Antibiotic Resistance and Pyelonephritis
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Increasing antibiotic resistance threatens
our ability to effectively treat bacterial in-
fections. Antibiotic therapy enhances the
growth of existing drug-resistant bacteria
and the exchange of resistance mecha-
nisms between bacteria (and even between
species) and selects for resistance muta-
tions. The effect on levels of drug-resistant
infection in the population of treating
1000 people with antibiotics for 1 day is
roughly equivalent to treating 1 person
with antibiotics for 1000 days. Further-
more, antibiotic therapy selects for drug
resistance, not only in the pathogen, but
in commensal bacteria that are present in
the patient, thereby creating a resistance
reservoir. Thus, it is important to monitor
drug resistance patterns among pathogens
causing common bacterial infections, such
as urinary tract infection (UTTI).

Every year, 12% of women and 3% of
men in the United States experience a UTI
[1]. UTI is the most common bacterial
infection among adults in the community,
and it is the most common health care—
associated infection. Because UTI is usu-
ally easily treated with antibiotics, it is easy
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to forget that UTI is often a source of
bacteremia and sepsis and can be fatal.
Among men hospitalized for pyelone-
phritis, the mortality rate is 16.5 deaths
per 1000 hospitalizations; for women, the
figure is lower but is still substantial: 7.3
deaths per 1000 hospitalizations [2]. Uro-
pathogens in the community and in hos-
pitals are increasingly resistant to antibi-
otics; furthermore, because the infection
is so common, it is likely that antibiotic
therapy for UTI is an important selective
factor for antibiotic resistance at the pop-
ulation level.

Pyelonephritis is the most severe man-
ifestation of UTL There are surprisingly
few studies of therapy for this disease or
of the epidemiology and risk factors for
pyelonephritis; therefore, it is welcome to
see the study of the epidemiology of py-
elonephritis by Czaja et al. [3] in this issue
of Clinical Infectious Diseases. Using com-
puterized records of the Group Health Co-
operative in Seattle, Washington, Czaja et
al. [3] estimate the outpatient and inpa-
tient incidence rates of pyelonephritis
from 1997 through 2001 and document
trends in infecting organisms and antibi-
otic resistance. The study moves the lit-
erature forward by providing population-
based estimates of the incidence of
pyelonephritis among individuals treated
either as inpatients or as outpatients and,
when available, providing microbiologic
and antimicrobial treatment data.

The authors choose to limit their anal-

ysis to individuals who were identified by
International Classification of Diseases,
Ninth Revision, Clinical Modification code
as having pyelonephritis. All persons
treated as inpatients were included. Only
those outpatients who had a positive urine
culture result within 7 days before or 2
days after the date of diagnosis were
treated. Because culture data were not
available for all inpatients, only 40% had
culture confirmation of infection. Any pa-
tients who were initially seen as an out-
patient and were later hospitalized were
considered to be inpatients. Only the first
recorded episode was included in the anal-
ysis. There were 10,330 episodes among
4887 patients; only 828 patients (17%)
were treated in the hospital. Culture con-
firmation was available for only 2408
(59%) of 4059 individuals who received a
diagnosis of pyelonephritis and were
treated as outpatients; thus, 41% were ex-
cluded from the analysis. Because the anal-
ysis is limited to the first recorded episode,
the results underestimate the incidence of
pyelonephritis, which perhaps explains
why the incidence rates reported in this
study are considerably lower than those in
previous reports [4]. Furthermore, by us-
ing more-stringent inclusion criteria for
outpatients than for inpatients, the study
may overestimate the proportion of py-
elonephritis cases treated in the hospital.

In a previous study, the authors found
a similar case definition for outpatients to
be 98% accurate among young adult
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women treated at Group Health Coop-
erative [5]. Although apparently quite spe-
cific, it is probably not very sensitive, be-
cause 41% of outpatients were excluded.
What is unclear from the presentation is
whether culture results were unavailable
or were ordered and were negative. Treat-
ing UTI empirically results in considerable
cost savings, at least in the short term. A
urine culture, followed by determination
of antibiotic sensitivities, takes at least 3
days, which is much too long to wait be-
fore initiating therapy in the ill patient.
Thus, the culture results only have im-
mediate utility when treatment fails. Lo-
calization studies, now quite old, suggest
that as many as 50% of all UTIs include
some kidney involvement [6]. However,
localization studies are not standard prac-
tice, and the determination that a UTT in-
volves the kidney is generally based solely
on signs and symptoms such as fever, flank
pain, and costovertebral angle tenderness,
with or without lower urinary tract symp-
toms, such as dysuria, urgent urination,
and frequent urination, although gastro-
intestinal symptoms, such as nausea, vom-
iting, and diarrhea, are common and may
be the presenting complaint [7].
Nonetheless, authoritative reviews of
acute pyelonephritis recommend urine
culture, even when the infection is treated
on an outpatient basis. Assuming urine
cultures were ordered, why would a pa-
tient with a clinical presentation consistent
with pyelonephritis have a negative urine
culture result? One possibility is that the
patients were already taking antibiotics (if,
for example, treatment had been initiated
after consultation over the telephone). Ex-
cluding outpatients without a positive
urine culture result undoubtedly reduces
misclassification of those without pyelo-
nephritis as having infection, but it also
leads to an overall underestimation of dis-
ease burden. Furthermore, the extent of
this bias is probably not uniform across
patient groups. Thus, it would be infor-
mative to know whether those excluded
had a urine culture ordered and to char-
acterize that group. Similarly, it would be

informative to characterize the group with
a negative urine culture result. Under-
standing the potential effects of a history
of UTI, underlying conditions, the age and
sex of the patient, and the medical spe-
cialty of the treating physician on whether
a urine culture was ordered and, if or-
dered, on whether the result was negative,
is crucial for interpreting the presented
trends in antibiotic resistance and in the
infecting agent.

The proportion of inpatients without
culture data was also very high. If culture
data had been available for the 60% of
patients with missing data, it is quite pos-
sible that a different distribution of or-
ganisms might have been observed. Miss-
ing data might also explain the apparent
decrease in trimethoprim-sulfamethoxa-
zole resistance. Some estimate of the rate
of patients with positive culture results, the
number of positive culture results com-
pared with the number of cultures or-
dered, and whether these vary according
to UTTI history, underlying conditions, age
or sex of the patient, and the medical spe-
cialty of the treating physician would aid
in interpreting the validity of the inclusion
criteria for inpatients.

From a public health perspective, cul-
ture results are essential for understanding
trends in antibiotic resistance and infect-
ing organisms. Because we do not under-
stand the indications for culture, and be-
cause these might have changed over the
course of the study, it is difficult to ac-
curately interpret many of the findings of
Czaja et al. [3]. For example, the authors
note that the distribution of causative uro-
pathogens did not differ greatly between
inpatients and outpatients. However, the
authors did not assess the effects of age,
sex, or pregnancy status on patients with
a positive urine culture result treated as
inpatients, compared with outpatients.
Trends in prescribing might also be mis-
represented by not including prescription
information for the 41% of patients who
were treated as outpatients without a pos-
itive urine culture result. One can imagine

that these patients might have less severe

cases and, thus, may possibly be treated
with trimethoprim-sulfamethoxazole.

For all UTIs, including pyelonephritis,
the recurrence rates are high. In a South
Korean study using national insurance
claims and covering 99% of the popula-
tion, the 1-year risk of a second episode
of pyelonephritis was 9.2% for females
and 5.7% for males; following a fourth
episode, the 1-year risk of a fifth episode
was 50% for females and 53% for males.
Although Czaja et al. [3] limited their
analysis to the first reported episode, fu-
ture studies should address the determi-
nants of recurring pyelonephritis.

Another gap in understanding is in the
determinants of health care—associated
and community-acquired pyelonephritis.
Czaja et al. [3] did not distinguish between
primary and secondary diagnoses or at-
tempt to analyze their data to compare
health care—associated and community-
acquired pyelonephritis. It should be pos-
sible to distinguish in their data between
(1) community-acquired pyelonephritis
treated on an outpatient basis, (2) com-
munity-acquired pyelonephritis treated on
an inpatient basis either immediately or
following treatment failure, and (3) hos-
pital-acquired pyelonephritis. The micro-
biology and antibiotic resistance of these
groups might vary in important ways. In
addition, excluding hospital-acquired
cases would give a better estimate of the
proportion of community-acquired py-
elonephritis treated on an inpatient basis.
It also would have been useful to examine
cases of pyelonephritis among pregnant
women separately, because therapeutic
choices are more limited during preg-
nancy, and hospitalization for initial ther-
apy continues to be recommended for this
group [8]. Finally, these data might be
used to gain some insight into the most
cost-effective treatment strategies.

Some of the limitations of the Czaja et
al. [3] study could be addressed with a
more comprehensive analysis and the ad-
dition of data from medical records. Other
limitations are more problematic, partic-

ularly for monitoring microbiologic and
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antibiotic resistance trends. Urine culture
rates appear to be quite low among both
inpatients and outpatients who receive a
diagnosis of pyelonephritis. Although ex-
amining the determinants of whether a
culture is ordered will give some insight
into whether some biases might have oc-
curred, as well as the possible direction of
those biases, these analyses cannot make
up for missing data. In the absence of cul-
ture results, therapy is chosen on the basis
of a combination of individual profile and
physician preference, which may or may
not be optimal for limiting the spread of
antibiotic resistance. Furthermore, with-
out more-representative data on drug re-
sistance, it is difficult to advise physicians
on local resistance trends. Finally, without

representative trend data, it is difficult to
increase our understanding of the deter-
minants of resistance and, thus, to develop
accurate models predicting the emergence
and spread of antibiotic resistance.

Acknowledgments

Financial support. The National Institutes of
Health and the Alliance for the Prudent Use of
Antibiotics (U24 AI50139).

Potential conflicts of interest. P.B. has re-
ceived consulting fees and research support from
Ortho McNeil and Pfizer. B.E and M.K.: no
conflicts.

References

1. Foxman B, Brown P. Epidemiology of urinary
tract infections: transmission and risk factors,
incidence, and costs. Infect Dis Clin North Am
2003;17:227-41.

. Foxman B, Klemstine KL, Brown PD. Acute

pyelonephritis in US hospitals in 1997: hospi-
talization and in-hospital mortality. Ann Epi-
demiol 2003; 13:144-50.

. Czaja CA, Scholes D, Hooton TM, Stamm WE.

Population-based epidemiologic analysis of
acute pyelonephritis. Clin Infect Dis 2007;45:
273-80 (in this issue).

. Ki M, Park T, Choi B, Foxman B. The epide-

miology of acute pyelonephritis in South Korea,
1997-1999. Am ] Epidemiol 2004; 160:985-93.

. Scholes D, Hooten TM, Roberts PL, Gupta K,

Stapleton AE, Stamm WE. Risk factors asso-
ciated with acute pyelonephritis in healthy
women. Ann Intern Med 2005; 142:20-7.

. Harding GK, Marrie TJ, Ronald AR, Hoban S,

Muir P. Urinary tract infection localization in
women. JAMA 1978;240:1147-51.

. Brown P, Ki M, Foxman B. Acute pyelone-

phritis among adults: cost of illness and con-
siderations for the economic evaluation of ther-
apy. Pharmacoeconomics 2005;23:1123—42.

. Mittal P, Wing DA. Urinary tract infections in

pregnancy. Clin Perinatol 2005; 32:749-64.

EDITORIAL COMMENTARY + CID 2007:45 (1 August) * 283



