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Abstract

Introduction: Extensively drug-resistant (XDR) is defined as iso-
lates sensitive only to two or fewer antimicrobial categories. This
paper aims to present the treatment outcome and identify factors
associated with poor clinical response among children with XDR
gram-negative urinary tract infection (UTI).

Methods: This is a retrospective cohort conducted at a tertiary
pediatric hospital from January 2014 to June 2017. All patients
diagnosed with culture-proven XDR gram-negative UTI were identi-
fied and analyzed. Descriptive statistics were used to summarize
demographic and clinical characteristics. Patients were categorized
according to treatment outcomes: success vs. failure. Univariate
analysis and multivariate logistic regression were used to assess
statistical differences between the groups and determined patient
variables that are predictive of poor response. Odds ratio (OR)
and corresponding 95% confidence interval (Cl) were generated.
Results: A total of 29 (19.2%) XDR gram-negative pediatric UTIs
were identified within the 42-month study period. No significant
differences were noted in demographic characteristics between
the groups. Treatment outcome of XDR gram-negative UTI patients
showed that combination therapy with colistin had the highest suc-
cess rate (40.9%), followed by non-colistin (36.4%) and combina-
tion therapy without colistin (22.7%). However, univariate analysis
showed no significant difference among the different treatment
groups (p=0.65). On multivariate logistic regression, receiving
immunosuppressant and the presence of indwelling urinary cath-
eters were independent predictors of poor clinical response among
pediatric patients with XDR gram-negative UTI (OR 19.44, 95%
Cl 1.50-251.4, p=0.023 and OR 20.78, 95% CI 1.16-371.28,
p=0.039; respectively).

Conclusions: The treatment success rate of XDR gram-negative
pediatric UTI ranged from 22.7-36.4%. This finding emphasizes
the need to advocate antibiotic stewardship to prevent further
increase in XDR UTlIs. Indwelling urinary catheters and receipt of
immunosuppressants are associated with poor clinical outcome.

Introduction

Urinary tract infection (UTI) is one of the most common
infections, especially in children. It is estimated that 8% of
girls and 2% of boys will experience at least one episode
of UTI by age seven, and recurrence occurs in 12-30% of
them within a year.! Septicemia, renal scarring, and end-
stage renal dysfunction are the severe complications of UTIs.
They are important causes of morbidity and mortality during
the first two years of life.2

Throughout recent years, an increasing antimicrobial-resis-
tant trend among UTls in children has been noted.* In particu-
lar, UTI among hospitalized children has an increasing trend
of antibiotic resistance.* In recent studies, a high prevalence
of antibiotic resistance in pediatric UTI was reported among
Asian countries.>® Extensively drug-resistant (XDR) is defined
as culture isolates with sensitivity limited only to two or fewer
antimicrobial agents.” Difficulty in the clinical management
of this condition has raised an important concern. We aim
to present the treatment outcome of XDR gram-negative UTI
among hospitalized children in a tertiary government insti-
tution and determine factors that are associated with poor
clinical response. This study was conducted in a low-middle-
income country (Philippines), where a national antibiotic pat-
tern is currently reinforced. All included patients in the study
were in-patient and being treated with intravenous antibiotics;
hence, self-medication is unlikely. However, in the commu-
nity, there is a possibility that these patients may have been
previously self-medicated with oral antibiotics, although this
was difficult to capture from a retrospective data collection.
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This is a retrospective cohort conducted at a tertiary referral
center for pediatrics. The study protocol was approved by
the institutional scientific and ethics review committee (IRB#
18095). Likewise, the reporting of the study complies with
the RECORD statement.

All the subjects of this research were based on the pre-
vious data collected in the study done by Batalla et al
on XDR gram-negative bacteria in 2017.% All urine culture
specimens with gram-negative bacteria isolate were identi-
fied and evaluated for potentially eligible cases. The medi-
cal records of patients diagnosed with XDR gram-negative
UTI were further identified and included for analysis. Only
urine specimens aseptically collected by suprapubic aspi-
ration, catheterization, or clean catch mid-stream, were
considered. Patients with culture-proven XDR UTI that
were excluded from the study due to inability to assess
the treatment outcome comprised of patients who were
prematurely discharged, patients who died due to other
conditions, patients who received treatment elsewhere, and
patients that were lost to followup.

Collected demographic and clinical characteristics of
patients included sex, age, nutritional status, underlying
comorbidities, surgical intervention, intake of immunosup-
presants (such as steroids and chemotherapeutics), acces-
sory medical procedures (invasive vascular access, mechani-
cal ventilator, blood transfusion, indwelling Foley catheter
placement), culture source, growth organism, antimicrobial
susceptibility, prior antibiotic intake, total hospital stay, num-
ber of hospital days prior to XDR gram-negative infection,
treatment received and treatment outcome. The nutrition-
al status was categorized according to the World Health
Organization growth chart standards.’

The patients were categorized according to treatment out-
comes: success or failure. Treatment success was defined as
clinical response to medical management, such as resolution
of presenting signs and symptoms (e.g., fever) and/or no sig-
nificant urine culture after treatment. Treatment failure was
defined as persistence of clinical presentation of UTI, or per-
sistent significant XDR or multi-drug-resistance (MDR) gram-
negative growth on subsequent urine culture, and/or death.

To summarize the demographic and clinical character-
istics of the patients in the overall and between treatment
groups, descriptive statistics were used. This includes, count
and percent, as well as median and interquartile range (IQR).
Univariate analysis was used to assess statistical differences
between the two groups of treatment outcomes. Specifically,
Fisher-exact test and Mann-Whitney U test were used for cat-
egorical and continuous variables, respectively. To determine
the variables that were predictive of poor patient response,
the multivariate logistic regression tool was used. Odds ratio
(OR) and corresponding 95% confidence interval (Cl) were
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generated. The statistically significant level was set at p<0.05.
All statistical analyses were performed using SPSS v 21.0.

A total of 4571 gram-negative isolates were collected from
January 2014 to June 2017. Among these gram-negative
isolates, 151 XDR isolates were identified. There were 29
(19.2%) XDR gram-negative cultures from urine specimens.
The most common XDR isolates from urine cultures were
Klebsiella (51.7%), Acinetobacter (24.1%), and Pseudomonas
(10.3%). Approximately 51.7% of isolates were sensitive to
colistin only, followed by sensitivity to colistin and amino-
glycosides (34.5%).

Table 1 summarizes the demographic and clinical charac-
teristics of all patients included in the study. The median hos-
pital stay prior to development of XDR was approximately 19
days (IQR 1.5-38). Interestingly, all patients with XDR UTI
had at least one comorbidity. Most of the XDR cases were
hospital-acquired, and the majority of patients had previ-
ous or current antibiotic treatment, either as monotherapy
or combination therapy. However, it should be noted that
none of the patients in the study was on a prophylatctic
dose of antibiotics.

No between-group differences were noted for sex, age,
hospital stay, days to XDR infection, overall nutritional status,
number of comorbidities, surgical procedures, hospital- or
community-acquired patients, isolates, sensitivity to anti-
biotics, or prior antibiotic treatment. In the poor treatment
outcome group (Table 1), there was a significantly higher
proportion of patients who had indwelling Foley catheters
(40.9% vs. 85.7%, p=0.08) and who received immunosup-
pressants (22.7% vs. 71.4%, p=0.03), when compared to
the good treatment outcome group.

Treatment outcome of XDR gram-negative UTI patients
showed that combination therapy with colistin had the high-
est success rate (40.9%), followed by non-colistin (36.4%)
and combination therapy without colistin (22.7%). However,
univariate analysis showed no significant difference among
the different treatment groups (p=0.65) (Table 2).

Multivariate logistic regression analysis confirmed that
immunosuppressant and indwelling catheter were indepen-
dent predictors for poor treatment outcome of XDR, with OR
19.44, 95% Cl 1.50-251.4, p=0.023 and OR 20.78, 95%
Cl 1.16-371.28, p=0.039; respectively (Table 3).

Discussion

Worldwide, there has been an increasing prevalence of
extended spectrum beta-lactamase-producing enteric bac-
teria and an increasing resistance of antibiotics of primarily
preferred empiric treatment.*>*'% In our study, a total of 29
cases with gram-negative XDR pediatric UTI were identified
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Table 1. Patient demographic and clinical characteristics
with comparison between treatment success and
treatment failure groups

Table 1 (cont’d). Patient demographic and clinical
characteristics with comparison between treatment
success and treatment failure groups

Variable Overall Success Failure P Variable Overall Success Failure P

(n=29) (n=22) (n=7) (n=29) (n=22) (n=7)

n (%) n (%) n (%) Fisher- n (%) n (%) n (%) Fisher-
exact exact
test test

Gender Sensitivity only to non-colistin
Male 17 (58.6%) 13 (59.1%) 4 (57.1%) 1.00 No 28 (96.6%) 21 (95.5%) 7 (100%) 1.00
Female 12 (41.4%) 9 (40.9%) 3 (42.9%) Yes 1(3.4%) 1 (4.5%) 0 (0%)

Nutrition status Sensitivity to colistin and fluoroquinolones
Severely wasted 8 (27.6%) 5(22.7%) 3(42.9%) 0.21 No 27 (93.1%) 21(95.5%) 6(85.7%) 0.43
Wasted 1(3.4%) 1(4.5%) 0 (0%) Yes 2 (6.9%) 1(4.5%) 1(14.3%)

Normal 19 (65.5%) 16 (72.7%) 3 (42.9%) Sensitivity to colistin and carabapenems

Overweight 1(3.4%) 0 (0%) 1(14.3%) No 28 (96.6%) 21 (95.5%) 7 (100%) 1.00
Number of comorbidities Yes 1(3.4%) 1 (4.5%) 0 (0%)

1 21(72.4%) 14 (63.6%) 7 (100%) 0.25 Sensitivity to colistin and aminoglycosides

2 6 (20.7%) 6 (27.3%) 0 (0%) No 19 (65.5%) 14 (63.6%) 5 (71.4%) 1.00

3 2 (6.9%) 2 (9.1%) 0 (0%) Yes 10 (34.5%) 8(36.4%) 2 (28.6%)

Surgical procedure Variable Median Median Median p
No surgery 26 (89.7%) 20 (90.9%) 6(85.7%)  1.00 (IQR) (IQR) (IQR)

With urological ~ 3(10.3%)  2(9.1%)  1(14.3%) Age in years 3.71 2.9 9.79 0.40
surgery (1.21-13.12) (1.17-13.1) (1.21-18)
Indwelling Foley catheter Total hospital days 32 (12-81) 22 36 0.18
No 14 (48.3%) 13 (59.1%) 1(14.3%) 0.08 (11.75-56)  (32-277)
Yes 15 (51.7%) 9 (40.9%) 6 (85.7%) Hc?spital days 19 (1.5-38) 9.5 28 (24-42) 0.14
. . prior to EDR (1-35.5)
Manner of infection Clinical response - 4 (3-5) -
HOSP.itaI_ E (65'5%) 13 (59'1%) 6 (85'7%) = EDR: emergency department registration; IQR: interquartile range.
acquired
g:(;zir?eudmty- 10(34.5%)  9(409%) 1(14.3%) within a 42-month period from January 2014 to June 2017
. L in a single tertiary pediatric institution.

Prior antibiotics Klebsiella, Acinetobacter, and Pseudomonas were the
None 3(10.3%) 3 (13.6%) — 0(0%) 052 most commz)n resistant baéterial uropathogens isolated
Monotherapy 18 (62.1%) 14 (63.6%) 4 (57.1%) . . . L

among children with UTIs in this institution. Our study
Duo therapy (w/ 6 (20.7%) 4(18.2%) 2 (28.6%) . . . .
colistin) showed a consistent finding that Klebsiella is one of the
e 2 (6.9%) 145%) 1(14.3%) most common uropathogens with an increasing trend of
(w/o colistin) antibiotic resistance.*'" Compared to other international

Immunosuppressant reports on pediatric UTls, the typical uropathogens E. coli
No 19 (65.5%) 17 (77.3%) 2 (28.6%)  0.03 and Enterococcus sp. constituted only a small proportion
Yes 10 (34.5%) 5 (22.7%) 5 (71.4%) of our XDR isolates.**' Furthermore, what is concerning

Bacterial isolate about our finding is that Acinetobacter and Pseudomonas
Acinetobacter 7(24.1%) 4(182%) 3(42.9%) 0.75 isolates, according to other reports, were rare uropathogens
Citrobacter 1 (3.4%) 1 (4.5%) 0 (0%) in children, and their presence implies difficult clinical man-
Enterobacter 2 (6.9%) 2 (9.1%) 0 (0%) agement.®'>'* Our local antimicrobial resistance surveil-
cloacae lance program also reported an increase in Acinetobacter
E. coli 1 (3.4%) 1 (4.5%) 0 (0%) XDR rate from 48% to 50%, while the Pseudomonas XDR
Klebsiella 15 (51.7%)  11(50%) 4 (57.1%) rates decreased from 21% to 16% for the year 2016."" The
Pseudomonas 3(10.3%) 3(13.6%)  0(0%) increases in antibiotic resistances among these organisms

Sensitivity to colistin only were usually preceded by prior broad-spectrum antibiotic
No 14 (48.3%)  11(50%) 3(42.9%) 1.00 usage.''* In this study, 89.7% of the patients received at
Yes 15 (51.7%) 11 (50%) 4 (57.1%) least one antibiotic within 30 days prior to infection (Table

EDR: emergency department registration; IQR: interquartile range.

1). Furthermore, almost half of the XDR gram-negative iso-
lates were sensitive to colistin only, which implies limited
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Table 2. Treatment outcome of XDR gram-negative UTI patients

Variable Overall (n=30) Success (n=22) Failure (n=7) p
n (%) n (%) n (%) Fisher-exact test
Non-colistin 10 (33%) 8 (36.4%) 2 (28.6%) 0.65
(carbapenem/fluoroquinolone)
Combination therapy with colistin 11 (36.7%) 9 (40.9%) 2 (28.6%)
(carbapenem/fluoroquinolone + colistin)
Combination without colistin 8 (27%) 5 (22.7%) 3 (42.9%)

(carbapenem/fluoroquinolone + aminoglycosides)

XDR: extensively drug-resistant; UTI: urinary tract infection.

medical agents were available to treat these infections. The
findings illustrate an increased trend of rare uropathogens
becoming more XDR and should raise awareness among
clinicians: inappropriate broad-spectrum empiric or prophy-
lactic antibiotic usage needs to be monitored and halted to
prevent further increase in the prevalence of XDR among
pediatric UTI. Likewise, efforts should be made to improve
appropriate antibiotic prescribing practices in the commu-
nity, as well as in emergency settings.'

In this study, although combination therapy with colis-
tin had the highest success rate (40.9%), followed by non-
colistin (36.4%) and combination therapy without colistin
(22.7%), univariate analysis showed no significant difference
among the different treatment groups (p=0.65). However,
these findings can still be clinically significant because when
clinicians decide which therapeutic option to start, the best
treatment outcome is always the goal. Previous studies on
the use of intravenous colistin in the pediatric population
showed a favorable outcome in 65-89% of patients treated
for all types of infections.? In the previous study by Batalla et
al, the treatment success of XDR infections was significantly
higher in the colistin group (70.3%) than in the non-colis-
tin group (46.5%, p=0.014). This study covered laboratory
confirmed XDR bloodstream, urinary tract, central nervous
system, wound/surgical site infections, and pneumonia.?

There is a paucity of similar studies focusing on treatment
outcome of colistin, particularly in pediatric XDR UTI. In
a prospective, single-center study by Carrilho et al, which
included 51 adult patients with carbapenem-resistant UTI,
21% of patients that received monotherapy died compared
with 26% of patients that received combination therapy,
and the overall mortality of patients with UTI was 24%.
There was no statistically significant difference in infection-
related mortality comparing colistin-susceptible and colis-
tin-resistant UTI (p=0.41)."® Likewise, Sorli et al found no
significant difference in terms of microbiological clearance
between patients who received colistin monotherapy and
those who received combination therapy (76.9% vs. 90%,
p=1) in the treatment of XDR Pseudomonas aeruginosa UTI
in 33 adults."”

In our results, children with a poor treatment outcome con-
sisted of a higher proportion of patients who have received
immunosuppressants (cases of malignancy or hematopoi-

etic disease), and with patients who had indwelling Foley
catheter (71.4% and 85.7%, respectively). On multivariate
logistic regression, they are independent predictors of poor
clinical response among pediatric patients with XDR gram-
negative UTI (OR 19.43, 95% Cl 1.5-251.44, p=0.023 and
OR 20.78, 95% CI 1.16-371.28, p=0.039; respectively).
Both identified factors were previously described as risk fac-
tors for development of urosepsis.'® The lack of early signs
and symptoms accompanied by the substantial increase of
microbial load among immunocompromised patients can
lead to delayed detection and management of UTI, which
leads to poor treatment outcome.' While an indwelling
Foley catheter, as a foreign body, provides an ideal envi-
ronment for bacterial colonization with biofilm formation
and eventual development of MDR,?**" a study by Bardoloi
showed that biofilm-producing properties were present
in isolates from both community-acquired and catheter-
associated UTIl. However, the overall percentage of strains
with MDR was significantly higher in catheter-associated
UTI (83.33%) than in community-acquired UTI (64.76%)
(%*=8.317; p=0.0039).%2 This suggests that urethral catheter-
ization might influence the growth of MDR. In a catheter-
ized patient, there is stasis of urine, which contributes to
bacterial overgrowth.?>* We strongly propose the timely
identification of immunosuppressant use and the presence
of an indwelling Foley catheter in pediatric XDR UTlIs, as
they have been identified as independent predictors for
poor treatment outcome in our study. Proper identification
of these patient factors, combined with an avoidance or
early removal of an indwelling catheter, could lead to early
detection of UTI and improve future management and treat-
ment outcome of pediatric UTI with XDR gram-negative
infections.'2125

Since this retrospective study was done in a single medical
center, the small sample size for analysis and other variables,

Table 3. Multivariate logistic regression analysis
determined OR and 95% CI

Predictors p OR 95% ClI
Lower Upper

Immunosuppressant 0.023 19.438 1.503 251.436

Indwelling Foley catheter 0.039 20.778 1.163  371.277

Cl: confidence interval; OR: odds ratio.

CUAJ @ March 2021 @ Volume 15, Issue 3 E151



Batalla-Bocaling et al

such as different treatment regimens, the differences in the
dose, and the differences in the time lapse before treatment
was initiated, limit us from drawing a fair conclusion. An
example of this was some of the patients did not have a
repeat urine culture. This was either due to financial con-
straints or the infectious diseases specialist’s decision to base
improvement on clincal response, and a repeat urinalysis was
requested instead. As a pragmatic approach in the clinical
setting, clinical response is a surrogate that the source of
infection has been treated. Also, we strongly believe that the
significant insight derived from our study is raising awareness
and urgency to address the increasing trend of pediatric UTI
with XDR organisms. Likewise, to our knowledge, this is the
first descriptive study to identify clinical characteristics and
patient factors that are associated with poor treatment out-
come in pediatric XDR UTI, which could be useful to improve
management strategies in the future.

Conclusions

proven XDR gram-negative infections in a 42-month period,
with treatment success ranging from 22.7-36.4%. This study
is not an intention-to-treat analysis, as some of the subjects
dropped out due to premature discharge or death, which
were excluded from our analysis. Our findings emphasize
the need to implement antibiotic stewardship programs to
prevent further increase in XDR UTIs. Likewise, we have
identified that immunosuppressant use and indwelling Foley
catheters are associated with poor treatment outcome. We
recommend early identification of these clinical characteris-
tics to provide appropriate and timely management. Future
prospective studies are recommended to develop suitable
management strategies to improve treatment outcome of
pediatric XDR gram-negative UTI.
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