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ABSTRACT

Objective: To characterize antibiotic (ATB) consumption, microbiota, and antimicrobial sensitivity profiles in a Burn Treatment Center (CTQ, from
Portuguese Centro de Tratamento de Queimados) at the State General Hospital in Bahia, Brazil. Methods: This cross-sectional study examined infection-
causing pathogens and antibiotic consumption, expressed as defined daily doses (DDD), in both the CTQ ward (CTQ-A) and the Intensive Care
Unit (UAC). Results: A total of 214 bacterial isolates were identified between January 2022 and May 2023: 92 from CTQ-A and 122 from UAC. In
CTQ-A, 43.5% of isolates were Gram-positive compared to 17.2% in UAC. The most prevalent pathogens in CTQ- A were Staphylococcus aureus
(29%), Pseudomonas aeruginosa (17.4%), coagulase-negative staphylococci (13%), Serratia marcescens (10%), Klebsiella pneumoniae and Acinetobacter
baumannii (8.7% each). In UAC, dominant isolates were A. baumannii (25.4%), P aeruginosa (16.4%), S. marcescens and K. pneumoniae (12.3%
each), followed by S. aureus (9%). Multidrug-resistant organisms accounted for 50% of CTQ-A and 73% of UAC isolates. Among Enterobacterales,
extended-spectrum beta-lactamase production was detected in 54% of CTQ-A and 62% of UAC isolates, whereas carbapenem resistance rates
were 25% and 53%, respectively. Methicillin-resistant S. aureus occurred in 50% of CTQ-A and 66.7% of UAC isolates. Meropenem, tigecycline,
piperacillin/tazobactam, teicoplanin, and polymyxin B were the most prescribed ATBs in UAC. In CTQ-A, the most used were meropenem, piperacillin/
tazobactam, teicoplanin, and tigecycline. Conclusions: Despite differences in pathogens and resistance profiles between units, the antibiotics most
consumed in both were meropenem, piperacillin/tazobactam, teicoplanin, and tigecycline.
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RESUMO

Objetivo: Caracterizar o consumo de antibidticos (ATB), a microbiota e os perfis de sensibilidade antimicrobiana em um Centro de Tratamento
de Queimados (CTQ) do Hospital Geral do Estado da Bahia, Brasil. Métodos: Estudo retrospectivo observacional que avaliou microrganismos
causadores de infecgdes e o consumo de antibidticos, expresso em doses dirias definidas (DDD), tanto na enfermaria do CTQ (CTQ-A) quanto
na Unidade de Terapia Intensiva (UAC). Resultados: Entre janeiro de 2022 e maio de 2023, foram identificados 214 isolados bacterianos: 92 no
CTQ-A e 122 na UAC. No CTQ-A, 43,5% dos isolados eram Gram-positivos, comparados a 17,2% na UAC. Os patdgenos mais prevalentes no
CTQ-A foram Staphylococcus aureus (29%), Pseudomonas aeruginosa (17,4%), estafilococos coagulase-negativos (13%), Serratia marcescens (10%) e
Klebsiella pneumoniae e Acinetobacter baumannii (8,7% cada). Na UAC, predominaram A. baumannii (25,4%), P aeruginosa (16,4%), S. marcescens
e K. pneumoniae (12,3% cada), seguidos de S. aureus (9%). Microrganismos multirresistentes representaram 50% dos isolados no CTQ-A e 73% na
UAC. Entre enterobactérias, a produgao de beta-lactamase de espectro estendido foi detectada em 54% dos isolados do CTQ-A e 62% da UAC; ja a
resisténcia a carbapenémicos foi de 25% e 53%, respectivamente. S. aureus resistente a meticilina ocorreu em 50% no CTQ-A e em 66,7% na UAC.
Os antibioticos mais prescritos na UAC foram meropenem, tigeciclina, piperacilina/tazobactam, teicoplanina e polimixina B. No CTQ-A, destacaram-
se meropenem, piperacilina/tazobactam, teicoplanina e tigeciclina. Conclusoes: Apesar das diferengas nos perfis de resisténcia entre as unidades,
meropenem, piperacilina/tazobactam, teicoplanina e tigeciclina foram os antibiéticos mais utilizados em ambas.

DESCRITORES: Agentes Antibacterianos. Infecgoes. Cuidados Criticos. Queimaduras. Resisténcia a Medicamentos.
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RESUMEN

Objetivo: Caracterizar el consumo de antibidticos (ATB), la microbiota y los perfiles de sensibilidad antimicrobiana en un Centro de Tratamiento de
Quemados (CTQ) del Hospital General del Estado de Bahia, Brasil. Métodos: Estudio retrospectivo observacional que evalué patogenos causantes de
infecciones y consumo de ATB, expresado en dosis diarias definidas (DDD), en la sala de hospitalizacion del CTQ (CTQ-A) y en la Unidad de Cuidados
Intensivos (UAC). Resultados: Entre enero/2022 y mayo/2023 se identificaron 214 aislamientos: 92 en CTQ-Ay 122 en UAC. En CTQ-A, el 43,5%
fueron Gram positivos, frente al 17,2% en UAC. Los principales patégenos en CTQ-A fueron Staphylococcus aureus (29%), Pseudomonas aeruginosa
(17,4%), estafilococos coagulasa-negativos (13%) y Serratia marcescens (10%). En UAC predominaron Acinetobacter baumannii (25,4%), P aeruginosa
(16,4%), S. marcescens y Klebsiella pneumoniae (12,3% cada uno). Los organismos multirresistentes representaron 50% en CTQ-Ay 73% en UAC.
Entre enterobacterias, la produccion de BLEE alcanzé 54% en CTQ-Ay 62% en UAC, mientras que la resistencia a carbapenémicos fue 25%y 53%,
respectivamente. S. aureus resistente a meticilina ocurrié en 50% en CTQ-Ay 66,7% en UAC. Los ATB mas prescritos en UAC fueron meropenem,
tigeciclina, piperacilina/tazobactam, teicoplanina y polimixina B. En CTQ-A se destacaron meropenem, piperacilina/tazobactam, teicoplanina y tigeci-
clina. Conclusiones: A pesar de las diferencias en resistencia, meropenem, piperacilina/tazobactam, teicoplanina y tigeciclina fueron los ATB mas
utilizados en ambas unidades.

PALABRAS CLAVE: Agentes Antibacterianos. Infecciones. Cuidados Criticos. Quemaduras. Resistencia a Medicamentos.

INTRODUCTION OBJECTIVES

Infection is the leading cause of morbidity and mortality in To report the most prescribed antimicrobials in the unit and
burn patients. Hence antimicrobials are the primary class of asses whether their consumption is adequate based on the unit’s
drugs used in the treatment of patients with burns'. However, pathogen data and resistance profile.

excessive use of antimicrobials can lead to the emergence of
multi-resistant bacteria, making it difficult to treat infections in METHODS
the near future. The main rationale for administering antibiotics
(ATBs) is to control the high risk of infection and sepsis, which
are the leading causes of morbidity and mortality?. Effective
infection prevention and control are essential to improve patient

This retrospective observational study was conducted using
medical records from January 2022 to May 2023. Data were
. = : collected from both the intensive care unit (UAC) and the
outcomes and reduce the misuse of antimicrobials. general burn ward (CTQ-A) of Hospital Geral do Estado (HGE),

Although burn profiles and microbial patterns vary across a regional reference center for burn care. Data collection

specialized care units, the most frequently implicated and was based on medical prescriptions and complemented with

prevalent bacteria include Pseudomonas aeruginosa, Serratia information provided by the Hospital Infection Control Service
marcescens, Acinetobacter baumannii, and Staphylococcus (Servico de Controle de Infeccio Hospitalar, SCIH) and the
aureus’. We were unable to identify studies on antibiotic unit’s Clinical Pharmacy. All patients admitted to the unit during
consumption in specialized burn units in Brazil. Thus, raising the study period were included.
questions: what constitutes the appropriate consumption! How Antimicrobials were assessed according to the prescribed
long should the treatment time be?! What is the indication for agent and defined daily dose (DDD) calculations. Susceptibility
antibiotic prophylaxis in this population? profiles were obtained through the active microbiological
Antimicrobial selection must be individualized and guided surveillance program. Data were compiled using Epi Info version
by the patient’s colonizing flora as well as the epidemiological 7.2.5 (Centers for Disease Control and Prevention, CDC).
profile of the burn unit®. In specific cases, tissue biopsy with Patient-days refer to the unit of measurement representing
microbiological analysis is required®’. Since 2019, an active care provided to a hospitalized patient over a 24-hour period.
microbiological surveillance system has been implemented at the The total number of patient-days during a given period represents
Burn Treatment Center (CTQ, from the Portuguese Centro de the sum of all hospitalized patients per day.
Tratamento de Queimados) in Salvador, Bahia, Brazil. The drug’s daily dose (DDD) represents the presumed
This system is designed to monitor all pathogens responsible average maintenance dose per day of a drug when used for its
for infections in hospitalized patients, characterize their main therapeutic indication. To calculate DDDs, the monthly
antimicrobial susceptibility profiles, and track changes throughout ~ consumption of each antibiotic was first converted to grams (g),
hospitalization. The data generated through this surveillance have ~ and then expressed in terms of its standardized daily dose.
been instrumental in developing treatment protocols specifically To calculate the standardized rate of antimicrobial
tailored for this burn units. Taking account of this surveillance, ~ consumption, the following formula was used: DDD per
this study focuses on evaluating antibiotic consumption in the 1,000 patient-days = (Total amount of drug used in grams)

burn unit. + (DDD X Total patient-days) x 1,000; where A = total
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antimicrobial consumed (in grams); B = standard daily dose
of the antimicrobial (in grams); P = total number of patient-
days during the surveillance month. This study was approved by
Plataforma Bahia and the Institutional Research Ethics Committee
(approval number: 5.494.951). The ethics committee waived
the requirement for informed consent due to the retrospective
nature of the study.

RESULTS

During the study period, 765 patients were admitted in CTQ-A
and 21| patients were admitted in UAC, which corresponds
to 6,122 patient-day in CTQ-A and 1,901 in UAC. The rates of
healthcare-associated infections were 6.8% in the CTQ-A group
and 27.2% in the UAC group.

The most frequently prescribed ATBs in the UAC were
Meropenem, Tigecycline, Piperacillintazobactam, Teicoplanin,
Polymyxin B, Ampicillin/sulbactam, Vancomycin, Ciprofloxacin,
Linezolid, Cefepime, and Ceftriaxone. In the CTQ-A the most
prescribed ATBs were Meropenem, Piperacillin/tazobactam,
Teicoplanin, Tigecycline, Cefepime, Vancomycin, Ceftriaxone,
Ampicillin/sulbactam, and Ciprofloxacin. Table | displays the
antibiotic consumption density, expressed as defined daily doses
per 1,000 patient-days (DDD/1000) for each unit. The monthly
consumption trends of the most frequently prescribed antimicrobials
in UAC and CTQ-A are illustrated in Figures | and 2, respectively.

The data from the microbiology surveillance of the unit
during the period showed a total of 214 microorganisms; with
122 isolated from UAC and 92 isolated from the general ward
(CTQ-A).

The microbiota differed between the two units: in CTQ-A,
43.5% of the isolates were Gram-positive, whereas this
proportion decreased to 17.2% in the UAC. The most prevalent
pathogens in CTQ-A were S. aureus (29.0%), P aeruginosa
(17.4%), coagulase-negative staphylococci (CoNS) (13.0%), S.
marcescens (10.0%), Klebsiella pneumoniae and A. baumannii
(8.7%), followed by Enterobacter spp., Escherichia coli, Proteus
mirabilis, and Enterococcus spp. (each 3.3%). In the UAC, the
leading pathogens included A. baumannii (25.4%), R aeruginosa
(16.4%), S. marcescens and K. pneumoniae (each 12.3%), S.
aureus (9.0%), E. coli (6.6%), Enterobacter spp. and CoNS
(each 4.9%), P mirabilis and Enterococcus spp. (each 2.5%).

About the susceptibility of the isolates: it showed that
73.0% of the isolates in the UAC were classified as multidrug-
resistant (MDR), in comparison to 50.0% of the pathogens in
the CTQ-A. Among Enterobacterales, extended-spectrum beta-
lactamase (ESBL) production was 62.0% in UAC and 54.0% in
CTQ-A, while carbapenem resistance was 53.0% and 25.0%,
respectively. Table 2 presents the antimicrobial susceptibility
profiles of the most prevalent Gram-negative bacteria divided
per ward. Among S. aureus isolates, the Methicillin-resistant S.
aureus (MRSA) rate was 66.7% in UAC and 50.0% in CTQ-A.

TABLE 1
Average antibiotic consumption density (DDD/1000 patient-days) by unit at HGE, BA, from January 2022 to May 2023.

Antimicrobials
Meropenem

Piperacillin/tazobactam
Teicoplanin

Tigecycline

Cefepime

Vancomycin
Ceftriaxone
Ampicillin/sulbactam
Ciprofloxacin
Polymyxin B

Linezolid

CTQ-A UAC
149.49 560.28
136.16 285.52
114.68 253.60
40.03 360.60
39.06 15.78
17.86 141.20
15.93 7.90
16.16 178.30
8.72 27.30
— 262.07
—-a 17.88

HGE: Hospital Geral do Estado; DDD: defined daily dose; BA: Bahia, Brazil. Source: Clinical pharmacy of CTQ.
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Monthly ATB Consumption (DDD/1,000 patient-days) in UAC, HGE
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Figure |. Monthly antimicrobial consumption (DDD/1,000 patient-days) in UAC, from January 2022 to May 2023, in Hospital Geral do Estado, Bahia.
Source: Clinical Pharmacy of CTQ.
Gt Monthly ATB Consumption (DDD/1,000 patient-days) in UAC, HGE
800+
0
>
)
b
§ 600f i
z B A e s S Treee.
a e ‘e ot '-"'--u-.. ..--"'. Bl
g _____ ---"""-_"-__h-.”::""-—-._____:_..-:_ ._-----""--'_- e ————— _;____._'_----.'_._,
S 400} = - — , - M
—
a /\/’ S
(=)
[a}
200+
0 L = N L i A A - Lq’ L . A A A A = . A L .
S P P F PN PP BN PP
S I G &R F e R @
Antibiotics
ssss  Meropenem — Polymyxin B Glycopeptides

== PiperacillinfTazobactam Tigecycline

Figure 2. Monthly antimicrobial consumption (DDD/1,000 patient-days) in CTQ-A, from January 2022 to May 2023, in Hospital Geral do Estado, Bahia.
Source: Clinical Pharmacy of CTQ.
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TABLE 2.
Antimicrobial susceptibility profiles (%) of the most frequent Gram-negative pathogens isolated in the UAC and CTQ-A
units, HGE, BA, from January 2022 to May 2023.

A. baumanii
Antimicrobials UAC CTQ-A UAC
Amikacin 10 50 31.6
Gentamicin 42 37.5 30
Ciprofloxacin - -2 40
Ceftriaxone - - -
Cefepime - -2 40
ey ..
Meropenem 10 17 50
Polymyxin B 96 100 90
Tigecycline 93 100 ==
Sulfamethoxazole/ | 43 .

trimethoprim

P. aeruginosa

S. marcescens K. pneumoniae

CTQ-A UAC CTQ-A UAC CTQ-A
62.5 0 10 60 75
56 26 40 33 75
75 27 30 20 75
- 0 0 13 375
69 0 10 13 62.5
50 0 10 13 25
81 60 60 67 87.5
100 - - 50 100
- - - 86 100
- 40 57 07 50

a — indicates not tested or data available.

Bacterial species are abbreviated as follows: Acinetobacter baumannii (A. baumannii), Pseudomonas aeruginosa (P aeruginosa), Serratia marcescens (S. marcescens),
and Klebsiella pneumoniae (K. pneumoniae). Unidade de Alta Complexidade — UAC; CTQ-A: Centro de Tratamento de Queimados A; HGE: Hospital Geral do

Estado; BA: Bahia, Brazil.
Source: Hospital Infection Control Committee.

DISCUSSION

This study provides an overview of ATB consumption patterns
in two distinct burn units. DDD values varied considerably
between the two units, with Meropenem (560 in UAC and
[49 in CTQ-A), Vancomycin, and Teicoplanin being the most
frequently used antibiotics.

Analysis of ATB consumption highlighted the high usage of
Meropenem, which was the most prescribed drug in both units.
This poses a dilemma as both units exhibit elevated rates of
resistance to Meropenem, with A. baumannii generally showing
less than 20.0% susceptibility. Additionally, the indiscriminate use
of Meropenem contributes to selective pressure on P aeruginosa
and A. baumannii, two of the most prevalent pathogens in these
units. To mitigate this issue, potential strategies include the use
of Ertapenem for ESBL infections to reduce selective pressure
on non-fermenting Gram-negative bacilli such as Pseudomonas
and Acinetobacter, and the implementation of de-escalation
protocols, which may involve switching to alternative antibiotic
classes (e.g., quinolones), when clinically appropriate.

Regarding Gram-positive bacteria, we observed an excessive
use of Gram- positive coverage, specifically Glycopeptides such
as Teicoplanin and Vancomycin, in the UAC (intensive unit),
despite Gram-positive pathogens accounting for only 17.0%
of its isolates. To address this, we plan to implement targeted
educational interventions for clinical staff to reduce the over-
reliance on empiric Gram-positive coverage. Notably, during

the study period, a 2-month shortage of Teicoplanin led to its
substitution with Daptomycin or Linezolid (data not shown).

In contrast, 46.0% of the pathogens isolated from CTQ-A
were Gram-positive, with Methicillin-sensitive S. aureus (MSSA)
representing 14.0% of all isolates in this unit. However, the
consumption data does not include Oxacillin and Cefazolin,
the recommended agents for treating MSSA, which limits a full
assessment of antibiotic use for this pathogen.

Other drugs, such as Sulfamethoxazole/trimethoprim,
Ceftazidime/avibactam, Ceftolozane/tazobactam,  Amikacin,
and Gentamicin were not administered. The unit encourages
their use when indicated, followed by monitoring of outcomes.
During the analysis, we observed an opportunity to increase
the use of Ciprofloxacin, as the susceptibility of most pathogens
to Ciprofloxacin is often superior to that of Cephalosporins.
Ceftazidime/avibactam and Ceftolozane/tazobactam are new
drugs labelled as high cost in our service, for that reason their use
only began in 2023 also their prescription is restricted and must
be authorized by our infectious diseases specialist on call only
for infections caused by MDR pathogens, guided by antibiograms
and in the absence of other therapeutic options. That's why we
have no available data on their use, yet.

The use of Ampicillin/sulbactam was considered suitable,
because it is particularly indicated for Enterococcus spp. and A.
baumannii, and its consumption aligns with the identification
of these bacteria. However, it is important to note that higher
doses are used in the treatment of A. baumannii.
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Overall A. baumannii, P aeruginosa, S. marcescens, and K.
pneumoniae were the most prevalent pathogens in the UAC,
whereas S. aureus, P aeruginosa, and coagulase-negative
Staohylococci prevailed in CTQ-A during the study period. The
highest rate of MDR (73.0%) was observed in the UAC group.

This study has several limitations. As a retrospective analysis,
it did not capture all ATBs used in the unit because it did
not analyze the use of simpler antibiotics such as Oxacilin or
Cefazolin. and some agents administered at loading doses or at
higher than standard doses may have affected the accuracy of the
DDD-based interpretations. This was a study based on general
data from the unit, without focusing on individual patient data,
meaning it was not possible to assess de-escalonation, mortality
or treatment efficacy outcomes. Despite these drawbacks, we
plan to continue monitoring ATB consumption and comparing
trends within units over time. Notably, we found no published
data on DDD consumption in other burn units in Brazil,
highlighting the need for further studies aimed at burn patients.
And from this, we can enable more detailed study designs to
better understand outcomes.

CONCLUSIONS

At our center, DDD monitoring is integrated with a
microbiological surveillance system, enabling the identification of
treatment nonconformities in patients with burn injuries. Sharing
these data will facilitate a broader discussion about the specific
needs of this patient population. Regular analysis of antibiotic
consumption supports the identification of areas requiring
adjustment and contributes to the development of public health
policies aimed at optimizing care and minimizing complications in
patients with burn injuries.
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