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Abstract

Background: Cotrimoxazole (CTX) is a broad-spectrum antimintad, combining trimethoprim
and sulfamethoxazole. CTX prophylaxis reduces rmortand morbidity among people living
with HIV in regions with high prevalence of bactgdrinfections and malaria. The Antiretroviral
research_for Watoto (ARROW) trial evaluated theetfof stopping versus continuing CTX

prophylaxis in sub-Saharan Africa.

Methods: In this study, 72 HIV-infected Zimbabwean chddr on antiretroviral therapy,
provided fecal samples at 84- and 96-weeks aftefamization to continue or stop CTX. DNA
was extracted for whole metagenome shotgun sequgneith sequencing reads mapped to the
Comprehensive Antibiotic Resistance Database (CAfRIJentify CTX and other antimicrobial

resistance genes.

Results: There were minimal differences in the carriag€®KX resistance genes between
groups. ThalfrAl gene, conferring trimethoprim resistance, wasiggmtly higher in the
continue group (p=0.039) and ttetA(P) gene conferring resistance to tetracycline was
significantly higher in the stop group (p=0.01B)'X prophylaxis has a role in shaping the

resistome, however stopping prophylaxis does notedese resistance gene abundance.
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Conclusion: No differences were observed in resistance garéeage between the stop and
continue groups. The previously shown multi-facqiestective effects of CTX in ARROW

Trial clinical outcomes are not outweighed by tis& of multi-drug resistance gene selection
due to prophylaxis. These findings are reassugivgn current recommendations for long-term
CTX prophylaxis among children living with HIV inub-Saharan Africa to decrease mortality

and morbidity.

Clinical Trial Number: ISRCTN24791884T7rial duration: October 02, 2006 to March 14,

2012

Keywords:

=

Drug Resistance, Microbial

2. Antibiotic Prophylaxis

3. Child Health

4. HIV infections

5. Trimethoprim, Sulfamethoxazole Drug Combination

6. Gastrointestinal microbiome



ARROW CTX AMR

Introduction

World Health Organization (WHO) guidelines recomishéang-term cotrimoxazole (CTX)
prophylaxis for people living with HIV in areas wieemalaria or severe bacterial infections are
highly prevalent. This recommendation is based on randomized fiais sub-Saharan Africa
in both adults and children which showed reducedbiddy and mortality with CTX use,
regardless of HIV disease stage or antiretroviratdpy (ART) usé >, However, global
coverage of CTX among people living with HIV ren&jmoof. One concern with widespread
and lifelong use of CTX is selection for and amipéfion of CTX-specific and overall
antimicrobial resistance genes in the intestinsg¢mneoir, leading to a potential increase in
multidrug-resistant bacterial infections. CTX réaige genes are found in up to 80% of bacterial
isolates from urinary tract, wound and blood inif@as$ in areas where prophylaxis is
implemented. However, the effectiveness of CTX prophylaxiseducing morbidity and
mortality still remains high despite the prevalen€eesistance, possibly due to the anti-
inflammatory, immunomodulatory, and taxon-spediitimicrobial effects of CTX°% 0 As
CTX coverage and duration is scaled up in sub-Sahafrica, it is critical to understand
whether this will drive further antimicrobial ressce in high HIV prevalence areas, which

could have important downstream clinical impact.

In this study, we examined carriage of CTX and pthsistance genes using metagenome
sequencing among HIV-infected children in Zimbalw¥® were randomized to continue or stop

CTX prophylaxis in the Antiretroviral Research #atoto (ARROW) trial.
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M ethods:

Study setup:

ARROW was an open-label parallel-group randomiziadl ¢valuating several management
strategies in HIV-infected children between 2008 2612, as previously reported'*2

Children over 3 years of age (median age, 7.9 yeaesquartile range, 4.6 to 11.1), enrolled in
ARROW and receiving ART with CTX prophylaxis for neathan 96 weeks, who had not
previously hadPneumocystis jirovecii pneumonia and were using insecticide-treated el (m
malaria-endemic areas), were randomized to stagug@ontinue daily CTX prophylaxisA
sub-group of Zimbabwean children in the last 6 memf trial recruitment from stop (n=36 at
week 84; n = 35 at week 96) and continue (n=36ek84; n=33 at week 96) groups had fecal
samples collected. Caregivers gave written inforemtsent, and children gave assent
depending on age, for the main trial and for thisstudy, which were approved by ethics

committees in the UK and Zimbabwe.

Stool specimens for the fecal metagenome study igergified from a gut epithelium sub-study
investigating intestinal inflammation in the ARROW&I (Figure 1). The 72 children (40 female
and 32 male) with a median age of 8.9 years (inttde range, 5.7 to 11.1) at the time of
randomization, did not substantially differ in biase characteristics from the full ARROW trial
population @ata not shown). The samples were stored at%8®lsius and shipped to British
Columbia Centre for Disease Control (BCCDC), VaneyuBC for processing. The objective of
these analyses was to identify the impact of stup@iTX on the intestinal carriage of antibiotic
resistance genes. The protocol for analysis wasapg by the research ethics board at the

University of British Columbia (protocol number: #00300).
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DNA extraction and sequencing:

DNA extraction from 150mg of fecal samples was @eried using Qiagen Power Soil DNA
extraction kit with bead-beating. DNA was quantifiesing Quant-iT Pico Green dsDNA assay.
DNA libraries were prepared using Illlumina TruSeapd DNA Library Preparation kits.

Libraries were quantified and normalized using qR@R validated using the Agilent
TapeStation system. Twenty-four libraries were pdgler sequencing lane. Whole metagenome
sequencing was performed using the lllumina HiSs@platform at Canada’s Michael Smith

Genome Sciences Centre, Vancouver, Canada usitiindea, paired end sequencing.

Analysis

The reads were trimmed, filtered and mapped tcCdmprehensive Antibiotic Resistance
Database (CARD) using the resistance gene identi&l) tool. Genes with >80% coverage
and 100% homology were defined as present. Thelvegnalysis package in R was used to
evaluate the alpha and beta diversity measurdbdaresistant genes. The alpha diversity of
resistant genes is defined as the read count nizedabhannon diversity metric within a sample.
The beta diversity of resistance genes was defisdtie Bray-Curtis dissimilarity metric
between the samples. Differences in alpha anddregasity of resistance genes between the
stop and continue groups was conducted using agalgsariance test. Logistic regression was
performed to compare differences in the presendeabeence of antimicrobial resistance genes
between the stop and continue groups. Negativarbaloegression was performed to compare
normalized gene counts (with sequencing deptheasffset), including an adjustment for timing

of sample collection between the randomized groRpsults are reported as percent of subjects
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positive for a specific gene class and by totalegesunt for each gene class for all subjects in

each group. Analyses were undertaken using R anogersion 3.5.1.

Results:

In total, 2900 resistance genes across all gessadan continue group members and 3021
resistance genes in the stop group were identifiexigh CARD alignment of metagenome data.
There were no significant differences observedhéanalysis of variance of the read-count
normalized gene-level Shannon alpha diversity (Beva 0.62) and Bray-Curtis dissimilarity-
based beta diversity (P-value = 0.67) of the g&edseen the stop and continue groups. CTX
resistance genes, including thé gene conferring sulfonamide resistance dindjiene
conferring trimethoprim resistance, were persiggesdarried by all subjects regardless of CTX
discontinuation (Table 1). ThdfrAl gene, encoding trimethoprim-resistant dihydrofolate
reductase, was on average five-fold higher in tirginue group (odds ratio (OR), 4.82; 95%
confidence interval (CI), 1.24 to 31.62) than ie #top group, although it was present in only
6.3% of the total samples and represented only @B%te observed resistance gene counts in
the continue group. Sulfonamide resistance gesuts-8) were also present in all subjects but

contributed to a small fraction of total resistageae counts (2.5%) (Table 1).

Genes encoding beta-lactamases, and genes cogfegsistance to aminoglycoside antibiotics
and tetracycline, were very common in the stop@mdinue groups (Table 1). Togethiat,
(tetracyline resistance) awtkA (beta-lactamase) genes represented almost amkethihe total
resistant gene counts in both groups. Extendedsspedeta-lactamase genétal EM) were
found in one stop and one continue sample at theek time-point, and no carbapenem-

resistance genes were identified. The tetracychsestance gene count fi@A(P) gene
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encoding an inner membrane tetracycline effluxgarotound inClostridium species, was on
average three-fold higher in the stop group (OR1,295% CI, 1.25 to 5.45) than in the continue
group. The increased occurrencdabf\(P) gene in the stop group might be attributed to the
recovery oftetA(P)-carryingClostridium species, such & ostridium bartlettii, whichis more
abundant in the stop group at both time poin®he abundance of all other antimicrobial genes
in both groups was similar, and there were fewedéhces in the carriage of antimicrobial
resistance genes between the 84-week (only APH([EAd 96-week (onliet44 andtetA(P))
sample time-points within subjects. There were alsdlifferences in microbial diversity, enteric
pathogen carriage or microbiota composition, aBioi® the presence of fewer viridans group

streptococci in the continue group at both timeapmias previously reportéd
Discussion:

The observed differences in resistance gene carpegfiles in ART-treated children
randomized to stop or continue CTX were minimalydhedfrAl gene was higher, while the
tetA gene was lower, in children continuing CTX. Nori¢he children in the trial were CTX-
naive as they had all received prophylactic CTXafioleast 96 weeks prior to randomization to
either stop or continue CTX, which explains theversal carriage adul anddfr genes. The
Botswana Mpepu study showed up to 57% and 37%ec$dimple population was positive for
CTX-resistanEscherichia coli andKlebsiella spp., respectively, prior to CTX exposure. CTX
prophylaxis increased the proportion of particiganith CTX resistance at 3 and 6 months post-
exposuré™. A culture-based study done at the Bugando Mediealkre in Tanzania reported
that up to 77% of the healthy population definedHf$ negative with no antibiotic prophylaxis
grew at least one organism resistant to CTX; arthe@HIV positive population in the study

17% more CTX positive cultures were observed is¢éhwho continued CTX prophylaxis

10
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relative to the no prophylaxis gropThis shows that CTX resistance inherently presettie
population before CTX exposure, is amplified by Cpddphylaxis. Another longitudinal sub-
study of a randomized controlled trial in Southiédrevaluating the impact of CTX exposure in
HIV-exposed but uninfected infants in the first yealife showed that CTX prophylaxis
increased the abundance and alpha diversity d€ ¢ resistance genes in the gut relative to a
CTX-naive group, but decreased the resistant geteediversity in children receiving CTX
prophylaxis*>*® No significant differences in the occurrence @resistance genes were
observed in our study over the two sampling timetscand minimal differences in the overall
resistance gene counts were noted. This indich&<XTX use plays a role in shaping the
resistome; however, removal of CTX selective pressioes not decrease the abundance nor
diversity of the resistome established by CTX prdgxis. Other studies have also shown
minimal or no differences in the diversity of guicnobiota after long- and short-term CTX use
817 The combination of these findings suggests tfat Grophylaxis shapes the development of
the microbiome in childhood such that people wittiX@&xposure have lower taxonomic and
resistance beta diversity, but high resistancesatpersity. However, our results show that the
resistance gene profiles remain largely unchangedgd to 22 months post-CTX
discontinuation. Though the participants in oudgtwere older, perinatal exposure to CTX
could also alter the development of the intestmigiobiome. The effect of perinatal CTX
exposure during gestation and through breastfeedieds to be further characterized to evaluate
the granular impact of oral CTX prophylaxis forants in shaping their microbiome, as passage
of CTX into breastmilk and the inheritance of aitile resistant genes from mother have been

previously describetf2°

11
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Information regarding additional non-CTX antibio&gposure for ARROW participants was not
available. Metagenome identification of resistageres does not confirm phenotypic expression
of resistance and precludes accurate localizatigees to specific plasmids or genomes;
therefore, only gene presence, absence and gentsaoe reported. Higher tetracycline
resistance gene counts could also be explainedgbghoverall microbial load due to the
absence of CTX selection pressure in the gut ¢flidn who stopped CTX prophylaxis;

adjustment for starting microbial load in procesfehl samples was not possible.

Conclusion:

The efficacy of CTX prophylaxis in reducing mortgland morbidity has been demonstrated in
multiple trials among people living with HIV, evémareas with high baseline levels of CTX
resistancé*® This may partly be because CTX has propertiestijts broad-spectrum
antimicrobial activity, including anti-inflammatorymmunomodulatory, and narrow microbiome
modulating benefitd. This study shows that the vital population hebkhefits of long-term

CTX prophylaxis in areas of high HIV prevalence,rdit appear to be outweighed by a greater
risk of antibiotic resistance gene carriage. Howewoar results, in combination with D’Souza et
al ' suggest that long-term CTX prophylaxis has dargffect on intestinal antibiotic
resistance gene carriage and these effects pevsistafter many months without any CTX
exposure. Our results provide reassurance to poékers to continue scaling up long-term CTX
prophylaxis in sub-Saharan Africa, since continu@igx does not appear to drive accumulation
of further antimicrobial resistance. To furtheduee mortality in high HIV prevalence areas,
efforts to scale-up widespread adoption of CTX psdgxis in HIV-infected children remain a

public health priority.

12
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Figure 1: Sampleorigin for the fecal metagenome study

Of the 760 participants who underwent initial ramitzation in ARROW, 293 were enrolled in

an immunology sub-study. The 72 fecal samples aedljn our study originated from a sub-

group of participants recruited for the gut epiitn@l sub-study in the final 6 months of the trial

in Zimbabwe.
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Table 1: Occurrence of all cotrimoxazole resistance and other clinically relevant resistance
genesin thefecal metagenome of HI1V-infected children randomized to continue or stop

cotrimoxazole prophylaxisin the ARROW Trial.

Genename Resistance Geneclasspositive Genecounts
conferred subjects’ by class’
Continue Stop Continue Stop
n (%) n (%) Counts Counts
(%) (%)

dfr(A1* A5A7,A8A12,A14A15A17, F) | Trimethoprim | 36(100) | 36(100) | 122(4.2) | 109 (3.6)

(dihydrofolate reductase)

folP Sulfonamide 18(50) | 20(55.6) | 24(0.8) 27 (0.9)

(dihydropteroate synthase)

sul(1,2,3) Sulfonamide | 36(100) | 36 (100) 79 (2.7) 70 (2.3)

(dihydropteroate synthase)

Erm(B,F,G,Q,T) Macrolides, 34(94.4) 31(86.1) 193 (6.7) 217 (7.2)

Lincosamides,

(ribosoma RNA methyltransferase) Streptogramins

tet(A(P*)-D,J-0,Q-SW,X, 32,40,44) Tetracycline | 36(100) | 36(100) | 500(17.2) | 533(17.6)

(tetracycline-resistant ribosomal protein)

CfxA(1-6) Cephamycin | 36(100) | 36(100) | 311(10.7) | 341(11.3)

(betaslactamase)

APH Streptomycin | 31(86.1) | 25(69.4) | 147 (5.1) | 123(4.1)

(phosphorylation of streptomycin)

"Number of subjects who are gene class positive in either or both week 84 and week 96 samples.

*Thetotal count of resistant genes by gene classin the stop or continue groups. Proportion of gene class counts out
of thetotal, 2900 and 3021 genes in the continue and stop groups, respectively.

*The asterisk defines genes that were significantly different between the stop and the continue groups using negative
binomia regression, normalized for read depth. dfr Al: five-fold higher in the continue group; odds ratio (OR), 4.82;
95% confidence interval (Cl), 1.24 to 31.62. tetA(P): three-fold higher in the stop group; OR, 2.51; 95% ClI, 1.25to

5.45.
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Figure 1: Sampleorigin for the fecal metagenome study

Of the 760 participants who underwent initial randomization in ARROW, 293 were enrolled in an
immunology sub-study. The 72 fecal samples analysed in our study originated from a sub-group of
participants recruited for the gut epithelium sub-study in the final 6 months of the trial in Zimbabwe.



