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ABSTRACT
Objective: To describe the clinical characteristics 
of invasive Staphylococcus aureus infections in 
children and identify the prognostic factors of 
severity and mortality.
Materials and methods: Observational study in 
patients < 16 years old hospitalized between 2010 
and 2015 due to invasive S. aureus infections at 
the Instituto de Medicina Tropical, in Asunción, 
Paraguay. Patients were distributed based on 
whether or not they required admission to the 
intensive care unit, and clinical, laboratory, 
and evolutionary outcome measures were 
compared.
Results: Out of the 107 included patients, 
50 (47 %) developed bacteremia; 50 (47 %), 
pneumonia; and 21 (19 %), multifocal disease. 
Among the patients who were admitted to 
the intensive care unit (41 %), prior antibiotic 
use (p < 0.05), the presence of bacteremia 
(p = 0.01), the presence of comorbidities 
(p < 0.05), and multifocal disease (p < 0.01) 
were more frequent. The overall mortality rate 
was 15 %. The mortality-associated risk factors 
were the presence, at the time of admission, 
of hypotension (p < 0.01), multifocal disease 
(p < 0.01), bacteremia (p < 0.01), leukopenia 
(p < 0.01), severe anemia (p < 0.01), and metabolic 
acidosis (p < 0.01), among others.
Conclusions: The prognostic factors of severity 
included prior antibiotic use, bacteremia, the 
presence of comorbidities, and presentation 
with multifocal disease. Mortality was 
significant; associated risk factors included 
the presence, at the time of admission, of 
hypotension, multifocal disease, leukopenia, 
severe anemia, and metabolic acidosis.
Key words: Staphylococcus aureus, invasive 
staphylococcal infections, children, risk factors.
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INTRODUCTION
I n  t h e  p a s t  t w o  d e c a d e s , 

community-acquired methicillin-
resistant Staphylococcus aureus (MRSA) 
infections have emerged worldwide.1-3 
In Latin America, the first cases of 
community-acquired (CA) MRSA 
infections were reported in Uruguay 
in 2001;4 after this, several countries,5-8 
including Paraguay,9 have reported 
that the prevalence of methicillin 
resistance ranges from 25 % to 70 %.10

Taking into account the severity 
associated with community-acquired 
S. aureus infections,11 in this new 
setting of antimicrobial susceptibility, 
it is especially relevant to identify 
the factors inherent to the host and 
bacteria, which may be considered 
prognostic factors of severity at 
the time of patient hospitalization. 
Although several  s tudies  have 
assessed these factors in the adult 
population, the information in this 
regard in the pediatric population 
is limited. Therefore, the objective 
of this study was to describe the 
clinical characteristics of invasive 
Staphylococcus aureus infections in 
children and identify the prognostic 
factors of severity and mortality.

MATERIALS AND METHODS 
Study population and design

T h i s  w a s  a  d e s c r i p t i v e , 
retrospective, and cross-sectional 
study carried out at the Instituto 
de Medicina Tropical, in Asunción, 
Paraguay, the leading national referral 
facility for infectious diseases. Patients 
younger than 16 years, diagnosed 
u p o n  d i s c h a r g e  w i t h  i n v a s i v e 
S. aureus infection and hospitalized 
between 2010 and 2015 were included.

Invas ive  S.  aureus  in fec t ion 
was defined as the presence of an 

Soraya Araya, M.D.a, Fernando Galeano, M.D.a, Sara Amarilla, M.D.a,  
Nicolás González, M.D.a, Silvio Apodaca, M.D.a, Dolores Lovera, M.D.a, and  
Antonio Arbo, M.D., MSca,b

Original article



382  /  Arch Argent Pediatr 2019;117(6):381-387  /  Original article

infection with concomitant isolation of S. aureus 
in usually sterile sites, including blood, pleural 
fluid, cerebrospinal fluid, joint fluid, bone, 
pericardial fluid, peritoneal fluid or other 
internal body site. Cases of infections limited 
to the skin and soft tissue were excluded, 
unless they were associated with a systemic 
inflammatory response syndrome. Patients 
who were transferred from other facilities, who 
had an incomplete medical record in terms of 
study outcome measures, and who had S. aureus 
isolation in samples collected after 48 hours of 
hospitalization were excluded.

Data were collected in a standardized 
sheet. The following outcome measures were 
included: clinical, demographic (sex, age, 
comorbidity),  type of infection (multiple 
sources, pneumonia, osteomyelitis, myocarditis, 
meningitis, endocarditis), laboratory (white 
blood cells [WBC], hemoglobin, platelets, 
h y p o a l b u m i n e m i a ,  b a c t e r e m i a ,  e t c . ) , 
microbiological (susceptibility pattern), and 
evolutionary (need for  admission to the 
intensive care unit [ICU], assisted mechanical 
ventilation [AMV], presence of kidney or liver 
failure). The microbiological characteristics 
of S. aureus  and antimicrobial sensitivity 
were established using the Vitek® automated 
identification system (BioMérieux).

Patients with hypotension, respiratory 
insufficiency (oxygen saturation [SaO2] < 90 % 
on room air or a fraction of inspired oxygen 
[FiO2] > 50 % required to maintain SaO2 at 
92 % or higher), poor respiratory dynamics 
(accessory muscle use, nasal flaring, respiratory 
rate > 2 standard deviations [SDs] for age) or a 
consciousness disorder required admission to 
the ICU.

Statistical analysis
After the general analysis, patients were 

stratified based on whether or not they had 
been admitted to the ICU and on their status 
upon discharge (dead or alive). The different 
demographic, clinical, and laboratory outcome 
measures, and their association with the severity 
of invasive S. aureus infections were analyzed 
in relation to ICU admission and mortality. 
Comparative analyses were done using Student’s 
t test for parametric outcome measures and the 
χ² test to compare proportions. To analyze risk 
factors, the odds ratio (OR) and the corresponding 
95 % confidence interval (CI) were estimated.

Ethics
The study was approved by the Institutional 

Ethics Committee. Given the study’s retrospective, 
secondary source nature, no informed consent 
was requested, and investigators ensured the 
anonymity of participating patients.

RESULTS 
General characteristics

During the study period, 418 patients were 
hospitalized with S. aureus isolation in a sterile 
site in the first 48 hours of admission. Of them, 
107 (26 %) had invasive infections. The patients’ 
mean age was 75 ± 56 months, with a slight 
prevalence of male sex (58 % versus 42 %). More 
infections were observed in children older than 
5 years (n = 50) compared to those younger than 
2 years (n = 20) and to the 2-5 year-old group 
(n = 37) (p < 0.05).

I n v a s i v e  i n f e c t i o n s  c o r r e s p o n d e d  t o 
pneumonia (n = 50), osteomyelitis (n = 30), 
multifocal disease (n = 21; in 2 cases, with 
endocarditis), meningitis (n = 4), and primary 
endocarditis (n = 2). Bacteremia was confirmed 
in 50/107 patients (47 %), which corresponded 
to 20 % of those with pneumonia (n = 10), 30 % 
of those with osteomyelitis (n = 9), 100 % of 
those with multifocal disease (n = 21), the 2 cases 
of primary endocarditis, and the 4 cases of 
meningitis. 

Comorbidities were observed in 34 patients 
(32 %); atopy (n = 11, 10 %) and nutritional 
disorders (malnutrition [n = 7] and obesity 
[n = 4]) were the most common ones. Other 
causes  of  comorbidi ty  inc luded as thma 
(n = 4), corticosteroid use (n = 4), and human 
immunodeficiency virus (HIV) infection (n = 4). 
In addition, 44 % of patients had received 
antibiotics prior to hospitalization. Most patients 
had leukocytosis at the time of admission (X ± SD: 
16 200 ± 5505/mm3), and moderate to severe 
anemia was observed in 40 cases (37 %). The 
overall mortality rate was 15 % (Table 1).

Characteristics of patients with methicillin-
resistant and methicillin-sensitive 
Staphylococcus aureus infections

Out of 107 S. aureus isolations, 42 (39 %) were 
resistant to oxacillin (MRSA). Methicillin-sensitive 
S. aureus (MSSA) infections predominated among 
patients younger than 5 years (69 %), whereas 
MRSA infections were more common among 
those older than 5 years (70 %) (p < 0.001). 
Whereas 83 % of MRSA infections were observed 
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Admission to the intensive care unit
A total of 44 patients (41 %) were admitted 

to the ICU (Table 3). When comparing those 
who were admitted to the ICU and those who 
did not require such admission (n = 63), no 
difference was observed in the mean age of 
patients in both groups (72 ± 61 months old 
versus 75.4 ± 57 months, p > 0.5); however, male 
sex predominated among those who required 
it (54.5 % versus 31.7 %) (p < 0.05). Antibiotic 
use prior to hospitalization (p < 0.001) and the 

in male patients, only 42 % of MSSA infections 
corresponded to male patients (p < 0.001) (Table 2). 
The frequency of comorbidities (p = 0.02), as well 
as pneumonia (p = 0.04), bacteremia (p = 0.01), 
and multifocal disease (p = 0.02), was higher 
among patients with MRSA infections (Table 2). 
Although no differences were observed in 
mortality between MRSA and MSSA infections, 
admission to the ICU was significantly higher 
among the patients with MRSA infections (60 % 
versus 29 %, p = 0.01) (Table 2).

Table 1. Clinical and demographic characteristics of patients with invasive community-acquired Staphylococcus aureus 
infections

Outcome measure Number Percentage (%)
Patients 107 100
Mean age (years) (mean ± SD) 6.25 ± 4.7 
< 2 years old 20 18.7
2-5 years old 37 34.6
> 5 years old 50 46.7
Male/female 62/45 58/42
Bacteremia 50 47
Pneumonia 50* 47
Multifocal disease 21 19.6
Osteomyelitis 30 28
Endocarditis 4 3.7
Myocarditis 8 7.5
Meningitis 4 3.7
Admission to the ICU 44 41
AMV 27 25
Deaths 16 15

* Empyema: 11 patients. 
SD: standard deviation; ICU: intensive care unit; AMV: assisted mechanical ventilation.

Table 2. Characteristics of patients with methicillin-resistant and methicillin-sensitive Staphylococcus aureus infections

Outcome measure (number) MRSA infections  MSSA infections p value
 N = 42 N = 65  
 n (%) n (%)
Age group   
 ≤ 5 years old 12 (29) 45 (69) < 0.0001
 > 5 years old 30 (71) 20 (31) < 0.0001
Male sex 35 (83) 27 (42) < 0.0001
Female sex 7 (17) 38 (58) < 0.0001
Comorbidity 21 (50) 13 (20) 0.02
Pneumonia (n = 50)* 25 (60) 25 (38) 0.04
Osteomyelitis (n = 30)* 16 (38) 14 (22) 0.07
Bacteremia (n = 50)* 26 (62) 24 (37) 0.01
Endocarditis (n = 4)* 3 (7) 1 (1.5) 0.29
Multifocal disease (n = 21)* 13 (31) 8 (12) 0.02
Admission to the ICU (n = 44) 25 (60) 19 (29) 0.002
Deaths (n = 16) 6 (14) 10 (15) 0.5

* Some patients had more than one condition. 
ICU: intensive care unit; MRSA: methicillin-resistant Staphylococcus aureus infection; 
 MSSA: methicillin-sensitive Staphylococcus aureus infection.
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presence of comorbidities (p < 0.01) were more 
common among the patients admitted to the ICU. 
When comparing the types of invasive S. aureus 
infection, the presence of pneumonia (30/44 
versus 20/63, p < 0.001) and multifocal disease 
(18/44 versus 3/63, p < 0.001) predominated 
among patients admitted to the ICU (Table 3). 
Likewise, the presence of bacteremia (p = 0.01) 
was clearly higher among those admitted to the 
ICU (Table 3). When comparing the length of 
stay, it was longer among the patients admitted 
to the ICU versus those that did not require it 
(20 ± 19 days versus 13 ± 15 days, p < 0.05). Lastly, 
mortality was significantly higher among the 
patients admitted to the ICU (p < 0.001) (Table 3).

The analysis of lab test characteristics showed 
that the presence of a WBC count < 5000/mm3 
(p = 0.02), severe anemia < 7 g/dL (p = 0.03), 
and thrombocytopenia < 100 000/mm3 (p = 0.02) 
were more common among the patients admitted 
to the ICU (Table 4). Also, a higher number of 
patients admitted to the ICU showed elevated 
transaminases > 3 times the normal value 
(p < 0.01), metabolic acidosis (p < 0.01), and 
hypoalbuminemia < 3.5 g/dL (p < 0.001) (Table 4). 
The frequency of methicillin resistance was 
significantly higher among the patients who 
required admission to the ICU (p < 0.01) (Table 4).

The outcome measures associated with 
mortality were the presence, at the time of 

Table 3. Prognostic factors of severity in patients with invasive community-acquired Staphylococcus aureus infections

Clinical outcome measures Admission  Admission p value Odds ratio
 to the ICU to the general ward  (95 % CI)
 N = 44 N = 63   
 n (%) n (%)
Mean age (months) (mean ± SD) 72 ± 61 75.4 ± 57 > 0.5 
Male sex 24 (54.5) 20 (31.7) < 0.05 2.58 (1.16-5.71)
Prior antibiotic use 33 (74) 14 (22) < 0.001 10.50 (4.24-25.94)
Comorbidity 22 (50) 12 (19) < 0.01 4.25 (1.79-10.07)
Multifocal disease 18 (41) 3 (4.7) < 0.001 13.84 (3.75-51.11)
Pneumonia 30 (68) 20 (31.7) < 0.001 4.60 (2.01-10.53)
Osteomyelitis 10 (23) 20 (31.7) 0.30 0.63 (0.26-1.52)
Endocarditis 2 (4.5) 2 (3) 0.71 1.45 (0.19-10.72)
Meningitis 4 (9) 0 (0) < 0.1 14.11 (0.73-269.13)
Hypotension 26 (59) 1 (1.6) < 0.001 89.55 (11.35-706.25)
Bacteremia 27 (61) 23 (36.5) 0.01 2.76 (1.24-6.11)
Deaths 14 (32) 2 (3.1) < 0.001 14.23 (3.03-66.70)

ICU: intensive care unit; SD: standard deviation; CI: confidence interval.

Table 4. Laboratory prognostic factors of severity in patients with invasive community-acquired Staphylococcus aureus 
infections

Laboratory outcome measures Admitted  Admitted p value Odds ratio
 to the ICU to the general ward  (95 % CI)
 N = 44 N = 63 
 n (%) n (%) 
WBC count/mm3 (X ± SD) 16 185 ± 9210 16 232 ± 5505 0.5 
WBC > 15 000/mm3 27 (61.4) 29 (46) 0.10 1.86 (0.85-4.07)
WBC < 5000/mm3 7 (15.9) 0 (0) 0.02 25.40 (1.41-457.52)
Mean Hb (g/dL) 9.6 + 2.6 11 + 1.9 > 0.1 
Hb < 7 g/dL 6 (13.6) 0 (0) 0.03 21.44 (1.17-391.33)
Platelet count/mm3 (X ± SD) 267 667 ± 180 494 318 376 ± 218 296 > 0.1 
Platelets < 100 000/mm3 7 (15.9) 0 (0) 0.02 25.40 (1.41-457.52)
GOT or GPT > 3 times the normal value 14 (31.8) 5 (7.9) < 0.01 5.41 (1.78-16.46)
Prothrombin time < 60 % 10 (22.7) 2 (3.2) < 0.01 8-97 (1.85-43.33)
Bicarbonate < 15 mEq/L 11 (25) 1 (1.6) < 0.01 20.66 (2.55-167.13)
pH ≤ 7.2 14 (31.8) 0 (0) < 0.01 60.37 (3.48-1046.00)
Low albumin (< 3.5 g/dL) 18 (40.9) 2 (3.1) < 0.001 21.11 (4.56-97.64)
Antibiotic sensitivity    
Methicillin resistance 25 (57%) 17 (27) < 0.01 3.56 (1.57-8.04)
TMP-SMX resistance 5 (11.4) 2 (3.2) > 0.1 3.91 (0.72-21.15)
Clindamycin resistance 3 (6.8) 1 (1.6) > 0.1 4.53 (0.45-45.12)

WBC: white blood cells; Hb: hemoglobin; ICU: intensive care unit; CI: confidence interval; SD: standard deviation; TMP-SMX: 
thrimethoprim-sulfamethoxazole; GOT: glutamic-oxaloacetic transaminase; GPT: glutamic-pyruvic transaminase.



Prognostic factors of severity of invasive community-acquired Staphylococcus aureus infections in children  /  385

admission, of hypotension (OR: 15.20; 95 % CI: 
4.31-53.57; p < 0.001), bacteremia (OR: 6.32; 95 % 
CI: 1.68-23.75; p < 0.01), pneumonia (OR: 12.16; 
95 % CI: 3.50-42.19; p < 0.01), and a diagnosis of 
multifocal disease (OR: 42.50; 95 % CI: 10.45-172.71; 
p < 0.01) (Table 5). In relation to lab test information 
at the time of admission, the presence of a WBC 
count < 5000/mm3 (OR: 20.22; 95 % CI: 3.49-117.03; 
p < 0.001), severe anemia (hemoglobin < 7 g/dL) 
(OR: 40.90; 95 % CI: 4.37-382.92; p < 0.01), metabolic 
acidosis (OR: 40.90; 95 % CI: 4.37-382.92; p < 0.01), 
and S. aureus isolation with clindamycin resistance 
(OR: 20.76; 95 % CI: 2.00-214.90; p = 0.01) were 
identified as risk factors associated with mortality. 
The presence of methicillin resistance was not 
associated with a higher mortality (Table 5).

DISCUSSION
In this study, all patients with invasive 

S. aureus infections hospitalized in a referral 
facility for infectious diseases in Paraguay 
in a 5-year period were analyzed. Invasive 
S. aureus infections were observed mostly in 
schoolchildren (50 % of cases), and this is similar 
to what has been reported in other S. aureus 
bacteremia series conducted in our region, such 
as in Argentina or Uruguay.5-7 The fact that the 
skin is usually the source of S. aureus infections 
and that schoolchildren are more prone to suffer 
wounds or minor traumas on the skin may 
partially explain such observation. However, in 
other series, especially those carried out in the 
United States of America (USA)12,13 or Asia,14 
community-acquired S. aureus infections were 
mainly observed in children younger than 3 years.

Although 32 % of patients had a comorbidity 
which was, in general, of unmarked severity, like 
atopy or malnutrition, most patients with invasive 
S. aureus infections were immunocompetent. This 
is different from other series done both in the 
USA and Europe.12,15,16

Forty percent of S. aureus causing invasive 
infections in this series was methicillin-resistant. 
These findings demonstrate that the growing 
epidemics of methicillin-resistant S. aureus, which 
has been reported in different countries in both 
the Northern and Southern hemispheres, has 
not escaped our country, thus anticipating the 
increase in resistance to be seen in the next years.

Our series shows the severity of invasive 
S. aureus infections. Admission to the ICU was 
required in 41 % of cases. Although no differences 
were observed in the mean age between the 
patients who required admission to the ICU and 
those who did not, more male patients required 
it. It is known that sex has a major impact on 
the outcomes of a series of infectious diseases.17 
The presence of comorbidities was a factor 
associated with admission to the ICU, which 
is not surprising because the integrity of the 
immune system is critical in the response of the 
host to the infection.18 In addition, the frequency 
of prior antibiotic use was higher among the 
patients who were admitted to the ICU. This may 
have affected the delay in the visit to the doctor’s 
office for those who were receiving treatment and 
may have had an impact on the severity of the 
condition. This has already been observed in cases 
of community-acquired pneumonia.19

The presence of bacteremia (p  = 0.01), 
pneumonia (p < 0.01), and clinical presentation 
with multifocal disease (p < 0.01) correlated 
to the admission to the ICU. These findings 
are not surprising because the presence of 
a  microorganism in the blood is  usually 
accompanied by cytokine activation, which 
leads to a systemic inflammatory response 
syndrome.20 The severity of S. aureus pneumonia 
has been widely documented and, in our series, 
this has been confirmed because 68 % of patients 
admitted to the ICU had pneumonia. In the 
study by M. A. Carrillo-Márquez et al.,21 58 % 

Hb: hemoglobin; CI: confidence interval.

Outcome measure Total Deaths Survivors p value Odds ratio
  N = 16 N = 91 
  n (%) n (%)  (95 % CI)
Hypotension 27 12 (75.0) 15 (16.5) < 0.001 15.20 (4.31-53.57)
Bacteremia 50 13 (81.2) 37 (40.6) < 0.01 6.32 (1.68-23.75)
Pneumonia 30 12 (75.0) 18 (19.8) < 0.01 12.16 (3.50-42.19)
Multifocal disease 18 12 (75.0) 6 (6.6) < 0.001 42.50 (10.45-172.71)
Leukopenia 7 5 (31.2) 2 (2.2) < 0.001 20.22 (3.49-117.03)
Severe anemia (Hb < 7) 6 5 (31.2) 1 (1.1) < 0.01 40.90 (4.37-382.92)
Metabolic acidosis (bic < 15) 14 8 (50.0) 6 (6.6) < 0.001 14.16 (3.92-51.10)
Methicillin resistance 42 6 (37.5) 36 (39.5) 0.87 0.91 (0.30-2.74)
Clindamycin resistance 4 3 (18.7) 1 (1.1) 0.01 20.76 (2.00-214.90)

Table 5. Mortality-associated prognostic factors in patients with invasive Staphylococcus aureus infections
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of pneumonia cases required admission to the 
ICU. The incidence of metastatic sources in 
S. aureus bacteremias ranges from 15 % to 68 % 
in different studies and accounts for a marker of 
severity.16,22,23

Among the patients admitted to the ICU, 
MRSA was isolated in 57 %, which was a 
significantly higher proportion than among 
those who did not require admission to the ICU 
(p < 0.01). MRSA infections were more severe 
(higher frequency of pneumonia, bacteremia, and 
multifocal disease) (Table 2), which may explain 
the higher frequency of admission to the ICU.

Our s tudy has  a l lowed us  to  ident i fy 
laboratory outcome measures associated with a 
greater severity in the setting of staphylococcal 
infections. In this regard, the presence, at the 
time of admission, of leukopenia (< 5000/mm3) 
(p = 0.02), severe anemia < 7 g/dL (p = 0.03), 
and thrombocytopenia < 100 000/mm3 (p = 0.02) 
were significantly more common in the patients 
admitted to the ICU. Such associations had 
already been reported by other authors.24-27

The mortality rate due to invasive S. aureus 
infections in our study was significant (15 %). 
Although it was similar to that observed in other 
studies,28 mortality may be higher than 48 %.11 
However, other studies have reported a much 
lower mortality rate. Thus, in the study conducted 
in Argentina by G. Pérez et al.,7 the mortality rate 
was 6 %; in the study done in Europe by M. Gijón 
et al.,15 2 %; in the study by D. Engelman et al.22 
or in the one by McMullan et al.,29 in Australia, 
between 2 % and 4 %; and in the study by J. S. 
Gerber et al.,12 in the USA, 1 %. The high mortality 
rate observed in our series may be partially 
explained by the severity of cases hospitalized in 
this referral facility.

In this study, several mortality-associated risk 
factors were identified, both clinical (presence, 
at the time of admission, of hypotension, 
pneumonia, multifocal disease) and laboratory 
(bacteremia, leukopenia, severe anemia, and 
metabolic acidosis). Some of these have already 
been reported in other studies.15,23,30

Our study poses several limitations. Since the 
inclusion criterion was S. aureus isolation, there 
is a potential bias that cultures were collected 
in patients who appeared to have a more severe 
condition at the emergency department. Besides, 
since the Instituto de Medicina Tropical is a 
referral hospital for infectious diseases, our 
population possibly accounts for the most severe 
cases observed in the community. Therefore, 

our results may not be fully extrapolated to the 
population of a general hospital.

Future multicenter studies are required to 
more clearly elucidate risk factors and define 
the most effective treatment regimens aimed at 
reducing the morbidity and mortality in invasive 
S. aureus infections.

CONCLUSION
Our results demonstrate the severity of 

invasive community-acquired S. aureus infections. 
This study has allowed us to identify the relevant 
clinical and laboratory risk factors for both 
infection severity and mortality. n
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