
Pediatrics

Evolving Epidemiology 
and Treatment of Invasive

Staphylococcus aureus 
Infections in Children

Sheldon L. Kaplan, MD



Page  2

xxx00.#####.ppt  1/25/24 6:20:21 AM
Pediatrics 

Disclosures

•Pfizer-Grant for Investigator initiated multicenter 
pediatric surveillance study of invasive 
pneumococcal infections.

•Pfizer-Contract for CAP study
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Goals
•Discuss current epidemiology of invasive S. aureus 
infections in children and the susceptibilities of 
isolates for the commonly used antibiotics.

•Discuss current antibiotics and routes of 
administration recommended for treating S. aureus 
infections in children and what agents maybe 
available in the future.
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Invasive S. aureus Infections
•Osteomyelitis-multiple sites and DVT
•Pyomyositis/myositis
•Bacteremia/septic shock
•Purpura fulminans
•Pneumonia/empyema
•Necrotizing pneumonia
•Necrotizing fasciitis
•Epidural abscess
•Orbital Cellulitis/Abscess
•Deep Abscesses
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Invasive methicillin-resistant Staphylococcus 
aureus infections among children, 2005-2010

Iwamoto et al. Pediatrics 2013;132:e817-824
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Erall

https://www.cdc.gov/hai/eip/pdf/2016-MRSA-Report-508.pdf
https://www.cdc.gov/hai/eip/pdf/2020-MRSA-Report-508.pdf

* Case count < 5

https://www.cdc.gov/hai/eip/pdf/2016-MRSA-Report-508.pdf
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Hulten et al. Pediatr Infect Dis J 2018;37:235-241 
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Children’s Hospital of Philadelphia
Community-acquired 
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Overall 84% of Invasive Infections were MSSA

Community-onset Invasive and SSTI

Prochaska et al. Antimicrobial Stewardship & Healthcare Epidemiology 2023;3:e12,1-4

Baltimore
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Engstrom et al. Open Forum Infect Dis 2023;10:ofad563 

TCH and SLCH
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Hulten et al. Pediatr Infect Dis J 2020;39:30-34
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Foster et al. Pediatr Infect Dis J 2019;38:808-811

Mandibular distractor 
Osia bone conduction 
hearing device
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Staphylococcus aureus 
Diagnosis Present

•Cultures

•Rapid identification of S. aureus, MSSA vs MRSA 
in blood cultures positive for Gram positive cocci in 
clusters

•Molecular tests-body fluid PCR to detect S. aureus
(MSSA vs MRSA) in normally sterile fluids such as 
pleural fluid, synovial fluid.
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Staphylococcus aureus
Treatment Present

Methicillin-susceptible

-Nafcillin/oxacillin

-Cefazolin

-Cephalexin

-Clindamycin*

-Trimethoprim-
sulfamethoxazole*

*penicillin allergic

Methicillin-resistant

-Vancomycin

-Clindamycin

-TMP-SMX

-Linezolid

-Daptomycin

-Ceftaroline



Table 3.54  Parenteral Antimicrobial Agent(s) 
for Treatment of Bacteremia and Other Serious 
Staphylococcus aureus Infections

II. Methicillin-susceptible, penicillin-resistant S aureus (MSSA)

Drugs of choice: Nafcillin or oxacillina

Cefazolin

Alternatives:

Clindamycin

Only for patients with a 
serious penicillin allergy 
and clindamycin-
susceptible strain

Vancomycin
Only for patients with a 
serious penicillin and 
cephalosporin allergy

Ampicillin + sulbactam

For patients with 
polymicrobial infections 
caused by susceptible 
isolates.

2021-2024 Red Book

Leukopenia
Infusion pain

http://redbook.solutions.aap.org/drug.aspx?gbosId=171239
http://redbook.solutions.aap.org/drug.aspx?gbosId=171128
http://redbook.solutions.aap.org/drug.aspx?gbosId=171151
http://redbook.solutions.aap.org/drug.aspx?gbosId=171304
http://redbook.solutions.aap.org/drug.aspx?gbosId=171100
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McNeil et al. Antimicrob Agents Chemother 2020;64:e0073-20

TCH
SLCH
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McNeil et al. Antimicrob Agents Chemother 2020;64:e0073-20



III. Methicillin-resistant S aureus (MRSA; 
oxacillin MIC, 4 µg/mL or greater)

B. Community-associated (not multidrug resistant)

Drugs of choice:

Vancomycin ±
gentamicina

For life-threatening infections 
or endovascular infections 
including those complicated 
by venous thrombosis.

Clindamycin (if strain 
susceptible)

For pneumonia, septic 
arthritis, osteomyelitis, skin or 
soft tissue infections

Trimethoprim-
sulfamethoxazole
Doxycycline (susceptible)

For skin or soft tissue 
infections

Alternative:

Vancomycin For serious infections

Linezolid

For serious infections caused 
by clindamycin resistant 
isolates in patients with renal 
dysfunction or those 
intolerant of vancomycin.2021-2024 Red BookaProsthetic valve endocarditis

http://redbook.solutions.aap.org/drug.aspx?gbosId=171249
http://redbook.solutions.aap.org/drug.aspx?gbosId=171304
http://redbook.solutions.aap.org/drug.aspx?gbosId=171151
http://redbook.solutions.aap.org/drug.aspx?gbosId=171304
http://redbook.solutions.aap.org/drug.aspx?gbosId=171221
http://redbook.solutions.aap.org/drug.aspx?gbosId=171151
http://redbook.solutions.aap.org/drug.aspx?gbosId=171304
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McNeil et al. Pediatr Infect Dis J 2016;35:263-268

McNeil et al. Pediatr Infect Dis J 2017;36:572-577

Hahn et al. Ther Drug Monit 2015;37:619-625.

Regen et al. J Pediatr Pharmacol Ther 2019;24:312-319
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Vancomycin Monitoring

2021-2024 Red Book



Influenza-Associated Pediatric Deaths
by Week of Death, 2020-21 season to 2023-24 season



Page  25

xxx00.#####.ppt  1/25/24 6:20:27 AM
Pediatrics 

Randolph et al. Clin Infect Dis 2019;68:365-372



III. Methicillin-resistant S aureus (MRSA; 
oxacillin MIC, 4 µg/mL or greater)

B. Community-associated (not multidrug resistant)

Drugs of choice:

Vancomycin ±
gentamicina

For life-threatening infections 
or endovascular infections 
including those complicated 
by venous thrombosis.

Clindamycin (if strain 
susceptible)

For pneumonia, septic 
arthritis, osteomyelitis, skin or 
soft tissue infections

Trimethoprim-
sulfamethoxazole
Doxycycline (susceptible)

For skin or soft tissue 
infections

Alternative:

Vancomycin For serious infections

Linezolid

For serious infections caused 
by clindamycin resistant 
isolates in patients with renal 
dysfunction or those 
intolerant of vancomycin.2021-2024 Red BookaProsthetic valve endocarditis

http://redbook.solutions.aap.org/drug.aspx?gbosId=171249
http://redbook.solutions.aap.org/drug.aspx?gbosId=171304
http://redbook.solutions.aap.org/drug.aspx?gbosId=171151
http://redbook.solutions.aap.org/drug.aspx?gbosId=171304
http://redbook.solutions.aap.org/drug.aspx?gbosId=171221
http://redbook.solutions.aap.org/drug.aspx?gbosId=171151
http://redbook.solutions.aap.org/drug.aspx?gbosId=171304
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Baltimore

Khamash et al. J Pediatr Infect Dis Soc 2019;8:351-353 
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Clindamycin Resistant 
Staphylococcus aureus TCH

Macias et al. Submitted
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J Pediatr Infect Dis Soc 2021;10:801-844
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•Chang Gung Children’s Hospital in Taoyuan, Taiwan

•13 children (3 months to 14 years old) received  linezolid

for osteoarticular infections

•MRSA in 11

•Step down therapy-11; IV followed by oral in 3 others

•Median duration: 20 days (range 9-36 days)

•11 cured

•2 developed anemia

Chen et al. Pediatr Infect Dis J 2007;26:985-988.
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Blumer et al. Pediatr Infect Dis J 2016;35:760-766
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McNeil et al. Antimicrob Agents Chemother 2022;66:e0074522
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Arrieta et al. Pediatr Infect Dis J 2018;37:893-900

MRSA-Daptomycin-7, SOC-3
Daptomycin -11 osteo, 6 septic arthritis    SOC-2 osteo, 4 septic arthritis
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Bradley et al. Pediatr Infect Dis J 2020;39:814-823

No mention of proportion of cases with bacteremia
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J Pediatr Infect Dis Soc 2021;10:801-844
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J Pediatr Infect Dis Soc 2021;10:801-844
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Cefadroxil for Completing Treatment of 
Osteomyelitis in Children

•49 of 52 (94.2%) children with musculoskeletal infection (MSKI) were 
successfully treated with cefadroxil dosed at 30 mg/kg/day in 2 divided 
doses over a 10-year time period. 2 failures were associated with poor 
medication adherence. Weslander et al. J Pediatr Infect Dis Soc 
2022;11:590-593

•59 patients included in the study. There was similar occurrence of 
adverse effects in patients receiving cefadroxil  (n=30) and cephalexin 
(every 6 hours; n=29), although use of cefadroxil (median daily dose 51 
mg/kg/day BID) coincided with more GI adverse effects and leukopenia 
and use of cephalexin with more rash and neutropenia. One secondary 
treatment failure occurred, in a patient receiving cephalexin for 
treatment of septic arthritis. Hiskey et al. Open Forum Infect Dis 
2023;10:ofad610
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J Pediatr Infect Dis Soc 2021;10:801-844
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J Pediatr Infect Dis Soc 2021;10:801-844
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•20 children 9 months-17 years old received 
TMP/SMX for osteomyelitis

•15/20 received vancomycin or clindamycin for 
1-26 days (median-4.5 days)

•8 had S. aureus; 5 were MRSA

•Total duration of therapy was 26-59 days 
(median-40 days)

•All cured; 6 had a rash

Messina et al. Pediatr Infect Dis J 2011
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McDaniel et al. J Pediatr Infect Dis Soc 2023;12:534-539

MRSA isolated in 4 children treated with 
TMP-SMX vs. 7 children in the Others 
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Haynes et al. J Pediatr Infect Dis Soc 2023:12:308-318
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Staphylococcus aureus 
Antibiotics Under Investigation in Children

•Bradley et al. Pharmacokinetics and safety of a single dose of telavancin in pediatric 
subjects 2-17 years of age. AAC 10/10/123

•Carrothers et al. Population Pharmacokinetic and Pharmacokinetic/Pharmacodynamic 
Target Attainment Analyses for Dalbavancin in Pediatric Patients. PIDJ 2023 
(NCT023445110steo study withdrawn)

•Giorgobiani et al. The Safety and Efficacy of Dalbavancin and Active Comparator in 
Pediatric Patients With Acute Bacterial Skin and Skin Structure Infections. PIDJ 2023

•Bosheva et al. A Phase 3, Randomized, Investigator-blinded Trial Comparing 
Ceftobiprole With a Standard-of-care Cephalosporin, With or Without Vancomycin, for 
the Treatment of Pneumonia in Pediatric Patients. PIDJ 2021 

•Safety and Tolerability of Single-Dose Intravenous (IV) Oritavancin. 
https://clinicaltrials.gov/study/NCT05599295?cond=oritavancin%20&term=children&r
ank=1

https://clinicaltrials.gov/study/NCT05599295?cond=oritavancin%20&term=children&rank=1
https://clinicaltrials.gov/study/NCT05599295?cond=oritavancin%20&term=children&rank=1
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Conclusions
1. Proportion of CA-S. aureus isolates causing invasive infections in 

US children that are MRSA has remained about 15-25% over the 
past several years, markedly decreased compared to the years CA-
MRSA initially emerged.

2. Clindamycin resistance has increased among CA-S. aureus isolates 
associated with invasive infections, however, susceptibilities for 
TMP-SMX remain stably low. 

3. Nafcillin/oxacillin/cefazolin remain the primary parenteral agents and 
cephalexin the primary oral agent to treat invasive MSSA infections.  

4. Vancomycin and clindamycin are currently the most commonly used 
agents to treat invasive MRSA infections in children but this maybe 
changing.
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Thank You
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Liu et al. Clin Infect Dis 2011;52:285-292

Rifampin may be useful adjunctive Rx for implant infection
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• 140 with TTE
- 4 with TEE 

(2.8%)
• 9/140 (6.4%) had 

findings consistent 
with Duke Criteria for 
infective endocarditis

• 1 IE patient had 
previously 
undiagnosed CHD

Infective 
Endocarditis

Echo IE 
Criteria
(n=9)

No Echo IE 
Criteria
(n=131)

p-
value

Age (years) 1.2 
(0.6-15.5)

3.8 
(0.2- 11.6)

0.76

Comorbidity 9 (100) 98 (74.8) 0.1
CHD 6 (66.7%) 27 (20.6%) 0.03
Prematurity 3 (33.3%) 30 (22.9%) 0.44
Duration SAB 
(days)

2 (1-3) 1 (1-2) 0.06

Prolonged 
Bacteremia

4 (44.4%) 19 (14.5%) 0.04

Intermittent 
Bacteremia

0 15 (11.4%) 0.59

CVL in situ 3 (33.3%) 53 (40.4%) 0.74
Days of Fever after 
Starting Antibiotics

2.5 (2-3) 2 (1-3) 0.64

Emboli 2 (22.2%) 5 (3.8%) 0.06
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Relationship Between Duration of 
Bacteremia and Echo + IE
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Cases with Infective Endocarditis

4/9 (44.4%) cases with IE had only a single day of SAB

Age, 
y

Comorbidities MR/ 
MS

Duration of 
Bacteremia, 

days

Site of IE Other Non-
Echo Findings 

of IE

Other 
Sites

Surgical 
Cultures

Out-
come

0.2 Premie MS 1 TV No No N/a Cure
15.5 CHD MS 3 PDA, PA Pulmonary 

Emboli, Skin 
Nodules

No N/a Cure

1.2 TPN Dependent, 
Biliary Atresia

MR 4 PV Pulmonary 
Emboli

No N/a Cure

15.6 CHD MS 1 PV No No Positive Cure
17.8 CHD MR 3 PV No No Positive Cure
17.4 CHD MS 2 MV, 

Cardiac 
Abscess

Petechial 
Rash

No Positive Cure

0.8 CHD, Premie MS 1 TV No No N/a Cure
0.07 CHD, Premie MS 4 AV Skin Nodules Osteo Negative Cure
0.6 HLH, 

Hypertrophic 
Cardiomyopathy

MS 1 Papillary 
Muscle

CNS Emboli No N/a Death



Page  51

xxx00.#####.ppt  1/25/24 6:20:35 AM
Pediatrics 



Page  52

xxx00.#####.ppt  1/25/24 6:20:35 AM
Pediatrics 

McNeil et al. Pediatr Infect Dis J 2016;35:263-268
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McNeil et al. Pediatr Infect Dis J 2017;36:572-577
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• Le Bonheur Children’s Hospital-Memphis 2005-2015
• Treatment failures: Persistent bacteremia > 7d; recurrent 
     bacteremia within 30 d; 30 day mortality 

Regen et al. J Pediatr Pharmacol Ther 2019;24:312-319
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For each additional
day of MRSA
bacteremia, the risk 
of developing 
complications
increased by 50%

Hamdy et al. Pediatrics 2017;139:e20170183
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Caveats Using Ceftaroline for 
Treatment of Serious MRSA Infections

•Dose in children 15 mg/kg up to 600 mg/dose 
infused over 2 hours every 8 hours

•Can cause neutropenia

•Encephalopathy has been described in adults with 
severe renal dysfunction
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McNeil JC and Kaplan SL J Pediatr Pharmacol Ther 2020;25:472-475 


