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ABSTRACT

OBJECTIVE: The results of adequate and inadequate empirical antibiotics remain unclear. This study
aimed to evaluate the results of using adequate and inadequate empirical antibiotics.

METHODS: A retrospective cohort analysis that covered January 2017 and December 2021 was
conducted. At Vajira Hospital, we enlisted pediatric patients with bacteremia and urinary tract
infections (UTIs). Patient attributes, empirical antibiotics, therapeutic results, financial expenditures,
and antibiotic susceptibility patterns were assessed.

RESULTS: In total, 286 pediatric patients were enrolled. There were 230 (80.4%), and 56 (19.6%)
patients with UTIs and bacteremia, respectively. The organism that was found the most frequently
was Escherichia coli (53.5%), while third-generation cephalosporin was the most often used empirical
antibiotic (74.5%). Only 78.4% of Escherichia coli were vulnerable to third-generation cephalosporin.
Of 220 patients (76.9%) were treated with adequate empirical antibiotics. The outcomes in the
adequate empirical antibiotics group revealed better-improved symptoms than inadequate empirical
antibiotics group (96.4% VS 84.8%, p = 0.002).

CONCLUSION: Clinical outcomes among pediatric patients from adequate initial antibiotics groups
were reported the better outcomes. The mortality rates were not different. Nonetheless, appropriate
empirical antibiotics are needed. In UTI patients, amikacin is preferable options for empirical antibiotics.

KEYWORDS: adequate, empirical antibiotics, inadequate, pediatrics

INTRODUCTION

Infections are to blame for one-third of all
fatalities globally'. Bacteremia, and urinary tract
infections (UTIs) each had in-hospital death rates
of 23.4%, and 11.9%, respectively?. Bacteremia is
linked to higher rates of morbidity, death, and costs®.
Additionally, bacteremia has a mortality rate that
ranges from roughly 28 to 55%*. In addition to
bacteremia, major and frequent issues include
UTIs. Each year, 8.1 million UTIs diagnoses were
recorded in the United States. If the condition was

not treated properly, renal failure would result>”.
In order to address and avoid complications from
bacteremia, and UTI, appropriate antibiotics are
required.

Antibiotic-resistant microorganisms are
now more prevalent, which increases costs,
lengthens hospital stays, and boosts fatality
rates®. The World Health Organization promotes
awareness of microbes that are resistant to
antibiotics®. However, the use of inferior empirical
antibiotics is rising. Information on adequate and
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inadequate empirical antibiotics varies. Inadequate
empirical antibiotics have been shown to promote
catastrophic outcomes in the past, but another
investigation found there was no distinction in
the results between inadequate and adequate
empirical antibiotics®'®. In order to determine if
appropriate empirical antibiotics are necessary,
data on outcomes between adequate and inadequate
empirical antibiotics as well as antimicrobial
susceptibility patterns in the pediatric ward at
Vajira Hospital require examination. The primary
objective is to approve the mortality rate between
adequate and inadequate initial antibiotics.

METHODS

We carried out a 5-year retrospective cohort
analysis at a single location. When bacteremia and
UTIs were determined to be caused by bacteria on
hemoculture, and urine culture (> 10> CFU per
milliliter of urine), respectively with the relevant
symptoms, we enrolled pediatric patients under
the age of 15 who had these diagnoses %>, Therapy
was determined to be adequate or inadequate
empirical antibiotics treatment based on the
in-vitro susceptibility of an isolated organism.
Adequate empirical antibiotics are referred to as
in-vitro susceptibility of the isolated pathogen to
at least one of the antibiotics administered and
inadequate empirical antibiotics are referred to as
in-vitro resistance of the isolated pathogen to at
least one of the antibiotics administered that
administration in the first 24 hours®.

We collected all data from 1 January 2017
to 31 December 2021 at the Pediatrics outpatient
and inpatient departments at Vajira Hospital,
Navamindradhiraj University. Vajira Hospital is
a tertiary care facility that serves over 700,000
outpatient visits and 30,000 inpatient admissions
per year. Demographic information, organisms,
antimicrobial susceptibility patterns, treatment
results between sufficient and inadequate empirical
antibiotics, and expenditures were gathered.
Institutional review board ethics clearance was
received from the Faculty of Medicine at Vajira
Hospital, Navamindradhiraj University.
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The sample size for the comparison results
between adequate and inadequate empirical
antibiotics was determined using an unmatched
cohort study. Kelsey et al. described the sample
size formula for the present method.

_ Zuy2+24-p)2Pq (r+1)
r(p1-D2)?

n,

n, =1,

where n = amount of inadequate empirical
antibiotics (exposed group), n, = amount of adequate
empirical antibiotics (unexposed group), a = 0.05,
1-B = 0.8, p, = correlation between inadequate
empirical antibiotics and death, p, = link between
the segment of adequate empirical antibiotics
and death.

According to an earlier study, inadequate
empirical antibiotics resulted in 67.8% in-hospital
mortality, whereas adequate empirical antibiotics
resultedin 28.7% in-hospital deaths'. Additionally,
data from a month at the pediatric department of
Vajira Hospital showed that the number of patients
receiving an appropriate course of empirical
antibiotics was more than three times higher
than that of the inadequate group. As a result, we
aimed to gather samples from unexposed and
exposed groups at a ratio of 3 to 1.

At least 66 participants in total, comprising
at least 17 in the exposed group and 49 in the
unexposed group, made up the overall sample
size. This study was approved by the Institutional
Review Board Faculty of Medicine (COA 069/2565).

Interquartile range (IQR) and percentage
were used in descriptive statistics to determine
the mean. The Independent Samples T-test,
Mann-Whitney U Test, Chi-Square Test, or Fisher’s
Exact Test, as applicable, were correlated to the
p-value. IBM SPSS Statistics 28.0 was used to
examine the data.

RESULTS

From January 1, 2017, to December 31,
2021, we enrolled 286 pediatric patients who
had been diagnosed with UTIs, and bacteremia.
Age was 7.16 months on average (IQR 2.21-30.66).
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159 (55.6%) of the patients were male. Furthermore,
genitourinary tract illness was the most prevalent
underlying condition in 90 (31.5%) patients (n = 39,
13.6%) such as vesicoureteral reflux, chronic kidney
disease, and renal cysts. From the sample, 236
were inpatients (82.5%). UTIs, and bacteremia
were identified in 230 (80.4%), and 56 (19.6%)
patients, respectively. The most prevalent
empirical antibiotic (74.5%) was third-generation
cephalosporin. Septic shock was the most prevalent

complication, occurring in 14 (4.9%) patients.
Both adequate and inadequate empirical antibiotics
can cause complications (10.5% vs. 16.7%, p = 0171).
The improved clinical showed that 208 patients
in adequate empirical antibiotics, and 60 patients
in inadequate empirical antibiotics (p = 0.002).
Still, 18 patients (6.3%) died, 12 patients received
appropriate empirical antibiotics, and 6 patients
received inadequate empirical antibiotics (p = 0.099).
(table 1)

Table 1 Patient characteristics of adequate and inadequate empirical antibiotics

Patient profile Total patients Adequate empirical Inadequate empirical P-value
(N = 286) antibiotics antibiotics
(N =220) (N = 66)

Age; months’ 7.16 (2.21-30.66) 7.16 (2.11-34.06) 7.16 (2.41-19.66) 0.945

Sex
Male 159 (55.6%) 116 (52.7%) 43 (65.2%) 0.075
Female 127 (44.4%) 104 (47.3%) 23 (34.8%)

Underlying disease 90 (31.5) 65 (29.5%) 25 (37.9%) 0.201
Genitourinary tract 39 (13.6%) 25 (11.4%) 14 (21.2%) 0.041
Neurological 18 (6.3%) 11 (5.0%) 7 (10.6%) 0.143
Cardiovascular 17 (5.9%) 14 (6.4%) 3 (4.5%) 0.770
Hematological 13 (4.5%) 12 (5.5%) 1 (1.5%) 0.311
Respiratory 8 (2.8%) 6 (2.7%) 2 (3.0%) 1.000
Endocrine 6 (2.1%) 6 (2.1%) (0] (0.0%) 0.342
Gastrointestinal 6 (2.1%) 3 (1.4%) 3 (4.5%) 0.138
Delay development 1 (0.3%) 1 (0.5%) ] (0.0%) 1.000

Type of care
Inpatient care 236 (82.5%) 185 (84.1) 51 (77.3%) 0.201
Outpatient care 50 (17.5%) 35 (15.9%) 15 (22.7%)

Diagnosis
UTI 230 (80.4%) 176 (80%) 54 (81.8%) 0.739
Bacteremia 56 (19.6%) 44 (20%) 12 (18.2%)

Initial antibiotics
third-generation cephalosporin 213 (74.5%) 169 (76.8%) 44 (66.7%) 0.097
aminoglycosides 81 (28.3%) 70 (31.8%) 11 (16.7%) 0.017
carbapenems 28 (9.8%) 22 (10.0%) 6 (9.1%) 0.827

Complication 34 (11.9%) 23 (10.5%) 1 (16.7%) 0.171
septic shock 14 (4.9%) 9 (4.1%) 5 (7.6%) 0.325
seizure 11 (3.8%) 7 (3.2%) 4 (6.1%) 0.285
acute kidney injury 9 (3.1%) 8 (3.6%) 1 (1.5%) 0.690
respiratory failure 4 (1.4%) 2 (0.9%) 2 (3.0%) 0.229
others 4 (1.4%) 2 (0.9%) 2 (3.0%) 0.229

Transferred to ICU 25 (8.7%) 20 (9.1%) 5 (7.6%) 0.702

Length of stay; days’ 81.5 (13-161) 88 (11-163) 58 (17-130) 0.609

Cost expenses; Baht” 26,230 (11,269-152,156) 25,898 (11,625-175,017) 31,128 (9,473-109,044) 0.723

Status of discharge
Improved 268 (93.7%) 208 (94.5%) 60 (90.9%) 0.002
Death 18 (6.3%) 12 (5.5 %) 6 (9.1%) 0.099

Abbreviations: ICU, intensive care unit; N, number; UTI, urinary tract infection
‘Data are presented as median (interquartile range)
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Klebsiella pneumoniae and Escherichia coli
were the frequent organisms in bacteremia,
and UTI patients. (table 2)

Third-generation cephalosporin (84.8%)
was the most often utilized empirical antibiotics
for UTI patients. With adequate and inadequate
empirical antibiotics, 175 patients (99.4%) and

Table 2 Prevalence of pathogens by diagnosis

53 patients (96.4%), respectively, recovered
symptoms significantly in adequate empirical
antibiotics (p = 0.001). However, 0.6% of
patients receiving adequate empirical antibiotics
and 3.6% receiving inadequate empirical
antibiotics perished (p = 0.142) from UTIs.
(table 3)

Pathogen Total Adequate empirical Inadequate empirical
(N=286) antibiotic antibiotic
(N=220) (N=66)
N (%) N (%) N (%)

Bacteremia 47 (100) 37 (78.7) 10 (21.3)
Klebsiella pneumoniae 8 (17.0) 7 (18.9) 1 (10.0)
Escherichia coli 6 (12.8) 4 (10.8) 2 (20.0)
Enterobacter cloacae 4 (8.5) 4  (10.8) 0 (0.0)
Pseudomonas aeruginosa 3 (6.4) 3 (81 0 (0.0
Staphylococcus epidermidis 3 (6.4) 2 (5.4) 1 (10.0)
Acinetobacter baumannii 2 (43) 0 (0.0) 2 (20.0)
Staphylococcus capitis 2 (4.3) 1 (27 1 (10.0)
Staphylococcus hominis 2 (43) 1 (27 1 (10.0)
Streptococcus agalactiae 2 (43) 2 (54) 0 (0.0
Acinetobacter calcoaceticus complex 1 (21 1 (2.7 0 (0.0
Acinetobacter pittii 1 (21) 1 (2.7) 0 (0.0)
Acinetobacter spp. 1 (21 1 (27 0 (0.0
Aeromonas hydrophilia 1 (21) 1 (27 0 (0.0)
Burkholderia cepacia 1 (21 1 (2.7 0 (0.0
Burkholderia species 1 (21 1 (27 0 (0.0
Enterococcus faecium 1 (21) 0 (0.0) 1 (10.0)
Pantoea species 1 (21) 1 (27 0 (0.0
Proteus mirabilis 1 (21) 1 (27) 0 (0.0)
Pseudomonas putida 1 (21 1 (27 0 (0.0
Salmonella group D 1 (21 1 7 0 (0.0
Salmonella species 1 (21) 1 (2.7) 0 (0.0)
Serratia marcescens 1 (21 1 (2.7) 0 (0.0
Staphylococcus coagulase negative 1 (21 1 (2.7 0 (0.0
Staphylococcus haemolyticus 1 (21 0 (0.0 1 (10.0)

UTI 231 (100) 176 (76.2) 55 (23.8)
Escherichia coli 144 (62.3) 112 (63.6) 32 (58.2)
Klebsiella pneumoniae 33 (14.3) 22 (12.5) 1 (20.0)
Enterococcus faecium 9 (3.9 4 (2.3) 5 (9.1
Pseudomonas aeruginosa 9 (3.9 8 (4.5) 1 (18)
Enterococcus faecalis 8 (3.5) 7 (4.0) 1 (18)
Proteus mirabilis 8 (3.5) 7 (4.0) 1 (18)
Enterobacter cloacae 6 (2.6) 5 (2.8) 1 (1.8)
Morganella morganii 3 (13) 2 (11 1 (18)
Staphylococcus haemolyticus 3 (1.3) 2 (11 1 (18)
Kluyvera ascorbata 2 (0.9 2 (11 0 (0.0
Streptococcus agalactiae 2 (0.9 2 (11 0 (0.0)
Enterobacter kobei 1 (0.4) 0 (0.0 1 (1.8)
Pseudomonas putida 1 (0.4) 1 (0.6) 0 (0.0
Staphylococcus hominis 1 (0.4) 1 (0.6) 0 (0.0)
Staphylococcus saprophyticus 1 (0.4) 1 (0.6) 0 (0.0)

Abbreviations: N, number; UTI, urinary tract infection
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Table 3 Patient treatment and outcome in urinary tract infection patients

Patients Total (N = 231) Adequate empirical Inadequate empirical P-value
antibiotic (N = 176) antibiotic (N = 55)

Initial antibiotic treatment

third-generation cephalosporin 195 (84.4%) 152 (86.4%) 43 (78.2%) 0.144

aminoglycosides 58 (25.1%) 50 (28.4%) 8 (14.5%) 0.038

Piperacillin/tazobactam 15 (6.5%) 11 (6.3%) 4 (7.3%) 0.759
Complication 19 (8.2%) 13 (7.4%) 6 (10.9%) 0.406
Length of stay (days) 65 (10-153) 71 (8-159) 51 (15-129) 0.959
Cost expenses (Baht)’ 20,114 (8,569-45,946) 19,768 (9,342-46,193) 21,774 (2,246-44,536) 0.918
Status of discharge

improved 228  (98.7%) 175 (99.4%) 53 (96.4%) 0.001

death 3 (1.3%) 1 (0.6%) 2 (3.6%) 0.142

Abbreviations: N, number
‘Data are presented as median (interquartile range)

With respect to treatment and results, Enterobacter spp., Escherichia coli, and Klebsiella
bacteremia did not differentiate between pneumoniae were susceptible to them, with
adequate and inadequate empirical antibiotics.  respective susceptibilities of 60%, 50%, 45.5%, 78.4%,
(table 4) and 43.9%. Coagulase-negative Staphylococcus

The most often used empirical antibiotics was shown to be sensitive to trimethoprim/
were third-generation cephalosporin, although sulfamethoxazole in 73.3%, but only 46.7% to
only Acenitobacter spp., Burkholderia spp., vancomycin. (table 5)

Table 4 Patient treatment and outcome in bacteremia patients

Patients Total (N = 56) Adequate empirical Inadequate empirical P-value
antibiotic (N = 44) antibiotic (N = 12)
Initial antibiotic
aminoglycosides 23 (41.7%) 20 (45.5%) 3 (25.0%) 0.154
carbapenems 20 (35.7%) 14 (31.8%) 6 (50.0%) 0.460
third-generation cephalosporin 16 (28.6%) 15 (34.1%) 1 (8.3%) 0.131
vancomycin 3 (5.4%) 3 (6.8%) 0 (0.0%) 1.000
Complication 14 (29.8%) 9 (24.3%) 5 (50.0%) 0.137
Length of stay (days)’ 97 (48-213) 97 (49-214) 100 (30-189) 0.582
Cost expenses (Baht)’ 231,071 (118,561-530,180) 279,322 (128,619-619,972) 180,373 (103,221-260,005) 0.274
Status of discharge
improved 45 (80.4%) 37 (84.1%) 8 (66.7%) 0.186
death 11 (19.6%) 7 (15.9%) 4 (33.3%) 0.186

Abbreviations: N, number
‘Data are presented as median (interquartile range)
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Table 5 Antimicrobial susceptibility pattern from urine, blood, and cerebrospinal fluid specimens

Pathogens Penicillin Third-generation Carbapenems Piperacillin/ Quinolones Trimethoprim/ Aminoglycosides Vancomycin Macrolides
cephalosporin tazobactam sulfamethoxazole

Acinetobacter spp. 0% 60% 60% 60% 60% 0% 60% - -
Aeromonas hydrophilla 100% 100% 100% 100% 100% 100% 100% - -
Burkholderia spp. 50% 50% 100% 50% 50% 100% 50% - -
Enterobacter spp. 0% 45.5% 100% 72.7% 63.6% 63.6% 90.9% - -
Enterococcus faecalis  88.9% 0% 0% 0% 22.2% 0% 66.7% 100% -
Enterococcus faecium 0% 0% 0% 0% 8.3% 0% 16.7% 100% -
Escherichia coli 13.1% 78.4% 98.7% 97.4% 60.1% 40.5% 88.9% - -
Klebsiella pneumoniae 2.4% 43.9% 97.6% 65.9% 53.7% 43.9% 75.6% - -
Kluyvera ascorbata 0% 100% 100% 100% 100% 100% 100% - -
Morganella morganii 0% 100% 100% 100% 100% 100% 100% - -
Pantoea species 0% 100% 100% 100% 100% 100% 100% - -
Proteus mirabilis 33.3% 88.9% 100% 88.9% 66.7% 44.4% 66.7% - -
Pseudomonas spp. 0% 92.9% 85.7% 85.7% 85.7% 71% 78.6% - -
Salmonella spp. 50% 100% 50% 50% 100% 100% 0% - -
Serratia marcescens 0% 100% 100% 0% 100% 100% 100% - -
Staphylococcus 20% - - - 6.7% 73.3% 46.7% 40% 6.7%

coagulase negative

Streptococcus spp. 100% 100% - -

- - 40% 100% -

(-) is not done for drug susceptibility

DISCUSSION

The results of adequate and inadequate
empirical antibiotics differed according to
past studies. According to previous research,
using inadequate empirical antibiotics was linked
to higher 28-day death rates, higher inpatient
mortality rates, and increased treatment failure
rates®!317°20. Other research on people with
bacteremia found a lack of evidence of higher
fatality rates and longer hospital stays due to
inadequate empirical antibiotics!?°?2, Inadequate
empirical antibiotics did not increase the risk of
30-day death or UTIs recurrence in UTI patients?.
Adults made up the majority of the comparative
results between adequate and inadequate
empirical antibiotics. There was less indication of
a correlation among children. Thus, the purpose
of this study is to examine the results of groups of
children who received adequate and inadequate
empirical antibiotics. According to this analysis,
pediatric patients responded much better to
adequate empirical antibiotics compared to
inadequate empirical antibiotics. Additionally,
patients who received inadequate empirical
antibiotics experienced more complications,
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higher costs, and more in-hospital deaths, although
this did not provide any conclusive information
on the effects of these treatments on outcomes
for a large group of patients. The duration of stay
and frequency of transfers to the ICU, however,
were the same for both groups. In this study,
the bacteremia subgroup had a higher rate of
complications, a longer duration of stay, and
in-hospital deaths, but there was no definitive proof.
The UTIs category only had clinically meaningful
improvements when receiving adequate empirical
antibiotics. This grouping also experienced higher
complications, financial hardships, and in-hospital
deaths but lacked conclusive proof. Aminoglycosides
were the suitable option for UTI patients with
a narrow spectrum antibiotic and strong sensitivity
to K. pneumoniae and E. coli, according to this
study, which showed that adequate empirical
antibiotics improved clinical outcomes in pediatric
patients with UTIs.

The data gathered for bacteremia, and
UTIs, which are serious and frequent illnesses,
were the study’s main strengths. In addition, this
study found that the present knowledge of
pediatric patients was scant. The study’s main
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drawback, though, was the small patient population,
particularly in cases of bacteremia. Therefore,
more research should be done to compare the
outcomes of pediatric patients with each disease
who are given adequate and inadequate antibiotics.
Furthermore, antimicrobial susceptibility
patterns at the pediatric ward of Vajira Hospital
had few different from antibiotic susceptibility
patterns from the National Antimicrobial
Resistance Surveillance Center, Thailand (NARST) 4
such as Acinetobacter spp., Burkholderia spp.,
Enterobacter spp., E.coli, and Salmonella spp. is
susceptible to third-generation cephalosporin
about 60%, 50%, 45.5%, 78.4%, and 100%,
respectively in Vajira Hospital, but in NARST,
is susceptible to third-generation cephalosporin
35-63%, 87-97%, 64-72%, 55-65%, and 87-89%,
respectively. The dissimilar antimicrobial
susceptibility patterns between Vajira Hospital
and NARST can be attributed to the fact that this
study solely gathered data from the pediatric
ward, which exclusively represents a tertiary care
hospital. Hence, antimicrobial susceptibility
patterns should be collected in each hospital.

CONCLUSION

Clinical outcomes among pediatric patients
from adequate empirical antibiotics groups were
reported the better outcomes. The mortality rates
were not different. Nonetheless, appropriate
empirical antibiotics are needed. To choose
the best empirical antibiotics, antimicrobial
susceptibility trends in hospitals must be
observed. In UTI patients, amikacin is preferable
options for empirical antibiotics.
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