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Abstract

Background: Antibiograms monitor antibiotic resistance trends and help guide empiric antibiotic treatment. A statewide pediatric
antibiogram can help inform stewardship efforts.

Methods: Annual pediatric antibiograms for the five children’s hospitals in Georgia from 2014–2023 were collected. All sites used the Clinical
and Laboratory Standards Institute guidelines for antibiogram development. Antibiogram data were combined, and the most common
bacteria were included: Staphylococcus aureus, Streptococcus pneumoniae, Enterococcus faecalis, Escherichia coli, Klebsiella pneumoniae,
Enterobacter cloacae complex and Pseudomonas aeruginosa. Interhospital differences were compared for methicillin-susceptible S. aureus
(MSSA), methicillin-resistant S. aureus (MRSA), E. coli and K. pneumoniae. The combined data from 2014 and 2023 were compared to
demonstrate antibiotic susceptibility changes over time.

Results: Data in 2023 for MSSA andMRSA showed clindamycin susceptibility was 78% and 82%, respectively. S. pneumoniae susceptibility to
amoxicillin/clavulanate was 96%. E. faecalis resistance to ampicillin and vancomycin was rare. For all included gram-negative bacteria,
susceptibility remained high to 3rd generation cephalosporins (90%–92%) and meropenem (95%–99%). From 2014 to 2023, the rate of MRSA
decreased from 49% to 33.5%. S. pneumoniae susceptibility to amoxicillin/clavulanate and clindamycin significantly increased. For E. coli,
there was a significant decrease in susceptibility for cefazolin (90% to 84%), ceftriaxone (95% to 92%), and meropenem (100% to 99%). There
were nonsignificant decreases in susceptibility for K. pneumoniae.

Conclusion: Over the past 10 years, MRSA rates decreased, S. pneumoniae antibiotic susceptibility increased, and gram-negative bacilli
susceptibility was stable to slightly decreased. Georgia antibiogram data support the recommended antibiotic treatment for common pediatric
infections.

(Received 30 September 2024; accepted 13 January 2025)

Antibiograms provide cumulative antibiotic susceptibility for
specific pathogens and can be used to show antibiotic resistance
trends over time. They are recommended by the Centers for
Disease Control and Prevention and the Infectious Diseases
Society of America as an important component of antibiotic
stewardship programs.1,2 Antibiogram data can be incorporated
into local treatment guidelines and clinical pathways informing
empiric treatment recommendations for infections such as urinary
tract infections, skin and soft tissue infections, and community-
acquired pneumonia. Access to antibiogram data can also shorten
the time to appropriate antibiotics by optimizing the initial
antibiotic chosen to treat an infection.3,4

The Clinical and Laboratory Standards Institute (CLSI) M39
guideline outlines the recommendations for the development of
antibiograms in healthcare settings.5 To improve accuracy of the
antibiotic susceptibility data, the guideline recommends only
pathogens with at least 30 unique isolates should be included in the
cumulative antibiogram. While healthcare facilities can combine
multiple years of data to achieve these denominators, this still
presents challenges for small facilities.6 Large free-standing
children’s hospitals are typically able to meet the isolate
recommendations for multiple bacteria, but smaller children’s
hospitals or those connected to an adult facility may only meet
these thresholds for themost commonly isolated pathogens such as
Staphylococcus aureus or Escherichia coli.

To overcome these challenges, antibiograms from multiple
facilities have been combined to create statewide or regional
antibiograms.6–10 The majority of these combined geographic
antibiograms are from adult facilities, whose resistance patterns
may not accurately represent resistance patterns in children. There
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are several challenges in combining antibiogram data from
multiple facilities. Although there are standard breakpoints
recommended in the CLSI guidelines, adoption of updated
breakpoints may be delayed.4 This creates inaccuracies when
trying to aggregate antibiotic susceptibility data from facilities
using different breakpoints. When combining isolates from
different-sized facilities, the number of isolates included from
larger, tertiary, children’s hospitals may overrepresent the data
being combined into a regional antibiogram skewing results
towards greater antibiotic resistance.11,12 Despite the challenges of
creating regional or statewide antibiograms, there is a need to
provide antibiotic susceptibility data and temporal resistance
trends to pediatric clinicians in smaller facilities and those
practicing in the community.

This project was a collaboration between the five children’s
hospitals in Georgia with the goal of creating the first combined
pediatric antibiogram for the state of Georgia. We aimed to
determine whether a combined antibiogram accurately repre-
sented the antibiotic susceptibility patterns reported from different
parts of the state. Finally, we endeavored to describe the antibiotic
susceptibility patterns for common bacteria and identify changes
in resistance over time.

Methods

A project team consisting of the director and associate director of
microbiology and pediatric infectious diseases physicians from
Children’s Healthcare of Atlanta oversaw the development of the
statewide pediatric antibiogram. The project was reviewed by the
Children’s Healthcare of Atlanta Institutional Review Board and
determined to not be human subjects research. The five children’s
hospitals in Georgia: Children’s Healthcare of Atlanta (Atlanta),
Children’s Hospital of Georgia (Augusta), Beverly Knight Olsen
Children’s Hospital (Macon), The Children’s Hospital (Columbus)
and Dwaine & Cynthia Willett Children’s Hospital of Savannah
(Savannah) were contacted and agreed to share their annual
pediatric-specific antibiograms. A brief questionnaire was sent to
hospital leadership and the person responsible for antibiogram
development at each hospital. Questions focused on characteristics
related to number and type of pediatric-specific beds, admissions,
different patient populations cared for at the hospital, the patient
population included in the pediatric antibiogram, who was
responsible for overseeing the antibiogram development, and
whether current CLSI guidelines and breakpoints were followed.
Children’s Healthcare of Atlanta represents a healthcare system
and includes data from Egleston and Scottish Rite Children’s
Hospitals, and a portion of urgent care patients.

The annual pediatric antibiograms from each hospital from
2014 through 2023 were provided. After reviewing the antibio-
grams from each hospital, the pathogens that were consistently
included in each hospital’s antibiogram were included: S. aureus,
Streptococcus pneumoniae, Enterococcus faecalis, E. coli, Klebsiella
pneumoniae, Enterobacter cloacae complex and Pseudomonas
aeruginosa. Methicillin-susceptible S. aureus (MSSA) and methi-
cillin-resistant S. aureus (MRSA) susceptibility data were reported
separately. The pathogen-antibiotic combinations included for
each bacterium were chosen if data were reported by at least three
of the five hospitals and are shown in the Supplemental Table.

Each hospital antibiogram reported data as percent susceptible
and the total number of isolates for each pathogen-antibiotic
combination. The total number of isolates (denominator) and
percent susceptible data were used to calculate the number of

susceptible isolates (numerator). The numerator and denominator
data for each pathogen-antibiotic combination from the individual
hospital antibiograms were combined to create the statewide
antibiogram. For hospitals that created distinct antibiograms for
specific groups (e, pediatric intensive care or neonatal units) or by
source (eg, urine), all available antibiogram data were combined to
create a composite antibiogram. All isolates were included in the
statewide antibiogram, even if fewer than 30 isolates were
contributed from the individual hospital. Antibiogram data
(percent susceptible and total isolates for each pathogen-antibiotic
combination) were entered into an electronic tool. For 2014–2019,
the project team entered the antibiogram data directly from each
hospital’s published antibiograms. For 2020–2023, antibiogram
data were collected prospectively once that year’s antibiogram was
completed. Hospitals generated an antibiogram report that was not
separated by hospital location or source, and these data were
entered into the electronic tool. The project team reviewed data
from each hospital for errors or inconsistencies and these were
clarified or corrected prior to adding the data to the statewide
antibiogram.

Antibiotic susceptibility rates for 2023 for Georgia (statewide
data) and the five hospitals were compared to understand
differences between individual hospital antibiogram data and
the statewide antibiogram data. To limit differences that could be
due to small sample sizes at individual hospitals, the analysis
focused on four bacteria for which the hospitals had at least
30 isolates: MSSA, MRSA, E. coli, and K. pneumoniae. The
exception was Columbus, which had fewer than 30 isolates for
MRSA and K. pneumoniae. The pathogen-antibiotic combinations
included in the comparison represented different antibiotic classes
(i.e. beta-lactam and non-beta-lactam antibiotics). Antibiotics,
such as vancomycin and meropenem, were omitted from the
interhospital analysis if susceptibility was consistently 99%–100%
across all locations. For each pathogen-antibiotic combination,
forest plots showing the antibiotic susceptibility rate and 95%
confidence interval (CI) were compared for Georgia and the
individual hospitals.

Antibiotic susceptibility data for the five hospitals were
combined to show changes in susceptibility from 2014 to 2023.
Pathogen-antibiotic combinations included in the analysis for each
bacterium represented different classes of antibiotics. Changes in
percent susceptibility for 2014 versus 2023 were compared using
the two-proportion z-test with Yates continuity correction, and all
tests were two-sided. Adoption of the CLSI uncomplicated urinary
tract infections (UTI) breakpoints for cefazolin (≤16 μg/mL) for
E. coli began in 2017; therefore, 2017 and 2023 susceptibility data
were compared. The Mann-Kendall test was used to evaluate
trends over time from 2014 through 2023 for the MRSA rate. All
analyses were performed with SAS 9.4 (Cary, NC) and R v4.4.0
(Vienna, Austria). A p-value below 0.05 was considered significant.

Results

The hospital characteristics and antibiogram information are
described in Table 1. Although all hospitals used the CLSI
guidelines for antibiogram development, there were notable
differences. Hospitals only included the first isolate of an organism
for a specific patient for a given calendar year except for Augusta
and Columbus, whichmay havemore than one isolate for a specific
patient for a given year. Augusta did not adjust for inducible
resistance for S. pneumoniae or S. aureus. Hospitals adopted the
updated CLSI breakpoints at different times for carbapenems
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Table 1. Descriptive characteristics of the children’s hospitals participating in the development of a Georgia pediatric antibiogram

Children’s
Healthcare
of Atlanta

Children’s
Hospital of
Georgia

Beverly Knight Olson
Children’s Hospital

The Children’s
Hospital, Piedmont

Columbus
Regional

Dwaine & Cynthia
WillettChildren’s Hospital of

Savannah

Location Atlanta, GA Augusta, GA Macon, GA Columbus, GA Savannah, GA

Children’s hospital characteristics

Free-standing children’s hospital Yes Yes No No No

Annual number of pediatric inpatient
admissions

27,760 3,300 2,947 983 3,595

Annual number of pediatric emergency
department
visits

218,000 39,000 21,595 36,000 43,338

Annual number of pediatric urgent care
visits

153,462 0 18,520 0 0

Annual number of pediatric outpatient
visits

1,057,281 80,500 39,563 12,316 30,000

Total number of pediatric beds 673 149 110 24 36

Total number of pediatric ICU beds 113 14 21 5 14

Total number of neonatal ICU beds 89 45 66 46 92

Provides care for pediatric oncology
patients

Yes Yes Yes Yes Yes

Provides pediatric blood and marrow
transplantation

Yes No No No No

Provides pediatric organ transplantation Yes Yes No No No

Microbiology lab characteristics

Antibiogram developed using CLSI M39
guidelines

Yes Yes Yes Yes Yes

Primary methodology used for
susceptibility testing

Microscan Vitek2 Vitek2 Microscan Microscan

Responsible for preparing the
antibiogram

Microbiology Yes Yes Yes No No

Pharmacy No Yes Yes Yes Yes

Hospital epidemiologist/infection
prevention

No Yes No No No

Infectious diseases No Yes No No No

Other No No No No No

Patient population included in the
antibiogram

Inpatient Yes Yes Yes Yes Yes

Emergency department Yes Yes Yes Yes No

Outpatient Yes No No No No

Urgent care Yes No No No No

Only first isolate for a specific patient
included in the antibiogram

Yes No Yes No Yes

Clindamycin results adjusted for
inducible resistance testing

Staphylococcus spp. Yes No Yes Yes Yes

Streptococcus pneumoniae Yesa No Yes Yes Yes

Use of post-2010 CLSI breakpoints for
carbapenems for Enterobacterales

Yes Yes Yes Yes Yes

(Continued)
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(2012–2020), cephalosporins (2017–2020), and fluoroquinolones
(2019–2022). Because Atlanta had not yet adopted the updated
fluoroquinolone breakpoints, their fluoroquinolone data were not
included starting in 2021, decreasing the number of isolates
included for fluoroquinolones.

The combined antibiotic susceptibility data for the five
children’s hospitals in Georgia for 2023 are shown in Table 2.
Clindamycin susceptibility differed between MSSA (78%) and
MRSA (82%). The susceptibility of S. pneumoniae to amoxicillin
(inferred from amoxicillin/clavulanate) was 96%. For E. coli, using
the uncomplicated UTI breakpoints (≤16 μg/mL), susceptibility
to cefazolin was 84%. Cefazolin susceptibility was 68% using
the systemic infection breakpoint (≤2 μg/mL). For E. coli and
K. pneumoniae, susceptibility to ceftriaxone was 92% and 90%,
respectively. For all included gram-negative bacteria, susceptibility

remained high to ciprofloxacin (90%–97%) and meropenem
(95%–99%).

Figure 1 shows the comparison of individual hospital antibiotic
susceptibility for MSSA, MRSA, E. coli, and K. pneumoniae with
the statewide data for 2023. For MSSA for both clindamycin and
trimethoprim/sulfamethoxazole (TMP/SMX), hospital rates were
similar to the Georgia mean susceptibility, and CIs overlapped
(Figure 1A). For MRSA, there was more variation in the hospital
susceptibility rates to clindamycin and TMP/SMX, but the CIs
overlapped with or were slightly greater than the Georgia mean
(Figure 1B). For E. coli, hospital susceptibility rates were similar or
slightly greater than the Georgia mean, and CIs overlapped for the
included antibiotics. One exception was ceftriaxone susceptibility
for Augusta in which the susceptibility was greater and the CI did
not overlap with the Georgia data (Figure 1C). Similarly, for

Table 1. (Continued )

If yes, year post-2010 breakpoints
adopted

2017 2019 2020 2020 2012

Testing for carbapenemase performed Yes Yes Yes Yes No

If yes, method used for carbapenemase
detection

BioFire,
BCID,
CarbaR

CarbaR CarbaR mCIM þ/- eCIM Specimens sent to
state lab

Use of new CLSI breakpoints for
cephalosporins for Enterobacterales

Yes Yes Yes Yes Yes

If yes, year new cephalosporin
breakpoints
adopted

2017 2019 2020 2020 2020

Testing for extended-spectrum beta-
lactamases

Yes Yes Yes Yes Yes

Use of new CLSI breakpoints for
fluoroquinolones for Enterobacterales

Nob Yes Yes Yes Yes

If yes, year new fluoroquinolones
breakpoints
adopted for Enterobacterales

NA 2019 2020 2022 2022

Use of new CLSI breakpoints for
fluoroquinolones for Pseudomonas
aeruginosa

Nob Yes Yes Yes Yes

If yes, year new fluoroquinolones
breakpoints
adopted for P. aeruginosa

NA 2019 2020 2022 2022

Lab performs respiratory cultures for
patients
with cystic fibrosis

Yesc No No No Yes

Use of updated CLSI breakpoints for
piperacillin/tazobactam for
Enterobacterales (2022) and P.
aeruginosa (2023)

No Yesd No No No

Use of 2023 CLSI breakpoints for
aminoglycosides for Enterobacterales
and P. aeruginosa

No No No No No

Responses are based on 2021 hospital data and microbiology lab data.
GA is Georgia. ICU is intensive care unit. CLSI is Clinical and Laboratory Standards Institute. Spp. is species.
NA is not applicable.
aAdjustment for inducible clindamycin resistance for S. pneumoniae started in 2022.
bFor Atlanta, the fluoroquinolone results are suppressed in the 2021-2023 antibiogram.
cFor Atlanta, P. aeruginosa cystic fibrosis isolates are not included in the antibiogram.
dFor Augusta, updated breakpoints for piperacillin/tazobactam were adopted in March 2023 for both Enterobacterales and P. aeruginosa.
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Table 2. Combined pediatric antibiotic susceptibility data for the 2023 year for the state of Georgia

Ampicillin Amox/clav Oxacillin Ceftriaxone
(non-

meningitic)

Ceftriaxone
(meningitic)

Clindamycina TMP/SMX Vancomycin Linezolid Levofloxacin Nitrofurantoin
(urine)

Gram-positive
organisms

Percent susceptible (number of isolates)

MSSA 100
(1122)

78
(1113)

99
(1122)

100
(1122)

MRSA 0
(566)

82
(565)

97
(566)

100
(566)

Enterococcus
faecalis

100
(254)

99
(254)

100
(209)

100
(249)

Streptococcus
pneumoniae

96
(215)

98
(241)

86
(224)

93
(243)

100
(243)

99
(220)

Ampicillin Cefazolin
(systemic)b

Ceftriaxone Ceftazidime Cefepime Pip/tazod Meropenem Gentamicind Tobramycind Amikacind TMP/SMX Ciprofloxacinc Levofloxacinc Cefazolin
(urine)

Nitrofurantoin
(urine)

Gram-negative
organisms

Percent susceptible (number of isolates)

Escherichia coli 45
(2346)

68
(2251)

92
(2442)

93
(2442)

97
2442)

99
(2442)

89
(645)

100
(549)

70
(2442)

90
(645)

84
(1892)

98
(2405)

Klebsiella
pneumoniae

79
(444)

90
(495)

91
(495)

93
(495)

99
(495)

93
(150)

93
(150)

100
(99)

83
(495)

95
(150)

32
(425)

Enterobacter
cloacae complex

94
(197)

99
(197)

100
(66)

98
(66)

100
(35)

87
(197)

97
(66)

Pseudomonas
aeruginosa

92
(403)

93
(464)

90
(464)

95
(464)

97
(100)

100
(39)

96
(111)

90
(50)

MSSA is methicillin-susceptible Staphylococcus aureus. MRSA is methicillin-resistant Staphylococcus aureus. Amox/clav is amoxicillin/clavulanate. Pip/tazo is piperacillin/tazobactam. TMP/SMX is trimethoprim/sulfamethoxazole.
For a given bacterium, the differences in the total number of isolates are the result of differences in antibiotics included in susceptibility testing for the different hospitals.
aAugusta did not adjust for inducible clindamycin resistance for S. aureus for S. pneumoniae.
bSusceptibility results based on systemic breakpoints or when breakpoints used were not specified.
cFluoroquinolone data for Atlanta were not included.
dUpdated breakpoints for piperacillin/tazobactam and aminoglycosides were not adopted in 2023 except for Augusta, which began using updated piperacillin/tazobactam breakpoints in March of 2023.
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K. pneumoniae, hospital susceptibilities were similar or slightly
greater than the Georgia mean and CIs overlapped. One exception
was ciprofloxacin in Columbus, in which the susceptibility rate was
greater, but the CIs did not overlap. Ciprofloxacin susceptibility in

Macon was less than the Georgia mean but the CI overlapped
(Figure 1D).

The MRSA rate significantly decreased from 49% in 2014 to
33.5% in 2023 (P< 0.001) (Figure 2). Susceptibility to clindamycin

Figure 1. Comparison of Mean Antibiotic Susceptibilities for Selected Antibiotic-Pathogen Combinations from Pediatric Antibiograms for Individual Hospitals and Statewide Data
in Georgia in 2023. Figure 1. A. MSSA. Figure 1. B. MRSA. Figure 1. C. Escherichia coli. Figure 1. D. Klebsiella pneumoniae. Forest plots represent mean and the 95% confidence
interval. MSSA is methicillin-susceptible Staphylococcus aureus. MRSA is methicillin-resistant Staphylococcus aureus. TMP/SMX is trimethoprim/sulfamethoxazole. Ciprofloxacin
data for Atlanta were not included. This decreased the number of Georgia isolates to 645 for E. coli and 150 for K. pneumoniae.

6 Matthew Linam et al.

https://doi.org/10.1017/ash.2025.32 Published online by Cambridge University Press

https://doi.org/10.1017/ash.2025.32


remained stable for MSSA (78%) and MRSA (82%). Combined
antibiogram data were used to show changes in susceptibility
between 2014 and 2023 (Figure 3). S. pneumoniae showed
significantly increased susceptibility to amoxicillin (inferred from
amoxicillin/clavulanate) from 87% to 96% (P= 0.002), and to
clindamycin from 86% to 93% (P= 0.04) between 2014 and 2023.
For E. coli, there was a significant decrease in susceptibility from
2014 to 2023 for cefazolin (90% to 84%) (UTI breakpoints),
ceftriaxone (95% to 92%) and meropenem (100% to 99%). For
K. pneumoniae, there was a significant decrease in susceptibility to
nitrofurantoin from 47% to 32%. For P. aeruginosa, there was a
nonsignificant increase in susceptibility for ciprofloxacin and
meropenem.

Discussion

Many pediatric healthcare facilities struggle with having enough
isolates to create antibiograms unimpacted by sampling bias, but as
the threat of antibiotic resistance continues, accurate antibiograms

are essential to guide antibiotic prescribing in children. We
combined antibiogram data from the five children’s hospitals in
Georgia, each hospital located in a different part of the state, to
create the first pediatric-specific antibiogram for the state. By
creating statewide antibiograms from 2014 through 2023, we were
able to identify changes in antibiotic susceptibility over the past
10 years in Georgia.

Three of the five children’s hospitals contributing antibiogram
data in this project frequently had fewer than the CLSI-
recommended 30 isolates for bacteria included in their annual
antibiograms. In a pooled nationwide pediatric antibiogram, only
16% of children’s hospitals reported requiring a minimum of
30 isolates when creating their local antibiograms suggesting that
this is a frequent challenge for pediatric hospitals.10 When fewer
than the recommended number of isolates are used to create a local
antibiogram, it can be difficult to interpret whether the reported
antibiotic susceptibility is representative of actual antibiotic
susceptibility. Regional antibiograms, which combine isolates
from multiple hospitals or groups, can overcome this problem and

Figure 2. Change in the Rate of Methicillin-Resistant
Staphylococcus aureus from Pediatric Isolates from 2014
through 2023 in Georgia. MRSA is methicillin-resistant
Staphylococcus aureus.

Figure 3. Comparison of Antibiotic Susceptibility Rates from Pediatric Isolates for Selected Bacteria between 2014 and 2023 in Georgia. Urine represents uncomplicated urinary
tract infections breakpoints for cefazolin (≤16 μg/mL) for E. coli. Comparison is for 2017 and 2023 data. Men is meningitic. Non-men is non-meningitic. TMP/SMX is trimethoprim/
sulfamethoxazole.
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have been successfully created in several states; although, these
have primarily included adult data.7,9,11,13 Significant regional
differences or a single hospital providing the majority of isolates
could impact whether combined data are representative of the local
susceptibility. When comparing interhospital variation, combined
regional antibiograms have demonstrated that over 90% of hospital
susceptibility data clustered around the regional mean.7,9 The
Atlanta children’s healthcare system contributed over 75% of the
isolates to the statewide antibiogram. We compared the antibiotic
susceptibility data of each individual hospital with the statewide
mean to determine whether there were significant differences.
Local antibiotic susceptibility was similar to or slightly greater than
the statewide mean in most comparisons, and local confidence
intervals overlapped the statewide mean in nearly all comparisons.
Although data from Atlanta slightly reduced the Georgia
susceptibility data, the statewide data remained representative of
local antibiotic susceptibility.

Using pediatric-specific antibiograms submitted from 55 US
hospitals from 2005 through 2011, a combined pediatric antibio-
gramwas created, providing a snapshot of antibiotic susceptibility in
children in the US.10 In 2010–11, MRSA represented about
50% of S. aureus isolates with 79% of S. aureus isolates were
susceptible to clindamycin. For E. coli and K. pneumoniae,
susceptibility to ceftriaxone (94%–96%) and meropenem
(98%–100%) were high. In 2014, our Georgia antibiotic suscep-
tibility data were similar to the nationwide antibiotic susceptibility
data for S. aureus and gram-negative bacilli reported in 2011.
Overall, antibiotic susceptibility reported in our antibiogram
remained stable for the past ten years, but there were a few notable
changes. The rate of MRSA decreased significantly, now represent-
ing only about a third of S. aureus isolates. This is consistent with
national trends showing decreased rates of MRSA.14–16 We also
identified significantly increased S. pneumoniae susceptibility to
amoxicillin and clindamycin. Studies have shown reduction in
antibiotic-resistant serotype 19A after the 2010 introduction of the
pneumococcal conjugate vaccine 13; however, the reported change
in antibiotic susceptibility varied.17,18 In 2014, S. pneumoniae
antibiotic susceptibility in Georgia was comparable to the antibiotic
susceptibility reported in these studies. Our data show further
improvement in pneumococcal antibiotic susceptibility, but it is
unclear the relative impact ongoing serotype changes and antibiotic
stewardship efforts have had. Between 2014 and 2023, E. coli and K.
pneumoniae susceptibility remained stable but decreased slightly. In
a large multicenter cohort study of neonates with E. coli infections
from 2009 through 2017, antibiotic susceptibility was similar to
Georgia susceptibility data and remained stable over time. There was
a nonsignificant gradual increase in E. coli with an extended-
spectrum beta-lactamase phenotype.19 Our data identified small but
statistically significant decreases in E. coli susceptibility to
ceftriaxone and meropenem over the past ten years. These data
coupled with prior nationwide data are concerning for a slow-
moving but worrisome trend. Although our data is limited to
pediatric antibiotic susceptibility in Georgia, it has been consistent
with previously published US data and provides additional
information regarding changes in pediatric antibiotic susceptibility
over the past ten years.10,14,15,17–19

One of the most practical uses of an antibiogram is to provide
susceptibility data that can be used to reinforce treatment
guidelines A recent systematic review showed that including
antibiograms as part of multifaceted stewardship interventions
may improve antibiotic use and appropriateness.20 The majority of
antibiotics prescribed to children occur in the outpatient setting.21

Unfortunately, most community pediatricians either do not have
access to antibiogram data or are unsure whether a hospital’s
antibiogram applies to their patient population.22 Adult data
comparing antibiotic susceptibility of outpatient and inpatient
isolates demonstrate similar susceptibility for some antibiotic-
pathogen combinations and greater outpatient susceptibility for
other antibiotic-pathogen combinations.23 Regional or statewide
pediatric antibiograms are needed and can provide community
pediatricians with additional prescribing information, but addi-
tional studies are needed to identify whether there are important
differences between pediatric inpatient and outpatient antibiotic
susceptibility.

Evidence-based treatment guidelines have been published,
which recommend amoxicillin as the first-line empiric antibiotic
treatment for acute respiratory tract infections, of which
S. pneumoniae is a major cause.24–26. Continued improvement of
S. pneumoniae susceptibility in isolates from children in Georgia
support the use of amoxicillin for upper and lower respiratory tract
infections. The majority of soft tissue abscesses are caused by
S. aureus. In conjunction with abscess drainage, Georgia antibio-
gram data support the use of TMP/SMX for treatment, but due to
lower clindamycin susceptibility (78%–82%), it should be
prescribed more cautiously. E. coli is the most common cause of
UTIs in children, representing at least 80% of infections.27 First-
generation cephalosporins are recommended for empiric treat-
ment of UTIs in children, but if local resistance patterns show
increased resistance (example≥ 15%), local antibiograms should
be used to guide antibiotic treatment.28 Over the past couple years,
E. coli susceptibility to first-generation cephalosporins in Georgia
has decreased to 84%–85%, using urine-specific breakpoints.28

Therefore, clinicians should incorporate local susceptibility data
when choosing empiric antibiotics for UTIs. Altogether, antibiotic
susceptibility patterns in Georgia are consistent with current
evidence-based antibiotic treatment recommendations for
common pediatric infections.

The results of this pediatric antibiogram are subject to a few
notable limitations. First, the isolates used to create the different
hospital antibiograms utilized specimens obtained primarily in
the emergency departments and inpatient settings. This may
have skewed results towards lower susceptibility compared to
what may be seen in the community at large. Second, Atlanta
contributed the greatest number of isolates for all included
bacteria potentially overrepresenting the statewide susceptibil-
ity; however, the antibiotic susceptibility confidence intervals
for the other hospitals overlapped the statewide mean. Hospitals
adopted the updated CLSI interpretive criteria for cephalospor-
ins, carbapenems, and fluoroquinolones at different times.
These differences may have impacted the evaluation of
susceptibility trends over time, with some of the decrease in
observed susceptibility over time, in part, due to changes in
interpretive criteria.

Despite the majority of isolates coming from a single large
hospital and some differences in the timing various breakpoints
were adopted, we were able to create a representative statewide
pediatric antibiogram. Our data are consistent with previously
reported US susceptibility data in children and provide additional
information on changes in antibiotic resistance over the past ten
years, including improved antibiotic susceptibility for gram-
positive bacteria and stable but slightly decreased antibiotic
susceptibility for gram-negative bacilli. Future work will include
linking the statewide antibiogram data to evidence-based treat-
ment guidelines for common pediatric infections and
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disseminating this information to pediatricians and evaluating the
impact on their prescribing behaviors.
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Abbreviations:. MSSA: methicillin-susceptible Staphylococcus aureus
MRSA: methicillin-resistant Staphylococcus aureus
CLSI: Clinical and Laboratory Standards Institute
UTI: Urinary tract infection
TMP/SMX: Trimethoprim/sulfamethoxazole
CI: Confidence interval

Article summary:. A statewide pediatric antibiogram in Georgia shows
decreased MRSA and improved pneumococcal susceptibility but decreased
gram-negative bacilli susceptibility over the past ten years.
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