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Abstract

Background: Sepsis is a major cause of death among children in Sub-Saharan Africa. Although
studies have suggested that the dysbiosis of the gut microbiota is associated with sepsis, there
are limited data on the microbiota profile of children with sepsis in low- and middle-income
countries such as Nigeria.

Methods: To address this gap, this study was conducted to examine the gut microbiota of four
children (S2, S4, S6, and S8) with sepsis and two apparently healthy controls (C2 and C4).
DNA was extracted from stool samples, and 16S rRNA amplicon sequencing and bioinformatics
analysis were used to determine the microbial composition of the microbiota.

Results: A significant reduction in the abundance of the phylum Bacteroidetes was observed
in sepsis cases, while the family Enterobacteriaceae was dominant, with a relative abundance
of 29.7%, 36.9%, 47.4%, and 34.6% in S2, S4, S6, and S8, respectively. Pathogenic bacterial
species such as Megasphaera spp., Sutterella spp., and Clostridium difficile were dominant
among some of the sepsis samples. The bacterial communities of the microbiota of participants
with sepsis largely diverged from those of the controls, with a remarkable decrease in diversity.
Conclusion: This study highlights an alteration in the gut microbiota of children presenting with
sepsis. Notably, there was a reduction in beneficial commensals and an increase in potential
pathogenic bacterial species. Since sepsis remains a major public health challenge, there is an
urgent need to explore the gut microbiota for possible intervention.
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Introduction and inflammatory bowel disease.

The human gut microbiota plays a crucial role in human
health and disease (1). It is involved in regulating the
immune system, harnessing energy, and maintaining
intestinal function (2). The diversity and structure of
the gut microbiota serve as indicators for understanding
behavioral patterns, evolutionary biology pathways,
and potential pathologies in both humans and animals
(3,4). Alterations in the community composition and
metabolic products of the gut microbiota are associated
with various diseases and health conditions, including
autism spectrum disorders, neurodegenerative disorders,
obesity, type 2 diabetes, cardiovascular disease, cancers,

For example, Zhuang et al (5) observed a reduction
in the abundance of Bacteroidetes and an increased
abundance of Actinobacteria among patients with autism
spectrum disorders in China. Another study by Kang et
al (6) demonstrated improved gastrointestinal and autism
symptoms resulting from microbiota transfer therapy that
enhanced bacterial diversity with increased populations
of Bifidobacterium, Prevotella, and Desulfovibrio, among
other taxa, in the gut of patients with autism spectrum
disorders.

These findings underscore the significance of the gut
microbiota in various health conditions and the potential
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for microbiota-based interventions to address these
conditions. The gut microbiota has been implicated in
various disorders and disease conditions, including sepsis.
During sepsis, the microbiome undergoes significant
disturbances, characterized by a sharp decrease in diversity,
the loss of commensal bacteria, and the overgrowth of
potential pathogenic bacteria such as Enterococcus and
Staphylococcus (7). This disruption of the gut microbial
communities has been associated with susceptibility to
sepsis and potentially severe consequences (8). Sepsis, a
life-threatening multiple-organ dysfunction caused by
a dysregulated host response to infection, is a leading
cause of morbidity and mortality in children globally,
particularly in resource-limited settings such as Africa (9-
11). In Nigeria, the burden of sepsis is substantial, with an
estimated 16% of special care baby unit admissions in a
tertiary hospital in southwest Nigeria attributed to sepsis
(12). The gut microbiota’s role in sepsis and its potential
as an auxiliary prognostic marker for sepsis in children
have been the focus of recent research, highlighting the
importance of understanding and managing the gut
microbiota in the context of sepsis.

These findings suggest that sepsis is a significant health
concern in Nigeria that necessitates comprehensive
approaches to address it. One potential approach is to
modulate the gut microbiota. To achieve this, it is crucial
to understand the microbial composition of the gut
microbiota in sepsis cases at a local level, as factors such
as diet, host genetics, and environmental conditions
influence the gut microbiota composition of hosts (13).
Consequently, this study investigated the gut microbiota
of children presenting with sepsis in Lagos, Nigeria, and
compared it with the microbiota of apparently healthy
children.

Materials and Methods

Study Design and Study Area

This cross-sectional study, involving four children with
sepsis and two controls, was conducted at the Pediatric
Unit of the Federal Medical Center (FMC), Ebute-Metta,
Lagos. FMC Ebute-Metta is a 200-bed tertiary health
facility with a vibrant pediatric unit and a fully functional
intensive care unit. It is located on mainland Lagos and
provides care to people of all socio-economic strata from
around the Ebute-Metta, Bariga, Ojuelegba, Shomolu, and
Yaba axes of Lagos State.

In this study, the cases were participants aged less than
five years and presumed to have sepsis based on the criteria
for defining sepsis in low- and middle-income countries
previously described by Nwankwor et al (11), including
symptoms not limited to fever, hypothermia, lethargy,
abnormal heart rate for age (tachycardia or bradycardia),
and irritability. The controls were apparently healthy
children in the same age bracket of less than five years.
Other inclusion criteria were the non-use of antibiotic
therapy in the present illness before enrolment in the study
(for the cases) and written guardian informed consent for

children/wards to participate in the study. Information,
including age, gender, weight, signs, and symptoms of
sepsis, was collected by the study pediatrician using a pre-
tested structured study questionnaire.

Sample Collection, DNA Extraction, and Sequencing

Six fecal samples were collected from four participants (S2,
S4, S6, and S8) presenting with sepsis and two apparently
healthy participants (Control 1 and Control 2). The
samples were collected in sterile universal bottles and
transported in a Thermobox at 4°C to the laboratory. Stool
samples were then kept at -80 “C until DNA extraction.
Total community DNA (tcDNA) was extracted using the
QIAamp DNA Stool Mini Kit (QIAGEN GmbH, Hilden,
Germany) according to the manufacturer’s instructions.
The concentration and purity of tcDNA were determined
by a NanoDrop 2000 UV spectrophotometer (Thermo
Scientific, Wilmington, USA). The quality of tcDNA was
determined by 0.8% agarose gel electrophoresis stained
with ethidium bromide and visualized with a Clear View
UV transilluminator fitted with a photo-documentation
system (Clever Scientific Ltd., England) as previously
described by Oyetibo et al (14). The extracted tcDNA was
stored at -20°C for further use. In addition, 1 pL of aliquots
from each tcDNA extract was used for the generation of
libraries. The libraries were created with primers targeting
the hypervariable region V3-V4 of the bacterial 165 rRNA
gene using the primer sets 341F (5-ACT CCT ACG GGA
GGC AGC AG-3) and 806R (5-GGA CTACHV GGG
TWT CTA AT-3’). Sequencing was performed on the
Mlumina HiSeq 2500 platform (Illumina San Diego, CA,
USA) (15).

Data Analysis

Quality checks on raw FASTQ illumine sequence reads
were performed using FastQC software, version 0.11.5
(16). The sequences of low quality were removed, and the
remaining reads were assigned to operational taxonomic
units with a threshold cut-off value of 97% using the
quantitative insight into microbial ecology V.2.0 (QIIME
2) software (5). The diversity of the microbiota community
of the samples was calculated based on their operational
taxonomic unit profile using the R package vegan. The
generated raw sequence reads were deposited in the
sequence read archive database of the National Center
for Biotechnology Information under BioProject with the
accession number PRJNA1000308.

Results

Characteristics of Sepsis

Table 1 provides some characteristics of the participants
who were involved in the study. The ages of the participants
ranged from 2 weeks to 3 years. For the cases of sepsis, the
body temperature ranged from 38.6 'C to 39.8 'C, and the
average duration of fever before admission was 4.5 days.
The diet of the participants aged 2 weeks and 3 months
was breast milk only, while that of the participants aged
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1.2 years was breast milk and other solid foods. One of the
four participants died after 12 days of admission.

Phylum

The microbial compositions of the gut of participants
with sepsis (S2, S4, S6, and S8) and apparently healthy
controls analyzed at various taxonomic levels revealed
that Firmicutes was the dominant phyla across all samples,
except for S4, which had an 11.0% relative abundance of
Firmicutes. Bacteroidetes had a relative abundance of 25.0%
and 43.5% in control 1 and control 2, respectively, while a
sharp decrease of Bacteroidetes was observed in S8 (12.5%),
S6 (0.08%), S4 (0.03%), and S2 (0.4%). Proteobacteria were
dominant in S2, $4, S6, and S8, with a relative abundance
0£29.9%, 49.0%, 48.7%, and 34.9%, respectively (Figure 1).
S4 had the highest (39.3%) abundance of Actinobacteria,
followed by S2 (25.6%) and S8 (14.9%). The phylum
Fusobacteria was only present in control 2, with a relative
abundance of 0.5%.

Family

At the family level, Bacteroidaceae were absent in S2,
S4, and S6. However, there was a relative abundance of
Bacteroidaceae (12.1%) in S8. The relative abundance of
Veillonellaceae observed across samples was 7.1%, 11.2%,
27.1%, 0.01%, and 11.9% in Control 1, Control 2, S2,
S6, and S8, respectively. The family Bifidobacteriaceae
was dominant in S2 (25.4%) and S4 (39.1%), while

it was relatively low in S6 (0.1%) and S8 (7.2%).
Enterobacteriaceae was dominant across all samples with
sepsis, with a relative abundance of 29.7%, 36.9%, 47.4%,
and 34.6% in S2, S4, S6, and S8, respectively (Figure 2).
On the other hand, control 1 and control 2 had a limited
presence of Enterobacteriaceae, with a relative abundance
of 2.0% and 0.1%, respectively.

Genus

At the genus level, the dominant genus in the control
samples was Prevotella. Bifidobacterium was the dominant
genus in S2 and S4, with a relative abundance of 25.4%
and 39.1%, respectively. Bacteroides were dominant
in S8 (12.1%), and there was a relative abundance of
Streptococcus in the microbiota of all four participants with
sepsis (Figure 3). The relative abundance of microbiota
sequences revealed that the microbial structure of the
control group differed from that of the sepsis group.

Species

Figures 4A, 4B and 4C illustrate the percentage relative
abundance of top species present in the microbiota of
participants presenting with sepsis and apparently healthy
controls. Lactobacillus ruminis and Succinivrio spp. were the
dominant species in Control 1, while Prevotella copri and
Prevotella stercorea were the dominant species in Control
2 (Figure 4A). Megasphaera spp. and Bifidobacterium
bifidum, as well as Sutterella spp. and Bifidobacterium
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Figure 1. Taxonomic Composition of the Microbiota of Participants Presenting With Sepsis and Apparently Healthy Controls at the Phylum Level

Table 1. Baseline Clinical and Laboratory Characteristics of Study Participants With Sepsis

Code Gender Age Temperature at Presentation ('C) Duration of Fever Diet WBC Fatality
S2 Male 2 months 39.1 7 days Breast milk 22500 Yes
S4 Female 2 weeks 39.0 2 days Breast milk 18800 No
S6 Male 1.6 years 39.8 5 days Breast milk and other foods 18500 No
S8 Male 1.2 years 38.6 4 days Breast milk and other foods 15000 No
2 Male 3 years 36.6 NA Family diet ND NA
C4 Male 3 years 36.9 NA Family diet ND NA

Note. WBC: White blood cell count; NA: Not applicable; ND: Not determined.
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Figure 3. Taxonomic Composition of the Microbiota of Participants Presenting With Sepsis and Apparently Healthy Controls at the Genus Level

breve, were dominant species in S2 and S4, respectively.
Moreover, Lactobacillus spp. and Streptococcus spp., as well
as Bacteroides spp. and Megamonas spp., were dominant
species in S6 and S8, respectively (Figure 4B). Streptococcus
equi had a relative abundance of 0.04%, 0.08%, and 0.1%
in $4, S6, and S8, respectively. However, S. equi was low
or non-existent in S2. Clostridioides difficile was another
dominant species in S4, with a relative abundance of 0.03%.

Alpha and Beta Diversities
The mean community diversity indexes, including

Shannon and Simpson (Table 2), revealed that the richness
of the bacterial community in participants with sepsis
was relatively low. Although the bacterial read counts of
participants with sepsis in some cases (S4: 174,067; S8:
207,543) exceeded those of control participants, the gut
microbiota of the controls was more diverse. The bacterial
community of control samples was clustered with tight
overlap, indicating the presence of similar bacterial
populations. However, the bacterial communities of the
microbiota of participants with sepsis largely diverged
from those of the controls (Figure 5).
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Figure 4. Bacterial Species Abundance in the Microbiota of Participants: (A) Relative Abundance of Species in Control 1 and Control 2, (B) and (C) Relative
Abundance of Bacterial Species in S2, S4, S6, and S8

Table 2. Alpha Diversity of Microbial Community Indicating Evenness, Richness, and Varieties of Species in Samples

Bacterial Reads Count Chao1 ACE Shannon Simpson Invsimpson
C2 184,947 13 15 0.8 0.38 1.22
C4 166,330 23 43 2.18 0.87 7.75
S2 148,441 8 10 1.38 0.72 2.83
S4 174,067 9 8 1.66 0.77 4.32
S6 106,564 15 15 2.08 0.63 5.38
S8 207,543 21 20 2.63 0.89 9.10

Note. ACE: Abundance-based Coverage Estimator

Discussion with the elevated body temperature of defined sepsis
In this study, participants with sepsis presented with cases according to the World Health Organization (11).
body temperatures ranging from 38.6 ‘C to 39.8 'C and However, the prolonged duration of the onset of fever

an average of 7 days of onset of fever, which correlates ~ before admission at the FMC in some of the sepsis cases
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Figure 5. Principal Coordinate Analysis Plot Showing Beta Diversity of Bacterial Communities of Control and Sepsis Participants Note. The bacterial communities
of the controls demonstrate remarkable overlapping while those of participants with sepsis spread out

could be attributed to the low economic status of the
parents of the participants, who might have visited other
health facilities with poor or inadequate personnel and
were referred to the FMC when their conditions were
not improving. One of the four participants (25%) died
after spending some days in the hospital. Deaths related
to sepsis are higher in low- and middle-income countries
(17), and global fatalities resulting from sepsis have been
estimated at 26% (18). These findings underscore the need
to better understand the pathogenesis of the disease from
a microbiota perspective.

Microbial Composition and Sepsis

The early period of life has been identified as a crucial
phase for microbiota to colonize the gut (19), and studies
have shown that the gut microbiota composition is shaped
by diet and other factors in infancy (20). Therefore, it is
essential to investigate the gut microbiota of children
presenting with sepsis in Nigeria to better understand
the pathogenesis of the disease and develop effective
interventions.

The results of this study revealed a marked alteration in
the gut microbiota of children with sepsis, demonstrating
that the abundance of certain bacterial phyla and families
significantly differs from that of healthy individuals.
Notably, there was a reduced presence of Bacteroidetes
and an increased abundance of Enterobacteriaceae in
sepsis cases.

The gut microbiota of weaned participants (controls)
was found to be dominated by certain bacterial taxa
compared to those exclusively on breast milk or those
on breast milk and other foods. For instance, Participant
S2 (2 months old) and S4 (2 weeks old) had a microbiota
dominated by Bifidobacterium, while in Participant S8,

who was consuming breast milk and other foods, the
dominance of Bifidobacterium was diminishing. This
aligns with the reported association of breastfeeding with
microbiota composition and Bifidobacterium-enriched
gut during infancy (19).

Health Implications

Dysbiosis of the gut microbiota has been implicated in
sepsis (18), characterized by a relative change or alteration
in the composition of the gut microbiota with the depletion
of beneficial bacterial taxa and an increased population
of pathogenic taxa (21). In this study, Megasphaera
spp., associated with bacterial vaginosis and pregnancy
complications, was dominant in the microbiota of S2 and
S8 with sepsis (22). Similarly, Sutterella spp., implicated
in degrading immunoglobulin A in ulcerative colitis (23),
was found to be dominant in the microbiota of participant
S4, also with sepsis. Furthermore, Clostridioides difficile
was another pathogenic bacterium that dominated the
microbiota of Participant S4. The observed reduction
in beneficial bacterial species in participants with sepsis
correlates with previous reports of gut microbiota
disturbance, with a higher presence of opportunistic
pathogens in children with sepsis (24).

Understanding these microbial imbalances is essential
for comprehending the underlying mechanisms of sepsis
in young children and developing effective interventions.
The role of gut dysbiosis in sepsis and its potential as
an auxiliary prognostic marker for sepsis in children
have been the focus of recent research, emphasizing the
significance of evaluating the gut microbiota in the context
of sepsis (25).

Global Public Health Relevance
The results of this study highlight the potential health
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implications of such microbial shifts. A decrease in
beneficial commensals, coupled with an increase in
pathogenic bacterial species, indicates a concerning
pattern in the gut microbiota. These microbial changes
could contribute to the severity and progression of sepsis,
underscoring the need for early detection and intervention.
The study’s emphasis on the situation in Lagos State,
Nigeria, is important. Sepsis is a global health issue that
affects vulnerable populations differently in various
regions. In Nigeria, sepsis is particularly challenging due
to limited healthcare resources, and this study sheds light
on the specific dynamics of the disease in this context.

Limitations and Future Research

It is essential to acknowledge the limitations of this study,
including its small sample size. Future research should
aim to expand the sample to further explore the microbial
aspects of sepsis in young children in Nigeria and other
resource-limited settings.

Conclusion

The results of this study confirm alterations in the gut
microbiota of children presenting with sepsis, characterized
by a reduction in beneficial commensals and an increase in
potential pathogenic bacterial species.

Our findings have illuminated the significance of
understanding the microbiota within the gastrointestinal
tracts of young sepsis patients. By examining the microbial
communities and structures present in these vulnerable
children, we have taken a crucial step toward uncovering
the potential links between the composition of gut bacteria
and the onset of sepsis. This knowledge has the potential
to inform future healthcare strategies, interventions,
and treatments for sepsis in young children in Nigeria,
particularly in regions with limited healthcare resources.

The report on these four cases highlights the need
for further research and underscores the importance of
tailored approaches to managing sepsis in this age group.
By deepening our understanding of the microbial aspects
of this condition, we may ultimately improve the outcomes
and quality of care for young sepsis patients in Lagos State
and beyond.
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