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Abstract

Background: There are increasing concerns regarding antimicrobial resistance in
Canada. Data are limited on the prevalence, patterns of resistance and risk fac-
tors associated with resistant organisms, including coliforms, in children. This
study was done to address these issues as they relate to urinary tract isolates of
Escherichia coli in a tertiary care pediatric centre in Ottawa.

Methods: A surveillance study was conducted from December 1992 to December
1994. Susceptibility testing of urinary tract isolates of E. coli was performed us-
ing a panel of antimicrobial agents. A case–control study was also conducted
for subjects with isolates resistant to trimethoprim–sulfamethoxazole (T-S), this
drug being used a representative “first-line” agent.

Results: A total of 1636 consecutive isolates were obtained from 967 subjects. Of
the 1636 isolates, 736 (45.0%) were resistant to ampicillin, 514 (31.4%) were
resistant to T-S, 363 (22.2%) were resistant to both ampicillin and T-S, and 27
(1.7%) were resistant to both ampicillin and gentamicin. In the case–control
study 274 children with isolates resistant to T-S were matched with 274 children
who had T-S-sensitive isolates obtained during the study period or the preceding
or subsequent 6 months. Multivariate analyses indicated that subjects who had
received antimicrobials for more than 4 weeks in the previous 6 months were
about 23 times more likely to have isolates resistant to T-S than were subjects
without this risk factor (odds ratio [OR] 23.4, 95% confidence interval [CI]
12.0–47.6). Children with genitourinary tract abnormalities were 2.4 times more
likely to have resistant isolates than those without such abnormalities (95% CI
1.2–4.5). Compared with children who had no hospital admissions in the previ-
ous year, those with 1 admission in that period were more likely to have resis-
tant isolates (OR 2.3, 95% CI 1.4–7.5), as were those with 2 or more admissions
in that period (OR 3.2, 95% CI 1.1–4.8). Compared with children aged 2–6
years, children under 2 years of age were less likely to have resistant isolates
(OR 0.3, 95% CI 0.2–0.8).

Interpretation: Selective antimicrobial pressure and multiple admissions to hospital
were among the risk factors associated with antimicrobial resistance. The find-
ing of a low but definite level of resistance to both ampicillin and gentamicin is
important for the selection of empiric therapy for sepsis in neonates. The role of
inexpensive first-line agents in the outpatient treatment and prevention of uri-
nary tract infections requires re-examination, particularly in children who have
recently received antimicrobial therapy.

There is growing concern regarding the changing patterns of antimicrobial
resistance among bacterial pathogens. Resistant organisms have emerged
worldwide owing to several factors related to the genetic nature of the or-

ganisms and selective antimicrobial pressure in humans and animals.1 Humans play
the role of vectors in the spread of resistant organisms across international borders.
Currently, human and animal reservoirs of resistant bacteria exist, with the potential
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for widespread dissemination of resistant organisms.2,3 Selec-
tive antimicrobial pressure has played a role in the emer-
gence of specific patterns of resistance.4,5 In some regions of
the world, organisms have become resistant to many agents
frequently used in the outpatient setting,6–9 which may limit
the usefulness of relatively inexpensive agents. The possibil-
ity of the emergence of resistant organisms in children is of
concern because there are fewer treatment options available
to them compared with adults, given the unavailability of
quinolones for routine use in children.10

There are concerns about the frequency of antimicrobial
use and the growing prevalence of colonization and infec-
tion by resistant organisms among groups in crowded envi-
ronments, such as child care facilities and hospitals.9 Atten-
dance at child care facilities and the previous use of
antimicrobials have been found to be risk factors for otitis
media caused by penicillin-resistant pneumococci,11 and an-
tibiotic use within the previous month has been reported to
be associated with bacteremia due to this resistant
organism.12

Data are limited on the prevalence, specific patterns of
resistance and risk factors associated with resistant col-
iforms isolated from children. Besides the potential impli-
cations for the therapy and outcome of coliform-related in-
fections, such information would likely be useful in
reinforcing efforts to educate physicians on the appropriate
use of commonly prescribed antimicrobials. Consequently,
we performed a study to determine the prevalence of resis-
tance to “first-line” antimicrobial agents among urinary
isolates of Escherichia coli in a pediatric population in both
inpatient and outpatient settings, and to determine the fac-
tors associated with antimicrobial resistance. First-line
agents refer to orally administered antimicrobials normally
prescribed as initial therapy or prophylaxis for ambulatory
infections.

Methods

The study was conducted at the Children’s Hospital of Eastern
Ontario, Ottawa. This is a 158-bed regional tertiary care pediatric
centre serving the population of eastern Ontario and western
Quebec. The study period was from December 1992 to Decem-
ber 1994.

The study design consisted of a descriptive component involv-
ing all urinary tract E. coli isolates obtained during the study pe-
riod and a case–control study. Case subjects consisted of all chil-
dren who had isolates that were resistant to trimethoprim–
sulfamethoxazole (T-S). Control subjects were selected from chil-
dren who had T-S-sensitive isolates obtained during the study pe-
riod or the preceding or subsequent 6 months. Laboratory proce-
dures were the same for case and control subjects. There was 1
control subject per case subject. Each subject represented 1 isolate
(i.e., there were no duplicates in the case–control study). In select-
ing control subjects we chose the first child from among a sequen-
tial list of those with sensitive isolates who matched the case sub-
ject based on the period when the isolates were obtained.
Matching was done before the subjects’ medical records were re-
viewed by a research nurse, who was not previously involved in
the care of patients at the hospital.

Urine samples were collected and transported to the hospital’s
Division of Bacteriology in sterile containers. All consecutive uri-
nary tract isolates of E. coli were identified and subjected to sus-
ceptibility testing with the Vitek automated system (BioMerieux
Vitek, Inc., Hazelwood, Mo.). The breakpoints (in micrograms
per millilitre) were based on the National Committee for Clinical
Laboratory Standards guidelines13 and were as follows: ampicillin
2–8; gentamicin ≤ 0.5–1; T-S ≤ 10; ticarcillin ≤ 16; cefazolin ≤ 8;
cefotaxime ≤ 8; nitrofurantoin ≤ 32; and norfloxacin ≤ 4. The
standard operation of the Vitek system involves programming to
detect the presence or absence or bacterial growth, thus enabling
susceptibility testing to be performed on all isolates regardless of
colony count. The Kirby–Bauer disc diffusion method14 was used
for comparison on a subset of samples.

In univariate analyses, we analysed proportions using the α2

test or Fisher’s exact test where appropriate. Continuous variables
were compared by means of Student’s t-test if the data were dis-
tributed normally and a nonparametric procedure (Kruskal–Wal-
lis test) if the distribution was skewed. Multiple logistic regression
was performed, with variables that were significant at a p value of
0.25 being examined in the multivariate model. The variables that
remained in the final model were those that achieved a p value of
0.05 or less.

Results

During the study period 1636 consecutive urinary tract
isolates of E. coli from 967 different subjects were examined
for susceptibility patterns. Testing of a randomly selected
subset of 55 isolates with both the Vitek system and the
Kirby–Bauer method indicated excellent agreement (98%)
between the 2 methods (kappa value 0.94).15

Table 1 shows the prevalence of resistance to selected
antimicrobials. Similar values were obtained when all resis-
tant isolates were expressed as a proportion of the total
number of isolates versus when the prevalence of at least 1
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Ampicillin and T-S 363
Gentamicin 47
Ampicillin and 

gentamicin 27

Cefotaxime 2
Cefazolin

No. (and % of cases)

41 (2.5)
(0.1)

Antimicrobial*

All resistant isolates
as a proportion of

total isolates
n = 1636

(1.7)

(2.9)
(22.2)

Ampicillin 736
(31.4)
(45.0)

T-S 514

(3.5)
(0.2)

34
2

12

28
195

(1.2)

274
433

At least 1 resistant
isolate as a proportion

of total subjects†
n = 967

(2.9)

Table 1: Prevalence of urinary tract Escherichia coli isolates resistant
to antimicrobials among children seen between December 1992 and
December 1994

(20.2)
(28.3)
(44.8)

Ticarcillan 650 (39.7) 385 (39.8)

Nitrofurantoin 30 (1.8) 17 (1.8)
Norfloxacin 11 (0.7) 2 (0.2)

Note: T-S = trimethoprim–sulfamethoxazole.
*Categories are not mutually exclusive.
†Duplicate isolates resistant to T-S were excluded.
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resistant isolate was examined after duplicates were re-
moved. When all resistant isolates were examined as a pro-
portion of the total number of isolates, 736 isolates (45.0%)
were resistant to ampicillin, 514 (31.4%) to T-S and 363
(22.2%) to both ampicillin and T-S. Low rates of resistance
were found for both ampicillin and gentamicin, and for ni-
trofurantoin, norfloxacin and cefotaxime.

We identified 274 children with E. coli isolates resistant
to T-S and matched them with 274 control subjects. The 2
groups were comparable with respect to the female:male
sex ratios (2.4:1 and 2.3:1 for the case subjects and control
subjects respectively).

The mean age (and standard deviation [SD]) of the case
subjects was 7.2 (4.7) years and of the control subjects, 5.8
(5.4) years (p < 0.001). Children under 2 years of age were
less likely than those aged 2–6 years to have resistant iso-
lates (odds ratio [OR] 0.3, 95% confidence interval [CI]
0.2-0.4, p < 0.001) (Table 2). The difference between chil-
dren aged 2–6 years and those over 6 years of age was not
statistically significant.

Children who had received antimicrobial treatment for

more than 4 weeks in the preceding 6 months were more
likely to have resistant isolates than were children who had
not received prolonged antibiotic treatment (OR 13.9, 95%
CI 8.2–23.5, p < 0.001) (Table 2). Patients with genitouri-
nary tract abnormalities were almost 4 times more likely to
have resistant isolates than children without such abnor-
malities (OR 3.9, 95% CI 2.7–5.7, p < 0.001). Univariate
analyses also indicated that several variables potentially as-
sociated with prolonged antimicrobial use, including spina
bifida, genitourinary reflux, the presence of a malignant
disorder (nominally significant) and antibiotic prophylaxis
for immunodeficiency, were associated with T-S resistance
(Table 2).

The mean number (and SD) of hospital admissions in
the previous year among the case subjects was 0.96 (2.4),
compared with 0.30 (0.8) among the control subjects (p <
0.001). Children with 1 hospital admission in the previous
year were twice as likely to have a resistant isolate as chil-
dren who had no hospital admissions in the previous year
(OR 2.0, 95% CI 1.2–3.1). Children with 2 or more admis-
sions were 4 times more likely to have a resistant isolate
than those who had no admissions in the previous year (OR
4.1, 95% CI 2.2–7.4). There was no significant difference
between the case and control subjects in the proportion of
children with pyelonephritis.

The relation between T-S resistance and resistance to
other antimicrobials was also examined by univariate analy-
ses (Table 3). These analyses indicated that isolates resis-
tant to ampicillin were more likely to be resistant to T-S
(OR 8.2, 95% CI 5.5–12.2, p < 0.001). Isolates that were
resistant to gentamicin were also more likely to be resistant
to T-S (OR 14.7, 95% CI 2.0–301.9, p < 0.001). Similar
findings were also found for isolates resistant to ticarcillin
and cefazolin.

The independent effects of several variables from Table
2 were determined with multiple logistic regression (Table
4). More than 4 weeks of antimicrobial therapy or prophy-
laxis in the preceding 6 months remained significantly asso-
ciated with resistance (OR 23.4, 95% CI 12.0–47.6, p <
0.001), as did genitourinary tract abnormalities (OR 2.4,
95% CI 1.2–4.5, p = 0.01). Children with 2 or more hospi-

Allen et al

155?? May 18/99 CMAJ /Page 1438

1438 JAMC • 18 MAI 1999; 160 (10)

< 2 42
2–6 (reference) 81
> 6 150

Inpatient 53
Genitourinary tract

abnormality

No. of children

216 137

85

Variable

Case
subjects
n = 274

120
50

104

Female sex 191 192
Age, yr*

Control
subjects
n = 274

(2.7–5.7)

(0.4–0.8)

3.9

0.5
0.8
1.0
0.3

(0.5–1.2)

1.0

OR
(and 95% CI)

Table 2: Characteristics of children with E coli isolates resistant to
T-S compared with control subjects in univariate analyses

(0.2–0.4)

(0.7–1.4)

Spina bifida 90 37 3.1 (2.0–4.9)
Genitourinary reflux 61 42 1.7 (1.1–2.6)
Malignant disorder 9 2 4.7 (1.0–21.8)
Pyelonephiritis 18 25 0.7 (0.4–1.4)
Antibiotic therapy

for > 4 wk in past
6 mo 136 19 13.9 (8.2–23.5)

Any antibiotic
prophylaxis 138 21 12.9 (7.8–21.4)

Prophylaxis for
urinary tract
infection 101 17 24.1 (13.4–41.2)

Prophylaxis for
immunodeficiency 9 1 15.5 (1.9–123.3)

No. of hospital
admissions in 
past yr†
0 (reference) 165 218 1.0
1 53 36 2.0 (1.2–3.1)

≥ 2 49 16 4.1 (2.2–7.4)

Note: OR = odds ratio, CI = confidence interval.
*One missing value.
†Eleven missing values.

Norfloxacin 4
Ticarcillin 194

Cefazolin 14
Cefotaxime 1

Nitrofurantoin

No. of children

8 3

0

Antimicrobial
Case

subjects

1

68
0

Ampicillin 203

1

71

Gentamicin 14

Control
subjects*

(0.7–13.1)

(0.1–999.9)

2.7

3.0
14.7

7.4
9.1

(2.0–301.9)

14.7

8.2

OR (and 95% CI)

(4.6–10.9)

Table 3: Univariate anaylses of the likelihood that E. coli
isolates resistant to T-S also showed resistance to selected
antimicrobials

(0.7–999.9)

(2.0–301.9)

(5.5–12.2)

*For cells containing 0, an adjustment was made, with 0.5 being added to each cell to
compute the odds ratios.
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tal admissions in the previous year were 3.2 times more
likely to have resistant isolates than children with no admis-
sions in the previous year (95% CI 1.1–4.8, p = 0.03), and
children with 1 admission in the previous year were also
more likely to have a resistant isolate than those with no
admissions (OR 2.3, 95% CI 1.4–7.5, p = 0.008). Children
under 2 years of age were less likely to have a resistant iso-
late than those aged 2–6 years (OR 0.3, 95% CI 0.2–0.8, p
= 0.001). Those over 6 years of age were also less likely to
have a resistant isolate than those aged 2–6 years (nomi-
nally significant).

We added ampicillin susceptibility to the full logistic re-
gression model. This model showed that children with
ampicillin-susceptible isolates were less likely than children
with ampicillin-resistant isolates to have isolates resistant to
T-S (OR 0.1, 95% CI 0.05–0.2, p < 0.001). The results
were similar to that of the model as summarized in Table 4,
with the exception that age was not significant when ampi-
cillin susceptibility was included in the model.

Interpretation

Our results indicate that a high proportion of genitouri-
nary E. coli isolates from children were resistant to the first-
line agents ampicillin and T-S. Categories of patients
found to be at increased risk for having isolates resistant to
T-S included those receiving antimicrobial prophylaxis be-
cause of genitourinary abnormalities, malignant disorders
and immunodeficiency. Given the paucity of Canadian data
on antibiotic resistance in children, our findings contribute
to the background information needed to devise strategies
to reduce antibiotic resistance. In this context, the results
have defined a target group for control, namely, children
receiving antibiotic prophylaxis.

The Vitek system enabled us to obtain susceptibility
data for a cross-section of children with and without uri-
nary tract infection, as our goal was to evaluate all E. coli
isolates, not merely those present in significant numbers
consistent with a diagnosis of urinary tract infection. An al-
ternative strategy would have been to study fecal samples
from a cross-section of children.

T-S was used as a representative first-line agent. It

should be noted that resistance to T-S was associated with
resistance to other, pharmacologically unrelated agents
commonly used to treat ambulatory infections, including
ampicillin, orally administered first-generation
cephalosporins (e.g., cephalexin) that are equivalent in ac-
tivity to cefazolin, and norfloxacin. Thus, the main risk fac-
tors associated with T-S resistance would likely be associ-
ated with resistance to other agents, such as ampicillin. In
the future, one approach that may assist physicians in de-
termining the probability of resistance for each patient is
the creation of a matrix in which various risk factors are
combined to create particular patient profiles.

Owing to concerns about the use of quinolones in chil-
dren,10 there are fewer agents for oral use available to treat
outpatient urinary tract infections in children than in
adults. Breakthrough bacteriuria due to resistant organisms
may limit the usefulness of first-line agents such as T-S,16

one of the agents most frequently used to prevent recurrent
urinary tract infections.17 Combination antimicrobial pro-
phylaxis in a subpopulation of girls with breakthrough uri-
nary tract infections has been suggested.18 Our results sup-
port the inclusion of nitrofurantoin in such combinations.18

We found that children admitted to hospital 1 or more
times in the previous year were more likely to have resis-
tant isolates than those with no admissions in the previous
year. This finding reinforces the importance of strategies to
limit the spread of resistant organisms within closed set-
tings, such as hospitals. The finding of isolates showing re-
sistance to both ampicillin and gentamicin is of concern
with respect to the potential for spread to pregnant women
and hence to neonates. The combination of ampicillin and
gentamicin is commonly used to treat nonmeningeal bacte-
rial infections in neonates.

Compared with children aged 2–6 years, children under
2 years of age in our study were less likely to have isolates
resistant to T-S. Those over 6 years of age were also less
likely to have resistant isolates (nominally significant). Al-
though many children at child care facilities are 2–6 years
of age, we did not evaluate attendance at child care facilities
in enough detail to enable meaningful analyses. However,
studies have shown that many children attending such facil-
ities carry resistant strains of E. coli19 and have high rates of
respiratory infections, including otitis media,20 the latter
providing the rationale used by some physicians to pre-
scribe multiple and prolonged courses of antibiotics to this
group of children.

We found that, in the population studied, prolonged se-
lective antimicrobial pressure is associated with resistance.
The results suggest that the role of inexpensive first-line
antimicrobials in the outpatient treatment of urinary tract
infections will have to be re-examined in relation to treat-
ment outcomes, particularly in children who have recently
received antimicrobial therapy. The clinical outcome of
children with urinary tract infections due to resistant E. coli
requires further study.

We limited the number of variables used to match case
subjects with control subjects so that we could compare as
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0 (reference) 1.0

2–6 (reference)

1 2.3
≥ 2 3.2

Age, yr
< 2

Variable OR (and 95% CI)

0.3 (0.2–0.8)

Antibiotic therapy for > 4 wk in past 6 mo 23.4

(1.1–4.8)
(1.4–7.5)

Genitourinary tract abnormality 2.4 (1.2–4.5)
No. of hospital admissions in past yr

(12.0–47.6)

1.0
> 6 0.5 (0.2–1.0)

Table 4: Multivariate modelling of factors associated with T-S
resistance
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many important potential risk factors as possible. In this
context, we felt that it was most important to match the pe-
riod when the samples were collected, insofar as there may
be differences in circulating strains of E. coli or differences
in laboratory procedures over time. In any event, the labo-
ratory procedures used were uniform throughout the study
period. Although molecular typing was not performed, the
antibiotic resistance patterns observed during the study pe-
riod did not suggest the presence of a specific strain of E.
coli confined to one particular period but not another.

The implications of resistance to first-line agents are
more far reaching than any immediate difficulty in treating
urinary tract infections due to resistant E. coli. Given the
similarity in the patient populations and clinical practices
across Canadian tertiary care pediatric centres, it is likely
that results similar to ours would be found in other centres.
Carefully planned active surveillance systems are needed to
monitor antimicrobial resistance in pediatric centres in
Canada. Such systems should ideally be designed to enable
the linking of clinical and epidemiologic risk factors with
emerging laboratory data.

We recommend that children in the risk groups identi-
fied by our study have their antimicrobial regimens period-
ically reassessed in relation to the proposed surveillance
data. In cases in which prophylaxis for urinary tract infec-
tion is felt to be necessary, it would be prudent to consider
implementing a strategy of alternating drugs, with particu-
lar agents being excluded for prolonged periods. This strat-
egy of avoiding the use of specific antimicrobials has been
shown to be beneficial in restoring susceptibility rates
among certain organisms in other groups of patients.21,22

We are grateful to research assistants Chantal Bergeron, Jodean
Tobin, Tracey Darragh and Helen Etherington.

This investigator-initiated study was funded in part by a grant
from Lederle Canada.

Competing interests: None declared.

References

1. Mayer KM, Opal SM, Medeiros AA. Mechanisms of antibiotic resistance. In:
Mandel GL, Bennett JE, Dolin R, editors. Principles and practice of infectious
diseases. 4th ed. New York: Churchill Livingstone; 1995. p. 212-25.

2. Murray BE. What can we do about vancomycin-resistant enterococci? [edito-
rial] Clin Infect Dis 1995;20:1134-6.

3. Singh M, Chaudhry MA, Yadava JN, Sanyal SC. The spectrum of antibiotic
resistance in human and veterinary isolates of Escherichia coli collected from
1984–86 in northern India. J Antimicrob Chemother 1992;29:159-68.

4. McGowan JE. Antimicrobial resistance in hospital organisms and its relation
to antibiotic use. Rev Infect Dis 1983;5:1033-44.

5. Murray BE, Rensimer ER, DuPont HL. Emergence of high-level trimetho-
prim resistance in fecal Escherichia coli during oral administration of trimetho-
prim or trimethoprim–sulfamethoxazole. N Engl J Med 1982;306:130-5.

6. Edmond MB, Ober JF, Weinbaum DL, Pfaller MA, Hwang T, Sanford MD,
et al. Vancomycin-resistant Enterococcus faecium bacteremia: risk factors for in-
fection. Clin Infect Dis 1995;20:1126-33.

7. Murray BF, Alvarado T, Kim KH, Vorachit M, Jayanetra P, Levine MM, et
al. Increasing resistance to trimethoprim–sulfamethoxazole among isolates of
Escherichia coli in developing countries. J Infect Dis 1985;152:1107-13.

8. Zinner SH, Mayer KH. Sulfonamides and trimethoprim. In: Mandel GL,
Bennett JE, Dolin R, editors. Principles and practice of infectious diseases. 4th ed.
New York: Churchill Livingstone; 1995. p. 358.

9. McCraken GH. Emergence of resistant Streptococcus pneumoniae: a problem in

pediatrics. Pediatr Infect Dis 1995;14:424-8.
10. Schaad UB. Role of the new quinolones in pediatric practice. Pediatr Infect Dis

J 1992;11:1043-6.
11. Drug-resistant Streptococcus pneumoniae: Kentucky and Tennessee, 1993.

MMWR 1994;43:23-31.
12. Tan TQ, Mason EO, Kaplan SL. Penicillin-resistant systemic pneumococcal

infections in children: a retrospective case–control study. Pediatrics
1993;92:761-7.

13. National Committee for Clinical Laboratory Standards. Methods for dilution
antimicrobial susceptibility tests for bacteria that grow aerobically: approved standard
M7-A2. Villanova (PA): The Committee; 1990.

14. Bauer AW, Kirby WMM, Sherris JC, Turck M. Antibiotic susceptibility test-
ing by a standardized single disk method. Am J Clin Pathol 1966;45:493-6.

15. Landis JR, Koch GG. The measurement of observer agreement for categori-
cal data. Biometrics 1977;33:159-74.

16. Gribble MJ, Puterman ML. Prophylaxis of urinary tract infection in persons
with recent spinal cord injury: a prospective randomized, double-blind,
placebo-controlled study of trimethoprim–sulfamethoxazole. Am J Med
1993;95:141-52.

17. American Academy of Pediatrics. Antimicrobial prophylaxis. In: Peter G, edi-
tor. 1997 red book: report of the Committee on Infectious Diseases. 24th ed. Elk
Grove Village (IL): American Academy of Pediatrics; 1997. p. 592-603.

18. Smith EM, Elder JS. Double antimicrobial prophylaxis in girls with break-
through urinary tract infections. Urology 1994;43:708-13.

19. Reves RR, Fong M, Pickering LK, Bartlett A III, Alvarez M, Murray BE. Risk
factors for fecal colonization with trimethoprim-resistant and multi-resistant
Escherichia coli among children in day-care centers in Houston, Texas. Antimi-
crob Agents Chemother 1990;34:1429-34.

20. Wald ER, Dashefsky B, Byers C, Guerra N, Taylor F. Frequency and severity
of infection in day care. J Pediatr 1988;112:540-6.

21. Seppala H, Klaukka T, Vuopio-Varkila J, Muotiala A, Helenius H, Lager K,
et al. The effect of changes in the consumption of macrolide antibiotics on
erythromycin resistance in group A streptococci in Finland. N Engl J Med
1997;337:441-6.

22. Swartz MN. Use of antimicrobial agents and drug resistance. N Engl J Med
1997;337:491-2.

Reprint requests to: Dr. Upton D. Allen, Department of
Pediatrics, Division of Infectious Diseases, The Hospital for Sick
Children, 555 University Ave., Toronto ON M5G 1X8; fax 416
813-8404

Allen et al

155?? May 18/99 CMAJ /Page 1440

1440 JAMC • 18 MAI 1999; 160 (10)

Books and journals 

Subscriptions

Member benefits

General inquiries

CMA Member Service Centre
tel 888 855-2555
fax 613 236-8864
cmamsc@cma.ca

Docket: 1-6131 Initial: TH
Customer: CMAJ May 18/99


