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Abstract 
Introduction: Interactions between environmental factors (water and soil) and humans are inevitable, particularly in rural and semi-urbanized 
regions. As such, knowledge on the microbial constituents of these environmental factors is key to understanding potential risk to public health. 
However, the microbial profile of soil and water present in vulnerable human communities in Nigeria is currently unknown. This study sought 
to investigate the composition of soil and water microbiota in the environment inhabited by recently studied human communities (the Fulani 
nomadic group and the urbanized Jarawa ethnic group) and estimate the contribution of these environmental factors to the microbiome of the 
aforementioned human communities. 
Methodology: Soil and water samples were collected from the Fulani and non-Fulani community in Jengre (Plateau State, Nigeria) and Jos 
(Plateau State, Nigeria), respectively. Genomic DNA was extracted from these environmental samples, followed by Illumina sequencing of the 
V4 region of the 16S rRNA gene and bioinformatics analysis via Quantitative Insights into Microbial Ecology QIIME. 
Results: There is abundance of Proteobacteria (43%) signature members in soil samples obtained from both human communities. Analysis of 
the water samples revealed the abundance of Proteobacteria, particularly in water sourced from the borehole (Fulani). Pseudomonas (30%) had 
higher relative abundance in the drinking water of the Fulani. 
Conclusions: The drinking water of the Fulani could be a potential health risk to the studied Fulani community. Factors that increase the 
abundance of public health threats and health risk, such as hygiene practices, soil and water quality need to be studied further for the 
improvement of health in vulnerable populations.  
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Introduction 

Africa has the fastest growing need for water of any 
continent in the world [1], with a rising tide towards 
urbanization on a yearly basis. Despite this impressive 
feat, ultimately, resources will be needed to have been 
developed and maintained to cater for the daily needs 
of the rising population, one of which is very easy to 
take for granted by the developed world: water. In 
Africa, water is not just an important part of life, water 
is life [2]. This assertion comes against the backdrop of 
death prevalence in Africa linked to water-borne 
diseases due to the poor quality of water derived from 
unimproved water sources [1]. It is believed that if the 
water quality problem can be solved, there will be a 
concomitant reduction in diseases common in Africa 
including cholera, typhoid, diarrhea and tuberculosis 
[3]. 

The soil plays a major role in water quality. 
Hygiene levels and anthropogenic activities on the soil 
could result in the development of soil erosion that bear 

fruit as run-off to water bodies used by unsuspecting 
humans for their domestic activities [4], thereby 
contributing to increased risk of water-borne and water-
associated diseases particularly in vulnerable 
populations. Therefore, in order to achieve a core aspect 
of the sustainable development goals (SDGs) of the UN 
by 2030 (that is, to ensure availability and sustainable 
management of water and sanitation for all [5,6], efforts 
are needed to create an environment that supports better 
hygiene, water quality and sanitation. A study that 
provides information on the microbial profile, and 
hence, microbial quality of water and soil of the studied 
groups is needed. 

In a previous study [7], we showed that the lifestyle 
of a nomadic pastoral group (the Fulani) contributes 
immensely to the composition and predicted function of 
their gut microbiota. Furthermore, since nomadic 
pastoralism is the major source of livelihood in the 
Fulani community, followed by agricultural activities 
(mainly farming), it suffices to assume that there is a 
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constant interaction between the soil and the Fulani 
community. The water used for drinking and domestic 
activities are sourced from a nearby stream and a 
borehole recently built by a non-governmental 
organization. In comparison, the non-Fulani 
community (Jarawa) including students and workers 
within the major hospital of an urban region in Nigeria. 
Individuals within this community rely on treated water 
from the hospital and water sourced from the well for 
their domestic activities.  

In this study, we aim to investigate the microbial 
profile of soil and water used by the Fulani and non-
Fulani for consumption and domestic activities. 
Knowledge about the structure of the soil and water 
microbiota is needed to identify hotspots of public 
health threats in the environment of the vulnerable 
Fulani community. 

 
Methodology 
Study area 

The Fulani are inhabitants of a remote area 
(Pabaman-shanu) in Jengre (10.2950° N, 8.7784° E), a 
town about 60 kilometres from Jos (9.8965° N, 8.8583° 
E) situated in the North-central region of Nigeria. On 
the other hand, the Jarawa (an ethnic group) were 
residents of Jos University Teaching Hospital and its 
proximate environment. 

 
Sample Collection 

Two soil samples were obtained from two sites each 
within the environment occupied by the Fulani; close to 
the households, and the grazing site. Two soil samples 
were also obtained at two separate points in the 
environment occupied by the non-Fulani: the farmland, 
and the land close to the residence of the non-Fulani. A 
water sample was collected from the well commonly 
used by the non-Fulani. The well is located between the 
farmland and the houses, and it has an attached lid to 
cover the well. In the environment occupied by the 
Fulani, two water samples were collected from the 
borehole installed with a hand pump (the Fulani 
community’s source of drinking water) and stream 
(used for other domestic activities). The samples were 
stored at – 80°C until further processing. 

 
DNA Extraction, 16S rRNA Gene Amplification and 
Sequencing 

Total genomic DNA isolation from environmental 
samples was achieved via enzymatic and mechanical 
lysis, followed by DNA extraction with the use of the 
MagnaPure LC DNA III Isolation kit (Bacteria, Fungi; 
Roche, Mannheim, Germany) according to previously 

described protocols [8,9] on a MagNA Pure LC 2.0 
Instrument (Roche Diagnostics, Mannheim, Germany). 
Briefly, the environmental samples were mixed with a 
Bacterial Lysis buffer and bead-beating in a Magna 
Lyser instrument for mechanical lysis. Following 
incubation with lysozyme and Proteinase K for enzyme 
lysis, samples were heat inactivated for 10 minutes. 
Total DNA was eluted in 100 µL catridge plates and 
stored for further analysis. To prepare DNA libraries, 
the V4 hypervariable region of the 16S rRNA gene was 
targeted during PCR amplification, using the primer set 
515F-5′ -GTGCCAGCMGCCGCGGTAA and 806R-5′ 
-GGACTACHVGGGTWTCTAAT (Eurofins, 
Germany). This was followed by the introduction of 
barcode sequences for each sample by using the 
normalized PCR product as the template for indexing 
PCR. Afterwards, purification of the pooled sequencing 
library, quantification of the pooled sequencing library 
using the Quantus Fluorometer (Promega, Mannheim, 
Germany), and quality check on an Agilent 2100 
Bioanalyzer (Agilent Technologies, Waldbronn, 
Germany) was achieved with the use of a 7500 DNA 
chip. Sequencing wad done on the Illumina MiSeq 
platform (Illumina, Eindhoven, Netherlands) according 
to previously described protocols [8]. 

 
Analysis of Soil and Water Microbiota 

Raw, paired-end sequence reads were processed 
with the Quantitative Insights into Microbial Ecology 
(QIIME) pipeline (v1.9.1) on the Galaxy server of the 
Medical University of Graz 
(https://galaxy.medunigraz.at/) using standard settings. 
Concisely, paired-end reads were merged for further 
processing, followed by sequence filtering to remove 
reads of low quality (Phred score < 25). Adapters were 
removed with Cutadapt (v1.16) [10], while chimeric 
sequences were removed with USEARCH v6.1 [11]. 
Clustering steps into Operational Taxonomic Units 
(OTUs) was achieved with the use of the QIIME open 
reference pipeline at 97% sequence similarity, while the 
UCLUST algorithm was used for the taxonomy 
assignment. After singleton removal, further 
downstream data analyses for alpha and beta diversity 
as well as statistical calculations were derived from the 
core diversity analysis workflow of QIIME 
(core_diversity.py) and from Calypso 
(http://cgenome.net) [12] which uses the R package 
vegan [13] for the implementation of alpha diversity 
metrices. Alpha diversity was computed by using 
Chao1 index, Shannon and Simpson’s Index of 
diversity. Rarefaction was achieved with a minimal 
sequencing depth of 13100 sequences per sample. Beta 
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diversity was determined by computing Bray-Curtis 
distances of OTU-level relative abundances for 
Principal Co-ordinate Analysis (PCoA) and 
Redundancy Analysis (RDA). P-values were calculated 
by using the non-parametric pairwise t-test which in 
turn uses 999 Monte Carlo simulations, and were 
corrected for multiple testing with the use of False 
Discovery Rate (FDR) and/or Bonferroni method. 

 
Results 
Soil Microbiome in Fulani and non-Fulani 
Environment 

Quality filtering of the sequence data from the soil 
samples yielded 100,590 high-quality sequence reads 
with a mean of 25148 ± 6187 reads/soil sample. The 
reads were binned into 5332 OTUs. No significant 
difference in the soil microbial alpha diversity (p = 
0.674) was observed when the soils from the Fulani and 
non-Fulani surroundings were compared. Beta diversity 
analysis using PCoA and RDA plots of Bray-Curtis 
distances showed no significant distinction between the 
soil samples. 

Analysis of Fulani soil samples revealed the 
preponderance of signatures of Proteobacteria (M = 
55.79%, SD = 8.25), and Bacteroidetes (M = 6.01%, SD 
= 3.6) while non-Fulani soil analysis showed the 
dominance of Firmicutes signatures (M = 14.76%, SD 
= 1.85) and Germmatimonadetes (M = 16.27%, SD = 
10.38) (Figure 1). At the genus level, many of the 

genera belonging to Proteobacteria were greater in 
proportion in the soil samples from the Fulani 
environment than the soil samples obtained from the 
non-Fulani environment [Pseudomonas (Fulani 4.7%, 
non-Fulani 0.1%), Devosia (Fulani 6%, non-Fulani 
0.1%), Comamonadaceae_other (Fulani 3.1%, non-
Fulani 0.3%), Mesorhizobium (Fulani 4.2%, non-Fulani 
0%)] (Figure 2). 

 
Water Microbiome in Fulani and non-Fulani 
Environment 

Quality filtering of the sequence data from the water 
samples yielded 117,057 high-quality reads with a per 
sample read mean of 39,019 ± 4572. The reads were 
binned into 2562 OTUs based on 97% similarity. Figure 1. Microbial relative abundance of phylum-classified 

soil microbiota from soils obtained from the environment of the 
Fulani and non-Fulani. 

Figure 2. Relative abundance of Pseudomonas, Devosia, 
Comamonadaceae_other, and Mesorhizobium in the soil 
obtained from the environment of the Fulani and non-Fulani. 

Figure 3. Microbial relative abundance of phylum-classified 
water microbiota from Fulani (borehole and stream) and on-
Fulani (well) water sources. 
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Water from the borehole in the Fulani environment 
was dominated by Proteobacteria signatures (94%) 
(Figure 3). The most dominant members of the 
Proteobacteria observed include Pseudomonas 
(30.25%), Vogesella (24.08%), Pseudogulbenkiania 
(21.83%), Legionella (4.12%), and Azospirillum (1.4%) 
(Figure 4).Water from the stream was dominated by 
signatures of Proteobacteria (47.9%) and Bacteroidetes 
(15.5%), Verrucomicrobia (10.4%), and 
Thaumarchaeota (3.4%) The water from the well (from 
the non-Fulani) was dominated by signatures of 
Proteobacteria (59.3%), Bacteroidetes (10.9%), and 
Verrucomicrobia (6.2%) (Figure 4).  

Although members of the Proteobacteria were the 
most dominant in the three water sources, signatures of 
Pseudomonas were not as dominant in the water from 
the well (2.06%; non-Fulani) and stream (1.91%; 
Fulani), as the water from the borehole (30.25%; 
Fulani) (Figure 4). 

No significant difference in the microbial 
community diversity was observed in the water samples 
sourced from Fulani and non- Fulani environment. 

 
Discussion 

There has been a recent trend towards the 
maintenance of soil health as one of the ways of 
achieving a favorable climate [14]. However, 
anthropogenic activities not only affect soil health, but 
soil quality, which in turn could affect water quality that 

ultimately affect the lives of vulnerable populations. 
Similar to the soil microbiome, the water microbiome 
is increasingly being studied for climate change reasons 
and also for public health surveillance [15]. This is 
crucial, because the health of a community is intricately 
linked with drinking water and water used for other 
domestic activities. Here, we present findings from the 
analysis of the soil and water microbiota present in the 
environment of a previously studied vulnerable 
population [7].  

Members of the phylum Proteobacteria were more 
abundant in the soils obtained from the Fulani. It is 
generally believed that there is an association between 
the evolution of the soil and human microbiome over 
time, and that close contact with the soil results in the 
sharing and replenishment of the different microbiomes 
with microbes, genes, and molecules, a surprising 
attribute that is still developing [16]. Due to this 
sentiment, it is tempting to suggest that there is an 
association between the Fulani habit of consuming 
unwashed fruits laden with soil components and the 
abundance of Proteobacteria in the gut of the Fulani. 
Although we did not test the aforementioned 
assumption, one cannot deny the fact that the 
unhygienic practices of the nomadic Fulani (which 
include random consumption of unwashed foods and 
fruits containing soil components) would contribute to 
their vulnerability. 

The microbial community of stream water in this 
study was diverse, mirroring the report of previous 
studies on the stream water microbiome [17,18], with 
Proteobacteria dominating. Members of the phylum 
Proteobacteria were particularly abundant in the water 
sourced from the borehole that serves as one of the 
drinking water sources in the Fulani environment. The 
high abundance of Proteobacteria have been observed 
in many other groundwaters globally [19,20].  

One prominent member of the Proteobacteria that 
was of a high relative abundance was Pseudomonas 
(30%) in water obtained from the borehole. The 
borehole is the major source of drinking water in the 
Fulani community. Many of the members of 
Proteobacteria are well known water-borne pathogens 
and causative agents for diseases of public health 
concern [21]. For instance, Pseudomonas—a notorious 
biofilm former—was one of the pathogens detected in 
water distribution systems and is associated with 
opportunistic infections [21]. It is likely that 
Pseudomonas, which is small in size (about 0.5 μM by 
1.5 μM) compared to other Gram-negative pathogens, 
escaped the filtering system of the borehole and formed 
biofilms along the borehole pipes with occasional 

Figure 4. Microbial relative abundance of genus-classified 
microbiota in water samples 
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shedding as the water moved up the pipe during the 
manual (hand pump) suction.  

Our study has some limitations. First, sequence data 
were generated from the Illumina-based sequencing of 
the V4 region of the 16S rRNA gene. However, we 
were unable to resolve bacterial taxonomy to the 
species and strain level. Recently, taxonomic resolution 
to the species and strain level have been reported to be 
accurately derived from long read sequencing of the 
whole length of the 16S rRNA gene [22]. We hope that 
in subsequent studies, we will be able to utilize this 
technology as prices and error rates reduce. Secondly, 
as the sample size of the soil and water samples 
collected during our study was relatively small, we 
agree that a subsequent large-scale study on the soil and 
water of the unique environments studied will be 
needed to validate our findings. Nevertheless, our study 
shows for the first time the potential impact of soil and 
water quality, as well as the indirect impact of hygiene 
behavior on health risk of human communities in 
Nigeria. Information derived from this study, although 
small-scale, might just be enough to kick-start measures 
to prevent outbreaks in vulnerable populations in 
Nigeria.  

 
Conclusions 

This study provides information on at least one of 
the risk factors that could contribute to the vulnerability 
of the Fulani, which is, the quality of soil and the quality 
of water used for drinking and domestic activities. This 
information is necessary to drive and trigger actionable 
policies aimed at protecting the lives of this vulnerable 
population in Nigeria. 
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