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ABSTRACT

INTRODUCTION: Staphylococcus aureus (SA) infections have increased worldwide due to community-acquired methicillin-resistant Staphylococcus aureus (CA-MRSA). 

OBJECTIVE: To describe the clinical and epidemiological characteristics, and the antibiotic resistance of SA infections in the pediatric population of a general hospital between January, 2007 and December, 2015. 

MATERIALS AND METHODS: Descriptive study. Children between 1 month and 14 years and 11 months of age were included. Microbiology: BD Phoenix system, according to the CLSI criteria. Statistical analysis: SPSS21 software. Significant p-valuebelow 0.05.

RESULTS: 333 SA infections were recorded —89.5 percent of which were methicillin-resistant and 10.5% methicillin-sensitive. Bacteriological diagnosis: lesion culture: 92 percent (303/333), and blood culture: 14.4 percent (48/333). Average age: 5 years old; sex: male; season: summer; major clinical condition: 90 percent with skin and soft tissue infections, invasive infection rate of 17 percent, which was similar for CA-MRSA and MSSA. Emerging diseases: 10 cases of super-infected hematomas, 14 cases of pyomyositis, out of which 5 were complicated. Two periods were analyzed: 2007-2011 and 2012-2015; in the second period statistically significant differences were found regarding invasiveness, bacteremia and secondary foci due to CA-MRSA. 

CONCLUSIONS: A significant increase in invasive CA-MRSA infections was found between 2011 and 2015, pyomyositis standing out as an emerging disease. 
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INTRODUCTION 
Staphylococcus aureus (SA) is one of the most frequent bacterial agents causing infections in human beings.1, 2

In the 90s, a new strain of associated methicillin-resistant SA appeared, and since then it has become a frequent cause of local and systemic Gram-positive infections in the pediatric population.

In 2000, the CDC named it “community-associated methicillin-resistant Staphylococcus aureus” (CA-MRSA).1 The criteria to define a CA-MRSA infection involve time (infection within 48 hours following admission), antibiotic susceptibility (in vitro sensitivity to clindamycin and trimethoprim/sulfamethoxazole (TMP-SMZ), identification of the mecA gene, and the detection of Panton-Valentine leukocidin (PVL) by the PCR method.1, 3, 5
The first cases of CA-MRSA pediatric infections in Latin America were reported in Uruguay in 2003, and in Argentina in 2005.6, 7
SA infections have increased exponentially worldwide due to CA-MRSA.1, 2
OBJECTIVES

To describe the clinical and epidemiological characteristics, and the antibiotic resistance of SA infections in the pediatric population of a general hospital between January, 2007 and December, 2015. 
To study the epidemiological shifts over this 9-year period in the pediatric population, and to assess the CA-MRSA impact as an emerging pathogen. 

MATERIAL AND METHODS 

Type of study: Descriptive and retrospective, analyzing the SA prevalence in the pediatric population of a general hospital between January, 2007 and December, 2015.

The study included children between 1 month and 14 years and 11 months of age who were treated in the hospital and had CA-MRSA infections proven by lesion and/or blood cultures. 

Clinical assessment: The patients’ initial clinical focus was defined as infection present upon microbiological diagnosis. The secondary clinical focus was the one occurring within 48 hours following admission.

The clinical condition upon admission was assessed according to the location of skin and soft tissue infections (SSTIs), including cellulitis, adenitis with or without abscesses, furuncles, impetigo, and super-infected hematomas. 

Invasive diseases included pyomyositis, sepsis, pneumonia, osteomyelitis, arthritis, mastoiditis, and bacteremia. 

Secondary focus: Infection non-contiguous to the primary focus diagnosed based on the combination of clinical and imaging findings (with or without a positive culture).8

Super-infected hematoma (SIH): Secondary skin and soft tissue bacterial infection following injury located in the subcutaneous cellular tissue.

Pyomyositis: Acute bacterial infection of the skeletal muscle. 

Complicated pyomyositis: Defined by the appearance of secondary foci.15, 16, 17, 18

Metastatic foci were diagnosed by means of chest X-ray, echocardiogram, color Doppler ultrasound, MRI, and CT scan based on the clinical suspicion of each case. 

Microbiology: The SA strains were identified using usual microbiological tests of the BD Phoenix™ system. Sensitivity to methicillin was determined by means of the cefoxitin minimum inhibitory concentration (MIC) with the BD Phoenix™ system. Concentrations ≥8 µg/ml were taken as a cutoff point to predict the resistance mediated by the mecA gene, according to the criteria defined by the Clinical and Laboratory Standards Institute (CLSI). Antibiotic resistance: The antibiotic resistance to clindamycin, trimethoprim/sulfamethoxazole, gentamicin, erythromycin, and vancomycin was analyzed. The MIC for vancomycin was tested.

Statistical analysis: The IBM SPSS Statistics 21 software was used. Data were expressed as arithmetic means. The Chi-square test or Fisher's exact test were used for dichotomous variables, and Student’s t-test was used to analyze mean differences in numerical variables. A p-value below 0.05 was considered as significant. 

Time analysis: In order to observe epidemiological temporal shifts, two periods —2007-2011 and 2012-2015— were compared. 

RESULTS 

The population under study included 333 children treated by the pediatric service of a general hospital, with SA infections documented by the department of bacteriology —152 in the 2007-2011 period, and 182 in the 2012-2015 period—; ages: younger than one year of age: 105 (31.5 percent), from 2 to 5 years of age: 82 (24.5 percent), from 6 to 9 years of age: 90 (27 percent), and from 10 to 14 years of age: 56 (17 percent); mean age: 5.4 years old (CI 95 percent 5-6); sex: male: 198 (59.4 percent), female: 135 (40.6 percent). Out of the total SA infections, 89.5 percent were CA-MRSA (298/333), and 10.5 percent MSSA (35/333). 

Bacteriological diagnosis: 92 percent through lesion culture (303/333) and 14.4 percent through blood culture (48/333). No hospital-associated MRSA strains were found. 

Distribution of annual cases: An increase in annual cases of CA-MRSA infections was observed from 2007 to 2011, with a stable trendline between 2011 and 2014, and a decrease in cases from 2014 to 2015. MSSA infections were stable over the 9 years of the study, with an average of 4 annual cases (Graph 1).

Characteristics of SA infections (similar both for CA-MRSA and MSSA): mean age: 5.5 years of age for CA-MRSA, and 4.7 years of age for MSSA; male sex: 60 percent for CA-MRSA (179/298), and 54 percent (19/35) for MSSA; summer season: 48 percent (143/298) for CA-MRSA, and 43 percent (15/35) for MSSA; clinical condition upon admission as SSTIs: 91 percent (272/298) for CA-MRSA and 97 percent (34/35) for MSSA; invasive infection rate: 17.8 percent (53/298) for CA-MRSA and 17.4 percent (6/35) for MSSA; rate of metastatic infection due to bacteremia: 19 percent (8/42) for CA-MRSA and 17 percent (1/6) for MSSA (Table I). 

CA-MRSA characteristics: It had a higher rate of bacteremia: 14 percent vs.5.8 percent for MSSA (p 0.007), a higher rate of invasive infections: 53 vs. 6 for MSSA (p 0.001), as well as a higher rate of secondary foci: 4 percent vs. 2.8 percent for MSSA (p 0.004) (Table II).

Emerging infections, pyomyositis: Out of the total 14 cases, 13 occurred in the last four years; male sex: 78.6 percent; mean age: 10 years old (CI 7.7 to 12.6); location on the lower limb: 71.4 percent, chest: 14.8 percent, upper limb: 14.8 percent; bacteriological diagnosis through lesion cultures in 100 percent of the cases, and blood cultures in 35.7 percent; seasonality without prevalence; history of injury: 64 percent (9/14). The etiological agent was CA-MRSA in 13 cases, and MSSA in 1 case (Pictures 1 and 2). 

Graph 1. CA-MRSA and MSSA infections: annual cases and trendlines

The upper trendline represents CA-MRSA infections. 

The lower trendline represents MSSA infections.

Bacteremia: The rate of bacteremia for SA (bacteremia/total cases) was 14.4 percent (48/333). Bacteremia caused by CA-MRSA was predominant (42/298). No cases of SA bacteremia were found without an evident focus. 
The secondary foci of SA bacteremia were as follows: osteomyelitis: 3; pneumonia: 3; pyomyositis: 2; and abscessed adenitis away from the primary focus: 1. Four children developed sepsis and were transferred to the PICU of a referral hospital. The survival rate was 100 percent. 

Complicated pyomyositis: 5 children developed secondary foci —3 osteomyelitis, and 2 pneumonia—. 

Emerging infections, super-infected hematomas: Out of the total 10 cases, 9 occurred in the last 4 years; male sex: 62 percent; mean age: 6.8 years old (CI 4.2 to 9.4); location without anatomic prevalence; bacteriological diagnosis through lesion cultures in 100 percent of the cases, and blood cultures in 25 percent; secondary foci in a child with abscessed adenitis; seasonality without prevalence; and history of injury in 100 percent of the cases. 

When analyzing the epidemiological behavior over time, a significant increase in pyomyositis and SIH cases was observed between 2012 and 2015 (Table III and Graph 2). 

Age group considerations: SA infections predominate in children younger than 1 year of age: 33.5 percent (105/333). Invasive infections —40.6 percent (24/59)— were more frequent in the group between 2 and 5 years of age. SA bacteremia cases did not show any statistically significant differences in the age groups considered: p 0.07 (Table IV). 

Two periods —2007-2011 and 2012-2015— were analyzed: Statistically significant differences were found in SA infections due to CA-MRSA in terms of increased invasive infections: p 0.001; rate of bacteremia: p 0.007; and rate of secondary foci: p 0.004, in the second period versus the first one (Table V and Graph 3). 

Antibiotic resistance for CA-MRSA: It was constant throughout the years of the study, with the following results: clindamycin: 6 percent; TMP-SMX: 0.3 percent; erythromycin: 7 percent, and gentamicin: 7 percent; vancomycin: the MIC was below 2 ug/ml.

Table I. Similar characteristics of CA-MRSA and MSSA infections in the pediatric department between 2007 and 2015

	Variable
	CA-MRSA
	MSSA

	Total SA cases: 333
	298 (89.5%)
	35 (10.5%)

	Mean age
	5.5 years old (CI95% 5-6)
	4.7 years old (CI95%3.2-6.2)

	Male sex
	60% (179/298)
	54% (19/35)

	Summer season
	48% (143/298)
	43% (15/35)

	Clinical condition upon admission SSTI
	91% (272/298)
	97% (34/35)

	Rate of invasive infection 

(Invasive infection/total cases)
	17.8% (53/298)
	17.4% (6/35)

	Rate of metastatic infection in bacteremia (Secondary focus/bacteremia)
	19% (8/42)
	17% (1/6)


Table II. CA-MRSA infection: significant differences from MSSA

	Variable
	CA-MRSA Infection
	MSSA Infection
	Statistics

	Invasive infection cases
	53
	6
	p 0.001

	Rate of bacteremia

(Bacteremia/Total cases)
	14% (42/298)
	5.8% (6/35)
	p 0.007

	Rate of secondary focus

(Secondary focus/Total cases)
	4% (12/298)
	2.8% (1/35)
	p 0.004


Graph 2. Emerging infections: Pyomyositis and Super-infected Hematoma

An increase in pyomyositis cases is observed from 2013.

Table III. Characteristics of Pyomyositis and Super-infected Hematomas in the Pediatric Department between 2007 and 2015

	Variables
	PYOMYOSITIS
	SUPER-INFECTED HEMATOMA 

	2007-2011 cases vs. 2012-2015 cases
	1 vs. 13
	1 vs. 9

	Sex
	Male 78.6%
	Male 62%

	Mean age
	10 years old (CI 7.7 a 12.6)
	6.8 years old (CI 4.2 a 9.4)

	First case diagnosed
	2009
	2011

	Location
	Lower limb 71.4%

Chest 14.8%

Upper limb 14.8%
	No anatomic site predominates

	Bacteriological Diagnosis
	Lesion culture 100%

Blood culture 35.7%
	Lesion culture 100%

Blood culture 25%

	Secondary foci
	Osteomyelitis 3

Pneumonia 2
	Abscessed adenitis 1

	Seasonality
	Not observed
	Not observed

	History of injury
	Injury 64% ( 9/14)
	Injury in all the cases


Table IV. Age group differences between CA-MRSA and MSSA infections in 2007-2015

	Age Group
	Total Cases

n = 333
	Invasive Infection

n = 59
	Rate of Bacteremia by Age Group

(Age group bacteremia/bacteremia)

	Younger than 1 year of age
	105 (31.5%)
	15 (25.4%)
	30% (13/48)

	2 to 5 years of age
	82 (24.5%)
	24 (40.6%)
	39.5% (17/48)

	6 to 9 years of age
	90 (27%)
	8 (13.6%)
	16.5% (7/48)

	Older than 10 years of age
	56 (17%)
	12 (20.4%)
	14% (6/48)


DISCUSSION 

A significant increase in CA-MRSA infections has been recorded in the last few years, according to publications.1, 4 The prevalence of CA-MRSA over MSSA —89.5 percent vs. 10.5 percent— is greater than the figures reported by other authors.9, 11 

The rate of SA bacteremia (bacteremia/total cases) was 14.4 percent (48/333), and the prevalence of CA-MRSA (42/298) coincides with other publications. 6, 8, 9 

No SA bacteremia cases were found without an evident focus, as opposed to the percentage reported by Steven —25 percent.1
The 14.4 percent rate of metastatic focus of SA bacteremia (48/333) was similar to Praino’s description.8 The most frequent sites of metastatic impact were osseous and pulmonary, as described by other authors.1, 7, 8, 23
Unlike other papers which report 56 percent of comorbidities,8 the patients studied did not have any, except for a child with pancreatic cystic fibrosis who developed CA-MRSA pneumonia. 

A bias in the results should be pointed out, as those children with skin and soft tissue infections who were empirically treated without any bacteriological documentation were not included in this study.

The children with pyomyositis did not have the risk factors described for tropical pyomyositis; the mean age found —10 years of age— was above the 5 to 9 age range published in other papers.10 Even though this condition is considered to be included in the SSTIs,1 pyomyositis was included in invasive diseases due to its clinical behavior. 

The highest rate of bacteremia, the highest number of invasive infections, and the highest rate of secondary focus of infections due to CA-MRSA vs. MSSA were in line with the figures reported.1, 2, 6, 10, 12, 14 

Graph 3. CA-MRSA and MSSA infections between 2007-2011 and 2012-2015. Statistically significant differences.

Comparison between two periods —2007-2011 and 2012-2015—. The prevalence of CA-MRSA is observed in the second period.

Chart V. CA-MRSA and MSSA infections between 2007-2011 and 2012-2015

	Variables
	2007-201
	2012-2015
	Statistics

	SA cases: 333
	152 (45.7%)
	181 (54.3%)
	p 0.28

	SA invasive infections 

n = 59
	9% (14/152)
	24.8% (45/181)
	p 0.001

	CA-MRSA invasive infections 

n = 54
	9% (12/133)
	25.4% (42/165)
	p 0.001

	MSSA invasive infections

n = 6
	10.5% (2/19)
	25% (4/16)
	p 0.24

	Rate of SA Bacteremia 

(Bacteremia/total cases in the period)
	8 % (12/152)
	17% (31/181)
	p 0.009

	Rate of CA-MRSA Bacteremia
	8 % (11/133)


	19% (31/165)
	p 0.001

	Rate of MSSA Bacteremia 


	5% (1/19)
	0% (0/16)
	p 0.36

	Rate of SA Secondary Focus 

(secondary focus /cases in the period)
	15.4% (2/13)
	84.6% (11/13)
	p 0.03

	Rate of CA-MRSA Secondary Focus 
	1.5% (2/133) 
	6% (10/165) 
	p 0.001

	Rate of MSSA Secondary Focus
	0% (0/19)
	6.2% (1/16) 
	 p 0.01


CONCLUSION

In this study, the prevalence of infections caused by TMP/SMX- and clindamycin-resistant CA-MRSA is below 10 percent, thus these antibiotics are valid when choosing the initial treatment. 21, 22

Primary pyomyositis stands out as an emerging, invasive disease, with a high level of secondary foci, found in children without the risk factors described for this condition.15, 18

Given the geographic variations shown by SA infections, it is important to conduct epidemiological studies in the different communities so as to recognize the various clinical presentations and to determine the initial empirical therapy.1, 5, 9, 19, 21

Pediatricians should have a high suspicion index so as not to delay the diagnosis or the detection of secondary foci, quickly providing an adequate treatment.
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Picture 1

MRI. Sagittal section of the thigh. T2 shows a heterogeneous lesion affecting the femur cortex and involving the adjacent muscular levels. 
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Picture 2

MRI. Axial section of the thigh. T2 shows the muscular involvement, and its hyperintensity associated with a cortical disruption.
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