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INTRODUCTION

Acquisition of antimicrobial resistance (AMR) erodes the effectiveness of antimicrobial
therapy, and infections caused by antimicrobial-resistant bacteria result in poorer clinical
outcomes, such as increased mortality, prolonged hospitalization, and increased medical
costs [1, 2]. The increase in antimicrobial-resistant Gram-negative Enterobacteriales is
threatening human health [1]. According to the Global Antimicrobial Resistance and Use
Surveillance System of the World Health Organization, the proportion of Escherichia coli and
Klebsiella pneumoniae with ciprofloxacin resistance ranges from 8.4% to 92.9% and 4.1% to
79.4%, respectively [3]. Although the proportion of Enterobacteriales with AMR differs from
country to country, an increasing trend has been observed in almost all regions [4, 5]. In
Korea, the resistance rate of E. coli to cefotaxime and fluoroquinolone increased from 10% in
2004 to 29.0% in 2013 and from 30.0% in 2004 to 42.0% in 2013 [6].

Acute pyelonephritis (APN) is a representative infectious disease caused by Gram-negative
Enterobacteriales and is one of the most common community-acquired bacterial infections
[7]. AMR increases not only the treatment failure rate but also medical costs and length of
hospital stay among patients with APN [8, 9]. A study in the US showed that APN caused
by extended-spectrum beta-lactamase (ESBL)-producing E. coliand K. pneumoniae required
higher medical costs United States Dollar [USD] 66,590 vs. USD 22,231) and length of
hospital stay (11 days vs. 7 days) than that caused by non-ESBL-producing pathogens [9].

Similar to pathogens in other bacterial infectious diseases, the AMR rate of causative
pathogens for APN, mostly Gram-negative Enterobacteriales, has been increasing in Korea [10].
As a result, for the treatment of APN in the past decade, the prescription of broad-spectrum
antibiotics has increased significantly and the rate of clinical failure has increased [10, 11].
However, the effect of AMR on APN, particularly its economic effects, has not yet been
quantitatively evaluated in Korea. The aim of this study was to quantitatively evaluate the
impact of AMR on medical costs and length of hospital stay for the treatment of APN.

MATERIAL AND METHODS

A retrospective cohort study was conducted at an 855-bed tertiary-care hospital in Korea
between January 2018 and December 2019. All hospitalized patients aged >19 years whose
primary discharge diagnosis codes were relevant to APN were screened: N10 (which includes
acute infectious interstitial nephritis, acute pyelitis, and APN), N12 (which includes interstitial
nephritis, pyelitis, and pyelonephritis), and N39.0 (which includes urinary tract infection [UTI],
site not specified) codes from the International Classification of Diseases, Tenth Revision.
Patients with community-acquired APN caused by Enterobacteriales were selected for this study.
The inclusion criteria were as follows: (1) presence of fever (body temperature >37.8°C), (2)
pyuria (25 - 9 white blood cells per high power field [HPF]), (3) Enterobacteriales (E. coli, Klebsiella
Spp., Proteus spp., Enterobacter spp., or Citrobacter spp.) through urine or blood cultures, and

(4) clinical symptoms or signs relevant to APN judged by an infectious disease specialist. We
excluded patients diagnosed with APN more than 48 h after admission, those transferred from
other hospitals, those who had other reasons for fever and pyuria, and those with insufficient
data. In addition, patients with prolonged hospitalization due to medical problems that were
not associated with APN treatment were excluded.
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The study protocol was approved by the Institutional Review Board of Hanyang University
Seoul Hospital (IRB number: 2020-05-030), and the requirement for written informed
consent from the patients was waived because of the retrospective nature of the study.

We collected microbiological data, demographic characteristics, underlying comorbidities,
past history, initial clinical characteristics, treatment, and outcomes of the enrolled patients.

Causative pathogens for APN were determined when organisms at >10° colony-
forming units/mL were identified in urine culture (regardless of specimen type), and/
or Enterobacteriales were isolated from blood cultures. ESBL positivity and ciprofloxacin
susceptibility were determined using a semi-automated system (VITEK, bioMérieux,
Hazelwood, MO, USA or Microscan, Dade Behring, West Sacramento, CA, USA). The
breakpoints of each compound were defined with reference to the Clinical and Laboratory
Standards Institute [12], and the breakpoints of resistance (R) or intermediate (I) category
were considered to indicate resistance. Based on the causative pathogen, we defined the
groups as follows:
1) APN caused by ESBL-producing Enterobacteriales (ESBL+ group) vs. APN caused by
non-ESBL-producing Enterobacteriales (ESBL- group)
2) APN caused by ciprofloxacin-resistant Enterobacteriales (CIP-R group) vs. APN caused by
ciprofloxacin sensitive Enterobacteriales (CIP-S group)

Underlying comorbidities included components of the Charlson comorbidity index [13], bedridden
status, and structural problems in the urinary tract. Structural problems in the urinary tract were
defined if the case was associated with more than one of the following seven categories: intubated
urinary tract, intermittent catheterization, neurogenic bladder, urolithiasis, urinary retention,
polycystic kidney, and renal tumor. Past history that may have influenced the development of APN
was recorded. Initial clinical characteristics included the Pitt bacteremia score [8], UTI symptoms,
costovertebral tenderness, back pain, vomiting/diarrhea, hematuria (>5 - 9 red blood cells per HPF),
azotemia (serum blood urea nitrogen [BUN] >20 mg/dL and/or serum creatinine >1.4 mg/dL), and
presence of bacteremia. We also collected data regarding antibiotic prescriptions for the treatment
of APN. The initial antibiotic regimens were considered discordant if they did not include at least
one antibiotic active against the causative organisms on in vitro susceptibility testing [14].

To assess outcomes, we recorded the length of hospital stay and clinical failure rate. Clinical
failure was defined as death or recurrence of APN within 14 days of completing therapy. We
excluded patients whose clinical status could not be evaluated 14 days after treatment. In
addition, we recorded the Braden scale at admission and discharge to assess the performance
status of the patients [15].

For the analysis of medical costs, the costs incurred during hospitalization were extracted
from the hospital’s financial database. It consisted of consultation fee, hospitalization
expenditures, meal, cost per medication, procedure or operation charge, laboratory
examination charge, radiologic examination charge, etc. Non-reimbursed medical costs were
excluded. All costs are in USD (1 USD =1,100 KRW).

Information regarding stay in a premium room during hospitalization was collected for
analysis of risk factors for higher medical costs or longer length of stay.
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The main outcome variables of interest, i.e., total medical costs and length of stay, are

both continuous measures with positive skewness (skewness: 2.7 and 2.0, respectively).

To deal with the skewed outcomes, we log transformed them and applied a linear
regression. As much as log-linear models are widely used in health utilization and health
expenditure literature, caution must be exercised when retransforming the conditional
mean. We recovered the average marginal effects assuming that the regression error is
homoscedastic and normally distributed [16]. We obtained standard errors that are robust to
misspecifications.

We further adopted a more general approach by estimating the quantile of the conditional
distribution (i.e., the relationship between the outcome and the control variables at different
points in the conditional distribution), of which the median is its special case. Standard
errors were obtained by bootstrapping 500 resamples.

Once the set of covariates was decided, univariate analysis was conducted to find significant
variables that may explain the outcome variables using the rule-of-thumb with 0.25 as

the cut-off (Supplementary Table 1). Then, standard stepwise selection was performed to
decide the preliminary model based on the entry and removal cut-off of 0.15 and 0.2 level,
respectively (Supplementary Table 2). The final set of control variables was decided after
discussion among the investigators based on previous literature on APN [8].

For the analysis between patient groups according to the causative pathogen, categorical
variables were analyzed using the Chi-square test or Fisher’s exact test, as appropriate, and
continuous variables were analyzed using the Mann-Whitney U test or independent tests, as
appropriate.

All statistical analyses were conducted using Stata/SE 16.1, for Windows (StataCorp LLC,
College Station, TX, USA). Statistical significance was defined as a two-tailed P-value of <0.05.

RESULTS

A total of 241 patients with community-acquired APN caused by Enterobacteriales were recruited.
Of these, E. coliwas the most common pathogen, accounting for 90.0% of Enterobacteriales.

The proportions of the ESBL+ and CIP-R groups were 31.1% (75/241) and 36.1% (87/241),
respectively. There was no difference in the composition of uropathogens between the ESBL+
and ESBL- groups, as well as between the CIP-R and CIP-S groups (Table 1).

Table 1. Comparison of the causative pathogens

Pathogens Total Extended-spectrum beta-lactamase Ciprofloxacin

Positive Negative P-value Resistant Sensitive P-value
Escherichia coli (%) 217 (90.0) 70 (93.3) 147 (88.6) 0.212 80 (92.0) 137 (89.0) 0.441
Klebsiella pneumoniae (%) 13 (5.4) 3(4.0) 10 (6.0) 0.492 4 (4.6) 9 (5.9) 0.673
Proteus spp. (%) 7 (3.0) 2(2.7) 5 (3.0) 0.887 3(3.4) 4(2.6) 0.718
Enterobacter spp. (%) 3(1.2) 0 (0.0) 3(1.8) 0.083 0 (0.0) 3(1.9) 0.083
Citrobacter spp. (%) 1(0.4) 0(0.0) 1(0.6) 0.319 0(0.0) 1(0.6) 0.319
Total (%) 9241 (100.0) 75 (100.0) 166 (100.0) 87 (100.0) 154 (100.0)
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Table 2 shows clinical characteristics of patients with community-acquired APN. The mean
age was not significantly different between the ESBL+ and ESBL- groups. The ESBL+ group
showed higher Charlson’s comorbidity index (2.24 + 2.35 vs. 1.55 + 1.74, P= 0.026) and higher
proportion of having past history of admission during 1 year prior to inclusion (41.3% vs.

23.5%, P=0.008) than the ESBL-group, but there were no significant differences in the

clinical features between the two groups.

Table 2. Comparison of clinical characteristics of community-acquired acute pyelonephritis

Characteristics Total Extended-spectrum beta-lactamase Ciprofloxacin
(n=241) Positive Negative  P-value  Resistant Sensitive  P-value
(n=75) (n=166) (n=87) (n=154)
Demographic data
Age (years), mean = SD 65.25+16.77 67.95+17.69 64.04+16.24 0.106 68.67+15.61 63.32+1714  0.015
Underlying co-morbidities
Charlson’s comorbidity index, mean + SD 177197  2.24+2.35 1.55+1.74  0.026 2.07+2.20 1.60=1.81 0.091
Diabetes mellitus (%) 83 (34.4) 98 (37.3) 55(331)  0.532 33 (37.9) 50 (32.5)  0.399
Hemiplegia (%) 7(2.9) 0 (0.0) 7(4.2)  0.008 2(2.3) 5(3.3)  0.661
Cerebrovascular accident (%) 27 (11.2) 1 (14.7) 16 (9.7) 0.288 12 (13.8) 15 (9.7) 0.361
Congestive heart failure (%) 20 (8.3) 14 (18.7) 6(3.6) 0.002 12 (3.8) 8(5.2) 0.393
Connective tissue disease (%) 31(12.9) 8(10.7) 23(13.9)  0.478 10 (11.5) 21(13.6)  0.628
Malignancy (%) 40 (16.6) 16 (21.3) 24 (14.5)  0.213 17 (19.5) 93 (15.0)  0.373
Chronic pulmonary disease (%) 7(2.9) 4(5.3) 3(1.8) 0.213 3(3.5) 4(2.6) 0.718
Liver disease (%) 11 (4.6) 6 (8.0) 5(3.0)  0.48 5 (5.8) 6(3.9)  0.532
Renal disease (%) 29 (12.0) 13 (17.3) 16 (9.6) 0.124 13 (14.9) 16 (10.4)  0.320
Dementia (%) 923 (9.5) 10 (13.3) 13(7.8)  0.221 12 (13.4) 11 (7) 0.121
Bedridden state (%) 29 (12.0) 11 (14.7) 18 (10.8)  0.425 16 (18.4) 13(8.4)  0.038
Any structural problems on urinary tract (%) 49 (20.3) 15 (20.0) 34(20.5) 0.932 20 (23.0) 29 (18.8)  0.453
Intubated urinary tract (%) 14 (5.8) 7(9.3) 7(4.2) 04173 9 (10.3) 5(3.3) 0.050
Intermittent catheterization (%) 2 (0.8) 1(1.3) 1(0.6) 0.618 1(1.2) 1(0.7) 0.705
Benign prostatic hyperplasia (%) 10/29 (34.5) 6/13(46.2) 4/16(25.0) 0.257 4/15(26.7) 6/14(42.9) 0.380
Neurogenic bladder (%) 13 (5.4) 3(4.0) 10 (6.0)  0.492 4 (4.6) 9(5.8)  0.673
Urolithiasis (%o) 24 (10.0) 8 (10.7) 16(9.6)  0.810 11 (12.6) 13(8.4)  0.322
Urinary retention (%) 5(21) 2(2.7) 3(1.8)  0.689 3(3.5) 2(1.3) 0.3%4
Vesicoureteral reflux (%o) 0 (0.0) 0 (0.0) 0 (0.0) = 0 (0.0) 0 (0.0) =
Vaginal wall prolapse (%o) 1/212 (0.5) 1/62 (1.6)  0/150 (0.0) 0.321 1/72 (1.4)  0/140 (0.0) 0.321
Polycystic kidney (%) 1(0.4) 0(0.0) 1(0.6)  0.319 0(0.0) 1(0.7)  0.319
Renal tumor (%) 4(1.7) 2(2.7) 2(1.2) 0.479 2(2.3) 2 (1.3) 0.591
Past history
History of admission during 1year prior to inclusion (%) 70 (29.1) 31(41.3) 39(23.5) 0.008 39 (44.8) 31(20.1)  <0.001
History of antibiotic usage during 1year prior to inclusion (%) 82 (34.0) 32 (42.7) 50 (30.1)  0.066 41 (47.) 41(26.6) 0.002
History of urinary tract infection during 1year prior to inclusion (%) 35 (15.8) 16 (21.3) 22 (13.3) 0.140 20 (23.0) 18 (11.7) 0.032
Use of chemotherapeutic agents (%) 13 (5.4) 5(6.7) 8(4.8) 0.582 5(5.8) 8(5.2) 0.858
Use of immunosuppressants (%o) 22 (9.1) 6(8.0) 16 (9.6) 0.675 7(8.1) 15 (9.7) 0.655
History of urinary catheterization during 1 month prior to inclusion (%) 4(1.7) 2(2.7) 2(1.2) 0.479 2(2.3) 2(1.3) 0.591
History of urinary tract operation during 3 months prior to inclusion (%) 2(0.8) 1(1.3) 1(0.6) 0.618 1(1.2) 1(0.7) 0.705
Clinical characteristics
Pitt’s score, mean = SD 0.77 £1.01 0.73£0.93 0.78+1.04 0.712 0.85 +1.09 0.72+0.95 0.356
Urinary tract infection symptoms (%) 155 (64.3) 45(60.0) 110 (66.3) 0.357 54 (62.1) 101(65.6)  0.589
Costovertebral angle tenderness (%) 160 (66.4) 46 (61.3) 114 (68.7)  0.276 49 (56.3) 1 (72.1) 0.016
Back pain (%) 62 (25.7) 15 (20.0) 47(28.3) 055 18 (20.7) 44(28.6) 0.168
Vomiting/diarrhea (%) 64 (26.6) 21 (28.0) 43(25.9) 0.737 20 (23.0) 44(28.6)  0.339
Hematuria (%) 124 (51.5) 40 (53.3) 84 (50.6) 0.696 48 (55.2) 76 (49.4)  0.387
Azotemia (%) 99 (41.1) 36 (48.0) 63(38.0) 0.149 37 (42.5) 62(40.3) 0.733
Bacteremia (%) 115/236 (48.7) 36/75(48.0) 79/161(49.1)  0.879 41/85(48.2) 74/151(49.0) 0.910
Treatment
Discordance between initial antimicrobial regimen and the antimicrobial 41 (17.2) 40 (53.3) 1(0.6)  <0.001 26 (29.9) 15(9.9)  <0.001
susceptibility of causative organisms (%)
Duration of total antibiotics, days, mean = SD 19.40+1115 18.28+9.70 19.90+11.74 0.262 17.31£8.26 20.58+12.36 0.015

SD, standard deviation.
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In comparison, the mean age was higher in the CIP-R group than in the CIP-S group (68.67 +
15.61 vs. 63.32 +17.14, P=0.015). Charlson’s comorbidity index was similar between the CIP-S and
CIP-R groups, while the proportion of patients who had a history of admission during 1 year prior
to inclusion was higher in the CIP-R group than in the CIP-S group (44.8% vs. 20.1%, P <0.001).
In addition, the proportion of patients with a history of antibiotic usage during 1 year prior to
inclusion was higher in the CIP-R group than in the CIP-S group (47.1% uvs. 26.6%, P=0.002).

Economic impact of AMR on APN

As for the treatment, the probability of discordance between the initial antimicrobial regimen
and the antimicrobial susceptibility of causative organisms was higher in the ESBL+ group
than in the ESBL- group (53.3% vs. 0.6%, P <0.001) and in the CIP-R group than in the CIP-S
group (29.9% vs. 9.9%, P <0.001).

Table 3 shows outcomes of community-acquired APN. A patient in the ESBL+ group incurred
higher medical costs compared to a patient in the ESBL- group (USD 3,730.2 vs. 3,119.3, P=
0.001). In detail, hospitalization expenditure (USD 1,331.2 vs. 1,099.0, P = 0.018), meal (USD
137.3 v5. 107.2, P=0.008), cost of medication (USD 505.6 vs. 334.6, P <0.001), and procedure
or operation charge (USD 376.5 vs. 271.2, P= 0.018) were higher in the ESBL+ group than in
the ESBL- group. Similarly, total medical costs were higher in the CIP-R group compared to
that of the CIP-S group (USD 3,730.2 vs. 3,119.3, P=0.005). In detail, consultation fee (USD
141.7 vs. 113.0, P= 0.005), hospitalization expenditures (USD 1,360.7 vs. 1,067.5, P=0.002),
meals (USD 145.9 vs. 103.2, P=0.005), cost of medication (495.6 vs. 346.3, P=0.005), and
procedure or operation charges (USD 326.2 vs. 275.0, P= 0.045) were higher in the CIP-R
group than in the CIP-S group.

The total length of hospital stay was longer in the ESBL+ group than in the ESBL- group (11 s. 8
days, P<0.001), as well as in the CIP-R group than in the CIP-S group (11 vs. 8 days, P <0.001). No
significant differences were observed in the proportion of clinical failure and change in Braden
scale between the ESBL+ and ESBL- groups and the CIP-R and CIP-S groups, respectively.

Table 3. Comparison of outcomes of community-acquired acute pyelonephritis

Outcomes Total Extended-spectrum beta-lactamase Ciprofloxacin
Positive Negative P-value Resistant Sensitive P-value
Medical costs, USD, median (IQR) 3,350.3 3,730.2 3,119.3 0.001 3,730.2 3,119.3 0.005
(2,297.3-5,099.5)  (2,928.9 - 5,692.4)  (2,099.3 - 4,829.9) (2,524.4 - 5,937.7)  (2,148.3 - 4,578.5)
Consultation fee 126.9 139.9 122.6 0.212 1417 3.0 0.005
(100.2 - 179.8) (100.2 - 192.5) (98.7-179.7) (110.8 - 192.9) (98.4 -1,715.9)
Hospitalization expenditures 1,194.3 1,331.2 1,099.0 0.018 1,360.7 1,067.5 0.002
(812.5 - 1,806.7) (959.6 - 2,054.7) (784.2 - 1,752.9) (1,003.5-2,406.9)  (784.2 - 1,627.0)
Meal n7.4 137.3 107.2 0.008 145.9 103.2 0.005
(76.9 - 176.1) (89.9 - 208.9) (71.4 - 155.0) (87.9 - 202.1) (72.7 - 151.0)
Cost for medication 420.0 505.6 334.6 <0.001 495.6 346.3 0.005
(238.2 - 656.4) (349.5 - 710.5) (2221 - 622.8) (299.5 - 718.5) (230.3 - 610.2)
Procedure or operation charge 288.1 376.5 271.2 0.018 326.2 275.0 0.045
(159.3 - 707.3) (204.0 - 779.8) (143.5 - 667.1) (212.8 - 810.2) (143.5 - 667.1)
Laboratory examination charge 771.9 827.8 765.2 0.489 802.7 763.6 0.350
(505.1-1,088.7) (524.5 - 1,245.7) (487.6 - 1,057.3) (559.3 - 1,429.0) (459.8 - 1,043.4)
Radiologic examination charge 281.8 290.9 278.6 0.489 288.7 271.0 0.229
(150.5 - 516.1) (150.5 - 559.5) (150.5 - 484.0) (157.3 - 534.8) (150.5 - 510.6)

Others 18.2 (0 - 36.4) 18.2 (0 - 36.4) 18.2 (0 - 36.4) 0.567 18.2 (0 - 28.6) 18.2 (0 - 36.4) 0.333
Length of hospital stay, median (IQR) 9(7-13) 1(8-14) 8(6-12) <0.001 1(7-14) 8(6-11) <0.001
Clinical failure (%) 14 (5.8) 6 (8.0) 8 (4.8) 0.374 7(8.1) 7(4.6) 0.302
Change in Braden scale, mean + SD -1.01 +2.56 -1.23+2.84 -0.91+2.42 0.410 -1.38 £3.10 -0.81+£2.18 0.138

USD, United States Dollar; IQR, interquartile range; SD, standard deviation.
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The results in Tables 4 and 5 display the recovered average marginal effect of each statistically
significant variable on total medical costs and length of stay, respectively. Note that the
coefficients are the estimates obtained from the log-linear regression model (i.e., the outcome
variable is In [total cost] and In [length of stay]). Therefore, the coefficient estimates should not

Table 4. Risk factors for higher medical costs using a log-linear regression model

Parameters Coefficient ~ Standard P-value Average
estimate error marginal effect

ESBL-producing Enterobacteriales as a causative pathogen 0.273 0.122 0.026 1,210.52
Ciprofloxacin-resistance Enterobacteriales as a causative pathogen -0.024 0.082 0.771 -106.51
Age 0.005 0.003 0.040 23.18
Female sex 0.086 0.123 0.486 381.29
Charlson’s comorbidity index -0.011 0.018 0.517 -50.62
Bedridden status -0.284 0.130 0.030 -1,262.58
Any structural problem in urinary tract 0.277 0.113 0.015 1,230.72
History of admission during 1 year prior to inclusion -0.014 0.115 0.903 -62.83
History of antibiotic usage during 1year prior to inclusion -0.222 0.092 0.017 -987.19
History of urinary tract infection during 1year prior to inclusion 0.004 0.096 0.965 18.71
Use of chemotherapeutic agents 0.185 0.148 0.213 819.60
Use of immunosuppressants 0.015 0.101 0.885 64.46
History of urinary catheterization during 1 month prior to inclusion 0.366 0.244 0.134 1,625.40
History of urinary tract operation during 3 months prior to inclusion -0.384 0.190 0.044 -1,705.39
Pitt score 0.173 0.037 <0.001 766.71
Discordance between antibiotic susceptibility of the causative pathogen and initial antibiotic regimen -0.044 0123 0.721 -194.40
Initial Braden scale -0.054 0.013 <0.001 -240.16
Stayed in a premium room at least for a day during hospitalization 0.040 0.104 0.703 176.44
Constant 15.678 0.371 <0.001 -

“Coefficient estimate” column displays the estimate from log-linear regression (semi-elasticity) and “average marginal effect” column reports the average
marginal effect of a unit increase in the control variable on medical costs. The coefficient of the constant term in linear regression is estimated to capture the
intercept; thus, its average marginal effect is omitted.

ESBL, extended-spectrum-beta-lactamase.

Table 5. Risk factors for longer length of stay using a log-linear regression model

Parameters Coefficient ~ Standard P-value Average
estimate error marginal effect
ESBL-producing Enterobacteriales as a causative pathogen 0.217 0.108 0.045 2.30
Ciprofloxacin-resistance Enterobacteriales as a causative pathogen 0.023 0.086 0.789 0.24
Age 0.005 0.002 0.045 0.05
Female sex 0.142 0.104 0.171 1.51
Charlson’s comorbidity index -0.009 0.016 0.591 -0.09
Bedridden status -0.077 0.151 0.613 -0.82
Any structural problem in urinary tract 0.224 0.104 0.032 2.38
History of admission during 1 year prior to inclusion 0.046 0.120 0.703 0.49
History of antibiotic usage during 1year prior to inclusion -0.113 0.094 0.230 -1.20
History of urinary tract infection during 1year prior to inclusion -0.006 0.090 0.951 -0.06
Use of chemotherapeutic agents 0.156 0.134 0.245 1.66
Use of immunosuppressants 0.047 0.084 0.574 0.50
History of urinary catheterization during 1 month prior to inclusion 0.378 0.231 0.102 4.02
History of urinary tract operation during 3 months prior to inclusion -0.110 0.154 0.475 -1.17
Pitt score 0.076 0.036 0.038 0.80
Discordance between antibiotic susceptibility of the causative pathogen and initial antibiotic regimen 0.038 0.105 0.714 0.41
Initial Braden scale -0.009 0.017 0.598 -0.10
Stayed in a premium room at least for a day during hospitalization -0.029 0.098 0.765 -0.31
Constant 1.829 0.489 <0.001 -

“Coefficient estimate” column displays the estimate from log-linear regression (semi-elasticity) and “average marginal effect” column reports the average
marginal effect of a unit increase in the control variable on length of stay. The coefficient of the constant term in linear regression is estimated to capture the
intercept; thus, its average marginal effect is omitted.

ESBL, extended-spectrum-beta-lactamase.
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be interpreted as a marginal effect on the total costs or length of stay but as semi-elasticity. In
the last column, we report the recovered average marginal effect of a unit increase in a control
variable on the level outcome (i.e., total costs and length of stay), adjusting for all other factors.

Holding all other factors constant, the treatment cost of APN for a case in which ESBL-
producing Enterobacteriales is a causative pathogen would be, on average, 27.0%, or USD 1,211
(P=10.026) more expensive than non-ESBL-producing pathogen. A patient who is a year older
would incur USD 23.18 (P= 0.040) more, having any structural problems in the urinary tract
would incur USD 1,231.72 (P = 0.015) more, and a unit increase in the Pitt bacteremia score
would incur USD 766.71 (P <0.001) higher costs, all other things constant. However, the total
costs were lower if one had had a history of antibiotic usage during 1 year prior to inclusion
(USD 987.19 lower; P=0.017) or had a history of urinary tract operation during the 3 months
prior to inclusion (USD 1,705.39 lower, P=0.04). A point higher on the Braden scale at
admission was associated with lowering of costs by USD 240.16 (P <0.001).

Adjusting for other factors, having a case in which ESBL-producing Enterobacteriales is a
causative pathogen would explain staying 22.0% longer or 2 more days (P= 0.050) in the
hospital than non-ESBL-producing Enterobacteriales. A patient who is 10 years older would, on
average, would have to stay for half a day longer (P=0.045). Any structural problems in the
urinary tract explain a longer stay (2.4 days longer; P=0.032), and moving from O to 5 on the
Pitt bacteremia score would explain four more days (P= 0.038) in the hospital.

Figures 1 and 2 present the point estimates and 95% confidence intervals (bands) from
quantile regression. The corresponding point estimates and standard errors can be found in
Supplementary Tables 3 and 4, respectively, in which we report the conditional quantile at
0.1 through 0.9 (0.1 quantile and 10th percentile are synonymous). Note that the outcome
is in log-scale; thus, the coefficient estimate can be interpreted as semi-elasticities. We

do not recover the average marginal effect because the semi-elasticity serves the purpose

of presenting the impact of regressors on the conditional distribution of the outcomes.

For example, if the coefficient estimate is 0.02, then a one-unit change in that variable is
associated with a proportionate increase of 0.02 or 2.0%.

Figure 1 presents the quantile regression results for the total costs (in log scale). This shows
that age has a positive relationship with incurring higher total costs at the 50th or 60th
percentile but not at the tails. That is, at the median or at the 60th percentile, being 1 year older
is associated with 0.8% (P =0.030) higher treatment expenditures. In the higher quantiles, the
point estimates suggest that having any structural problems in the urinary tract is associated
with 31.0 — 50.0% higher medical costs. Although having ESBL-producing Enterobacteriales as

a causative pathogen is, on average, associated with 27.0% higher medical costs (Table 4), the
quantile regression results suggest that the main impact was made in the 60th percentile, which
incurred 27% higher costs. Similarly, this suggests that history of urinary tract operation during
the 3 months prior to inclusion is associated with significantly lower (50.0 - 116.0%) medical
costs in the higher percentiles. The initial Braden scale at the time of admission or the Pitt
bacteremia score seemed to affect the outcome distribution mostly throughout the quantiles.

Figure 2 presents the quantile regression results for the length of stay (in log scale). While
having any structural problem in the urinary tract was associated with a 22.0% longer stay in
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Figure 1. The quantile regression results for total cost (in log-scale).
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the hospital on average (Table 5), and the impact was significant in the upper quantiles (32.0
-36.0% longer in the 70th and 80th percentiles). History of having a urinary tract operation
during the 3 months prior to inclusion was associated with a shorter length of stay in the
upper quantiles (54.0 —78.0% shorter), but with a longer length of stay in the lowest quantile
(65.0% longer). A one-unit increase in the Braden scale at the time of admission explains a
4.3% shorter stay at the 70th percentile.

DISCUSSION

To the best of our knowledge, this is the first study in Korea to quantitatively analyze the
impact of antimicrobial-resistant Enterobacteriales on the economic aspects of patients with
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Figure 2. The quantile regression results for length of stay (in log-scale).
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APN. The quantitative evaluation of the risk factors, including AMR, on the medical costs
and hospitalization duration for the treatment of APN is the strength of the present study
compared to the previous studies dealing with the medical costs of APN.

As shown in our results, the ESBL+ and CIP-R groups required higher medical costs for the
treatment of APN than their control groups. Given that the length of stay of the ESBL+ and
CIP-R groups was longer than that of their control groups, it seems that higher medical
costs might be closely associated with a longer length of stay. In fact, looking at the detailed
categories of medical costs, the costs that increase according to hospitalization duration,
such as hospitalization expenditure and meals, were significantly higher in the ESBL+ and
CIP-R groups than in the control groups. Although not as important as costs associated with
hospitalization duration, another category that contributes to increasing medical costs in
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the ESBL+ and CIP-R groups was the cost of medication. It is possible that the difference

in antibiotic costs might be the main reason for the difference in the cost of medication
between patients with APN with antimicrobial-resistant pathogens and those without. In
Korea, for adults with normal kidney function, the daily cost of ertapenem, which is usually
prescribed for APN caused by ESBL-producing Enterobacteriales in the study hospital, was USD
33.87, while the daily costs of cefotaxime and ciprofloxacin, which are usually prescribed for
APN caused by non-ESBL-producing Enterobacteriales in the study hospital, were USD 18.50
and USD 32.16, respectively [17].

According to the log-linear regression model, if the causative pathogen is ESBL-producing
Enterobacteriales, the estimated additional medical costs and hospitalization period for

the treatment of APN were USD 1,211 and 2.3 days, respectively. Compared to the studies
performed in the US, the estimated additional hospitalization period was similar, while the
estimated additional medical costs were lower. A retrospective study in the US showed that
antimicrobial-resistant organisms were associated with higher medical costs (USD 19,000)
and longer length of hospital stay (2.74 days) for the treatment of UTI [18]. According to
another retrospective study in the US, the additional medical costs and length of hospital
stay for patients with UTI due to ESBL-producing Enterobacteriales were USD 3,658 and 2

days, respectively [19]. In comparison, the difference in additional medical costs between
Korea and the UK seems not as significant as that between Korea and the US. According to
aretrospective study in the UK, UTI caused by antimicrobial-resistant organisms was more
likely to have increased hospital costs by USD 1,259 and length of stay by 1.12 days [20]. A
reasonable explanation for such differences may be the difference in each country’s healthcare
system. The healthcare system in Korea has a high coverage rate of the National Health
Insurance System and relatively lower medical costs compared to that of other countries
[21]. Because almost the entire population, including low-income families, receives a benefit
from the healthcare system in Korea, the hospital entry barriers are low, so hospitalization

is not difficult even for severe diseases. Further studies are necessary to determine the exact
components that can explain the differences in additional medical costs among countries.

Other factors that increased the total medical costs and the length of hospital stay in patients
with APN were older age, having any structural problems in the urinary tract, and an increase
in the Pitt bacteremia score. The findings of the present study are concordant with those

of the previous studies. A previous descriptive study using reimbursement data in Korea
revealed that an increase in age was associated with prolonged hospitalization duration and
higher medical costs in APN treatment [7]. Similarly, some retrospective studies showed
that age >65 years was a risk factor for prolonged hospitalization in patients with APN [22,
23]. A previous study in Korea found that structural problems in the urinary tract increased
hospitalization stay by 2.7 - 3 days [24, 25]. Furthermore, a prospective cohort study showed
that a high Pitt score was associated with worse 30-day all-cause mortality in APN, suggesting
that a high Pitt score might also be associated with prolonged hospitalization duration and
higher medical costs [26].

Another finding in our study was that a history of antibiotic use during the 1 year prior to
inclusion, a history of urinary tract operation during the 3 months prior to inclusion, and a
higher Braden scale at admission decreased the total medical costs. Given that the Braden
scale could reflect the performance status of the patients, the reverse association between
the Braden scale and medical costs seems reasonable [15]. In contrast, a history of antibiotic
usage or a history of urinary tract surgery has been considered as a factor associated with
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antimicrobial-resistant pathogens or worse outcomes [8, 27]. A possible explanation for the
findings in the present study is that patients who get sick regularly might go to the hospital
earlier when they have symptoms than those who are not frequently sick, preventing the
symptoms from getting worse [28]. In addition, if previous medical records, such as the
result of bacterial culture exist, it might be helpful for the selection of appropriate initial
antibiotic therapy and could lead to better clinical outcomes. Further research is required to
clarify this.

There are several potential limitations of our study. First, only hospitalized patients from

a large hospital were recruited. Given that the study hospital is a tertiary-care hospital,
patients in study hospitals may have a greater number of underlying comorbidities and may
present with more severe clinical symptoms than those in smaller hospitals. Therefore, the
results cannot be generalized to the entire population. Second, the proportion of patients
who underwent outpatient parenteral antibiotic therapy (OPAT) and its cost was not taken
into account. If the OPAT ratio is low in a situation where a large portion of medical costs are
hospitalization and meals, medical costs and length of stay are expected to increase. In fact,
OPAT is not actively performed in most Korean hospitals including the study hospital, thanks
to relatively low admission cost and national healthcare insurance system that covers >98.0%
of population [21]. Third, the evaluation of antimicrobial resistance was confined only to
ESBL production and ciprofloxacin resistance. In fact, we did not evaluate other important
AMRs, such as aminoglycosides and trimethoprim/sulfamethoxazole. In addition, the

effect of multidrug resistance was not analyzed. Fourth, using Korean data alone is certainly
insufficient to shed light on the global AMR problem that is related to an increase in medical
costs and length of hospital stay. Due to the differences in the healthcare system and medical
costs in each country, our results cannot be generalized to other countries. Despite this
limitation, our experience may be informative for other countries.

In conclusion, the community-acquired APN for a case in which ESBL-producing
Enterobacteriales is a causative pathogen would explain, on average, 27.0% higher medical

costs and 22.0% longer hospitalization days than in patients with APN caused by non-ESBL-
producing Enterobacteriales.

SUPPLEMENTARY MATERIALS

Joint report of the result of univariate analysis
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Stepwise selection results
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Effects of variables on medical costs using a quantile regression model

Click here to view
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