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Abstract

Among the different age groups of children, newborns are most exposed to hospital-acquired
bloodstream infection (HA-BSI), especially those who are burdened with additional risk factors, such as
low birth weight, immaturity or exposition to medical procedures.

The aim of this study was to analyze the aetiology of HA-BSI among children at high risk, including
incidence and drug resistance.

The data was obtained from the PubMed database and included medical articles as well as UNICEF and
WHO reports published from 2002 to 2017. The study focused on newborns and older children (under 18
years old) with BSI. The main eligibility criteria, apart from age, were Enterobacteriaceae HA-BSI, and the
use of invasive medical procedures. It was demonstrated that the main risk factors of infection were age
and medical procedures. Due to non-specific symptomes, sepsis is difficult to diagnose, a fact which leads
to a high mortality rate in newborns.

The existence of such multi-drug resistant strains as Extended-Spectrum (-Lactamases (ESBLs) or
Carbapenem-Resistant Enterobacteriaceae (CRE) phenotypes is a grave cause for concern.
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Streszczenie

Wsréd réznych grup wiekowych u dzieci, noworodki nalezq do grupy najbardziej narazonej na zakazenia
krwi (BSI), szczegdinie te obciqgzone dodatkowymi czynnikami ryzyka, takimi jak mata urodzeniowa
masa ciata, niedojrzatos¢ lub poddanie procedurom medycznym.

Celem opracowania byta analiza etiologii zakazenri krwi u dzieci z uwzglednieniem zapadalnosci
iopornosci na leki.

Dane uzyskane z bazy PubMed obejmowaty publikacje medyczne oraz doniesienia UNICEF i WHO
ogftoszone w latach 2002-2017. Badaniami objeto noworodki i starsze dzieci (ponizej 18 lat) z BSI.
Gféwnymi kryteriami kwalifikacji, poza wiekiem, byto zakazenie krwi pateczkami Enterobacteriaceae
oraz stosowanie inwazyjnych procedur medycznych.

Przedstawione czynniki ryzyka zakazenia wskazujq na szczegdlne znaczenie wieku oraz procedur
medycznych.

Zwraca réwniez uwage wysoka smiertelnos¢ noworodkéw z powodu posocznicy ze wzgledu na trudnosci
diagnostyczne, spowodowane jej nieswoistymi objawami.

Niepokojqcy jest fakt wystepowania takze wielu szczepéw wielolekoopornych, a wsréd nich miedzy innymi
fenotypow B-laktamaz o rozszerzonym spektrum dziatania (ESBL) lub opornych na karbapenemy (CRE).

Stowa kluczowe: zakazenie krwi, zapadalnos¢, czynniki ryzyka, opornos¢ na antybiotyki
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INTRODUCTION

In spite of the development of medicine, newborns’
and children’s health still calls for special efforts and is
the cause of concern all over the world. In 2013, ca. 6.3
million live children died before the age of 5 years [1].
According to the WHO, findings concerning perinatal
mortality rate during the first 27 days of life [2], the
highest incidence is caused by two disease entities, which
are responsible for about 25% of deaths. Out of these,
sepsis accounts for 14.7% and pneumonia for 10.8%.
In Europe these diseases account for 11.3% of overall
fatalities, and in Poland for 3.6% - irrespective of birth
weight [3]. The risk of neonatal mortality caused by sepsis
in combination with very low birth weight (VLBW) is still
higher, e.g. in Stoll’s studies conducted by many centers,
the mortality rate equaled 37% [4], and in Norwegian
studies, it reached 40-43% [5]. Another study confirms
age-related differences in morbidity, with the highest
index in infants aged 1-11 (156/100000 population),
comparing the data with the findings in children aged 5-9
years (22/100000 population) and 10-14 years (20/100000
population) [6]. It should be stressed that sepsis as a
cause of death is listed as third on the list, following the
preterm birth and perinatal complications [7].

According to the WHO, the term “sepsis” is used for
an infection caused by bacteria, viruses, fungi or parasites,
when the body response damages tissues and organs [8].
The bacteria that cause BSI have been identified by way
of isolating pathogenic microorganisms from at least one
aerobic/anaerobic set of blood culture bottles. Laupland
confirms an episode of BSI by isolating one or more
pathogens in 48 hours [9], whereas Buetti groups positive
cultures into episodes of BSI, if they took place not later
than 7 days after the last positive culture in the same
patient [10]. Researchers agree that the main pathogens
causing sepsis from the Enterobacterales family are E.coli
and Klebsiella sp. [11, 12, 13], whereas some species,
such as Serratia sp. and Enterobacter sp., are so rare (for
example in Polish studies, >2.5% and 4.2%, respectively)
that there are no grounds for doing a drug resistance
study [11, 12, 14].

Bacteremia has been regarded as hospital-acquired if
the initial culture was obtained at >48 h on admission to
hospital [15]. According to the multicenter programme
of monitoring in Europe, in order to confirm BSI in
newborns with a VLBW, one should note at least two
of the following symptoms:

—body temperature of >38°C or <36.5°C or unstable
temperature, tachycardia or bradycardia, apnea, pro-
longed capillary refill time, metabolic acidosis, hypo-
glycemia;

—and one of the following parameters of inflamma-
tion: C-reactive protein >2.0mg/dl, the I/T ratio of
neutrophils (I/T ratio) >0.2, leukocytes <5000/pl and
platelets <10 000/l [16].

Some researchers quote more non-specific symptoms
of sepsis in newborns, such as respiratory failure
including cyanosis, difficulties in feeding, lethargy or
irritability, hypotonia, convulsions, bulging fontanel,
poor perfusion, abdominal distension, liver enlargement,
and hypothyroidism [17]. Children with hypoxia and
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acidosis may additionally manifest the symptoms of
pneumonia and meconium aspiration syndrome [17].
Unfortunately, BSI as a diagnostic criterion presents with
either hyperthermia or hypothermia, but in neonatology,
where patients’ body temperature is often controlled in
incubators, unstable temperature is easily noticeable [18].
Sepsis in newborns is classified as “early onset” (EOS)
if it occurs within the first days of life, and “late onset”
(LOS) if it occurs between the fourth day and the end
of the infant period.

The aim of our study was to review and summarize
some published data that most closely describe the
epidemiology of HA-Enterobacteriaceae BSI among
children at high risk, with an emphasis on incidence
and drug resistance.

METHODS

We searched the PubMed, UNICEF and WHO database
for English-language studies, and also UNICEF and WHO
reports published from 2002 to 2017. The main search
criteria in databases, apart from age, were Enterobacteriaceae
bloodstream infections, and particular exposition to
medical procedures. We also used our own research of
2009-2015 on newborns with low birth weight. The review
included newborns and older children (under 18 years)
with BSI. In our study, after database review, the following
were accepted for analysis: 26 hospital-acquired infections
(HAI-BSI), 3 community-acquired BSI infections and 5
other types of studies, mainly mixed. In the course of the
database search, the changes introduced in 2016 in the
taxonomy of the Enterobacteriaceae family and the order
Enterobacterales were not taken into account [19].

RESULTS AND DISCUSSION

Risk factors

The most important risk factors that affect the incidence
of sepsis are the following: age, scope of immunizations,
and exposition to invasive medical procedures. In addition
to the aforementioned causes, Folgori adds others, such
as: immunodeficiency, kidney failure, transplantations,
carcinomas, and preterm birth [14].

A newborn’s passive immunological response is based
on an array of maternal antibodies of the IgG isotype
transferred still in the prenatal development, therefore
one frequently finds a higher level of antibodies in a
full-term newborn than in a woman after delivery, but
they usually disappear after several months, while in
preterm newborns this process is much faster [20]. An
active immunological response in newborns with low
birth weight is insufficient both with respect to bacterium
opsonization ability, neutrophil activity, and the activity
of other components of the serum, such as antibodies,
cytokines, and acute-phase proteins [21].

Other important elements which considerably burden
newborns are hospitalization and intensive multiple
medical invasive procedures associated with neonatal
care (particularly in the case of newborns with low birth
weight), such as the administration of corticosteroids
in infants with impaired breathing that lowers their
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immunological response [22] and the necessity to
use diagnostic and therapeutic invasive procedures
(endovascular catheters, assisted ventilation, and parenteral
nutrition). All of these are important risk factors in the
development of infections. A long-term stay at hospital
and neonatal intensive care also increase the risk of
the development of undesirable microorganisms; this
is enhanced by overcrowded wards, the insufficient
number of personnel and their being overworked. In
the United States, the average stay of newborns with
birth weight <800 grams is 112 days, with the central
catheter (including the umbilical catheter) and mechanic
ventilation being used in the group of preterm newborns
on average throughout 50% of the days the preemies
stay at NICUs (Neonatal Intensive Care Units) [23, 24,
25].In Poland, the average stay of the newborn who has
not been diagnosed with infections associated with low
birth weight <800 grams is much longer: 164 days [26].
Researchers’ studies confirm that the administration of
steroids or other immunosuppressive medicines for 2
weeks and longer as well as a prolonged stay at a hospital
are factors predisposing to infection, especially HA-BSI
[26, 27]. The interesting fact is that the presence of the
endovascular or urinary catheter was not an essential
or immediate cause of the development of infection,
although in the majority of cases most patients had
catheters at the moment of infection [27]. Moreover, two
independent findings indicate that a high risk of infection
associated with health care is present among infants
younger than 12 months, those who are terminally ill,
with a long-term stay at hospital wards and those given
treatment using invasive medical devices [28, 29].

Other findings indicate risk factors associated with
HA-BSI as similar to those described in the population of
Polish newborns - low gestational age, low birth weight,
surgery [30, 31], the presence of an invasive device, long-
term stay, central venous catheters or mechanic ventilation
[29]. Laupland stresses that the BSI risk was highest in
newborns and was considerably reduced after the first
year of life [9].

According to Li’s and Dong’s studies, children with
additional burdens are vulnerable to E.coli bloodstream
infection. They show the following risks: preterm birth,
neonatal respiratory distress syndrome and newborn
asphyxia [32, 33]. In Poland it was proved that natural
delivery is an additional burden [31].

Specific factors, such as breastfeeding, increases the
risk of cross-transmission of microorganisms. In older
children toys are also associated with a higher risk of
infection connected with health care. If there is contact
between children in hospitals and their parents and brothers
or sisters, with uncontrolled secretions, or the flow of
body fluids, there are extensive risks for the spreading of
infection. Pediatric patients and adults share common
risk factors for infection associated with hospitalization,
including exposition to endovascular catheters, hyper
alimentation, mechanic ventilation, and coexistent diseases,
e.g. ones weakening the immune system. Exposition to
the BSI can be reduced, evidence of which is provided
by findings of the NACHRI (National Association of
Children’s Hospitals and Related Institutions), where the
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reduction of CVC-BSI (central venous catheter-related
bloodstream infection) by 41% was achieved [18].

HA-ENTEROBACTERIACEAE BSI
- INCIDENCE AND DRUG RESISTANCE

BSI in newborns

In the late 1990s, it was observed by Hamer et al that
the most frequent species from the Enterobacteriaceae
family in the case of BSI were Klebsiella spp. and Escherichia
coli [12]. This observation is the result of multicenter
studies on neonatal infections with very low birth weight
infants as part of the American NHSN program, which in
1986-1994 studied early infection by maternally acquired
Group B Streptococcus (GBS) dominated Streptococcus
agalactiae, followed by E. coli [12, 34].

The prevention of early GBS infections and induction
of screening tests caused a change in the microbiology of
neonatal infections. Currently, according to Stoll, E. coli
is the most frequent pathogen in preterm infants, while
GBS remains the most frequent pathogen in children
born on time [35]. Unfortunately, among preterm infants,
prophylaxis of E.coli sepsis is very difficult [35]. Not all
maternally acquired risk factors can be limited by prevention
procedures; there are acute or chronic inflammations,
especially inflammation of the amnion, which dramatically
increase the incidence and case fatality of infections,
including ones by E. coli [31].

Also, the most recent review of neonatal contracted
sepsis gives similar results — in newborns and infants
<60 days of age, the most frequent microorganisms
are E. coli (12.2%) and Klebsiella spp. (11.6%) [12]. A
considerable part of the E. coli isolates was resistant
to cotrimoxazole and antibiotics from the B-lactams
group, like ampicillin or later generation cephalosporins;
moreover, an additional cause for concern was the
presence of moderately resistant Enterobacteriaceae
bacteria highly resistant to various antimicrobial means,
including gentamycin, and ciprofloxacin [12, 13]. The
Swiss studies of 2008-2014, comprising 20 hospitals, prove
that non-E. coli Enterobacteriaceae (8.7 %) dominate in
newborns [10]. The BSI episodes caused by Klebsiella
spp. numbered 3.3 % of all BSI episodes, whereas the
resistance indicators for E. coli in the study were below
10 % for aminoglycosides, B-lactam antibiotics (third-/
fourth generation cephalosporins) and -lactam antibiotics
associated with f-lactamase inhibitor (e.g. piperacillin-
tazobactam) [10]. B-lactam antibiotics associated with
B-lactamase inhibitor are more effective against resistant
strains, as indicated by Buetti’s studies where resistance to
amoxicillin-clavulanic acid was observed in 27 % cases
[10]. A current comparison with E. coli, found that the
indicators of resistance in non-E. coli Enterobacteriaceae
were higher for all antibiotics [10]. In Poland, a major
problem for neonates are the strains with ESBL phenotype,
which make up 29% Enterobacteriaceae in Polish NICUs
[11]. The highest percentage of resistance among Polish
neonates was observed against f-lactams (ampicillin
91.7-100%; amoxicillin-clavulanic acid 54.2-56.3%),
aztreonam (81.3%), and cephalosporins (56.3%) [11].
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As far as community-acquired infections in the neonatal
period (0-28 Days) are concerned, Gram-negatives
bacteria predominated in aggregated data (Gram-
negative to Gram-positive ratio 1.6:1). The literature
that has been published since 1990 from the studies in
those developing countries which reported resistance
to serious community-acquired infections (including
sepsis, pneumonia, and meningitis) shows that among
neonatal pathogens a high ratio of E. coli was resistant
to ampicillin (72%) and cotrimoxazole (78%) [36]. In
very early onset sepsis, there is a domination of Klebsiella
sp.,» causing 26% of all infections, whereas in early onset
sepsis — Klebsiella sp. accounted for 25%. Generally, the
ratio between Gram-negative and Gram-positive was 2:1
[37]. It follows from the studies of 1996-2007 that almost
all Klebsiella spp. isolates were resistant to -lactams -
ampicillin (97%), and the third generation cephalosporins
(66%); there was also a high percentage of resistance
to cotrimoxazole (45%) [36]. Thaver’s studies confirm
the uniform resistance of Klebsiella sp. to ampicillin
[36]. Furthermore, many authors consider Klebsiella sp.
congenitally resistant to ampicillin, but on the other hand,
EUCAST (The European Committee on Antimicrobial
Susceptibility Testing) recommends that the antibiogram
prepared for the Enterobacterales family (including
Kilebsiella sp.) should include ampicillin and ampicillin
with sulbactam [http://www.eucast.org/eucast_news/
news_singleview/?debug=1&tx_ttnews%5Btt_news%
5D=299&cHash=c3fa88825754{85fe33d1606abaf083].
Resistance to gentamicin was low among E. coli (13%),
but considerably higher to Klebsiella sp. (60%); moreover,
increased resistance to third generation cephalosporins
with Klebsiella sp. and E. coli was noted [36]. Resistance
of Klebsiella sp. and E. coli is usually attained via plasmid-
mediated ESBL production. Owing to the presence of other
resistance-conferring genes on these movable plasmids,
such organisms are also resistant to other drugs, including
aminoglycoside antibiotics.

BSI in older hospitalized children

In pediatric intensive care units (PICUs), the incidence of
HA-BSI was inversely proportional to age [15]. Researchers
report a higher mortality rate in children infected with
microorganisms that are G-negative (36%) or fungi (32%)
[18]. Other studies confirm that Enterobacteriaceae BSI
occurred more often in newborns [32]. In all children, the
isolation of Enterobacter sp. and Klebsiella sp. considerably
increased over years, nevertheless the youngest group
had the highest incidence rate [28]. In the years of
2011-2012 HA-BSI were the most frequent types of
infections - alongside lower respiratory tract infection
(45% infections) [29]. The incidence of BSI was most
common in PICUs, while Enterobacteriaceae were most
often isolated in NICUs [29]. As regards the group of
microorganisms that is most frequently isolated, Zingg’s
findings can be compared with the findings in French,
Swiss, and American studies [29]. In the observations
of 15 French hospitals, it has been proved that the most
frequent source of secondary BSI were urinary tract
infections (66.2%) and gastrointestinal infections (19.5%);
the mortality rate equaled 17%; 16.7% children were
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transferred to ICU and 9.5% died during observation [13].
In French hospitals the isolates of E. coli in HA-BSI were
generally resistant to B-lactams: amoxicillin (63.1%) and
the third generation cephalosporins (3.6%); vulnerable
to ofloxacin and gentamicin (96.4% and 96.4%); 34.5%
of strains manifested resistance to cotrimoxazole. 3.6%
were multidrug-resistant [13].

Exposition to ESBL (extended-spectrum B-lactamase-
producing) Escherichia coli and Klebsiella spp. infection
particularly increases due to prior antimicrobial therapy
- extended-spectrum penicillins, aminoglycosides, and
cotrimoxazole [27]. In the American studies of 2010-
2011 comprising 55 institutions and analyzing pediatric
antibiograms, it was also noted that the activity of ampicillin
associated with -lactamase inhibitor sulbactam against
G-negative intestine pathogens was worse than the majority
of other B-lactamase, whereas 6 places reported specific
ESBL for E. coli and K. pneumoniae [38]. Studies in the
pediatric ICUs in Italy and Brazil showed 45% ESBL isolates
among all Enterobacteriaceae isolates [14]. Besides the
presence of B-lactamase, it has also been confirmed that
there is resistance to carbapenems (Carbapenem-Resistant
Enterobacteriaceae, CRE): 2% [14], and fortunately CRE
infections are still relatively rare in hospitalized children,
their incidence being reported as lower than 1% [14].
Carbapenems manifested higher activity against the
majority of G-negative bacteria also in the United States
[38].

CONCLUSIONS

HA - Enterobacteriaceae BSI leads to the highest
rate of incidence of HA-infections and mortality rates
among newborns. Probably one of the most important
risk factors for newborns are perinatal complications
requiring hospitalization or community infections, with
severe courses also requiring hospitalization.

Due to many non-specific symptoms of sepsis, it
is difficult to diagnose, especially in preterm babies or
newborns with very low birth weight, a fact that may
delay the process of treatment and increase the rate of
HA-BSI mortality.

The major and most frequently reported risk factors
of HA-BSI are age (preterm birth), and exposition to
invasive medical procedures.

The most common aetiology of HA-BSI are E. coli and
Klebsiella sp. The Enterobacterales show a high resistance
to f-lactams, also in association with an inhibitor, and a
high percentage of isolates are ESBL and CRE phenotypes.
In the treatment of very young patients, it is necessary
to act very carefully in the selection of antibiotics for
empirical therapy.
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