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Abstract
Background—Trimethoprim-sulfamethoxazole (SXT) reduces morbidity and mortality among
HIV-infected persons in Africa, but its impact on antimicrobial resistance is of concern.

Methods—HIV-uninfected (group A), HIV-infected but not requiring SXT (group B), and HIV-
infected and eligible for SXT (group C) adults were recruited into a prospective observational cohort
study in Moshi, Tanzania. Stool was examined for Escherichia coli nonsusceptible to SXT at baseline
and at weeks 1, 2, 4, and 24. General estimating equation models were used to assess differences in
susceptibility over time and cross-resistance to other antimicrobials.

Results—Of 181 subjects, 118 (65.1%) were female and the median (range) age was 36 (20 to 72)
years. At baseline, E. coli nonsusceptible to SXT was isolated from 23 (53.5%) of 43 patients in
group A, 25 (67.6%) of 37 patients in group B, and 37 (64.9%) of 57 patients in group C. The odds
ratios (P value) for SXT nonsusceptibility in group C at weeks 1, 2, 4, and 24 compared with baseline
were 3.4 (0.013), 3.0 (0.019), 2.9 (0.030), and 1.5 (0.515), respectively. SXT nonsusceptibility was
associated with nonsusceptibility to ampicillin, chloramphenicol, ciprofloxacin, and nalidixic acid
(P ≤ 0.006).

Conclusion—In Tanzania, carriage of fecal E. coli nonsusceptible to SXT is common before SXT
prophylaxis. Initiation of SXT leads to further loss of susceptibility to SXT and to other
antimicrobials.
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Trimethoprim-sulfamethoxazole (SXT) has been shown to reduce morbidity and mortality
among persons living with HIV in Africa.1-4 Based on the results of clinical trials from the
West African country of Côte d’Ivoire,1,4 in 2000, the World Health Organization (WHO) and
the Joint United Nations Program on AIDS (UNAIDS) recommended the use of SXT
prophylaxis for persons with symptomatic HIV disease or with CD4 T-lymphocyte counts
(CD4 counts) <500 cells/mm3 in Africa.5 At the time, uncertainty was expressed about whether
clinical benefits seen in Côte d’Ivoire, where the prevalence of resistance to SXT is relatively
low,6 would also be seen in East Africa and southern Africa, where the prevalence of resistance
is higher.7,8 In addition, concern was raised that the widespread use of SXT may substantially
increase the prevalence of antimicrobial resistance in common community-acquired pathogens.

Inexpensive and relatively safe, SXT and the related compound sulfadoxine-pyrimethamine
play central roles in the management of common clinical syndromes in Africa. These drugs
are frequently used to treat dysentery, lower respiratory tract infection, and fever in which
Shigella spp., non-Typhi serotypes of Salmonella enterica, Streptococcus pneumoniae, and
Plasmodium spp., respectively, play major roles.9,10 It follows that increases in resistance to
SXT among these pathogens could reduce the effectiveness of empiric treatment strategies,
leading to more illness and death. Large, randomized, community-based cohort studies would
be required to investigate the role that SXT prophylaxis plays in the emergence of antimicrobial
resistance among isolates from patients with these specific infections at the community level.
Randomized studies of SXT prophylaxis are no longer acceptable, however, because of the
established benefit of SXT on morbidity and mortality.

To understand the role that SXT might play in driving antimicrobial resistance, we selected
fecal Escherichia coli as an indicator organism for enteric pathogens. We then examined the
hypothesis that initiation of SXT prophylaxis in HIV-infected individuals would lead to rapid
and widespread resistance of fecal E. coli to SXT compared with HIV-infected and HIV-
uninfected persons not receiving SXT.

METHODS
Study Design and Participants

We designed a 3-group prospective observational cohort study of persons aged ≥18 years who
had recently received HIV voluntary counseling and testing (VCT) at VCT centers in Moshi,
Tanzania, between August 2004 and December 2005. Some patients were coenrolled in another
study that evaluated the role of simple clinical and laboratory evaluations to identify HIV-
infected patients with CD4 counts <200 cells/mm3.11

Clinical Procedures
VCT centers referred HIV-infected and HIV-uninfected subjects to the Infectious Diseases
Clinic (IDC) at Kilimanjaro Christian Medical Centre (KCMC) for management of HIV
infection and for study enrollment. After providing written informed consent, a standardized
clinical history and physical examination were done. HIV-infected patients not yet on SXT
were staged according to the WHO system. In accordance with WHO/UNAIDS
recommendations, HIV-uninfected patients (group A) and those with asymptomatic HIV
infection (WHO stage 1; group B) were not offered SXT. Patients with symptomatic HIV
infection (WHO stage 2, 3, or 4; group C) were offered free SXT prophylaxis in the form of 2
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single-strength tablets, each containing 80 mg of trimethoprim and 400 mg of
sulfamethoxazole, daily. Pregnancy in women of reproductive age was excluded at each visit
using a menstrual history and urine pregnancy test. Although women in the first trimester of
pregnancy were not included in the study, those in the second or third trimester were included.
12 Whole stool was collected at the baseline visit and before the first dose of SXT for all
subjects. Subjects then returned to the KCMC IDC 1, 2, 4, and 24 weeks after the baseline
visit. At each visit, whole stool was collected and the standardized clinical history and physical
examination were repeated. Adherence to SXT prophylaxis was assessed at each follow-up
visit by patient self-report using a standardized questionnaire. Patients who entered the study
in WHO stage 1 and progressed to WHO stages 2 through 4 or those who were found to have
CD4 counts <500 cells/mm3 were allowed to move between study groups. This study spanned
a period of transition from the availability of antiretroviral therapy (ART) to patients in
Tanzania who could afford it to the provision of free therapy.13

Laboratory Procedures
Whole stool was inoculated to MacConkey agar with an SXT disk and incubated for 24 hours
at 37°C. Plates were examined for the presence of flat, dry, lactose-utilizing colonies consistent
with E. coli. The presence or absence of presumptive E. coli was recorded. If colonies consistent
with E. coli were not seen within <16 mm of the SXT disk, the stool was classified as having
susceptible E. coli.14,15 If colonies consistent with E. coli were seen within <16 mm of the
SXT disk, the stool was classified as having nonsusceptible E. coli and the colony nearest to
the disk was picked and subcultured to sheep blood agar. The inoculated sheep blood agar plate
was then incubated for 24 hours at 37°C, and the spot indole test was performed on the resulting
growth. Indole-positive isolates were stored on nutrient agar at room temperature. All SXT-
nonsusceptible E. coli isolates and a sample of susceptible isolates were shipped to the Duke
University Medical Center Clinical Microbiology Laboratory (DUMC CMB) for further
evaluation.

At the DUMC CMB, isolates were subcultured to sheep blood agar and MacConkey agar and
were confirmed as E. coli using oxidase and indole tests. Isolates without classic E. coli colony
morphology were identified using the MicroScan Walk-away system panel NEG Combo type
32 (Dade MicroScan, West Sacramento, CA). Susceptibility testing for ceftriaxone, nalidixic
acid, ampicillin, ciprofloxacin, chloramphenicol, and azithromycin was done using the Kirby-
Bauer disk diffusion method to Clinical Laboratory Standards Institute (CLSI) standards.
Staphylococcus aureus interpretive criteria were used to evaluate zone sizes for azithromycin.
14 Minimum inhibitory concentration (MIC) to SXT was determined using the E-test (AB
BIODISK, Solna, Sweden).14

Statistical Analysis
Prespecified analyses included descriptive analyses of the cohort by study group, comparison
of changes in the proportion of E. coli nonsusceptible to SXT by study arm over time, and
assessment of the effect of SXT use on coselection of nonsusceptibility to other antimicrobial
agents. The characteristics of study subjects and E. coli antimicrobial susceptibility testing
results were calculated as medians, ranges, and proportions. Antimicrobial susceptibility
patterns were modeled using general estimating equations to account for repeated measures on
individuals. Within-group differences over time were assessed in a pooled model with
interactions between study group and visit type. All analyses were done using STATA, version
9.2 (Stata Corporation, College Station, TX).
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Research Ethics
The protocol for this study was approved by the KCMC Research Ethics Committee, the
Tanzania National Institute for Medical Research National Research Ethics Coordinating
Committee, and an Institutional Review Board of Duke University Medical Center.

RESULTS
Baseline Characteristics

One hundred eighty-one subjects were seen at baseline. Of these, 118 (65.1%) were female
and the median (range) age was 36 (20 to 72) years. Of the 181 subjects, 54 (29.8%) were in
group A, 53 (29.3%) were in group B, and 74 (40.9%) were in group C. A greater proportion
of subjects in groups B and C had primary education or less than subjects in group A. All
patients in group B were in WHO stage 1. All patients in group C were in WHO stage 2, 3, or
4, but 58 (78.4%) of 74 patients in group C were in WHO stage 3 or 4. The median (range)
CD4 count at baseline was 297 (56 to 1200) cells/mm3 in group B compared with 187 (2 to
1322) cells/mm3 in group C. Other baseline characteristics of subjects are shown in Table 1.

Use of SXT and Related Antimicrobials
The proportions of subjects in group C reporting 100% adherence to SXT at study weeks 1, 2,
4, and 24 were 79.0%, 80.0%, 73.1%, and 75.0%, respectively, in group C. Two subjects in
group A and 7 subjects in group B took short courses of SXT during the study. Three subjects
in group A and 1 subject in group B took short courses of sulfadoxine-pyrimethamine during
the study. SXT was discontinued by 1 (1.4%) subject in group C because of rash. No patient
developed Stevens-Johnson syndrome.

Susceptibility of Fecal Escherichia coli to SXT at Follow-Up
Of 181 study subjects, 158 (87.3%) were retained in follow-up for the week 1 visit, 138 (76.2%)
at week 2, 132 (72.9%) at week 4, and 91 (50.3%) at week 24. Subject retention by study group
is shown in Figure 1A. There was no difference in subject retention between the 3 groups by
study week, except at week 24, when more subjects were retained in group A compared with
group C (P = 0.004). Of persons retained to follow-up, E. coli was isolated from 137 (75.7%)
persons at baseline, 137 (86.7%) at week 1, 126 (91.3%) at week 2, 115 (87.1%) at week 4,
and 81 (89.0%) at week 24. Of baseline stool samples, SXT-nonsusceptible E. coli was isolated
from 23 (53.5%) of 43 group A patients, 25 (67.6%) of 37 group B patients, and 37 (64.9%)
of 57 group C patients. Baseline proportions of E. coli nonsusceptible to SXT were not
significantly different between the 3 groups (P = 0.365). By week 1, SXT nonsusceptibility
was present in E. coli from 17 (43.6%) of 39 subjects in group A, 29 (72.5%) of 40 subjects
in group B, and 50 (86.2%) of 58 subjects in group C. Changes in the proportion of E. coli
isolates in these and all subsequent study groups and study weeks are illustrated in Figure 1B.
A comparison of the proportions of E. coli isolates nonsusceptible to SXT across study groups
by study week yielded significantly higher proportions nonsusceptible in group C relative to
group A at weeks 1, 2, and 4 (P < 0.001, P < 0.001, and P = 0.006, respectively) and in group
B relative to group A at weeks 1 and 2 (P = 0.009 and P = 0.031, respectively). The differences
between group C and group B were not statistically significant at conventional levels (P >
0.092). In a generalized estimating equation model, the odds ratios (ORs) for resistance in
group C at study weeks 1, 2, 4, and 24 compared with baseline were 3.4 (P = 0.013), 3.0 (P =
0.019), 2.9 (P = 0.030), and 1.5 (P = 0.515), respectively. No significant differences in the
odds of SXT resistance were seen in group A or B compared with baseline (Table 2).
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Escherichia coli SXT Nonsusceptibility and Other Antimicrobials
Coselection of antimicrobial nonsusceptibility was assessed among 419 fecal E. coli isolates.
SXT nonsusceptibility was associated with nonsusceptibility to ampicillin (OR = 10.2; P <
0.001), chloramphenicol (OR = 7.8; P < 0.001), ciprofloxacin (OR = 17.1; P = 0.006), and
nalidixic acid (OR = 26.4; P = 0.001) but not with nonsusceptibility to azithromycin (OR =
1.2; P = 0.545) (Table 3). All fecal E. coli isolates were susceptible to ceftriaxone.

DISCUSSION
We demonstrate that in northern Tanzania, carriage of fecal E. coli nonsusceptible to SXT is
common among HIV-uninfected persons and among HIV-infected patients before the
commencement of SXT prophylaxis. Furthermore, the initiation of SXT prophylaxis rapidly
leads to further loss of susceptibility not only to SXT but to other important antimicrobial
agents. These findings provide valuable insights into the possible negative consequences of
widespread use of life-extending SXT for HIV-infected individuals in Africa.

The large proportion of subjects found to be carrying SXT-nonsusceptible E. coli before
commencement of SXT prophylaxis was consistent with reports showing SXT
nonsusceptibility to be common among other Enterobacteriaceae from patients in East Africa
and southern Africa.8,16,17 Concern about the impact of SXT nonsusceptibility among key
HIV bacterial copathogens on the efficacy of SXT prophylaxis has been raised.18 Although
large observational studies done in East Africa and southern Africa have shown that SXT
prophylaxis significantly reduces morbidity and mortality, even in settings where SXT
nonsusceptibility is more common,2,19-21 we are aware of no study that has investigated
whether the magnitude of the effect of SXT prophylaxis is reduced in populations in which
SXT nonsusceptibility is more common.

Most subjects initiating SXT prophylaxis with SXT-susceptible E. coli at baseline were
carrying SXT-nonsusceptible E. coli within 1 week. The magnitude of this effect is consistent
with that seen in fecal E. coli isolates from tuberculosis and HIV-coinfected patients in Malawi
after initiation of SXT.17 Furthermore, in our study, most of those patients assigned to receive
SXT continued to carry SXT nonsusceptible E. coli at a proportion higher than baseline. This
finding suggests that the impact of SXT prophylaxis on antimicrobial resistance of bacterial
flora occurs rapidly and that it is sustained as long as SXT prophylaxis is continued. Although
we studied the fecal indicator organism E. coli, there also is evidence from East Africa that
antimicrobial use is associated with the frequency of resistance among bacterial enteric
pathogens. In Kenya, resistance to antimicrobials among diarrheal non-Typhi Salmonella and
Shigella spp. was inversely proportional to the frequency with which the antimicrobials were
prescribed, with SXT being the most common treatment prescription and the least effective
agent.16

We demonstrated that the initiation of SXT prophylaxis not only selects for SXT-
nonsusceptible E. coli but also seems to select for ampicillin, chloramphenicol, and
ciprofloxacin nonsusceptibility. It is likely that a mechanism for the coselection of resistance
is by means of mobile genetic elements such as integrons in plasmids and transposons. Research
on enteroinvasive or enteroaggregative E. coli in Senegal showed that trimethoprim and other
antimicrobial resistance was common and that the mechanism was likely within the class 1
integron-containing plasmids that may be horizontally transferred from gut commensal
organisms.22 In Tanzania, a study examining prevalence and mechanisms of antimicrobial
resistance among Shigella spp. from pediatric stool cultures found that resistance to ampicillin,
chloramphenicol, tetracycline, and SXT was common. Ampicillin resistance was most
frequently related to an integron-borne OXA-1-type β-lactamase, and resistance to SXT was
attributable to the presence of an integron-borne dhfr Ia gene.23 A study of uropathogenic E.
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coli from Europe and Canada that was resistant to trimethoprim, sulfamethoxazole, or both
found dfr or sul gene-containing integrons present in 59% of isolates. Analysis of the regional
distribution of these integrons indicated that horizontal gene transfer was the main mechanism
of resistance spread rather than clonal expansion.24 These studies suggest that coselection of
resistance by means of mobile genetic elements in fecal E. coli attributable to SXT use is likely
to occur and that these genetic elements can disseminate from fecal flora to bacterial enteric
pathogens.

Azithromycin has been proposed as a possible alternative to SXT for prophylaxis among HIV-
infected persons in Africa.8 Azithromycin might provide a replacement antimicrobial for
patients with sulfa drug sensitivity or in populations in which SXT nonsusceptibility among
important human pathogens becomes sufficiently common so as to impair its efficacy for
prophylaxis or treatment. In addition, its spectrum of in vitro activity includes a number of
important HIV copathogens such as Streptococcus pneumoniae, Pneumocystis jirovecii,
Toxoplasma gondii, and Plasmodium spp. Azithromycin has also been demonstrated to be
useful in the treatment of typhoid fever and shigellosis.25,26 Its efficacy in the treatment of
typhoid fever suggests that it may also be active against non-Typhi Salmonella. Although we
found that the development of SXT-associated rash was uncommon and was consistent with
study findings from elsewhere in Africa, suggesting that SXT is well tolerated,1,4,27,28 SXT
nonsusceptibility was common among E. coli isolates in our study. Unlike other antimicrobials
studied, we found that azithromycin nonsusceptibility did not seem to be coselected by SXT
use. In contrast to other studies that have found azithromycin resistance to be uncommon among
gram-negative organisms,8,25 however, the proportion of E. coli isolates that were not
susceptible to azithromycin in our study exceeded 80%. Comparing azithromycin antimicrobial
susceptibility testing results for gram-negative organisms across studies is hampered by the
lack of established interpretive criteria for zone sizes for the Kirby-Bauer disk diffusion method
and by the occurrence of the dual-zone phenomenon.29 Although we arbitrarily used
interpretive criteria for S. aureus14 and read the zone of complete inhibition rather than the
zone of partial inhibition on the disk diffusion test, other investigators may have selected
different interpretive criteria leading to quite different reported rates of resistance. Nonetheless,
the high proportion of E. coli isolates that were not susceptible to azithromycin in our area
casts doubt on whether it would be useful to prevent or treat infections caused by gram-negative
organisms in our setting.

Our study has a number of limitations. Because of the established efficacy of SXT in preventing
morbidity and mortality in HIV-infected patients, our study was of an observational rather than
randomized design. This limitation was addressed to some extent by obtaining baseline stool
samples from patients in each study group to establish differences in SXT nonsusceptibility
before SXT use. The high baseline proportion of E. coli isolates nonsusceptible to SXT limited
the number of individuals who could switch from carrying SXT-susceptible E. coli to carrying
SXT nonsusceptible E. coli. Despite this limitation, we were able to demonstrate rapid and
statistically significant changes in antimicrobial resistance of the fecal indicator organism.
Although our loss to follow-up rate was consistent with projections, loss to follow-up may
have introduced bias into our results if there were differences in rates of SXT nonsusceptibility
between retained and lost patients. Two factors may have diluted the observed effect of SXT
on E. coli antimicrobial susceptibility: reported adherence <100% occurred in a quarter of
patients in group C, and group A and B subjects were contaminated by the use of short courses
of SXT and sulfadoxine-pyrimethamine for intercurrent illness. Finally, our interpretation of
the impact of the effect of SXT prophylaxis on antimicrobial resistance in key human pathogens
is, by necessity, an extrapolation from observations made on the indicator organism, fecal E.
coli. Fecal E. coli has a long track record of use as an indicator organism for resistance among
enteric pathogens,30,31 and there is ample evidence that resistance genes are freely shared
between fecal flora such as E. coli and clinically important enteric pathogens.22
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Our study demonstrates that fecal E. coli, an indicator organism for enteric pathogens, rapidly
develops resistance to SXT and a number of other clinically important antimicrobials after
initiation of SXT prophylaxis. Furthermore, it is likely that mobile genetic elements would
facilitate the movement of the selected resistance genes between fecal flora and enteric
pathogens. These data suggest that while the substantial benefits of SXT prophylaxis are
realized in Africa, surveillance for its ongoing efficacy for prophylaxis against HIV
coinfections and for the empiric management of dysentery, fever, and pneumonia syndromes
should be established and maintained. Larger long-term studies are needed to evaluate the
impact of widespread use of SXT prophylaxis on these clinical outcomes. In addition, efforts
to monitor the prevalence of resistance to other antimicrobials that are coselected by SXT use
among important pathogens and research to evaluate alternative effective and inexpensive
antimicrobial agents are warranted.
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FIGURE 1.
A, Retention to follow-up of study subjects and recovery of feces and fecal E. coli by study
group and week, KCMC, 2004 to 2005. Group A: HIV-uninfected; group B: HIV-infected, no
SXT; and group C: HIV-infected, SXT. P values are for the comparison of retention rates across
groups by week. The difference in retention between group A and group C at week 24 was
statistically significant (P = 0.004). B, Proportion of fecal E. coli isolated from study subjects
nonsusceptible to SXT by study group and week, KCMC, 2004 to 2005. Group A: HIV
uninfected; group B: HIV infected, no SXT; and group C: HIV infected, SXT. Numbers above
bars are the denominators used to calculate proportions.
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