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ABSTRACT 
Background: Staphylococcus aureus antibiotic resistance is dynamic and local efforts to understand its patterns are the cornerstone for 
developing mitigation strategies. We aim to describe the antibiotic susceptibility of Staphylococcus aureus isolates from 2008 to 2019 
and determine the rate and frequency of antibiotic prescribing in a tertiary care pediatric center in South Florida. 

Methods: We conducted a retrospective observational study of 11,964 clinical isolates collected from 2008 to 2019 of Staphylococcus 
aureus in our center. We compared antibiotic resistance patterns between MRSA and MSSA isolates. We evaluated antibiotic prescribing 
practices from 2013 to 2019 using electronic medical records.

Results: Methicillin resistance was present in 47.9% (±0.63) isolates with no significant temporal trend. Resistance to clindamycin 
was, on average, 24.8% (±1.08), to erythromycin 66.9% (±1.68), to levofloxacin 35.5% (±1.61), and gentamicin 6.8% (±1.11). MRSA 
isolates had higher resistance rates to most antibiotics than MSSA (p<0.05) except for clindamycin, which both had similar rates. 
Resistance to clindamycin and gentamicin increased significantly from 20% to 25% and from 5 to 15%, respectively, among MRSA 
and quinolone resistance rose among MSSA from 7% to 13%. Antibiotic prescription rate increased from 56 prescriptions per 1,000 
patients to 136 prescriptions per 1,000 patients from 2013 to 2019. There was a positive correlation between erythromycin resistance 
rate among MRSA and macrolide prescription frequency (p<0.05). 

Conclusion: Pediatric Staphylococcus aureus isolates showed high and stable rates of methicillin resistance with growing clindamycin 
and gentamicin resistance among MRSA and levofloxacin resistance in MSSA in a tertiary care pediatric center in South Florida. 

INTRODUCTION
Staphylococcus aureus is the causative agent of many childhood infections, including endocarditis, bacteremia, osteoarticular, and skin 
and soft tissue infections (SSTI).1 Treating these infections has become a global challenge due to the development of antimicrobial 
resistance (AMR) to multiple antibiotics.2 In 2019, bacterial AMR caused more than one million deaths worldwide, where S. aureus 
was the second most common pathogen. Over one hundred thousand deaths were attributed to methicillin-resistant S. aureus (MRSA) 
alone.3 

Methicillin resistance, which confers resistance to most beta-lactams, appeared soon after the introduction of anti-staphylococcal 
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penicillin. For years, cases of MRSA were limited to hospital-acquired infections. Decades later, with the appearance of USA-300 
strains, community-acquired MRSA displaced hospital-acquired MRSA as the most common form of MRSA and rapidly spread 
among communities making it the most isolated strain in several US regions.2,4,5 Changes in the epidemiology of MRSA across the 
country led to the switch to clindamycin or trimethoprim-sulfamethoxazole (TMP-SMX) in suspected or proven MRSA infections 
as first-line therapies.6 Now, clindamycin and, to a lesser degree, TMP-SMX resistance rates have started to rise in some regions of the 
US, bringing new concerns in managing S. aureus infections.4,5,7-9

S. aureus antibiotic resistance is not a homogenous phenomenon, as it varies widely and depends on multiple factors specific to certain 
regions, patients, and centers.2 Evaluating and understanding local resistance patterns can help clinicians make better antibiotic 
selections and take actions to stop or reduce AMR. This study aims to describe the antibiotic susceptibility of Staphylococcus aureus 
isolates from 2008 to 2019, compare antibiotic resistance patterns between MRSA and MSSA isolates, determine the rate and frequency 
at which certain antibiotics are prescribed, and explore the relation between antibiotic resistance rates and antibiotic prescription in 
a tertiary care pediatric center in South Florida. 

MATERIALS AND METHODS
This is a retrospective observational study performed at Nicklaus Children’s Hospital (NCH), a 300-bed tertiary pediatric care center 
that serves an average of ten thousand inpatient admissions and more than 75,000 ED visits yearly in Miami and South Florida. All 
non-duplicated Staphylococcus aureus clinical isolates from various body and tissue sites as well as hospital locations, comprising the 
emergency department (ED), urgent care centers, inpatient, and outpatient settings, were included for the elaboration of the annual 
institutional antibiograms from 2008 to 2019 by the Microbiology Laboratory at NCH. Antibiograms were elaborated based on the 
Clinical and Laboratory Standards Institute (CLSI) Guidelines from the isolates obtained the year prior.10 Antibiotic susceptibility to 
clindamycin, erythromycin, levofloxacin, ciprofloxacin, gentamicin, oxacillin, rifampin, TMP-SMX, vancomycin and linezolid was 
performed on all isolates via disc diffusion method. 

Outpatient and ED antibiotic prescription data from 2013 to 2019 and patient encounter visits were collected from electronic medical 
records. Only complete prescriptions were included, and all duplicates were removed from the analysis. The extracted data were entered 
into a database using Microsoft Office Excel®. The statistical analysis included descriptive statistics such as frequency distribution, 
means, and proportions; student’s t-test to compare the resistance rate means; Pearson’s correlation coefficient was used for temporal 
antibiotic resistance trends; and linear regression for the association between resistance rates and antibiotic prescription frequency 
the year preceding the antibiogram report. GraphPad® was used for statistical analysis. The antibiotic prescription rate was estimated 
by dividing the number of prescriptions for a specific antibiotic by the total number of hospital visits per year, and the antibiotic 
prescription frequency was estimated as the rate at which each antibiotic group was prescribed from the total number of antibiotics 
prescribed annually. Statistical significance was considered when a two-tailed p<0.05. 

RESULTS 
A total of 11,964 Staphylococcus aureus isolates were included in this study. Resistance to rifampin, TMP-SMX, vancomycin, and 
linezolid varied over time but remained at <2% with no significant temporal trends and were not included in Figure 1. No cases of 
vancomycin-intermediate S. aureus (VISA) or vancomycin-resistant S. aureus (VRSA) were detected. Resistance to clindamycin was, 
on average, 24.8% (±1.08), to erythromycin 66.9% (±1.68), to levofloxacin 35.5% (±1.61), and gentamicin 6.8% (±1.11). Resistance 
to methicillin among all isolates ranged between 49% and 56%, with an average of 47.9% (±0.63) with no significant temporal trend 
(Figure 1).

MRSA isolates had higher resistance rates to erythromycin, levofloxacin, and gentamicin than MSSA. Resistance to clindamycin 
was not different within groups (p>0.05). Among MSSA isolates, resistance to levofloxacin increased significantly from 7% to 13%, 
whereas resistance to other antibiotics did not change significantly over time. Regarding MRSA isolates, resistance to clindamycin 
and gentamicin increased from 20% to 25% and 5 to 15%, respectively, whereas resistance to erythromycin decreased significantly 
from 92% to 80% in the same period (Figure 2).

The antibiotic prescription rate increased from 56 prescriptions per 1,000 patients to 136 prescriptions per 1,000 from 2013 to 2019. 
During that period, penicillin prescription frequency increased significantly from 47.1% to 55.6% (p<0.05), while cephalosporin 
prescription frequency decreased from 25.5% to 21.9% (p<0.05), maintaining the overall beta-lactam prescription rate unchanged 
(p>0.05). Macrolide prescription frequency declined significantly from 16.9% to 8.8% (p<0.05). The frequency at which lincosamides 
and quinolones were prescribed did not vary significantly during this time (p>0.05) (Figure 3). 

The erythromycin resistance rate among MRSA isolates decreased proportionally to the frequency at which macrolides were prescribed 
(p<0.05). There was no relation between erythromycin resistance rate and the prescription frequency of beta-lactams, quinolones, 
or lincosamides. The clindamycin and methicillin resistance rates among S. aureus isolates showed no relation with the prescription 
frequency of the antibiotics mentioned above.
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Figure 1. Antibiotic resistance in S aureus isolates 
from pediatric patients between 2008 and 2019.  
The trend in erythromycin and gentamicin 
resistance were statistically significant (p<0.05);  
all other trends shown were not significant.

Figure 2. Comparative annual resistance rate 
among MSSA and MRSA isolates from pediatric 
patients between 2008 and 2019. The trend 
in levofloxacin resistance among MSSA was 
statistically significant, as well as the trends in 
erythromycin, clindamycin, and gentamicin in 
MRSA; all other trends were not significant.

Figure 3. Annual antibiotic prescription frequency 
as a percentage of all antibiotics prescribed in 
outpatient facilities and Emergency Department 
at Nicklaus Children’s Hospital between 2013 
and 2019. Beta-Lactams are expressed as the 
summation of cephalosporins and penicillins.  
The frequency at which penicillins, cephalosporins, 
and macrolides were prescribed changed 
significantly; all other frequencies did not change 
significantly.



THE FLORIDA PEDIATRICIAN – SUMMER 2023 15

DISCUSSION
Methicillin resistance rates vary widely within studies due to differences in study periods, location, prevalent S. aureus strains, 
population characteristics, and site of infection, among others. Prior studies consistently identified an increasing rate of methicillin 
resistance from the early 2000s up to the end of the decade across the US.4, 11 Since then, several other reports have shown declining 
rates of methicillin resistance among S. aureus isolates from around 50% to levels below 30% or even 15% in the Midwest4,5,8,9 which 
has been attributed, at least in part, to an equivalent decline of MRSA infection incidence across the country.5,12 Rates of methicillin 
resistance also seem to be higher in samples collected from children 1 to 5 years of age compared to other age groups, including adults, 
as well as from SSTI when compared to invasive disease and from community-acquired infections when compared to healthcare-
associated infections.4,8,9,12,13 

In our study, the methicillin resistance rate among S. aureus isolates remained stable at nearly 50% throughout the study period. We 
conclude that this reflects not only the antibiotic resistance pattern of S. aureus in this hospital system but also the resistance pattern of 
this bacterium in South Florida. Antibiotic overuse may play a significant role, as it has been depicted in prior studies14 where antibiotic 
prescribing is up to three times higher in the South than in other US regions.15 In our center, antibiotic prescriptions per hospital 
visit more than doubled during the study period. During this time, penicillins’ prescription frequency significantly increased while 
cephalosporins’ decreased, maintaining the overall beta-lactam prescription rate unchanged and making it the antibiotic group most 
frequently prescribed in the ED and outpatient settings. This variation in antibiotic prescribing practices aligns with the American 
Academy of Pediatrics (AAP) and Infectious Diseases Society of America (IDSA) recommendations for managing upper and lower 
respiratory infections, favoring penicillins over cephalosporins.16,17 Exposure to specific antibiotic groups for extended periods, such 
as beta-lactams, can serve as a selective pressure in the community and help maintain non-susceptible S. aureus strains in the area, as 
it has been seen in other community and hospital-wide studies18,19, which could explain the persistently elevated levels of methicillin 
resistance.

Clindamycin remains one of the first-line treatments for SSTI in children in most centers20; however, rising resistance threatens the 
suitability of this antibiotic to treat S. aureus infections, and it challenges its role as the antibiotic of choice for initial empiric treatment. 
The AAP’s Red Book® recommends clindamycin as first-line empiric therapy in nonlife-threatening infections in areas where resistance 
to clindamycin remains below 15% 21, making clindamycin a poor antibiotic selection at our center. Resistance to clindamycin can be 
inducible or constitutive depending on the mechanism and phenotypic expression of the isolates relative to macrolides, lincosamides, 
and streptogramins B.22 Clindamycin nonsusceptibility appears to be more common among MSSA isolates, community-acquired 
infections, USA 300 strains, and in SSTI.4,5,7-9 In our study, both MRSA and MSSA isolates showed comparable rates of resistance to 
clindamycin, with a significantly increased rate among MRSA isolates. Resistance was not associated with any antibiotic prescription 
frequency in our study. However, it is worth noting that as clindamycin resistance rose among MRSA, erythromycin resistance 
declined within the same group. This, coupled with the fact that erythromycin resistance decreased directly proportional to the 
prescription frequency of macrolides, might be indicative of increasing macrolide-independent constitutive resistance rather than 
inducible resistance in our isolates. 

Staphylococcus aureus resistance to other antibiotics has been dynamic, and even though quinolones remain an acceptable option for 
the treatment of MSSA infections, quinolone resistance can easily develop among S. aureus, and it has been increasing significantly 
among MSSA isolates during our study period. Similarly, gentamicin, used for its synergistic effect with beta-lactams in treating 
infective endocarditis23 and other invasive infections, has also demonstrated increasing resistance rates among MRSA isolates. On 
the other hand, despite the growing TMP-SMX resistance in other centers in the US, especially among MRSA isolates and long-term 
care facilities4,8,24, resistance rates have remained consistently below 2% in our center and make it a suitable option for the treatment 
of MRSA infections. Equally important, MRSA isolates remained broadly susceptible to vancomycin and linezolid without any VISA 
or VRSA isolates found.

Our study is one of the first to evaluate Staphylococcus aureus antibiotic susceptibilities from pediatric samples in South Florida. This 
helps us to understand the need for better antibiotic stewardship initiatives and could guide pediatricians to make a better empiric 
antibiotic selection for staphylococcal infections in the region. However, certain limitations may reduce the impact of our findings. 
First, this is a retrospective review of laboratory data; no clinical or demographic data could be included in the analysis. Second, as a 
single-center study, the findings may only be representative of some S. aureus susceptibility patterns in the region, and caution should 
be taken when extrapolated to other centers. Additionally, susceptibility data did not differentiate between inducible and constitutive 
clindamycin resistance and did not include genotyping for resistance gene identification. Lastly, we did not account for possible changes 
in the practice of collecting cultures from sites of infection or empiric antibiotic selection at NCH during this time.  
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CONCLUSION
In conclusion, the susceptibility of pediatric Staphylococcus aureus isolates has changed in recent years. Methicillin resistance is present 
in almost half of all isolates and may limit the use of beta-lactams as first-line treatment options. Clinicians should consider MRSA and 
MSSA’s different resistance patterns when treating these infections. Clindamycin is no longer an acceptable first-line option for treating 
S. aureus infections at our institution. Trimethoprim-sulfamethoxazole, vancomycin, and linezolid remain acceptable alternatives for 
treating MRSA infections in our center. Antibiotic prescribing is rising in our center, and efforts to limit them should be implemented.

FUNDING
This research received no specific grant from funding agencies in the public, commercial, or not-for-profit sectors.

ACKNOWLEDGMENTS
We thank everyone involved in the Antimicrobial Stewardship Program at Nicklaus Children’s Hospital and the microbiology laboratory 
personnel who made this study possible.

REFERENCES
1. Tong SYC, Davis JS, Eichenberger E, Holland TL, Fowler VG. Staphylococcus aureus infections: Epidemiology, pathophysiology, 

clinical manifestations, and management. Clin Microbiol Rev. 2015;28(3):603–61. 

2. Turner NA, Sharma-Kuinkel BK, Maskarinec SA, Eichenberger EM, Shah PP, Carugati M, et al. Methicillin-resistant 
Staphylococcus aureus: an overview of basic and clinical research. Nature Rev Microbiol. 2019, 17:203–18. 

3. Murray CJ, Ikuta KS, Sharara F, Swetschinski L, Robles Aguilar G, Gray A, et al. Global burden of bacterial antimicrobial 
resistance in 2019: a systematic analysis. Lancet. 2022. Available from: https://linkinghub.elsevier.com/retrieve/pii/
S0140673621027240

4. Sutter DE, Milburn E, Chukwuma U, Dzialowy N, Maranich AM, Hospenthal DR. Changing susceptibility of Staphylococcus 
aureus in a US pediatric population [Internet]. Vol. 137, Pediatrics. 2016. Available from: www.aappublications.org/news

5. Acree ME, Morgan E, David MZ. S. aureus infections in Chicago, 2006-2014: Increase in CA-MSSA and decrease in MRSA 
incidence. Infect Control Hosp Epidemiol. 2017, 38(10):1226–34. 

6. Liu C, Bayer A, Cosgrove SE, Daum RS, Fridkin SK, Gorwitz RJ, et al. Clinical practice guidelines by the Infectious Diseases 
Society of America for the treatment of methicillin-resistant Staphylococcus aureus infections in adults and children. Clin Infect 
Dis. 2011, 52(3). 

7. Hultén KG, Mason EO, Lamberth LB, Forbes AR, Revell PA, Kaplan SL. Analysis of invasive community-acquired methicillin-
susceptible Staphylococcus aureus infections during a period of declining community-acquired methicillin-resistant 
Staphylococcus aureus infections at a large children’s hospital. Pediatr Infect Dis J. 2018, 37(3):235–41. 

8. Khamash DF, Voskertchian A, Tamma PD, Akinboyo IC, Carroll KC, Milstone AM. increasing clindamycin and trimethoprim-
sulfamethoxazole resistance in pediatric Staphylococcus aureus infections. J Pediatr Infect Dis Soc. 2019, 8(4):351–3. 

9. Vicetti Miguel CP, Mejias A, Leber A, Sanchez PJ. A decade of antimicrobial resistance in Staphylococcus aureus: a single-center 
experience. PLoS ONE. 2016, 14(2):201.

10. CLSI. Analysis and presentation of cumulative antimicrobial susceptibility test data. 5th ed. CLSI guideline M39. Clinical and 
Laboratory Standards Institute; 2022.

11. Mera RM, Suaya JA, Amrine-Madsen H, Hogea CS, Miller LA, Lu EP, et al. Increasing role of Staphylococcus aureus and 
community-acquired methicillin-resistant Staphylococcus aureus infections in the United States: A 10-year trend of replacement 
and expansion. Microb Drug Resist. 2011, 17(2):321–8. 

12. Crandall H, Kapusta A, Killpack J, Heyrend C, Nilsson K, Dickey M, et al. Clinical and molecular epidemiology of invasive 
Staphylococcus aureus infection in Utah children; continued dominance of MSSA over MRSA. PLoS ONE. 2020, 1;15. 

13. Thomsen IP, Kadari P, Soper NR, Riddell S, Kiska D, Creech CB, et al. Molecular epidemiology of invasive Staphylococcus 
aureus infections and concordance with colonization isolates. J Pediatr. 2019, 210:173–7. 

14. Schneider-Lindner V, Quach C, Hanley JA, Suissa S. Antibacterial drugs and the risk of community-associated methicillin-
resistant Staphylococcus aureus in children. Arch Pediatr Adoles Med. 2011, 165(12):1107–14. 

15. Hicks LA, Bartoces MG, Roberts RM, Suda KJ, Hunkler RJ, Taylor TH, et al. US outpatient antibiotic prescribing variation 
according to geography, patient population, and provider specialty in 2011. Clin Infect Dis. 2015, 60(9):1308–16. 



THE FLORIDA PEDIATRICIAN – SUMMER 2023 17

16. Lieberthal AS, Carroll AE, Chonmaitree T, et al. The diagnosis and management of acute otitis media. Pediatrics. 
2013;131(3):e964-e999.

17. Bradley JS, Byington CL, Shah SS, et al. The management of community-acquired pneumonia in infants and children older 
than 3 months of age: clinical practice guidelines by the Pediatric Infectious Diseases Society and the Infectious Diseases 
Society of America. Clin Infect Dis. 2011;53(7):e25-e76.

18. Kardaś-Słoma L, Boëlle PY, Opatowski L, Brun-Buisson C, Guillemot D, Temime L. Impact of antibiotic exposure patterns 
on selection of community-associated methicillin-resistant Staphylococcus aureus in hospital settings. Antimicrob Agents 
Chemother. 2011, 55(10):4888–95.

19. Keenan JD, Chin SA, Amza A, Kadri B, Nassirou B, Cevallos V, et al. The effect of antibiotic selection pressure on the 
nasopharyngeal macrolide resistome: a cluster-randomized trial. Clin Infect Dis. 2018, 13;67(11):1743–9. 

20. Stevens DL, Bisno AL, Chambers HF, Dellinger EP, Goldstein EJC, Gorbach SL, et al. Practice guidelines for the diagnosis and 
management of skin and soft tissue infections: 2014 update by the Infectious Diseases Society of America. Vol. 59, Clinl Infect 
Dis. Oxford University Press; 2014. 

21. Kimberlin DW, Barnett ED, Lynfield R, Sawyer M. Committee on Infectious Diseases, American Academy of Pediatrics. Red 
Book: 2021–2024 Report of the Committee on Infectious Diseases. American Academy of Pediatrics; 2021. p.683-688.

22. Petinaki E, Papagiannitsis C. Resistance of staphylococci to macrolides-lincosamides- streptogramins B (MLSB): Epidemiology 
and mechanisms of resistance. In: Staphylococcus aureus. Intech Open; 2019. Available from: http://dx.doi.org/10.5772/
intechopen.75192

23. Baltimore RS, Gewitz M, Baddour LM, Beerman LB, Jackson MA, Lockhart PB, et al. Infective endocarditis in childhood: 2015 
update: A scientific statement from the American Heart Association. Vol. 132, Circulation. Lippincott Williams and Wilkins; 
2015. p. 1487–515. 

24. Stelling J, Read JS, Peters R, Clark A, Bokhari M, O’Brien TF. Staphylococcus aureus antimicrobial susceptibility trends and 
cluster detection in Vermont: 2012-2018. Expert Review of Anti-Infective Therapy. 2021;19(6):777–85.


