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The global landscape of migration has evolved significantly, with international migrants tripling

since 1970, reaching approximately 281 million by 2020. This rise includes a notable surge in forcibly
displaced individuals due to conflicts, wars, and human rights violations. Additionally, climate change
is reshaping migration patterns by environmental degradation and extreme weather events, with
projections indicating that 143 million individuals may be uprooted by climate catastrophes over the
next three decades. In this context, migrants experience chronic stress due to the uncertainties of their
journey, exposure to trauma, and changes in living conditions, possibly exacerbating health issues,
including through impairment of the gut microbiome. Our study focuses on the characterization—by
16 S rRNA gene amplicon sequencing—of intestinal microbiome in 79 asylum seekers newly arrived in
Italy from African countries through their comparison with publicly available datasets of worldwide
populations encompassing different origin and lifestyle. This microbiological surveillance, conducted as
cross-sectional sampling over one year, aimed to provides some glimpses on how the forced migration
journey and the associated stressors affect refugees’ gut microbiome composition. Our findings
suggest significant deviations in the gut microbiome composition of refugees compared to traditional
rural populations, possibly driven by stressors such a psychological trauma and dietary changes.

The loss of microbial diversity may increase susceptibility to health issues, highlighting the need for
targeted public health strategies for refugee populations.
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According to the World Migration Report, the number of migrants has increased more than threefold since
1970"2. An average of 21.5 million people has been forcibly displaced each year since 2008 and, over the next
30 years, 143 million people are predicted to be uprooted, according to the 2022 U.N's Intergovernmental Panel on
Climate Change report (https://www.ipcc.ch/report/ar6/wg2/). In this scenario, it is crucial to assess the impact
of migration events on the health and wellbeing of the people involved. Migrants frequently experience chronic
stress due to the uncertainties of their journey, exposure to trauma, and changes in their living conditions’.
Among others, migration fluxes might be associated with a relevant impact on the gut-associated microbiome,
a key modulator of human health, due to complex and multifactorial causes. In particular, chronic exposure
to migration-related stressors, psychological trauma, and changes in food supply and dietary habits have been
hypothesized to disrupt gut microbiota balance, possibly exacerbating health issues in the short term!47. These
changes might compromise key gut health-promoting functions, for example, by reducing short-chain fatty
acid (SCFA) production and/or increasing susceptibility to infectious diseases, also through a compromised
barrier effect®. In the long run, it has been shown that changes in lifestyle, food supply, exposure to medications,
access to health care services, and cultural and socio-economic conditions in immigrant populations lead to
a progressive change in gut microbiome composition and function, with a consequent transition towards a
more westernized configuration within the first year after migration®'°. However, studies of migrant populations
worldwide remain limited, particularly for refugees.

Like Europe, and especially Mediterranean countries, Italy is currently facing a substantial refugee movement,
particularly from several African countries with low socioeconomic levels in search of better work opportunities.
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Data indicate that, in 2024, Italy welcomed the highest number of sea arrivals in Southern Europe, with a total
of 41,617 people arriving by sea (https://www.unhcr.org/europe/sites/europe/files/2024-10/bi-annual-fact-shee
t-2024-09-italy.pdf). However, due to limited access to official health data, information on the health status of
migrant populations arriving in Italy is still scarce!!.

In this context, we aimed to provide insights into the gut microbiome structure of asylum seekers newly
arrived in Italy from African countries through a one-year cross-sectional microbiological surveillance study
conducted during 2022-2023. In particular, we investigated deviations in the gut microbiome composition of
refugees compared to traditional rural populations, resulting in the loss of sensitive microbial taxa prevalent in
non-industrialized populations that might increase susceptibility to health issues. Our study thus provides new
insights into how the migration journey and related stressors affect refugees’ gut health, which could inform
public health strategies for refugee populations.

Ethical statement

The present study was performed following the guidelines of the Declaration of Helsinki in 1975, revised in
2013 and all the procedures performed in this study meet the national and international guidelines. A written
informed consent was obtained from every patient before the study and patients were completely anonymized
by the researchers. Ethical approval was approved with the number 85-CE-2024 by Policlinico Foggia Ethical
Committee. Included samples were obtained according to standard diagnostic and therapeutic protocols for the
management of gastrointestinal infections. All the authors ensure that this study is HIPAA (Health Insurance
Portability and Accountability Act, 1996) compliant. The researchers followed every mandatory (health and
safety) procedure.

Materials and methods

Sample collection, processing and 16S rRNA gene amplification and sequencing

Seventy-nine individuals who arrived during the period April 2022-May 2023 and were temporarily admitted to
asylum seeker centre Borgo Mezzanone, Foggia, Italy, were selected for the gut microbiome profiling using 16S
rRNA gene amplicon sequencing.

Microbiological screening was offered free of charge to all consecutive newly arrived asylum seekers who
arrived in Italy crossing the Mediterranean Sea within the previous 7 days. Stool samples were collected during
routine health examinations and immediately sent to the Microbiology and Virology Unit of Foggia Policlinic,
Foggia, Italy, to be processed as described below. According to internal procedures, each individual was
interviewed with the support of mediators speaking the refugee’s native language in order to collect personal
data (age and gender), when possible. While we aimed to sample the largest possible number of newly arrived
refugees, no formal sample size calculation was performed. This decision was influenced by the significant cultural
barriers and extreme difficulty encountered in obtaining fecal samples from this population. Consequently, we
collected a single specimen from each participant.

Microbial DNA was extracted from faecal samples (approximately 200 mg) using the QIAamp DNA Stool
Mini Kit (Qiagen, Hilden, Germany) according to the manufacturer’s instructions and then eluted in 200 pL
of TE buffer. Extracted DNA was processed for 16S rRNA gene amplification and sequencing for prokaryotic
community characterization. Library preparation was performed following the Illumina 16S Metagenomic
Sequencing Library Preparation protocol (Illumina, San Diego, CA, USA). The V3-V4 hypervariable regions of
the 16S rRNA gene were PCR-amplified in a 50puL final volume containing 25 ng of microbial DNA, 2X KAPA HiFi
HotStart ReadyMix (Roche, Basel, Switzerland) and 200 nmol/L of 341F (5’- CCTACGGGNGGCWGCAG-3’)
and 785R (5'-GACTACHVGGGTATCTAATCC-3") primers with Illumina adapter overhang sequences'2. The
PCR thermocycling protocol consisted of 3 min at 95 °C, 25 cycles of 30 s at 95 °C, 30 s at 55 °C and 30 s at
72 °C, and a final 5-min extension step at 72 °C!3. PCR products were then purified with Agencourt AMPure
XP magnetic beads (Beckman Coulter, Brea, CA, USA). Indexed libraries were prepared by limited-cycle PCR,
using Nextera technology (Illumina), and cleaned up as described above. Libraries were quantified using the
Qubit 3.0 fluorimeter (Invitrogen, Waltham, MA, USA), normalized to 4 nM and pooled. The sample pool
was denatured with 0.2 N NaOH and diluted to a final concentration of 4.5 pM with a 20% PhiX control.
Sequencing was performed on an Illumina MiSeq platform using a 2 x 250 bp paired-end protocol, according to
the manufacturer’s instructions (Illumina).

Bioinformatics and statistical analysis
For 16S rRNA gene analysis, raw sequences from all individuals were processed using a pipeline combining
PANDAseq'* and QIIME 2'°. High-quality reads were retained using the “fastq_filter” function of the
USEARCHI11 algorithm?® and clustered into amplicon sequence variants (ASVs) using DADA2!”. Taxonomy
was assigned using the VSEARCH classifier!® and the SILVA database (2020, v138.1 release) as a reference!®. All
sequences assigned to eukaryotes or unassigned were discarded. Overall, a total of 637,063 high-quality reads
(mean + standard deviation: 8,382 +2,621) was obtained, resulting in a total of 3401 amplicon sequence variants
(ASVs).

16S rRNA gene sequences of the gut microbiome associated with worldwide populations, characterized by
different subsistence strategies (i.e., rural and urban, including a cohort of Italian individuals), were downloaded
from publicly available datasets?*-°. The 16S data from the samples analyzed in Rampelli et al.?® were produced
in the context of the “HARVEST” project and published at PRJEB85423. Sequences were subjected to direct
read mapping with Kraken2 (v2.1.2)%” and the resulting report was processed through the Bracken (v 2.6.2)%
pipeline with default option to obtain taxonomic tables at the genus level. Both Kraken2 and Bracken were used
with SILVA database (2020, v138.1 release) as a reference'. Bracken outputs were then merged to obtain a single
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taxonomic table, which was subsequently merged with the genus-level taxonomic table of the original refugee
dataset produced in this study.

All statistical analyses were performed using R software (R Core Team; www.r-project.org), v. 4.3.2, with the
package “vegan” (https://CRAN.R-project.org/package=vegan)?’. Alpha diversity was calculated at the genus
level using the function “diversity” of the vegan package, with the metrics “Shannon index”, “Simpson”, “Inverted
Simpson” and “Observed genera”. The Wilcoxon rank-sum test was used to assess significant differences in
alpha diversity and genus-level relative abundance between groups. Beta diversity was estimated by computing
Bray-Curtis distances at the genus level, and data separation in the Principal Coordinates Analysis (PCoA) was
tested using a permutation test with pseudo-F ratio (function “adonis” in the vegan package). P-values, when
necessary, were corrected for multiple testing using the Benjamini-Hochberg method, with a false discovery rate
(FDR) <0.05 considered statistically significant.

Linear discriminant analysis (LDA) Effect Size (LEfSe)*° was performed to identify discriminant bacterial
genera. Only microbial taxa with LDA score threshold of + 2 (on a log10 scale) and p-value <0.05 were retained.

Results

Gut microbiome profile of refugees in the global scenario

A total of 79 refugees (74 males and 5 females, mean age 26 + 7 years) were profiled for the gut microbiome using
16S rRNA gene amplicon sequencing. A total of 637,063 sequences (mean + standard deviation: 8,382 +2,621)
and 3,401 ASVs were obtained.

The gut microbiome composition of refugees was compared with publicly available sequences from worldwide
populations encompassing different subsistence strategies (rural and urban)?’-%6. Specifically, we selected 15
Nigerian individuals, of which three rural and 12 urban?>, 18 rural Nzime, 26 rural Baka2® and 8 rural Pigmy
individuals?! from Cameroon, 29 urban Canadian and 24 rural Inuit Canadian??, 24 rural Tunapuco and 20 rural
Matses individuals from Peru??, 42 urban USA individuals from Norman and 38 urban Native Americans®,
27 rural Hadza from Tanzania and 16 urban Italians?’. As expected, subsistence type was a major driver of the
gut microbiome variation among the studied populations, as shown in the PCoA plot (permutation test with
pseudo-F ratio, p-value<0.001) (Fig. 1a). Indeed, when considering the population distribution, we observed a
significant segregation according to lifestyle, namely rural populations (150 subjetcs) and urbanized populations
(137 subjects), and refugee status (79 subjects), regardless of geographical origin (p-value<0.001), with the
centroid of the refugees” group clustering closer to the rural group (Fig. 1b). Interestingly, the alpha diversity of
the refugees’ gut microbiome was lower than that of rural populations (Wilcoxon rank-sum test corrected with
FDR, p-values<0.05 for all metrics), but mostly comparable to that of urban populations (p-values<0.05 for
Simpson, Inverted Simpson and Observed genera, but p-value > 0.05 for Shannon metric) (Fig. 2).

We identified significantly discriminant genera amongst the three groups taken into account (i.e. rural,
urban, refugee) through LEfSe analysis (LDA score threshold of + 2 and p-value <0.05) (Fig. 3). The urban group
was mainly discriminated by Faecalibacterium, Blautia, Bifidobacterium, Bacteroides and Akkermansia (LDA
score >4); the rural group by Treponema, Bacillus, Ruminobacter, Butyrivibrio, and Roseburia (LDA score > 3);
the refugee group by Prevotella, Escherichia-Shigella and Alloprevotella (LDA score >4), but also Klebsiella (LDA
score > 3). Interestingly, some compositional features of the refugee gut microbiome, particularly Prevotella and
Alloprevotella, but also Succinivibrio, Streptococcus, and Ruminococcus, were shared with the gut microbiome of
rural populations (Wilcoxon rank-sum test corrected with FDR, p-values>0.05) (Supplementary Table 1).

Gut microbiome profile of refugees compared to the Italian cohort

Finally, we specifically compared the gut microbiome of refugees with that of the population of relocation,
i.e. Italians. The Italian cohort comprised 16 urban living Italian adults from Bologna, Italy (5 males and 11
females, mean age 32+ 5 years)?. The two groups significantly segregated in the PCoA plot (permutation test
with pseudo-F ratio, p-value<0.001) (Fig. 4a) and differed in alpha diversity, which was lower in the refugees
(Wilcoxon rank-sum test corrected with FDR, p-values < 0.01 for all the metrics) (Fig. 4b).

Confirming the previous findings, the refugee group exhibited a significantly higher relative abundance of
Prevotella and Alloprevotella (LDA score>3 and p-value<0.05) (Fig. 5). On the other hand, the Italian cohort
was characterized by significant higher levels of Faecalibacterium, Bifidobacterium and Blautia as observed in
the urban group above.

Discussion and conclusions

In the present study we provide insights into the potential impact of the challenging journey experienced by
newly arrived African asylum seekers on their gut microbiome health, highlighting concerns about the risks to
gut health in this vulnerable group. Through a one-year cross-sectional microbiological surveillance conducted
from 2022 to 2023, we analyzed the gut microbiomes of 79 individuals using 16S rRNA gene amplicon
sequencing and compared them to those of rural and urban populations worldwide and to the population of
relocation (i.e. Italy). Our results showed refugees gut microbiome segregating distinctly from the one of rural
and urban populations, and with refugees’ alpha diversity being significantly lower than that of rural populations,
showing a peculiar configuration in opportunistic taxa increase. Given the known migration routes from Africa
to Europe, which involve individuals from Sub-Saharan Africa (ISTAT https://www.istat.it/wp-content/uploa
ds/2024/10/REPORT-CITTADINI-NON-COMUNITARI_Anno-2023.pdf; UNHCR https://data.unhcr.org/
en/situations/europe-sea-arrivals/location/24521; ISPI https://www.ispionline.it/it/pubblicazione/africa-occi
dentale-le-migrazioni-infra-ed-extra-regionali-135619), where the majority of the population resides in rural
areas (IPCC report 2022, https://doi.org/10.1017/9781009325844), it is plausible to speculate that a significant
portion of the analyzed refugee population may have originated from rural settings. In particular, the refugee
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Fig. 1. Gut microbiome structure of different populations worldwide, including refugees. (a) A significant
segregation was found in the Principal Coordinates Analysis (PCoA) based on Bray-Curtis distances between
the gut microbiome profiles of individual populations worldwide, including urban and rural populations
whose sequences are publicly available!’-?%, and refugees from the present study (permutation test with
pseudo-F ratio, p-value<0.001). C&A =Cheyenne and Arapaho. (b) Same populations as in panel “(a)”,
grouped by subsistence type, namely rural populations, urban populations, and refugees. A significant
segregation as found in the Bray-Curtis-based PCoA regardless of geographical origin (p-value <0.001). The
first and second principal components (PCoA1l and PCoA2) are plotted and the percentage of variance in the
dataset explained by each axis is shown. Color legend in the figure.

gut microbiome retained taxa that are typically prevalent in non-industrialized populations and are diminished
or absent in industrialized societies (i.e., VANISH taxa). These include Prevotella, Alloprevotella, Succinivibrio,
Streptococcus, and Ruminococcus, which are often associated with high-fiber diets*>*1-%%. On the other hand, the
refugee gut microbiome was depleted of other VANISH taxa typical of rural populations, such as Treponema,
which aids in the breakdown of complex plant polysaccharides?, Ruminobacter, able to thrive on fibrous plant
material!, and Butyrivibrio and Roseburia, known for the production of SCFAs, particularly butyrate, which is
linked to beneficial anti-inflammatory effects®**>. This loss of VANISH taxa in the gut microbial composition
of the refugee cohort compared to rural populations might be an early indicator of the very strong impact
of migration-related stressors and potentially impact refugees’ health. Indeed, migration-related stressors have
been shown to lead to dysbiosis, characterized by a decrease in alpha diversity and an increase in potentially
harmful bacterial. Supporting this, we also observed that the refugee group was discriminated by opportunistic
pathogens, such as Escherichia-Shigella and Klebsiella, which could increase systematic inflammation and
susceptibility to infections®*~4°.
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Fig. 2. Gut microbiome diversity of refugees compared to urban and rural populations worldwide. Boxplots
of alpha diversity calculated at the genus level using the metrics “Shannon’, “Simpson”, “Inverted Simpson” and
“Observed genera” in the three groups (rural populations, urban populations, refugees). Significant p-values

are indicated in the figure (p-values<0.001***, p-values <0.05*) (Wilcoxon rank-sum test corrected with FDR).

In conclusion, our research revealed a significant deviation of the refugee gut microbiome from that of rural
populations, with a loss of diversity of particularly sensitive VANISH taxa and an enrichment in pathobionts.
Given that refugees were likely originating from rural areas, this alteration was possibly driven by stressors
related to the migration journey, including chronic stress, psychological trauma, and shifts in food supply and
dietary habits. These migration-related compositional changes could potentially increase the risk of dysbiosis,
with an emergence of pathogenic taxa emergence, thus exacerbating the already precarious health conditions of
asylum seekers individuals.
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Fig. 4. Gut microbiome structure of refugees compared to the Italian cohort. (a) A significantly segregation
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dataset explained by each axis is shown. Color legend in figure. (b) Boxplots of alpha diversity calculated at
the genus level using the metrics “Shannon”, “Simpson’, “Inverted Simpson” and “Observed genera”. Significant
p-values are indicated in the figure (p-values <0.001***, p-values <0.01**) (Wilcoxon rank-sum test corrected

with FDR).
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Data availability
High-quality reads from the present study were deposited in the European Nucleotide Archive (ENA) under the
project accession number PRJEB85422.
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