CURRENT
THERAPEUTIC
RESEARCH®

VOL. 57, NO. 6, JUNE 1996

PREVENTION OF RECURRENT URINARY TRACT INFECTIONS
IN FEMALE CHILDREN
OM-89 Immunotherapy Compared with Nitrofurantoin Prophylaxis in a

Randomized Pilot Study

BERNHARD LETTGEN

Universitdtsklinikum Essen, Klinik fiir Kinder- und Jugendmedizin, Abteilung fir
Pddiatrische Nephrologie, Essen, Germany

ABSTRACT

The aim of this randomized, controlled, open-label pilot study was to
compare the efficacy and tolerability of long-term immunotherapy
(OM-89) with that of nitrofuran chemotherapy (nitrofurantoin) to pre-
vent recurrent urinary tract infections (UTIs) in female children. Of
the 40 patients participating in this study (mean age, 6.5 years; range,
2 to 10 years), 22 were randomly assigned to group A (OM-89) and 18 to
group B (nitrofurantoin). The study was carried out in three 6-month
phases. In phase I (run-in) both groups were given nitrofurantoin 1
mg/kg/d (a standard prophylactic dose); in phase II, group A received
one capsule per day of OM-89 (6 mg/d, active compound), and group B
continued the nitrofurantoin treatment. Phase III was a follow-up
phase without medication. The diagnosis of a bacterial UTI was based
on clinical symptoms (dysuria) and positive urine culture (significant
bacteriuria and pyuria). The results show that the oral OM-89 treat-
ment elicits a highly significant decrease in UTIs compared with base-
line (6-month prestudy data). The efficacy of the long-term adminis-
tration of OM-89 in this study was comparable to that of nitrofurantoin
during phase II (months 6 to 12) and phase III (months 12 to 18).
OM-89 can be considered as an alternative to chemotherapeutic pro-
phylaxis; OM-89 is well tolerated and effective in decreasing the inci-
dence of UTIs in female children prone to recurrences.

INTRODUCTION

Girls, age 6 to 16 years, with bacteriuria are at a greater risk of developing
symptomatic urinary tract infection (UTI) than the general population.’-?
Children with undetected or inadequately treated UTIs are likely to have
recurrent infections, chronic pyelonephritis; and, in adulthood, chronic
renal failure requiring hemodialysis and renal transplantation.’® A fur-
ther complication is the continuing emergence of new antibiotic-resistant
pathogens, which contributes to the high costs of patient care.*
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Leski® estimated that 50% of the young women who develop a UTI
have a recurrence within 12 months. Etiologically, these reinfections are
characterized by a greater adherence of intestinal bacteria to urethral and
vaginal epithelia. The increased incidence of such infections also depends
on local (within the urinary tract) immunocompetence.

Secretory immunoglobulin A (sIgA) and, to a lesser extent, immuno-
globulin M are important mucosal defense mechanisms against coloniza-
tion by bacteria, viruses, or fungi. It has been reported that levels of sIgA
in the urine of female children and adults prone to recurrent UTIs are
lower than levels found in uninfected controls,®’ thus reducing the mu-
cosal defenses. Stimulating these defenses by elevating the production of
sIgA could help reduce the frequency of recurrences. An alternative to
antibiotic prophylaxis, which can have a negative effect on the immune
system,® is the oral administration of immunomodulators. These com-
pounds enhance the patient’s own immune defenses against pathogens.

OM-89* is a lyophilized, bacterial proteinic extract obtained from the
soluble components of combined alkalinized fractions of the gram-negative
bacterium Escherichia coli, a pathogen commonly responsible for UTlIs.
Animal studies have shown that OM-89 prevents experimental infections
and stimulates macrophages, phagocytosis, and activity of B lymphocytes
and natural killer cells.®~!! In addition, it increases the level of sIgA and
opposes the immunosuppressive effect of certain antibiotics.'’*? In vitro
immunopharmacologic studies have shown that the extract enhances the
production of interferon-gamma, tumor necrosis factor-alpha, and other
cytokines,® as well as the metabolic and functional activities of lympho-
cytes and macrophages, which are important for host defenses.!°

This pilot study was designed to compare the efficacy and tolerability
of the long-term administration of OM-89 versus nitrofurantoin to prevent
reinfection in female children with recurrent UTIs.

PATIENTS AND METHODS

Forty female children with recurrent UTIs participated in this random-
ized, prospective, controlled study (mean age, 6.5 years; range, 2 to 10
years). Before enrollment, the patients underwent kidney and derivative
urinary tract examination using ultrasonography. Children were enrolled
in the study if they had had at least three episodes of acute UTIs within the
last 12 months. The medical history was well known by the investigators
and was documented in the case report form at entry into the study (pre-
study data). The diagnosis of bacterial UTI (cystitis, urethritis, cysto-

* Marketed in Germany as Uro-Vaxom® (Sanofi-Winthrop Ltd., Munich) and Uro-Munal® (Deutsche OM
Ltd., Friedrichsdorf).
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Table I. Criteria used to diagnose urinary tract infections (UTIs).

Criteria
Clinical Labaratory
Acute UTI (cystitis, urethritis, Dysuria, urgent, frequent >10 WBCs/mm?; >10%°
cystourethritis) micturition, suprapubic CFU/mL in 1 MSU culture

pain; no uripary symptoms
in the 4 weeks before the

episode
Acute pyelonephritis Fever, chills, flank pain; >10 WBCs/mm?; >10* CFU/
other diagnoses excluded; mL in 1 MSU culture

no history or clinical evi-
dence of urologic abnor-

malities
Asymptomatic bacteriuria No urinary symptoms >10 WBCs/mm?®; >10% CFU/
mL in 2 consecutive MSU
cultures >24 hours apart
Recurrent UTI At least 3 episodes of acute >10 WBCs/mm?; >10%°
(requiring antimicrobial infection documented by CFU/mL in 1 MSU culture
prophylaxis} culture in the last 12

months; no structural or
functional abnormalities

WBC = white blood cells; CFU = colony-forming units; MSU = midstream urine cuiture.

urethritis) was based on the clinical and laboratory criteria summarized in
Table I (adapted from Rubin et al'®). Patients with obstructive uropathy,
chronic pyelonephritis, vesicoureteral reflux, or lithiasis were excluded.
Patients with urinary incontinence were given ambulatory bladder train-
ing (ie, instructions to drink adequate amounts of liquid and to void fre-
quently and completely at first urge) during the study. The study was
approved by the local ethics committee. Parents gave their informed con-
sent before entry.

Patients were randomly assigned to either group A (n = 22) or group
B (n = 18). The study consisted of three 6-month phases, with regular
control visits at entry and every 3 months thereafter. During phase I
all patients were given nitrofurantoin®* 1 mg/kg/d in the evening for 6
months. This dosing regimen is the amount required to protect the bladder
overnight.

In phase II, group A was switched to OM-89, 6 mg/d lyophilized E coli
fractions, given as one capsule daily in the morning on an empty stomach.
Group B continued treatment with nitrofurantoin during phase II.

Both groups stopped prophylaxis during the final 6-month follow-up
period (phase III), as shown in Figure 1. Compliance was assessed at each
visit by checking the remaining medication in each patient’s box and
by questioning the parents.

The diagnosis of a UTI was based on the clinical signs associated with

* Trademark: Furadantin® (R6hm Pharma, Weiterstadt, Germany).
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Figure 1. Treatment regimens for patients in group A (n = 22) and group B (n = 18) during
the three phases of the 18-month study.

a positive urine culture. Detailed physical examinations, including urine
sampling (clean-catch, midstream urine) and urinalysis, were performed
at each visit (ie, at entry and after 3, 6, 9, 12, 15, and 18 months) or when
acute events occurred. When an acute event occurred, the pathogen was
identified microbiologically and its resistance determined to select the
appropriate antibiotic treatment.

The efficacy of OM-89 in preventing reinfection was compared with
that of standard prophylactic nitrofurantoin therapy used as active-control
versus baseline (6-month prestudy data).

At each visit the investigator systematically questioned the patients
regarding adverse events. All such events were recorded and subsequently
assessed to determine whether they were associated with treatment.

Statistical Analysis

Randomization to the two study groups was determined by the statis-
tical center of the University Hospital, Essen, Germany. All randomized
patients were statistically analyzed on an intent-to-treat (IT'T) basis for
efficacy and tolerability. A per-protocol or best-case approach was used to
analyze the ITT patients. Patients with major (pyelonephritis) or minor
(missing data) protocol violations were excluded from the per-protocol
analysis. Patients with major protocol violations were excluded from the
best-case approach; however, patients with only minor protocol violations
were not excluded from best-case approach.

The nonparametric Wilcoxon’s matched-pairs test was used to assess
the frequency of UTIs within groups versus the 6-month prestudy period.
The Mann-Whitney-Wilcoxon rank sum test was used for the comparison
between groups. (The 95% confidence interval was used for both tests.)

All randomized patients who were correctly allocated, who met
the inclusion criteria, and who had at least one control visit at entry
were analyzed using the ITT principle. The results are expressed as
mean * SD.
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RESULTS

Of the 40 patients who participated in the trial, 22 were randomized to
group A (mean age, 6.9 = 2.8 years) and 18 to group B (mean age, 6.4 = 2.9
years). These patients constituted the ITT population used to analyze the
efficacy and tolerability of the study drugs. Both groups were comparable
at entry with regard to age, height, body weight, and frequency of UTIs
(Table II). During the study, 1 patient in group A attended the first visit at
3 months (phase I) but did not return for subsequent visits (lack of symp-
toms, minor protocol violation) (Table III). At the end of phase II, 1 patient
receiving OM-89 contracted pyelonephritis (major protocol violation) ne-
cessitating antibiotic therapy. In group B, 4 patients did not attend the
control visits (3 patients during phase II because they did not have UTI
symptoms and 1 during phase III for unknown reasons). A fifth patient in
group B developed pyelonephritis during phase III; antibiotic treatment
was administered to this patient.

Efficacy

Diagnosis of UTIs was determined on the basis of clinical and labora-
~ tory findings. Because 22% of patients (4 of 18) in group B were eliminated
from the study during phase III for minor protocol violations (missing data)
versus 4.5% of patients (1 of 22) in group A, a best-case approach was used
to compensate for this loss. Thus the number and frequency of UTIs in both
groups were analyzed using either the per-protocol or best-case approach
on an ITT basis. When the per-protocol approach was used, only valid cases
(those without major or minor protocol violations) were included. The best-
case approach excluded patients with major protocol violations; those with
only minor protocol violations were included in the best-case approach. In
either case, the number and frequency of UTIs in the patients in group A
compared with group B were not significantly different during any phase
of the study (Figure 2).

During phase I (the nitrofurantoin run-in phase), one patient in each

Table II. Patient characteristics.

Group A Group B

(n =22) {n = 18)
Age (y) 69 =28 64 +120
Height (cm) 123.5 £ 16.4 118.7 = 18.1
Body weight (kg) 26.6 = 9.2 228 =69
ESR (mm/h) 04 =05 02=04
No. of UTls during the last year 38 =11 3910

ESR = erythrocyte sedimentation rate; UTI = urinary tract infection.
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Table III. The number of patients available for statistical analysis during the 18-month
study and the number of patients excluded and the reasons for exclusion.

Group A Group B
Month No. of Patients No. of Exclusions No. of Patients No. of Exclusions
Baseline 22 0 18 0
Phase |
3 Months 21 1 (did not attend 18 0
control visits)
6 Months 21 0 18 0
Phase Il
9 Months 21 0 16 2 (did not aftend
control visits)
12 Months 20 1 (pyelonephritis) 15 1 (did not attend
control visits)
Phase Il
15 Months 20 0 14 1 (did not attend
control visits)
18 Months 20 0 13 1 (pyelonephritis)

group developed an acute UTI (cystitis). During phase II, 4 patients in
group A contracted an acute UTI (3, cystitis; 1, cystourethritis), as did 3 in
group B (cystitis). During phase III (follow-up), 3 patients in group A and
4 in group B had an acute UTI of the lower urinary tract (cystitis). In each -
case, the drug resistance of the pathogen was identified and an antibiotic
administered. The bacteria identified during the trial were E coli,
Pseudomonas aeruginosa, Proteus vulgaris, Proteus mirabilis, Enterobac-
ter species, and Klebsiella species.

The overall within-group comparison of the number of UTIs occurring
during follow-up versus baseline is shown in Figure 3. In both ITT sub-
populations (per-protocol or best-case), the number of UTIs was highly
significantly different after treatment compared with baseline (Table IV).
The highest significance was observed in group A whether the per-protocol
or the best-case approach was used; P = 0.0001 (Wilcoxon’s matched-pairs
test) compared with baseline. Moreover, during phases I and II the differ-
ences in both groups compared with baseline were also highly significant
(Table IV).

Compliance

Drug compliance was rated as good by the investigator and the pa-
tients who attended all the control visits (per-protocol approach: group A,
n = 20; group B, n = 13); no additional patients were excluded due to the
use of a lower dosage or the interruption of therapy. In group A, attendance
at visits was 95.4% (21 of 22), 90.9% (20 of 22), and 90.9% (20 of 22) during
phases I to III, respectively. In group B, attendance decreased from 100%
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Figure 2. (A) Frequency and number of urinary tract infections (UTIs) diagnosed in patients in group A (OM-89) and B (nitrofurantoin)
analyzed by a per-protocol approach (considering only valid cases without major and minor protocol violations [ie, pyelone-
phritis and missing data, respectively)). (B) Frequency and number of UTIs diagnosed in groups A and B analyzed by a
best-case approach (excluding only major protocol violations [ie, pyelonephritis]). (P values between groups determined by the

Mann-Whitney-Wilcoxon rank sum test.) NF = nitrofurantoin; OM = OM-89.
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Figure 3. The mean number of urinary tract infections (UTIs) observed during the follow-up
versus baseline in group A (OM-89) and group B (nitrofurantoin only), with a
per-protocol or best-case approach. {Within-group comparison was analyzed using
Wilcoxon’s matched-pairs test comparing follow-up with baseline data within
groups.) *P = 0.0015; *P = 0.0001; :P = 0.0003, versus baseline.

(18 of 18) in phase I, to 83.3% (15 of 18) in phase II, and to 72.2% (13 of 18)
in phase III. Patients given OM-89 (group A) were rated as having good
attendance compliance (pills taken as prescribed); in contrast, patients
given nitrofurantoin (group B) had poor attendance compliance (inter-
rupted or discontinued medication).

Tolerability

The tolerability of both long-term treatments was rated as good in the
best-case ITT subpopulations (group A: 21 of 22 patients [95.4%]; group B:
17 of 18 patients [94.4%]). Except for patients with pyelonephritis, lack of
attendance at control visits was because of the lack of symptoms and not
because of side effects. Neither the investigator nor the patients reported
any therapy-related adverse events.

DISCUSSION AND CONCLUSIONS

The children admitted to this open-label study were representative of the
usual population studied in the management of recurrent UTIs in child-
hood.?+4~1® The results show that the oral OM-89 therapy (6 mg/d) was as
efficient as nitrofurantoin (1 mg/kg/d) in decreasing the frequency of UTIs
during treatment (phase II) and during follow-up (phase III) compared
with prestudy data.
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Table IV. Urinary tract infections (UTIs) during phases I, II, and III analyzed using the
best-case and per-protocol approaches in group A (OM-89) and group B (nitrofuran-
toin). (Within-group analyses vs baseline [6-month prestudy data] performed with
Wilcoxon’s matched-pairs test.)

Phase | Phase Il Phase Il
(vs Baseline) (vs Baseline) (vs Baseline)
Best-Case
Group A
No. of UTls 1 4 3
No. of patients 21 21 21
P value =0.0001 =0.0001 =0.0001
Group B
No. of UTls 1 3 4
No. of patients 17 17 17
P value =0.0003 =0.0003 =0.0003
Per-Protocol
Group A
No. of UTls 1 4 3
No. of patients 22 20 20
P value =(0.00005 =(.0001 =(0.0001
Group B
No. of UTls 1 3 4
No. of patients 18 15 13
P value =0.0002 =0.0007 =0.0015

Throughout the study there were no statistically significant differ-
ences between the two treatment groups in the frequency of UTIs. During
follow-up, a highly significant reduction was observed in both groups in
the mean number of UTIs compared with baseline in the best-case ITT
population (group A, P = 0.0001; group B, P = 0.0003). This highly sig-
nificant decrease in infection rates occurred with both prophylactic regi-
mens. The best-case ITT population analysis, as opposed to the per-protocol
approach, was used to correct for the loss of patients in group B (the active
control group), knowing that nonattendance at control visits was due to the
lack of symptoms of UTI. Thus the best-case approach strengthens the
power of the comparison between the patients who received OM-89 and the
control patients who received only nitrofurantoin.

The enhanced immunologic defense obtained with OM-89 probably
accounts for the long-term decrease in UTIs observed in phase III, as a
result of the drug’s consolidating effect on the patient’s immune status.
Another reason for this improvement is the instruction in proper perineal
hygiene and ambulatory bladder training (drink adequate amounts of
fluid, void frequently and completely, especially before bedtime) that was
given to the patients with urinary incontinence.”

We found that the tolerability of both drugs was good. Nonattendance
at control visits in patients in both treatment groups was not associated
with the occurrence of side effects.
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Other clinical studies have shown the efficacy of nitrofurantoin in the
prevention of recurrences of UTIs.1%8-2° Studies that used intermittent
prophylaxis have shown better compliance and tolerability than studies
that used continuous dosing.?’~2* Furthermore, antibiotics and various
other chemotherapeutic agents have a spectrum of activity that does not
cover numerous resistant organisms. Our observations confirmed the find-
ings of other investigators®®?® that Proteus species and Pseudomonas spe-
clies are resistant to nitrofurantoin. Moreover, the incidence of adverse
effects reported with nitrofurantoin is not negligible, whether of gastroin-
testinal, pulmonary, or neurologic origin®’~3% although it is generally
well tolerated, there has recently been some concern about the slight risk
of pulmonary and hepatic fibrosis in children taking nitrofurantoin for
prolonged periods.?* Therefore, another advantage of nonspecific immune
stimulation, as with OM-89, is the good tolerability with long-term use.

The results of this study are in accordance with other clinical studies
carried out with adults using a double-masked, placebo-controlled design;
OM-89 was shown to stimulate the immune defenses and to induce a sig-
nificant drop in recurrent bacteriuria and dysuria, as well as antibiotic
consumption, in patients with recurrent UTIs.32-34 The activity of OM-89
is elicited by the stimulation of T-cells and of sIgA, the concentration of
which was found to be significantly enhanced by OM-89 therapy in female
children compared with controls.35:3%

In conclusion, the stimulation of nonspecific immune defenses with
OM-89 is a valuable alternative to and is at least as effective as the low-
dose, long-term chemotherapeutic approach commonly used today for pro-
phylaxis of UTIs in female children.
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