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Limited data from Sub-Saharan Africa livestock:-

- No previous metagenomic study quantifying the AMR levels

Changes in the livestock production 

- From small to large scale 
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Importance
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5.48 billion PE reads were obtained from the 90 samples (average 60.9 million PE 
reads per sample, range 15.7-154.3 million PE reads per sample, SD: 189 million).

On average 0.119% of the reads per sample aligned to ARGs from the ResFinder  
database.

On average, 0.291% of the reads per sample aligned to 16/18 S SSU rRNA from the 
Silva database.
- Of which, an average of 96.199% per sample were assigned to Bacteria 
- Of which, an average of 3.674% per sample were assigned to Eukaryotes
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 Data summary
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544 different ARGs among poultry samples
688 different ARGs among pig samples
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Table S5: Top 10 most abundant resistance genes in poultry and pig samples from Ghana.

  The aquired resistome
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Figure 3: Differences in resistomes of pig 
and poultry from Ghana. A) Resistance genes 
PCA clustering. The ordination analysis was 
performed on the most abundant, most variant 
centered log-ratio (CLR) transformed size-
adjusted counts (CLR variance > 2.2, CLR 
median > 0)  B) Total AMR per sample 
calculated as the total AMR fragments per 
kilobase per million fragments per sample 
(FPKM), stratified by host. C) Differential 
abundance effect plot showing the within-
group dispersion of CLR values of each 
resistance gene compared to the between-
group differences. Statistical significant 
resistance genes with a Benjamini-Hochberg 
false-discovery rate (FDR) correction < 0.05 
are colored red. The gray dotted line indicates 
an effect size of 1. D) Top 10 statistical 
significant resistance with FDR correction < 
0.05 identified from the differential 
abundance analysis (see Table S8 for full list).
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Figure S4: Total AMR per sample calculated as the total AMR fragments per kilobase per million fragments per sample (FPKM), 
stratified by host. A) Rural (n=20), urban (n=20) and industrial poultry (n=20) from Ghana. B) Urban (n=14) and rural (n=16) pigs 
from Ghana. C) Low-end (n=16) and high-end (n=10) biosecurity pigs from Ghana. D) Biosecurity combined with location pigs 
from Ghana: Rural low-end biosecurity pigs (n=12), urban high-end biosecurity pigs (n=10), urban low-end biosecurity pigs (n=4) 
and rural high-end biosecurity pigs (n=4).
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 Bacterial community
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Figure 5: Bacterial genus differences 
between pig and poultry in Ghana. A) 
Clustering of pig and poultry samples from 
Ghana. The ordination analysis was 
performed on the most abundant, most 
variance centered log-ratio (CLR) 
transformed size-adjusted counts CLR 
variance > 2, CLR median > 0). B) Effect 
plot showing the within-group dispersion of 
CLR values of each bacterial genus 
compared to the between-group differences. 
Statistical significant bacterial genera with a 
Benjamini-Hochberg false-discovery rate 
(FDR) correction < 0.05 are colored red. The 
gray dotted line indicates an effect size of 1. 
C) Top 10 statistical significant bacterial 
genera with FDR correction < 0.05 (see 
Table S11 for full list). 
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EFFORT samples
 BE, Belgium
 BG, Bulgaria
 DE, Germany
 DK, Denmark
 ES, Spain
 FR, France
 IT, Italy
 NL, the Netherlands
 PL, Poland 
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    Comparison with nine European countries
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Figure 1: Overview of AMR abundance and 
composition in pigs and poultry from Ghana and 
nine European countries. A) Total AMR level per 
sample per country in poultry (left) and pigs 
(right). B) AMR gene class composition per 
sample per country, stratified by host. The two-
letter country codes are used in all figures: BE, 
Belgium; BG, Bulgaria; DE, Germany; DK, 
Denmark; ES, Spain; FR, France; GH, Ghana; 
IT, Italy; NL, the Netherlands; PL, Poland.



DTU Food3 September 2023 The resistomes of rural and urban pigs and poultry in Ghana 14

Figure 2: Differences in resistance 
genes between pig (D-F) and poultry 
(A-C) from Ghana and 9 European 
countries. A) Poultry resistance genes 
clustering. The ordination analysis was 
performed on the most abundant, most 
variant centered log-ratio (CLR) 
transformed size-adjusted counts (CLR 
variance > 1, CLR median > 0). B) 
Poultry effect plot from the differential 
abundance analysis further investigated 
in C) Top 10 Statistical significant 
poultry resistance genes between 
Europe and Ghana with FDR correction 
< 0.05 (see Table S6 for full list) D) Pig 
resistance genes clustering. The 
ordination analysis was performed on 
the most abundant, most variant 
centered log-ratio (CLR) transformed 
size-adjusted counts (CLR variance > 1, 
CLR median > 0). E) Pig effect plot 
from the differential abundance analysis 
further investigated in F) Top 10 
statistical significant pig resistance 
genes with FDR correction < 0.05 (see 
Table S7 for full list).
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Figure 6: Differences in bacteria 
genera between poultry (A-C) and 
pigs (D-F) from Ghana and 9 
European countries. A+D) Bacteria 
genera clustering. The ordination 
analysis was performed on the most 
abundant, most variant centered log-
ratio (CLR) transformed size-adjusted 
counts (CLR variance > 1, CLR 
median > 0.5). B+E) Effect plot 
showing the within-group dispersion 
of CLR values of each resistance gene 
compared to the between-group 
differences. Statistical significant 
genera with a Benjamini-Hochberg 
false-discovery rate (FDR) correction 
< 0.05 are colored red. The gray 
dotted line indicates an effect size of 
1. C+F) Top 10 statistical significant 
genera with FDR correction < 0.05 
(see Table S13 for full list). 
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Increase in AMR levels with transition from small-scale and free-range production to large-
scale industrialized production system.

Country-specific factors impacts the resistome and bacterial community.

Ghanaian samples driven by a high abundance of Subdoligranulum.

Increased biosecurity seemed to not affect the ARG levels.

16

Summary
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Questions?
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