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Clinical and laboratory observati9ns -

Randomized, controlled trial of antibiotic therapy for 

Escherichia coti 0157:H? enteritis 
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We undertook a prospective, controlled study to evaluate the effect of tri
methoprim-sulfamethoxazole in children with proven Escherichia coli O157:H7 
enteritis on the duration of symptoms, on fecal excretion of pathogen, and on 
the risk of progression to hemolytic-uremic syndrome. There was no statistically 
significant effect of treatment on progression of symptoms, fecal pathogen ex
cretion, or the incidence of HUS (2/22 vs 4/25; p = 0.67). Our results suggest that 
a multicentric trial using rapid diagnostic methods to permit early randomiza
tion should be carried out. (J PEDIATR 1992;121:299-303) 
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The role of antibiotic therapy in Escherichia coti O157:H? 
hemorrhagic colitis has not been defined. In vitro studies 
have shown that adding trimethoprim-sulfamethoxazole1 or 
polymixin B2 to culture of E. coti O157:H7 resulted in in
creased detection of verotoxin, which has been implicated � 
in the pathogenesis of hemolytic-uremic syndrome. Clinical 
studies have for the most part failed to show any benefit 
from antibiotic therapy for hemorrhagic colitis, and some 
authors have even raised the concern that treatment may 
precipitate the development of HUS.3 On the other hand, 
Cimolai et al.4 found that appropriate antibiotic therapy 
lowered the risk that HUS would develop. The retrospective 
nature of these clinical studies does not allow definitiye 
conclusions to be drawn, because the most severely ill pa
tients were probably treated more often than those with 
milder cases, resulting in an allocation bias. Consequently, 
we carried out a prospective, randomized trial of antibiotic 
treatment with TMP-SMX in children with E. coti O 157 :H7 
enteritis. The pilrpose of the study was to evaluate the ef
fect of treatment of children with E. coti O157:H7 enteritis 
on the risk of HUS, on the clinical course of symptoms, and 
on the duration of pathogen excretion in the stools. 

METHODS 

Sainte-Justine Hospital is a tertiary care pediatric hospi
tal in Monfreal. From June 1, 1989, to June 1, 1990, ail pa
tients seen in the emergency dèpartment or hospitalized for 
a diarrheal syndrome and whose stool specimen contained 
E. coti O 157:H7 were eligible for recruitment in this trial.
Subjects were excluded from the study if HUS had already
developed by the time culture results were available, if the

HUS 

TMP-SMX 

Hemolytic-uremic syndrome 

Trjmethoprim-sulfaniethoxazole 

subject could not be enrolleq within 24 hours of obtaining 
culture results, or if the subject had a history of allergy to 
sulfonamide drugs. Subjects were excluded after random
ization if the Laboratoire de Santé Publique du Québec 
(Provincial Public Health Laboratory) failed to confirm the 
presence of E. coti O157:H7. Patients who failed to provide 
sufficierit clinical data were èxcluded. 

Questionµaires. As soon as a case of E. coti O157:H? in
fection was identified, parents were contacted bytelephone, 
or were met directly if th� child was hospitalized. On the day 
of randomization, one ofus (F.P.) completeq a standardized 
questionnaire with the piirents. He obtaineq information on 
prévious symptoms and prior utilizatioi1. of antidiarrheal 
agent's. For ail patients, daily clinical' assessment was car
ried out by nurses during the hospitalization, or by the pat
ents at home for 14 days after randoinization. Assessment 
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included the recording of fever, number of vomiting epi
sodes and bowel movements, presence of gross blood in the 
stools, and presence of abdominal pain (graded as none, 
present without inca:pacity, or present with incapacity). 

Stool specimens. Serial stool specimens were obtained by 
rectal swab in a transport medium (Amies Clear, NCS Di
agnostics Inc., Mississauga, Ontario, Canada) on day 1, day 
2, and every other day after randomization for a total of 10 
days, either by nursing personnel if the patient was hospi
talized or by the parents if the child was not hospitalized. 
Parents were taught how to perform the technique by a 
nurse and had to bring the samples within 48 hours. 

Therapy. Patients were randomly selected, according to 
a computer-generated list of random numbers, to receive 
either a standard dose of TMP-SMX (4/20 mg/kg per 
dose) twice daily for 5 days or to receive no treatment. No 
placebo was available; neither patients nor the treating 
physicians were unaware of the treatment. 

Outcomes. (1) Gastrointestinal symptoms assessed after 
randomization included vomiting, abdominal pain, bloody 
stool, and diarrhea (>5 stools per day); duration of fever 
(>38.5° C) was also assessed. (2) Stool excretion was eval� 
uated by the duration of bacterial excretion of E. coti

O157:H? in each subject's stool after randomization. (3) 
HUS was defined as the presencé of anemia with a hemo- · 
globin value at Jess than the 3rd percentile for age, the 
presence of thrombocytopenia (platelet count <100 X 109 / 
L), the presence of schistocytes on blood smear, and acute 
renal failure (with a creatinine value greater thàn the 90th 
pèrcentile for age). Signs arid symptoms of HUS were ex
plained to parents at entry into the study, and they were in
structed to consult our center if any of these developed. 
DÛring hospitalization, cliiJ.ical surveillance for HUS was 
doqe by the treating physician. After patient discharge and i 
for those who were not hospitalized, telèphone surveillance 
was conducted weekly for 1 month. 

At the end of the 'stuqy, medicàl records of ail cases of E.

coti O157:H? infection and records of ail cases of HUS ihat 
occU:tred during thè study period were reviewed and com
parèd to detennine whether ·HUS hàd developed among ,,, 
patients who were not rec�uited in the triai. 

Laboratory methods. Stools were examined routinely for 
the various enteric pathogens according to standard tech
niques.5 Sorbitol-negative colonies grown on'MaéConkey
sorbitol agàr were subcultured onto blood agar 'and scteened 
for E. coti O157:H? by slide agglutination (Difco Labora
tories, Inc., Detroit, Mich,). Colonies aggiutinating with the 
antiserum were éonfirmèd as E. coti by standard biochem
ical reactions .. Ali strains were sent to the public health iab
orato�y for Serologic confirmatjon. Antibiotic susceptibility 
was testeq by agar dilution using the Steers rèplicator. 
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Table. Characteristics of patients before randomization 

Treated 
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Not treated 

(n = 22) (n = 25) 

General: mean ± SD (range) 
Age (mo) 58.9 ± 46.5 
No. of days to first stool with E. coli 5.2 ± 5.6 
Day of randomization 7,4 ± 5.0 

Duration of symptoms: No. of days (range) 
Bloody stool 3.0 
Abdominal pain 5.1 
Fever (>38.5) 0.6 
Vomiting 0.85 
Diarrhea (>5/day) 4.95 

Management: n (%) 
Hospitalized 16 
Antidiarrheal agent 2 

Significance: p = not significant for ail values. 

Statistics. Our results are expressed as mean ± SD. A 
two-sample t test was used for continuous data. The Mann
Whitney U test was used for numeric discrete variables. The 
chi-square test or the Fisher Exact Test was used for cat
egoric data. Survival analysis by the actuarial method was 
used to compare the duration of bacterial stool excretion 
between groups and statistical significance was assessed by 
the log-rank test. Ail calculated p values are two tailed. A 
p value less than 0.05 was considered significant. 

Ethics. The study was approved by the ethics committee 
of Sainte-Justine Hospital. Written informed consent was 
obtained for ail patients. 

RESULTS 

From June 1, 1989, to June 1, 1990, a total of 96 cases 
of enteritis caused by E. coti O157:H7 were detected. For
ty-seven patients entered the randomized protocol in which 
22 were treated and 25 were not. No patients were lost to 
follow-up. Forty-nine patients failed to be included in the 
study (no confirmation by the publip, health laboratory: 1 
patient; insufficient clinical data: 1; refusai to participa te: 
23; failure to contact subjects in time: 24). The mean age 
of patients not included in the study was 71.5 ± 60.0 
months, and that of our study population ':"as 64.1 ± 51.6 
months (p = NS). Among ail patients included in the study, 
diarrhea occurred in 100% (47 /47), bloody stools in 97.8% 
(45/46), abdominal pain in 90.7% {39/43), vomiting in 
54.4% (25/46), and fever in 27% (10/37). 

Ail strains of E. coti O157:H7 were susceptible to TMP
SMX. As shown in the Table, patients were comparable 
before randomization. 

Course of symptoms after randomization. There was no 
difference between the two groups regarding the duration of 

. (3-166) 68.7 ± 56.2 (4-213) 
(1-27) 4.3 ± 3.0 (1-13) 
(2-27) 7.2 ± 2.7 (3-14) 

(0-5) 1.8 (0-8) 
(0-12) 4.3 (0-12) 
(0-6) 0.7 (0-2) 
(0-4) 1.08 (0-4) 
(2-12) 4.1 (0-6) 

(70) 16 (64) 
(9) 5 (20) 

follow-up (treated vs nontreated, mean days [range]: 13.4 
(5 to 30) vs 12.8 [0 to 24)), bloody stools (0.63 [0 to 4) vs 
0.63 [0 to 5)), diarrhea (0.53 [0 to 5) vs 0.91 [0 to 5)), ab
dominal pain (1. 78 [0 to 8) vs 2.05 [0 to 10)), vorriiting (0.72 
(0 to 9) vs 0.26 [0 to 3)) or fever (0.05 [0 to 1) vs 0.12 [0 
to 2)). 

Pathogen excretion after randomization. Ail patients 
submitted the stool specimens specified in the protocol ex
cept for three who were excluded from the analysis. On the 
day of randomization, 80% of patients in both groups were 
still excreting the pathogen in the stools. Duration of excre
tion of the microorganisms did not differ between groups , 
(p ".' NS) (Figure). Sixty-six percent excreted between 1 
and 2 weeks and 24% excreted for less than 1 week after 
onset of symptoms. Five patients (9%), equally distributed 
within the groups, still had positive culture results more 
than 2 weeks after the onset of symptoms. 

Occurrence of hemolytic-uremic syndrome. Overall, HUS 
developed in six patients. Two {8%) were in the treated 
group and four (16%) in the control group (relative 
risk = 0.57, 95% confidence interval = 0.09 to ·· 3.46; 
p = 0

1
67). Three were male and three, female. Mean age 

was 60.2 ± 51.9 months (range 15 to 156). The mean in
terval between onset of symptoms of enteritis and diagnosis 
of HUS was 7.5 days (range 2 to 13 days). HUS developed 
in 2 of the 49 patients who failed to be recruited. This pro
portion was not statistically different from that observed in 
the study population. 

DISCUSSION 

To our knowledge, this is the first randomized, controlled 
study assessing the effect of al).tibiotic therapy in patients 
with E. coti Ol 57:H7 enteritis. Despite our efforts, we could 
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Figure. Survival analysis for bacterial excretion of E. coli 0157:H7 in the stools for treated and control groups after ran
domization (p = NS). Day O represents the day of randomization. 

not obtain a satisfactory placebo. Most of the study 
end points ( duration of bacterial excretion and occurrence of 
HUS) were defined with objective criteria; a detection bias 
seemed unlikely, and a blind study design appeared a Jess 
important issue. 

Antibiotic therapy did not improve the clinical course of 
E. coli 0157:H? enteritis; the main reason may be that the
day of randomization in most patients was rather late in the
course of illness. This was attributable to the time interval
between onsef of symptoms and consultation, and to the
minimum 48 hours' delay in obtaining the preliminary re
port of the stool cultures. Total duration of disease in our
patients was comparable to that found in previous re
ports,4·6 suggesting that Jack of clinical benefit from anti
biotic therapy was not due to the selection of a population
with milder disease. It remains possible that the earlier ini
tiation of treatment could be of clinical benefit, as shown in
Campylobacter enteritis. 7

Antibiotic therapy did not shorten the duration of patho
gen excretion. The limitations of our study in this regard are. 
twofold. First, there exists no enrichment procedure per
mitting detection of small amounts of E. coli 0157:H? in 
the stools; therefore a longer excretion period at � low level 
may have been missed. Second, as previously stated, anti
biotic therapy was started relatively late. 

Although our small sample size limited the power of the 

study to detect differences in results between treatment 
groups, there was no evidence of an increased risk of HUS 
in our treated patients, and in fact there were fewer cases 
of HUS among those who received TMP-SMX. The two 
groups were comparable with regard to both duration and 
severity of illness before randomization. Groups were also 
comparable for the three known risk factors of HUS: age, 8, 9

prolonged pathogen excretion, 9 and use of antimotility
agents.9 Among patients who failed to be included in the
trial, the chart review showed no significant difference in 
mean age or in frequency of occurrence of HUS; therefore 
there was no evidence of selection bias'among our popula
tion. 

We conclude that antibiotic therapy for E. coli 0157:H7 
enteritis showed no benefît of treatment in duration of 
symptoms, in duration of bacterial stool excretion, or in the 
occurrence of HUS. Current use of antibiotic therapy is 
probably not indicated. Because this trial has not shown an } 

,j increased risk of HUS, it appears appropriate to set up a ,\\ 
'lf. multicenter randomized trial of early antibiotic therapy, 
JI using new rapid detection methods, 10 to establish the role of ,,

early therapy in the management of this illness. 

We thank Dr. Marisa Tucci and br. Catherine Farrell for trans

lation and the nurses from the infectious ward for their great help 

in the realization of this project. 
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Use of ciproflôxacin in an infant with ventriculitis 
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Ciprofloxacin was used successfully in a neonate with ventriculitis caused by a 
multiply resistant strain of Enterobacter cloacae. Limited pharmacokinetic data 
indicated that adequate concentrations of drug could be attained in cere
brospinal fluid. (J PEDIATR 1992;121:303-5) 

Despite potential adverse effects, 1-3 ciprofloxacin has been
used to treat infants and young children with life-threaten
ing infections caused by resistant bacteria.4·6 However,
there is a Jack of data concerning the pharmacokinetics of 
ciprofloxacin in pediatric patients and uncertainty with re
spect to the levels of the drug that can be achieved. We re
cently used ciprofloxacin to treat an infant with polymicro
bial ventriculitis. The presence of a ventricular drain in this 
patient enabled us to measure multiple serum and simulta
neous cerebrospinal fluid drug levels and to calcula te serum 
pharmacokinetic data, as well as data on penetration of the 
drug into CSF, 
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CASE REPORT 

The patient was a 10-month-old girl with multiple medical 
problems associated with extreme prematurity. She had severe 
bronchopulmonary dysplasia, had both a tracheostomy and a gas
trostomy tube in place, and had undergone numerous courses of 
broad-spectrum antibiotic therapy for pneumonia, tracheitis, and 
septicemia. A central venous catheter had been placed for admin
istration of nutrition and medication. Bilateral grade IV intraven
tricular hemorrhages necessitated placement of a ventriculoperito-

CSF Cerebros
0

pinal fluid 

neal shunt, which had required multiple revisions. Ten days after 
a shunt revision the patient had fever, pallor, irritability, and ab
dominal distention. Aspiration of CSF from the ventriculoperito
neal shunt yielded thick, dark green material that contained 1030 
leukocytes/mm3 (30% polymorphonuclear cells and 70% mononu
clear cells) and 50 erythrocytes/mm3; the protein content was 304 
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Table. Ciprofloxacin concentrations in CSF 

Time from end 
Dose Dosage of infusion 
No. (mg/12 hr) (hr:min) 

6 150 0:15 
8 150 0:40 

11:01 
24 112.5 1:01 

5:15 

mg/dl, and there was no detectable glucose. A radiologie contrast 
study demonstrated that the distal end of the shunt was in the lu
men of the colon. Intravenous treatment with ceftriaxone and to
bramycin was begun. Initial culture specimens of material from the 
shunt yielded Klebsiella pneumoniae, Pseudomonas ·aeruginosa, 
Enterococcus faecalis, Escherichia coti, Enterobacter cloacae, and 
Candida albicans. 

The ventricular end of the shunt was externalized, and the ab
dominal portion was withdrawn. Antibiotic therapy was changed to 
ceftazidime and amikacin, to which ail of the isolated organisms 
were initially susceptible. _Fluconazole was added, and ail subse
quent fungal cultures of blood and CSF specimens remained ster
ile. Rena! fonction remained normal (serum creatinine level: 0.5 
mg/dl) throughout the course of therapy. Follo�-up CSF culture 
specimens obtained while the patient was receiving ceftazidime 
and amikacin revealed that most of the initial organisms had been 
eradicated but that a multiply resistant strain of E. cloacae, sus
ceptible only to imipenem, amikacin, and ciprofloxacin, had 
emerged. Therapy with imipenem was begun and ceftazidime use 
was discontinued. Analysis of ventricular CSF after 7 days of 
treatment revealed 308 leukocytes/mm3 ( 42% polymorphonuclear 
cells and 58% mononuclear cells) and 83 erythrocytes/mm3, a glu
cose concentration of 16 mg/dl, and a protein concentration of 720 
mg/dl. Culture of CSF specimens yielded a pure growth of E. clo
acae susceptible only to ciprofloxacin and amikacin (minimum in
hibitory concentrations were 0.25 µg/ml and 2 µg/ml, r�spective
ly). Cultures of blood specimens from the central venons line and 
peripheral veins had no growth. Administration of ciprofloxacin 
was initiated after discussion with the child's parents about the po
tential risks and benefits. 

Ciprofloxacin, 35 mg/kg per 24 ho]!rs, was administered intra
venously every 12 hours via the central venons line. Because of the 
patient's small size and the relatively large volume required for in
fusion, each dose of the drug was administered during a 2-hour pe
riod. Imipenem and amikacin were continued. The presence of an 
external CSF drain permitted frequent sampling of CSF without 
further invasive procedures. 

Ciprofloxacin therapy was continued for 21 days. The ex.ternal 
drain was removed and replaced with a new foternal shunt on the 
seventh day of treatment. Cultures of CSF specimens obtained 5, 
12, and 35 days after initiation of ciprofloxacin therapy remained 
sterile. 

Serum 
(mg/L) 

11.6 
9.5 
0.8 
5.0 
2.3 

METHODS 
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Concentrations 

CSF CSF/serum 
(mg/L) (%) 

1.4 12.1 
1.4 14.7 
1.4 175.0 
1.2 24.0 
1.5 65.2 

Pharmacokinetics. Drug levels in serum and CSF were 
measured by high-pressure liquid chromatography (mode! 
6000A, with fluorescence detector mode! 420; Waters As
sociates, Inc., Milford, Mass.) with the method described by 
Morton et al.7 No ciprofloxacin was detected in CSF or se
rum samples obtained before initiation of therapy. 

The serum level of ciprofloxacin before the fifth dose was 
0.9 µg/ml. A postinfusion level in serum drawn 15 minutes 
after the end of infusion of the sixth dose was 11.6 µg/ ml. 
A simultaneously obtained CSF level was 1.4 µg/ml. The 
dosage was then decreased to 25 mg/kg per 24 hours. 

Elimination half-life was estimated from serum concen
trations measured before and after the eighth and twenty
fourth doses. The elimination half-life calculation was based 
on the assumption of the log-linear first-order kinetic mod
el.8 Elimination half-lives for the eighth and twenty-fourth 
doses were calculated at 2.89 hours and 3.79 hours, respec
tively. Concentrations of ciprofloxacin in CSF were also 
measured during administration of the sixth, eighth, and 
twenty-fourth doses. The results are shown in the Table. 

DISCUSSION 

Fluoroquinolone antibiotics inhibit DNA gyrase.9 Be
cause of their unique mechanism o'r action, fluoroquinolo
nes are valuable agents in the treatment of life-threatening 
polymicrobial infections in which resistance t_o other anti
biotics has developed. As an antibiotic class the fluoroqui
nolones have moderate penetration into CSF, 10 and cipro
floxacin has been successfully used to treat ventriculitis in 
adults.11 The concentration of ciprofloxacin in CSF in 
adults with meningitis has been repcirted to be as high as 
40% of serum levels 60 minutes after the end of infusion, 12 

whereas, in the absence of meningeal inflammation, CSF 
peak levels averaged 8% of serum levels. 13 

Case reports of successful ciprofloxacin treatment in in
fants and children with meningitis4

• 
5 have usually not 

included measurements of CSF concentration of the drug. 
However, Bannon et al.6 reported a mean CSF concentra-
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tion of 64% of the corresponding postdose serum levels, �, 
percentage based on two measurements of CSF in an infant 
with meningitis; the time of CSF sampling in relation to 
drug infusion was not specified. The high ciprofloxacin 
penetration reported by Bannon et al. _may have been due 
to differences in drug penetration across the neonatal 
blood-brain barrier compared with that in adults, or may 
have resulted from the timing of specimen collection. 

In our patient the estimated half-lives of 2.89 hours after 
the eighth dose and 3.79 hours after the twenty-fourth dose 
were similar to the half-life of 3 to 4 hours reported in 
adults.9• 

10 The increase in half-life from the eighth to the 
·twenty-fourth dose may represent an accumulation phe
nomenon, although we are cautious about this conclusion
because oùr half-life ca\culations are based on only two
points. Alternatively, the observed differences may be the
result of variation in drug administration and sampling.

The CSF level of ciprofloxacin remained nearly constant 
at each sampling interval in our patient, even 5 and 11 hours 
after drug infusion. Thus ciprofloxacin levels remained at 
least fourfold greater than the minimum inhibitory concen
tration of ciprofloxacin to the E. cloacae isolate. These lev
els were consistent with eradication of the organism. 

Our experience with this patient suggests that CSF lev
els of ciprofloxacin adequate for treatment of ventriculitis 
may be attained in infants. Although ciprofloxacin must still 
be used cautiously because of the potential for adverse ef
fects, this antibiotic may be a valuable agent in the treat
ment of some infants who have central nervous system in
fections with bacteria resistant to other antibiotics. 

REFERENCES 

1. Schlüter G. Toxicology of ciprofloxacin. First International
Ciprofloxacin Workshop, Leverkusen, Germany, 1985. Am
sterdam: Excerpta Medica, 1986:61-7.

Clinicat and laboratory observations 305 

2. Alfaham M, Holt ME, Goodchild MC. Arthropathy in a pa
tient with cystic fibrosis taking ciprofloxacin. BMJ 1987;
295:69.

3. Hawad AS. Cystic fibrosis and drug-induced arthropathy. Br
J Rheumatol 1989;28: 179-80.

4. Dagan R, Schlaeffer F, Einhorn M. Parenteral fluoroquinolo
I}es in children with life-threatening infections. Infection 1990;
18:237-8.

5, Kiess W, Haas R, Marget W. Chloramphenicol-resistant Sal

monella tennessee osteomyelitis [Letter]. Infection 1984; 
12:359. 

6. Bannon MJ, Strutchfield PR, Weindling AM, Damjanovic V.
Ciprofloxacin in neonatal Enterobacter c/oacae septicaemia.
Arch Dis Child 1989;64:1388-91.

7. Morton SJ, Shull VH, Dick JD. Determination of norfloxacin
and ciprofloxacin concentrations in serum and urine by high
pressure Jiquid chromatography. Antimicrob Agents Chemo
ther 1986;30:325-7.

8. Natori RE. Biopharmaceutics and clinical pharmacokinetics:
an introduction. 3rd ed. New York: Marcel Dekker, 1980.

9. Ball AP, Fox C, Ball ME, Brown IR, Willis JV. Pharmaco
kinetics of oral ciprofloxacin, 100 mg single dose, in volunteers
and elderly patients. J Antimicrob Chemother 1986;17:629-
35.

10. Naber KG, Sorgel F, Kees F, Jaehde U, Schumacher H. Brief
report: pharmacokinetics of ciprofloxacin in young healthy
volunteers and elderly patients, and concentrations in prostatic
fluid, seminal fluid, and prostatic adenoma tissue following in
travenous administration. Am J Med 1989;87(suppl 5A):57S-
9S.

11. Isaacs D, Slack MPE, Wilinson AR, Westwood A W. Success
ful treatment of Pseudomonas ventriculitis with ciprofloxacin.
J Antimicrob Chemother 1986;17:535-8.

12. Wolff M, Boutron L, Singlass E, Clair B, Decazes JM, Reg
nier B. Penetration of ciprofloxacin into cerebrospinal fluid of
patients with bacterial meningitis. Antimicrob Agents
Chemother 1987;31 :899-902.

13. McClain JB, Rhoads J, Kroll G. Cerebrospinal fluid concen
trations of ciprofloxacin in subjects with uninflamed meninges.
J Antimicrob Chemother 1988;21:808-9.


