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A. Microbial taxa and resistance gene a-diversity increases significantly over time in cotrimoxazole 27 

treated HEU (CTX-T) infants but not in HEU infants not treated with cotrimoxazole (CTX-N infants). 28 

a-diversity measured by Shannon index, a diversity metric that accounts for microbial taxa 29 

evenness, showed similar trends to richness in the CTX-T infants for microbial taxonomic profiles 30 

(A-B p=0.033, A-C p=0.043; Wilcoxon signed-rank test), functional metabolic pathways (A-B 31 

p=0.015, A-C p=0.045; Wilcoxon signed-rank test), resistance genes (A-B p=0.0099, A-C NS; 32 

Wilcoxon signed-rank test), and dfr/sul resistance genes (A-B p=2e-5, A-C p=0.0043; Wilcoxon 33 

signed-rank test) (Supplemental Figure 2A-D). These significant α-diversity increases in CTX-T 34 

infants, but not in CTX-N infants may indicate bacterial response to cotrimoxazole selection pressure. 35 

 36 

B. Cotrimoxazole treatment does not have a significant effect on keystone taxa. 37 

Several bacteria taxa have been identified as keystone members of the human gut microbial 38 

community[1]. We investigated variation in several keystone taxa members over time to determine if 39 

cotrimoxazole treatment had significant effects on the relative abundance of these taxa (Phyla: 40 

Actinobacteria; Genus: Bacteroides, Ruminococcus, Klebsiella, Proteus) in the HEU infant gut 41 

microbiota. Linear mixed-effects modeling did not show significant differences in any of these taxa 42 

by cotrimoxazole treatment (Supplemental Model Information). There was also no significant 43 

difference in Pseudomonadaceae (Supplemental Model Information), a bacterial family identified by 44 

Bender et al. 2016 as a significant differentiator between HIV-exposed and HIV-unexposed 45 

infants[2]. 46 

 47 

C. CTX-T infants have sustained decreases in microbial taxa, functional metabolic pathway, and 48 

resistance gene b-diversity from 6 weeks to 4 months and to 6 months. 49 



To understand the intersample b-diversity of the HEU infant gut microbiomes, we calculated 50 

pairwise Bray-Curtis dissimilarities[3] for our samples’ microbial taxonomic profiles, functional 51 

metabolic pathways, and resistance genes. b-diversity is diversity between two samples and higher 52 

diversity indicates that sample compositions are more different from each other. Using these Bray-53 

Curtis dissimilarities, we first investigated change in dissimilarity within treatment group over time 54 

(Supplemental Figure 7). 55 

Under normal development conditions, infant microbial and functional b-diversity decreases 56 

over time relative to other infants and adults[4,5]. Low species counts in early-life contributes to high 57 

variation and consequently, high measured β-diversity. As individuals mature, they pick up additional 58 

species and these additional species serve to reduce variability in the gut microbiome. This reduced 59 

variability also reduces measured β-diversity. This maturation step often involves broadly shared 60 

selection pressures on the gut microbiota across different individuals (e.g. transition out of the womb 61 

to an open environment or transition to solid foods). 62 

From timepoint A to timepoint B we observed significant decreases in b-diversity for both 63 

CTX-T and CTX-N infants for microbial taxonomic profiles (CTX-N p=7e-4; CTX-T p<1e-5; 64 

Wilcoxon signed-rank test), functional metabolic pathways (CTX-N p=1e-5; CTX-T p<1e-5; 65 

Wilcoxon signed-rank test), and resistance genes (CTX-N p=1e-5; CTX-T p<1e-5; Wilcoxon signed-66 

rank test). These trends held true for all the treatment group timepoint A to timepoint C comparisons 67 

(all p<1e-5; Wilcoxon signed-rank test), but CTX-N infants were not significantly more similar in 68 

timepoint C compared to timepoint A in their microbial taxa or resistance gene b-diversity, though 69 

their functional pathway b-diversity continued to be significantly different (p=0.0033; Wilcoxon 70 

signed-rank test). These results show that taxonomic, functional pathway, and resistance gene β-71 

diversity is significantly and lastingly reduced in CTX-T infants. This is potentially due to 72 



bottlenecking following cotrimoxazole treatment selection pressures. Lower β-diversity in CTX-T 73 

infants compared to CTX-N infants for microbial taxonomic profiles, functional metabolic profiles, 74 

and resistance genes is consistent with cotrimoxazole selection pressure constricting HEU infant 75 

microbiomes. The effect sizes are larger for resistance genes and taxonomic profiles than for 76 

functional pathways, indicating functional pathways may have higher redundancy. It is notable that 77 

these results are mirrored in the functional pathways for CTX-N infants, but not in their taxonomic 78 

profiles or resistance genes. 79 

Though the CTX-N infants are likely disturbed compared to HIV-unexposed infants, we still 80 

expected their b-diversity to decrease over time. The significant decreases for functional metabolic 81 

pathways could indicate that functional pathways have a redundancy across microbiomes that is not 82 

recapitulated in taxonomy and resistance genes. Bäckhed et al. 2015 looked at normal gut microbiome 83 

development in infants over the course of 1 year and found similar decreases in functional gene β-84 

diversity[5]. Though they did not investigate resistance gene β-diversity, they presented decreases in 85 

microbial taxonomic β-diversity, but the decreases in β-diversity they show for microbial taxa are 86 

small and are given at the genus level. 87 

 88 

D. Maternal CD4 count does not significantly alter HEU infant gut microbial taxa α-diversity. 89 

 Bender et al. 2016 showed lower α-diversity in HEU infants than HIV-unexposed infants 90 

when the HEU infants were born to mothers with low CD4 T cell counts (defined in this study as less 91 

than 350)[2]. They did not find α-diversity differences between HEU infants based on their maternal 92 

CD4 T cell counts. We used linear models to determine if microbial taxa α-diversity in our cohort 93 

was affected by maternal CD4 T cell count (Supplemental Figure 3). For both Shannon index and 94 

richness the strongest positive relationship with CD4 T cell count occurred at timepoint A (Shannon 95 



index slope=0.0011, p=0.12; richness slope=0.021, p=0.36) and the weakest relationship occurred at 96 

timepoint C (Shannon index slope=-0.00022, p=0.77; richness slope=-0.00011, p=0.97). None of 97 

these relationships reached our threshold for statistical significance, and we also did not observe any 98 

significant differences by cotrimoxazole treatment. 99 

 100 

E. Child GI symptoms or other illnesses were not associated with microbial taxonomic, resistance 101 

gene, or functional metabolic pathway α-diversity 102 

 We did not find significant differences between CTX-T and CTX-N infants with respect to 103 

incidence of all cause illness (Supplemental Figure 1A, p = 0.914; Fisher’s Exact Test) or 104 

gastrointestinal specific (diarrhea or vomiting) illness (Supplemental Figure 1B; p = 0.447; Fisher’s 105 

Exact Test) during the study period. 106 

 We next layered our clinical metadata onto our α-diversity calculations and found no effects 107 

from child all cause illness (Supplemental Figure 4) or gastrointestinal specific illness (Supplemental 108 

Figure 5) on microbial taxonomic, resistance gene, or functional metabolic pathway α-diversity 109 

measured by Shannon index and richness. 110 

 111 

F. Comparisons to other investigations of HEU infants and of cotrimoxazole effects on microbiota 112 

In Monaco et al. 2016, the authors looked at the effects of HIV-infection on the gut virome 113 

and the gut microbiome in a cohort of Ugandan adults. They 16S rRNA sequenced stools of 73 HIV-114 

infected individuals (half on antiretrovirals and half naïve to antiretrovirals) and 37 HIV-negative 115 

controls. All but four of the HIV-infected individuals from this study were on long-term 116 

cotrimoxazole therapy. The authors compared the cotrimoxazole treated individuals to the untreated 117 



HIV-uninfected controls to assess microbial taxonomic effects from the cotrimoxazole treatment and 118 

found only two differentially abundant OTUs. 119 

Bourke et al. 2019 looked at effects of continuing or halting long term cotrimoxazole 120 

prophylaxis in HIV-infected Ugandan and Zimbabwean children between 4 and 11 years old. The 121 

authors whole-metagenome shotgun sequenced 72 samples at 84 weeks and 68 samples at 96 weeks 122 

post stopping treatment with approximately equal numbers of samples from the treatment and control 123 

groups in both timepoints. From this study, the authors did not find significant differences in α-124 

diversity at the species level, but they did find 7 differentially abundant bacterial species between the 125 

two treatment groups. The authors then conducted additional analysis of the viridans group 126 

Streptococci, finding that several members of this group decreased with cotrimoxazole treatment. 127 

Oldenburg et al. 2018 investigated effects of short courses of antimicrobials, including 128 

cotrimoxazole, on healthy preschool children’s gut microbiomes collected via 16S rRNA sequencing 129 

of rectal swabs. 29 of the children analyzed from this cohort received cotrimoxazole for 5 days, and 130 

they were compared to the 29 control children. Samples were collected at baseline and 5 days 131 

following the end of treatment. α-diversity measured by inverse Simpson’s index was not 132 

significantly different between cotrimoxazole treated children and placebo children. 133 

In all three of these studies, the cohorts were significantly older than the cohort we present in 134 

this manuscript. Additionally, none of these cohorts were HIV-exposed, uninfected infants and only 135 

Bourke et al. 2019 conducted whole-metagenome shotgun sequencing on stool samples. Despite these 136 

cohort differences, none of these studies found significant differences in microbial taxonomic α-137 

diversity following cotrimoxazole treatment. This result is consistent with our study where species 138 

richness and species Shannon index were both insignificant between CTX-T and CTX-N infants 139 

(Figure 6 and Supplemental Figure 6).  140 



Bender et al. 2016 and Claassen-Weitz et al. 2018 both examined the effects of HIV exposure 141 

on the infant gut microbiome by comparing HEU infants to HIV-unexposed infants using 16S rRNA 142 

sequencing[2,6]. Bender and colleagues found HEU infants have perturbed microbiomes compared 143 

to HIV-unexposed infants. Specifically, HEU infants have lower stool α-diversity and higher 144 

prevalence of Pseudomonadaceae than HIV-unexposed infants. Bender et al. also found that maternal 145 

HIV status (CD4 count and viral load) affects HEU infant microbiota α-diversity. Claassen-Weitz and 146 

colleagues also looked at the effect of HIV exposure on infant stool α-diversity. Interestingly, HEU 147 

infants in their study had higher α-diversity than unexposed infants. This is the opposite of results 148 

from Bender et al. 149 

Both studies found changes in α-diversity from HIV exposure. If this effect is strong enough 150 

it could mask potential effects from cotrimoxazole prophylaxis in our study. Since both studies were 151 

conducted with 16S rRNA rather than shotgun metagenomic sequencing, it was impossible to look at 152 

resistome characteristics in their cohorts. They also did not investigate the effects of cotrimoxazole 153 

prophylaxis on the infants. Since Pseudomonadaceae levels were different between exposed and 154 

unexposed infants in Bender et al., we also looked at Pseudomonadaceae in our study. We only found 155 

Pseudomonadaceae in four CTX-T infants and in one CTX-N infant; this disparity was not 156 

statistically significant, and the low Pseudomonadaceae prevalence in our samples may reflect 157 

geographic differences. 158 

Davis et al. 2017 and Lockman et al. 2017 looked at differences in health outcomes between 159 

cotrimoxazole treated and untreated HEU infants[7,8]. Davis et al. 2017 was an observational cohort 160 

study of 1984 infants that re-examined data from the BAN study[9] in malaria-endemic Malawi, and 161 

Lockman et al. 2017 was a randomized control trial of 2848 infants conducted in low malaria 162 

Botswana. Davis and colleagues found that cotrimoxazole prophylaxis significantly reduced both 163 



respiratory and diarrheal morbidity. In contrast, Lockman and colleagues found no survival benefit 164 

from the cotrimoxazole prophylaxis. E. coli and Klebsiella spp. bacterial isolates from 220 infants of 165 

the cohort in Lockman et al. 2017[7] were analyzed in Powis et al. 2017[10]. They looked at antibiotic 166 

resistance in the bacterial isolates and found significantly higher cotrimoxazole resistance in bacteria 167 

from infant stools following cotrimoxazole treatment. 168 

Similar to Botswana, South Africa does not have high malaria endemicity. Thus, infants in 169 

our cohort are unlikely to experience the highly significant morbidity reductions from cotrimoxazole 170 

prophylaxis reported in Davis et al. Instead they may receive no survival benefit as is reported in 171 

Lockman et al. 2017. The increases in bacterial isolate cotrimoxazole resistance found by Powis et 172 

al. is consistent with the increases in cotrimoxazole resistance genes we observe in our infant gut 173 

microbiomes.  174 



G. Overview of Supplemental Model Information 175 

This datafile includes all input commands and results for models included in this manuscript: 176 

1. Cotrimoxazole effects on richness for 177 

a. Microbial taxa 178 

b. Functional metabolic pathways 179 

c. Resistance genes 180 

d. trimethoprim- and sulphonamide-resistance (dfr-sul) genes 181 

2. Cotrimoxazole effects on Shannon diversity for 182 

a. Microbial taxa 183 

b. Functional metabolic pathways 184 

c. Resistance genes 185 

d. trimethoprim- and sulphonamide-resistance (dfr-sul) genes 186 

3. Cotrimoxazole effects on keystone taxa 187 

a. Actinobacteria (phyla) 188 

b. Pseudomonadaceae (family) 189 

c. Bacteroides (genus) 190 

d. Ruminococcus (genus) 191 

e. Klebsiella (genus) 192 

f. Proteus (genus) 193 

4. Cotrimoxazole effects on anthropometric measurements 194 

a. Weight 195 

b. Height 196 

c. Mid upper arm circumference 197 

5. Clinical Metadata Models 198 

a. Child Unwell (all cause) vs. cotrimoxazole treatment contingency table and Fisher’s 199 

exact test 200 

b. Gastrointestinal symptoms vs. cotrimoxazole treatment contingency table and Fisher’s 201 

exact test  202 
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