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Cotrimoxazole-resistant 
Escherichia coli bacteremia in 

ne utropenic patients at a 
regional oncology hospital 

DANIEL B GREGSON, MD, ANNE G MATLOW, MD, ANDREW E SIMOR, M D, PETER G TUFFNELL, MD, 
DONALD E LOW, MD, RONALD FELD, MD, JAMES E BRUNTON, MD 

DB GREGSON, AG MArLow, AE S IMOR, et al. Cotrimoxazole-resistant Escherichia coli bacteremia in 
neutropenic patients at a regional oncology hospital. Can J Infect Dis 1991 ;3(1):14-18. ln a regional 
oncology hospital using cotrirnoxazole (trirnethoprim-sulphameU1oxazole) prophylaxis during chemo
therapy-induced neutropenia, a single strain of Escherichia coli (indole negative) caused 15 of 27 episodes 
of Gram-negative rod bacteremia in 1987, and four of 32 such episodes in 1988. This biotype had not been 
recovered in 1986. Investigations during this 'outbreak' of bacteremias revealed enteric colonization with 
this strain of E coli in 37o/o of patients on leukemia or bone marrow transplant wards and in several staff 
members in July 1987. In 1988, 11 of 32 Gram-negative rod bacteremias were secondary to other strains 
of indole positive E coli of several different biotypes and plasmid profiles. Indole negative strains all exhibited 
low level trirnethoprim res istance, whereas indole positive strains which subsequently appeared exhibited 
high level trimethoprim resistance. Failure of colrimoxazole prophylaxis was initially due to the clonal 
dissemination of a single strain of E coli within the institution. with the subsequent appearance of multiple 
E coli strains with probable differing genetic bases for their resistance. 
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Bacteril:~mie a Escherichia coli resistant au cotrimoxazole chez les patients 
neutropimiques traites dans un centre regional anticancereux 

RESUME: Dans un centre regional anticancereux utilisant le cotrimoxazole (lrimethoprime-sulfameth
oxazole) a titre prophylactique durant une neulropenie provoquee par Ia chimiotherapie, une seule souch e 
de Escherichia coli (n e produisant pas d'indole) a cause 15 des 27 acces de bacteriemie a germe Gram 
negalif en 1987 et quatre cas sur 32 en 1988. Ce biotype n'a pas ete retrouve en 1986. Les enquetes 
effectuees durant ces bacteriemies "epidemiques" onl revele une colonisation enterique avec cette souche 
d'E coli chez 37 o/o des patients alteints de leucemie ou ayant subi une transplantation de moelle osseuse 
et chez plusieurs membres du personnel en juillet 1987. En 1988, ll des 32 bacteriemies a germe Gram 
negalif etaient secondaires a d 'autres souches dE coli produisant de !'indole el presentant divers bioi.ypes 
et proms plasmidiques. Les souches non produclrices d'indole manifeslaieni. toutes une resistance faible 
au lrimethoprime contrairement aux souches productrices d'indole, qui lui semblaient hautement resis
tantes. L'echec du traitement par colrimoxazole etait initialement dO. a Ia dissemination clonale d'une seule 
souche dE coli au sein de !'institution , avec !'apparition subsequente de souches multiples d'E coli de bases 
genetiques probablement differentes quanta leur resistance. 
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P ROPHYLACfiC COTRIMOXAZOLE (TRIMETHOPRIM-SULPHA

methoxazole) has been shown to reduce number of 
infections, episodes of bacteremia, days with fever, and 
need for parenteral antibiotics in leukemia patients 
with chemotherapy-induced neutropenia (1-6). Reports 
of infections with cotrimoxazole-resistant enterobac
tertaceae associated with the use of this drug durtng 
chemotherapy-induced neutropenia have been infre
quent (7-9). Since 1982 it has been policy to use 
prophylactic oral cotrimoxazole in a dose of two single 
strength tablets twice daily during chemotherapy-in
duced neutropenia and in bone marrow transplant 
patients at a 202-bed regional oncology hospital in 
Toronto. Ontario. In February 1987 a strain of indole 
negative, sucrose n egative Escherichia coli which was 
also cotrimoxazole-resistant was recovered from the 
blood culture of a patient. The finding of this unusual 
biotype (less than 1% of clinical isolates of E coli) and 
its subsequent isolation in other cases of bacteremia 
suggested cross infection within the institution. 
Studies to determine the prevalence of enteric coloniza
tion with cotrtmoxazole-resistant E coli and changes in 
organisms causing bacteremia within the hospital were 
thus initiated, and are the subject of this report. 

MATERIALS AND METHODS 
All positive blood cultures from 1986 to 1988 were 

reviewed retrospectively. Repeat blood isolates of the 
same organism from a single patient taken within 48 h 
of each other were classified as persistent or con
tinuous bacteremia. The number of sets of blood cul
tures received each year was determined by review of 
the laboratory log. All E coli blood isolates from January 
1986 to December 1988 had repeat identification and 
sensitivities performed using Microscan Gram-negative 
identification and susceptibility panels (Travenol 
La bora tortes Inc, California). 

To determine the distribution and rtsk factors for 
enteric colonization with cotrimoxazole-resistant E coli, 
the patients on five wards were used for a case control 
study. Three wards where bacteremias had occurred 
were defined as 'epidemic wards' and two wards where 
no clinical disease had occurred due to this strain were 
chosen as ·control wards' . The epidemic wards were 
used prtmarily for patients treated for hematological 
malignancies. One control ward was adjacent to an 
epidemic ward and the other was two floors away. 
Patients on the control wards were admitted for 
chemotherapy or radiotherapy of solid tumours. Fecal 
samples (stool or rectal swabs) were requested from all 
patients on the ward on a single day. Hand washes and 
fecal cultures were requested from hospital staff work
ing on these wards. Six months following the initial 
prevalence screen, all patients admitted to two of the 
'epidemic' wards had fecal cultures weekly to obtain 
prospective data. Point prevalence screening was 
repeated on these two wards six months later. Screen-
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ing for enteric colonization in ou tpatients was done in 
two outpatient clinics. 

Demographic data including age, sex, underlying 
diagnosis, previous admissions and antibiotics used 
were collected on all of the patients by chart and 
medication s heet review. Fecal specimens were inocu
lated onto selective (laked horse blood agar containing 
64 flg / mL of trimethoprim) and nonselective media 
(MacConkey agar; Oxoid Ltd, United Kingdom) . Facul
tative, aerobic, oxidase negative, Gram-negative rods 
were identified if they grew on the selective media. All 
oxidase negative , indole negative, Gram-negative rods 
on the nonselective media were also identified to allow 
the detection of cotrimoxazole-sensitive isolates of the 
epidemic strain if present. Hand washes of these per
sonnel in 10 mL oftrypticase soy broth were incubated 
overnight and inoculated onto selective and nonselec
tive media to detect aerobic Gram-negative bacterta. 

Ten separate isolates of indole negative, cotrimoxa
zole-resistant E coli (INTREC) were sent to the Laboratory 
Centre for Disease Control in Ottawa, Ontario for sere
typing. Trimethoprtm minimal inhibitory concentrations 
(MICs) were performed on all cotrimoxazole-resistant E 
coli by agar dilution technique following NCCLS guide
lines (10). Plasmid extraction was done by the method 
of Bimboim and Doly (11) , and extracts were run on 
0.7% agarose gels. 

Comparisons of proportions were done using 
Fisher's exact or l tests as appropriate . 

RESULTS 
The numbers and species of aerobic Gram-negative 

bacilli causing bacteremia in the authors' institution 
from 1986 to 1988 are shown in Table 1. In all years, E 
coli bacteremia occurred as frequently or more fre 
quently than all other enterobactertaceae and Pseudo
monas aeruginosa bacterenilas combined. Although the 
number of E coli bacteremias was increased by 50% in 
the two years following 1986, the frequency of E coli 
bacteremias per set of blood cultures received in the 
laboratory was not statistically significant. There was a 
significantly higher rate of recovery of cotrimoxazole
resistant E coli in the latter two years (P=0.03). Thirty
nine episodes of cotrtmoxazole-resistant E coli 
bacteremia occurred in 35 patients during these three 

TABlE 1 
Aerobic Gram-negative bacilli blood isolates 1986-88 

Organism 1986 1987 1988 
Escherichia coli 23 (6) 34 (15) 36 (18) 

( cotrimoxazole-resistant) 
Other enterobocteriaceae 17 16 24 
Pseudomonas aeruginosa 6 14 9 
Other Gram-negative bacilli 4 4 2 
Mixed 5 7 4 
Total (episodes) 48 67 65 
Sets of blood cultures 3154 3160 3184 
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TABLE 2 
Escherichia coli bacteremias in neutropenic patients 

Organism 1986 1987 1988 
Indole(-), TMP-SMX-resistont E coli 0 14 4 
Indole(+). TMP-SMX-resistont E c oli 4 1 11 
TMP-SMX-sensitive E coli 4 6 4 
Total 8 21 19 
TMP-SMX Cotrimoxozole 

years. Patients were febrile and granulocytopenic in 34 
of these 39 episodes. Four of the five non-neutropenic 
patients with cotrtmoxazole-resistant E coli bacteremia 
had a urinary source. and one had small bowel obstruc
tion. Thirty of 35 patients with cotrtmoxazole-resistant 
bacteremia had received prior cotrtmoxazole. compared 
to only four of 37 who had bacteremia with sensitive 
trains (P<0.001) . Forty of 54 (74o/o) cotrtmoxazole-sen

sitive E coli bacteremias were from non-neutropenic 
patients. 

The number of episodes of E coli bacteremia in 
granulocytopenic patients during these three years are 
summruized in Table 2 according to indole reaction and 
susceptibility to cotrimoxazole. Fourteen episodes of 
INTREC bacteremia occurred in febrile neutropenic 
patients in 1987. During the preceding year only four 
bacteremias with other biotypes of indole positive, 
cotrtmoxazole-resistant E coli had occurred. Five bac
teremias with INTREC occurred in 38 patients during 
initial allogeneic bone man-ow transplantation done in 
1987. whereas no E coli bacteremias occurred during 
any of the 31 bone marrow transplants performed in 
1986 (P<0.05). Of the 14 neutropenic patients with 
cotrtmoxazole-sensitive E coli bacteremia. 10 (six with 
non-Hodgkin's lymphoma, one with breast cancer. one 
with cervical cancer and one with renal cell carcinoma) 
had not received any prior cotrimoxazole . Three of the 
other four patients had acute leukemia, but only one 
was taking oral cotrtmoxazole at the time of the bac
teremia. The last patient with cotrimoxazole-sensitive E 
coli bacteremia had cervical cancer with an indwelling 
Foley catheter, and had received one week of 
cotrtmoxazole one month before the bacteremia. In 
1988. indole positive, cotrimoxazole-resistant E coli 
predominated as the bacteremic pathogen in this patient 
population. 

During the initial screen for enteric colonization. 
fecal samples were received from 61 of 76 patients 
(80o/o) targeted for screenino. Patients were missed only 
if they were discharged from hospital prior to a san1ple 
being obtained. Enteric colonization with INTREC was 
present in 16 of 43 patients (37o/o) on the epidemic 
wards , and only three of 24 (13o/o) on the control wards 
(P<0.05). One of the patients on a control ward who was 
colonized had been on an epidemic ward the preceding 
week. The other two patients on nonepidemic wards 
who were colonized had never been on epidemic wards 
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and had not received cotrimoxazole. Thirteen of 19 
patients (68o/o) colonized with INTREC were taking oral 
cotrimoxazole at the time the prevalen ce study was 
performed . Fecal san1ples were provided by only 24 of 
79 hospital personnel (30o/o) working on the epidemic 
wards. INTREC were recovered from two of thes e samples 
(8o/o). Hand washes from these 79 hospital personnel 
were positive for aerobic Gram-n egative bacilli in 40 
instances (50o/o), bu t n o cotrimoxazole-resistant E coli 
were recovered. Six months later the repeat su rvey of 
two epidemic wards for INTREC revealed 18 of 4 7 patients 
(38o/o) admitted and followed on these wards over two 
months were colonized with INTREC (P=0 .17). One year 
after the initial screen, screening of inpatients on two of 
the epidemic wards revealed only two of 19 patien ts 
(10o/o) were colonized with INTREC. This was a signi
ficantly lower rate of enteric colonization than that at 
the time of the initial screening don e the p receding year 
(P=0.02). The rate of colonization with other cotrimox
azole-resistant E coli during all of these periods ranged 
from 11 to 14o/o. Nine of 33 ou tpatient leukemia or bone 
marrow transplant patients (2 7o/o) who had been ad
mitted to hospital in 1987 were colonized with INTREC, 

whereas none of 15 chronic leukemia ou tpatien ts who 
had never been admitted to the hospital was colonized 
with INTREC (P=0.03). Two of three bone marrow trans
plant patients screened six mon ths after discon tinua
tion of oral cotrimoxazole were still colonized with thi s 
strain. Three patients admitted for bone marrow trans
plantation and followed prospectively with stool cul
tures became colonized with the INTREC strain after a 
mean of 20 days in hospital. 

The isolates of INTREC were resistant to trimethoprim, 
sulphamethoxazole, ampicillin and cefazolin, and were 
sensitive to all a.Jninoglycosides . third gen eration 
cephalosporins and norfloxacin. In the INTREC blood 
isolates the trimethoprim MICs were 512 flg/mL, except 
for five isolates with MICs of 1024 flg / mL. All of the 
INTREC were of a single Microscan biotype (5310401 -2). 
and the 10 isolates serotyped were all 01 :H6:KO. Plas
mid proft.les of ten random INTREC blood isolates were all 
of the same pattern (data not sh own). Investigations of 
the indole positive, cotrimoxazole-resistant isolates 
from 1988 has shown four different antibiotic sen
sitivity patterns, five different biotypes and three dif
ferent whole cell DNA restriction patterns on four 
strains exa.Jnined, indicating that several different 
strains of E coli are involved (data not shown). Tri
methoprim MICs were greater than 2048 flg / m.L in all 
but one of these isolates. 

DISCUSSION 
Tl1is report details the largest number ofbacteremias 

due to cotrimoxazole-resistant E coli in an institution 
using this agent prophylactically during iatrogenic neu- 1 

tropenia. Wells et al (8) described widespread enteric i 
colonization with cotrimoxazole-resistant orga.J1isms in I 
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a transplantation u nit with subsequent bacteremias. 
En teric colonization rates for r esistant organisms in 
their study were s imilar to those fo und in the au thors' 
point prevalence screen in 1987. In that stu dy, h ow
ever. several different species of cotrimoxazole-resis
tant enterobacteriaceae were involved. It is of interest 
that fo u r of the eight documented bacteremias in 
Wells's report were E coli bacteremias in bone marrow 
transplant patients. These isolates were of several dif
ferent biotypes. In the authors' hospital, a single strain 
of E coli predominated as a bacteremic pathogen and 
enteric colonizer. Investigators from Spain have also 
reported on failure of cotrimoxazole prophylaxis in 
pediatric leukemia patients, and suggested that such 
prophylaxis was not indicated when such bacteremias 
occurred (9). 

By the time these cotrimoxazole-resistant strains 
were recognized to be a s ignificant clinical problem, 
widespread enteric colonization had already occurred . 
As expected, enteric colonization with this strain was 
strongly associated with admission to specific wards 
where cotrimoxazole was used prophylactically . 
Nosocomial acquisition of this strain was documented 
prospectively in three patients . The absence of enteric 
colonization in outpatients never admitted to the 
authors' institution was also in keeping with a noso
comial source for this organism. The mechanism of 
spread of this organism was not documented in the 
present study. but enteric colonization of health care 
personnel and isolates on distant wards suggests the 
possibility of dissemination by health care workers . 

Interestingly, other indole positive, cotrimoxazole
resistant strains of E coli predominated as bacteremic 
pathogens in febrile neutropenic patients in 1988. Plas
mid profiles, 'antibiograms· and biotyping showed that 
these isolates represented multiple strains which dif
fered substantially from the INTREC strain prevalent in 
1988. Resistance to cotrimoxazole could be transferred 
to laboratory strains from an INTREC isolate (data not 
shown). However, INTREC strains and transconjugants 
exhibited low level trimethoprim resistance (MlC less 
than 1024 J..tg/mL). whereas all b u t one isolate of the 
indole positive strains exhibited high level trimetho
prim resistance. 

These findings suggest that trim ethoprim resistance 
was mediated by the type I or II dihydrofolate reductase 
genes in the indole positive strains. and by a different 
gene in the INTREC strains (12). 

No data from this institution are available showing 
that prophylactic cotrimoxazole reduced the incidence 
of Gram-negative bacteremia when this policy was first 
introduced in 1982. The data from 1986 to 1987, how
ever, do show that the incidence of E coli bacteremias 
increased at a time when colonization with resistant 
isolates was frequent. The tertiary care nature of the 
institution undoubtedly prom oted the problem. 
Patients admitted to the ·epidemic· wards in this hospi-
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tal commonly required repeated hospitalization s for 
intensive ch em oth erapy and repeated cou rses of 
prophylactic cotrimoxazole . The inability to segr egate 
bone marrow transplant pa tien ts from those undergo
ing remission induction ch emotherapy for leukemia 
would exrpose the latter popula tion to a group likely to 
be colonized with cotri111oxazole-resistant organis ms. 
Also. it was fo u n d that som e pa tients other than bone 
m arrow transplant pa tients were receiving oral pro
phylaxis before the onset of n eutropenia, or that oral 
cotrimoxazole was continued after the institution of 
parenteral antibiotics for fever. The increased aware
ness an1ong hospital staff and the enforcem ent of h and
washing practices reduced the inciden ce of bacteremia 
and prevalence of enteric colonization with the INTREC 

strain which was predominant in 1987. However, other 
cotrimoxazole-resistant strains increased as bactere
mic pathogens in 1988. Th e a u thor s therefore conclu de 
that cotrimoxazole prophylaxis during ch em otherapy
induced neutropenia is no longer effective in their in
stitution. due to nosocomially acquired en te1ic 
colonization with cotlimoxazole-resistant E coli. 
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