae (nonspecified) 0.9% (2)

Enterococcus faecalis 4 1.8%

Mycobacterium tuberculosis Complex 1.3%

Candida spp. Candida guilliermondii 0.4% (1) 2 0.9%
Candida spp. (non albicans) 0.4% (1)

Serratia marcescens 2 0.9%

Enterobacter cloacae 2 0.9%

Actinomyces naeslundii 1 0.4%

Shigella spp. 1 0.4%

Acinetobacter lwoffii 1 0.4%

Proteus mirabilis 1 0.4%

Candida parapsilosis 1 0.4%

Listeria monocytogenes 1 0.4%

Pseudomonas spp. 1 0.4%

Aerococcus viridans 1 0.4%

Nosocomial infections N=56 %

Staphylococcus spp Staphylococcus aureus — Methicillin-sensitive 16.1% (9) 12 21.4%
Staphylococcus aureus- Methicillin-Resistant 5.4% (3)

Klebiella spp Klebsiella pneumoniae (ESBL) 12.5% (7) 12 21.4%
Klebsiella pneumoniae 7.1% (4)
Klebsiella oxytoca 1.8% (1)

Enterococcus faecalis 8 14.3%

Escherichia coli Escherichia coli (ESBL) 5.4% (3) 10.7%
Escherichia coli 5.4% (3)

Candida spp. Candida parapsilosis 5.3% (3) 6 10.7%
Candida famata 3.6% (2)
Candida albicans 1.8% (1)
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Streptococcus spp. Streptococcus pneumoniae 3.6% (2) 4 7.1%
Streptococcus viridans 3.6% (2)

Pseudomonas spp Pseudomonas aeruginosa Multidrug-resistent 1.8% (1) 3 5.4%
Pseudomonas aeruginosa 1.8% (1)
Pseudomonas spp. (not specified) 1.8% (1)

Stenotrophomonas maltophilia 1 1.8%

Saccharomyces cerevisiae 1 1.8%

Acinetobacter baumannii 1 1.8%

Serratia marcescens 1 1.8%

Kingella kingae 1 1.8%

Table 4: Isolation of microorganism in patients with PID - nosocomial and community infections.

Graph 1: Evolution of the number of pediatric invasive disease

cases by year between 2010 and 2020.

Conclusion

In this study, the authors describe the clinical characteristics of
alarge series of cases of invasive disease in children over a 10-year
period in a level two hospital in Portugal. We may confirm that PID
is still prevalent in our population, in a rate of 13 per 1000 hos-
pitalized children, and also an important cause of morbidity and
even mortality, besides the great effort to implement vaccination
and other preventive measures. We emphasize that 88% of these
children needed hospitalization, which has an important psycho-

logical, social and economic impact.

It is well recognized that children with underlying conditions

remain at increased risk of infectious disease and more severe

clinic and evolution [2,5]. In our data, at least one comorbidity was
present in 25.4% of the children.

Multidrug resistant bacteria are well-recognized to be one of
the most important current public health problems worldwide.
Typically, MDR bacteria are associated with nosocomial infections.
However, some MDR bacteria have become quite prevalent as
causes of community-acquired infections [8]. In our hospital, dur-
ing the period considered, 7.5% of the microorganisms identified
corresponded to MDR bacteria, being 33% of these responsible for
community-associated MDR infections. We further emphasize that
most children with MDR infections had either received antibiotic
therapy or been hospitalized in the previous six months. This data
alerts to the problem of wide use of antimicrobial treatment. It is
important to highlight that only the isolations that conditioned the
presence of invasive disease were presented. Therefore, the inci-

dence of MDR infection or colonization should be much higher.

Regarding antimicrobials susceptibility, we underline that, in
our sample, all the S. pneumoniae were susceptible to penicillin,
which is different from what has been reported in other studies
that observed higher nonsusceptibility rates to penicillin in iso-
lates from children [9]. Of note, 100% of non-ESBL E. Coli were sus-
ceptible to cefuroxime, which is in agreement with many studies

that show high susceptibility profiles to this antibiotic [10].

Taking into account the reported incidence of invasive fungal
disease of six cases per 10 000 hospitalized children, we may also
conclude that invasive fungal disease is rare in children, as it was

already reported in other previous studies [11].
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Many studies report meningitis and pneumonia as life-threaten-
ing diseases, often related with serious complications and sequelae
[12,13].0ur study is in agreement with previous data, showing that
these two diagnoses were the most associated with the presence of

sequelae at the time of hospital discharge.

Some of the cases identified were vaccine preventable diseases.
The Portuguese vaccination program has changed over the past 10
years, which might have had an impact on the results of this study,
being one of the limitations we report. Highlighting the introduc-
tion of the PCV13 in the universal Portuguese vaccination program
in 2015 (PCV13 and 23-valent pneumococcal polysaccharide vac-
cine, PPSV23, were administered with no costs only in risk groups,
since 2010) and the free immunization with anti-Meningococcal
Group B Vaccine in risk groups since 2016 extended to all children
in 2020.

It is notable that PID is still an important cause of morbidity
and mortality in children. Therefore, it is of major importance that
PID is early suspected, correctly diagnosed and managed, so that
we can reduce its prevalence and posterior sequelae. Nonetheless,
more studies are needed to develop the knowledge about this the-

matic and improve health outcomes.
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