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ABSTRACT 
 

Background: Knowledge of the core gut microbiome among Cameroonians is a preliminary step 
for a better implementation of treatment strategies to correct dysbiosis and improve health care 
management. HIV infection has continued to cause high mortality among those infected, but the 
types and frequency of human gut microbiota associated with or without HIV/AIDS presence have 
not been identified in the adult populations in Cameroon. 
Methods: This was a case-control and comparative study design that ran from June 2018 to 
September 2019. Stool Samples were purposively collected from 40 participants (15 HIV-negative 
and 25 HIV-positive) for the 16S rRNA gene sequencing on the next-generation Illumina® MiSeq™ 
sequencer. Blood samples were collected for HIV determine testing, CD4 Tcell count, and HIV viral 
load. Sequences were clustered into operational taxonomic units (OTUs) at ninety-nine percent 
identity and their representatives were accustomed to using a phylogenetic approach.  
Results: The study showed a phylogenetic taxonomy of the gut microbiome communities in two 
kingdoms (Archea and Bacteria) and eight Phylum [Firmicutes (44.7%), Bacteroidetes (43.7%), 
Proteobacteria (8.7%), Actinobacteria (1%), Fusobacteria (0.2%), Euryarchaeota (0.01%), 
Synergistetes (0.01%), Verrucomicrobia (0.01%) and unclassified phylum (1.7%)]. A total of 347 gut 
microbiota species were identified, including 55 unique species/oligotypes, and 28 pathobionts from 
the study population. HIV infection was characterized by significant gut microbiota compositional 
changes with HIV-positive less diverse (56 strains absent) with significantly increased OTUs of the 
butyrate-producing microbiome species as compared to HIV-negative individuals (p=0.001).  
Conclusions: A profile of 347 gut microbiome bacterial species was identified in the Cameroonian 
community. Particularly, from the 347 gut microbiome bacterial species profiled, eight phyla were 
identified, with 55 unique species/oligotypes containing more than one sequence and 28 
pathobionts. A host of unknown/unclassified gut microbiome bacterial species were also noted 
circulating among the study population.  
 

 

Keywords: Gut microbiome; pathobionts; HIV; diversity; unique-species; emerging; Cameroon. 
 

Key Points:  
 

There is high diversity and specie uniqueness of the gut microbiome in Cameroon. The functionality of 
the gut microbiome needs to be investigated. 
 

Gut pathobionts are circulating among HIV-infected and HIV-negative individuals in Cameroon. The 
origin of pathobionts is a call for concern. 
 

Unique gut microbiome OTU sequences are significantly high among HIV-infected. Emerging strains 
of new microorganisms are on the rise.  
 

1. INTRODUCTION  
 
The Gut microbiota comprises a consortium of 
microorganisms that are viewed as permanent 
occupants of the human intestinal tract. These 

microorganisms incorporate bacteria, microbial 
eukaryotes, viruses/phages, and archaea, and 
together with their genes are typically described 
as microbiomes [1]. Various components add to 
the foundation of the human gut microbiota 
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during development and of which, diet is 
considered one of the fundamental determinants 
of informing the gut microbiota over the growth 
time. Change in gut microbiota composition 
(dysbiosis) has been related to the pathogenesis 
of numerous inflammatory conditions, coronary 
illness, diabetes, and malignancy [2]. The life 
systems and physiology of the human 
gastrointestinal tract provide a broad region (250 
— 400m

2
) for different host collaboration 

processes that control the integrity of the host. 
Given the immense nature of the gastrointestinal 
tract, the assessed gut microbiota population 
possessing the zone surpasses 10

14
 count. 

Summarily the gut comprises roughly multiple 
times more microbial cells than human cells, and 
multiple times the microbiome when compared 
with the human genome [3]. The past depiction 
used to construe this tremendous colonization 
rate of microorganisms in humans was described 
as a "Superorganism". Works carried out on a 
revised estimate for human and bacterial cells in 
2016, revealed that the proportion of human to 
bacterial cells was 1:1 [4]. With the expanding 
understanding of the gut microbiota's role in 
maintaining health through major physiological 
capacities like modulating host immunity and 
safeguarding against remote substances and 
pathogens, more work is needed to elucidate the 
various gut microbiota present in different 
communities and their gut population level 
among the individuals in that community. A few 
natural elements have been associated with 
shaping the microbiota including topographical 
areas, living courses of action (urban or rural) [5], 
and HIV infection/treatment [6]. In 2016, 
Cameroon had 32 000 (22 000–41 000) new HIV 
infections and 29 000 (25 000–33 000) AIDS-
related deaths. There were 540 000 (470 000–
650 000) people living with HIV in 2018 [7]. The 
gut microbiome for a Cameroonian population 
needs to be studied due to the predominance in 
an urban Cameroonian setting of, HIV-1 
CRF02_AG viruses alongside viruses belonging 
to known HIV-1M clades, URFs, and currently 
unclassified divergent lineages [8]. Profiling the 
gut microbiome of HIV patients in this community 
will offer a database containing various gut 
microbiome species that are common among 
HIV patients. 
 
Although Phyla Bacteroidetes and Proteobacteria 
have been shown to make up the majority of gut 
microbiota composition, a few species among 
them have been reported as pathobionts [9]. In 
developed countries, where most work on the 
human microbiome has been performed, findings 

have differently uncovered that HIV-infected 
people have a high abundance of Prevotella and 
fewer Bacteroides at the genus level than do 
uninfected controls [10]. Few studies have 
uncovered a similar loss of diversity related to 
HIV infection status [11]. In any case, works on 
the relationship between HIV disease and 
diminished microbiota diversity have not been 
reliably observed in the adult Cameroonian 
population. A previous work, on capturing the gut 
microbiota dysbiotic pattern among HIV-negative 
individuals,  and  HIV-positive patients with /or 
without first-line ARV and cotrimoxazole 
prophylaxis treatment through culture-dependent 
technique in an adult Cameroonian population, 
provided early evidence of dysbiosis in the gut 
flora [12]. The study had the limitation of 
characterizing all the genera present. Therefore, 
there is an absolute need to conduct additional 
studies that will identify and profile the gut 
microbiome in adult HIV/AIDS patients compared 
to HIV-negative individuals. The gut microbiome 
profile of HIV patients will provide baseline data 
wherein valuable information will be used to 
improve the management of HIV/AIDS patients.  
Understanding the dysbiosis in HIV patients will 
help enlighten healthcare providers on new 
measures for improving the management of HIV 
patients. Thus, advice on probiotics might be 
implemented based on the degree of dysbiosis 
observed following these and other studies.  
 

2. MATERIALS AND METHODS 
 
2.1 Study Design 
   
This was a case-control and comparative study 
including both HIV seropositive and seronegative 
participants. Totally, from a cohort of 320 
volunteer adult participants (100 HIV-negative 
and 220 HIV-positive), 25 study participants were 
purposively recruited from the HIV Treatment 
Unit (UPEC) at the Buea Regional Hospital, 
Southwest Region, Cameroon. Additionally, we 
included 15 HIV-negative controls (negative). 
Inclusion criteria were age >18 years, HIV 
positive for at least 6 months, and no ongoing 
HIV-related complications. Exclusion criteria 
were inflammatory bowel disease or infectious 
gastroenteritis within the last four weeks.  
 

2.2 Stool Sample Collection   
 

Each individual was requested for a stool 
sample. Study participants were given a sterile 
stool collection container with appropriate 
instructions on how to deposit the sample without 
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any contamination from urine. The container was 
closed and brought out immediately (within 5 
minutes) by the participants. The Stool samples 
were transported on an ice bath with an ice pack 
from the collection site (Buea Regional Hospital) 
to the Faculty of Health Sciences, Medical 
Research, and Bacteriology Laboratory (FHS-
MRBL). The stool samples were then aliquoted 
into 3 containers. A container of the shared stool 
sample was then coded and stored in a −80 °C 
freezer at the Infectious Disease Laboratory, 
Faculty of Health Sciences, University of Buea 
for DNA extraction and 16sRNA sequencing. 
 

2.3 Blood Sample Collection 
  
Venous blood (10 mL) was also collected by 
venepuncture from participants (patients and 
controls) into 2 separate 5 mL ethylene-diamine-
tetra-acetate (EDTA) vacutainer tubes. One of 
the tubes was used for HIV Screening and CD4

+
 

T cell count, while the other tube was used for 
Viral load testing. 
 

2.4 HIV Screening 
 
Briefly, HIV screening was done using the 
method described by Respess et al. [13]. The 
HIV determine test strip (Abbott Laboratories, 
Abbott Park, IL, USA) was labeled with the 
participant identification number. The protective 
foil cover of the strip was pulled off. Then 50 µL 
of plasma was collected with a pipette and 
applied to the absorbent pad on the test strip. 
One drop of chase buffer was added to the 
specimen pad and the specimen was allowed on 
the bench to run through the test strip. Reading 
and recording of the results were done after 15 
minutes. Positive samples demonstrated two red 
lines, while negative samples had just one red 
line on the test strip. 
 

2.5 CD4+ T Cell Count 
 
The CD4

+ 
T cell count of the study participant 

was determined using the method of Fonsah et 
al. [14]. The test was run according to a 
standardized Flow cytometric flow machine (BD 
Biosciences FACSCount, New Jersey, USA) 
following the manufacturer's procedure. Briefly, 
the EDTA tube with the whole blood sample was 
mixed and 50 µL of whole blood was pipetted 
into the reagent tube labeled with the 
corresponding participant's number. The tube 
was then capped, vortexed,  and incubated for 
30 minutes at room temperature (20°C–25°C) in 

the workstation. This was followed by uncapping 
each sample tube and pipetting 50 µL of a 
fixative solution into each tube. The tubes were 
recapped and vortexed upright before uncapping 
to run the sample with the Flow cytometric flow 
machine. Reading and recording of the results 
were done after the machine software message 
was indicated. The interpretation was done as 
follows:  normal range 500 – 1,500 cells/µL, 
while below 500 cells/µL was considered as low 
CD4 

+ 
T cell count.   

 

2.6 Viral Load Measurement 
 
HIV viral load was done using the method 
described by Neogi et al. [15]. The viral load of 
each sample was measured using the Abbott 
RealTime HIV-1 Qualitative (Abbott Molecular 
Inc, Des Plaines, IL, USA) assay following the 
manufacturer's instructions. Dried blood spot 
strips were prepared from freshly drawn whole 
blood after storage at room temperature for up to 
6 hours, by spotting 50uL of the whole blood onto 
a Whatman 903 filter paper (3 spots per card). 
Briefly, filter papers were air-dried overnight at 
room temperature and stored at 4°C in a plastic 
sealed bag with a silica desiccant until they were 
processed. Dried blood spot viral load was 
measured as follows:  two blood spots from the 
same patient were punched out using a sterile 
puncher and placed into 1.7 ml of Lysis buffer 
provided with the Abbott sample preparation 
system (m2000sp) in 50 ml sealed conical tubes. 
The tubes were incubated at room temperature 
for 2 h, with intermittent mixing. RNA was 
extracted manually from the lysate according to 
the standard HIV-1 RNA 1.0 ml extraction 
protocol using the Abbott RNA sample 
preparation system. The viral load was measured 
from the extracted RNA using the "m2000 DBS 
HIV-1 RNA 'open-mode' protocol" (Abbott 
Molecular Inc, Des Plaines, IL, USA). Reading 
and recording of the viral load values were 
stratified into three levels: (i) VL 2.17 to 3 
log10 copies/ml (corresponding to 1000 
copies/ml), (ii) VL >3 to 3.7 log10copies/ml, 
(1000- about 5000 copies/ml), and (iii) VL >3.7 
log10 copies/ml (corresponding to approximately 
5000 copies/ml). 
 

2.7 Extraction and Purification of 
Microbiota DNA from the Stool 
Sample 

 
The extraction of bacterial DNA procedure was 
done using the method described by Shantelle et 
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al. [16] with the ZymoResearch DNA MiniPrep 
Extraction Kit (Zymo, Irvine, CA, USA). The 
Stored (-80 

0
c) fecal sample (200mg) was 

purposively selected (Table 1) and added to a 
ZR Bashing bead lysis tube. Then 750 μL of 
ZymoBIOMICS lysis solution was added to the 
tube and cap tightly. The tube was then secured 
in a bead beater fitted with a 2 mL tube holder 
assembly and it was processed at maximum 
speed for 20 minutes. The beaten ZR Bashing 
Bead lysis tube was then centrifuged at ≥ 10,000 
× g for 1 minute. The supernatant (400 μL) was 
transferred to the Zymo-Spin III-F filter in a 
collection tube and centrifuged at 8,000 × g for 1 
minute. Then the used Zymo-Spin III-F filter was 
discarded. Binding preparation was done by 
adding 1,200 μL of ZymoBIOMICS DNA binding 
buffer to the filtrate in the collection tube and the 
tube was mixed thoroughly. The mixture (800uL) 
from the binding step was transferred to a Zymo-
spin IIC-Z column in a collection tube and 
centrifuged at 10,000 × g for 1 minute. The flow-
through from the collection tube was discarded 
and the aforementioned step was repeated.  
 
The Zymo-spin IIC-Z column containing the 
settled contents was then inserted into a new 
collection tube. ZymoBIOMICS DNA wash buffer 
1 (400 μL) was then added to the Zymo-spin IIC-
Z column in the new collection tube and 
centrifuged at 10,000 × g for 1 minute. Then the 
flow-through was discarded.  ZymoBIOMICS 
DNA wash buffer 2 (700 μL) was then added to 
the Zymo-spin IIC-Z column in the new collection 
tube and centrifuged at 10,000 × g for 1 minute. 
The flow-through was then discarded. 
ZymoBIOMICS DNA wash buffer 2 (200 μL) was 
then added to the Zymo-spin IIC-Z column 
containing the settled contents in the new 
collection tube and centrifuged at 10,000 × g for 
1 minute. The Zymo-spin IIC-Z column was 
transferred to a clean 1.5mL micro-centrifuge 

tube and 100 μL of ZymoBIOMICS 
DNase/RNase-free water was added directly to 
the column matrix and incubation was done for 1 
minute. Then centrifugation was carried out at 
10,000 × g for 1 minute to elute the DNA. Zymo-
spin III-HRC filter was placed in a new collection 
tube and 600 μL of ZymoBIOMICS HRC prep 
solution was added and centrifuged at 8,000 × g 
for 3 minutes.  
 
The eluted DNA was then transferred to the 
prepared Zymo-spin III-HRC filter in a clean 1.5 
mL micro-centrifuge tube and centrifuged at 
16,000 × g for 3 minutes. The extracted DNA 
was purified with Clean and Concentrator-25 
columns (Zymo, Irvine, CA, USA) as per the 
manufacturer's directives. Isolated DNA was 
stored at −80 °C until analyzed. 
 

2.8 Targeted Library Preparation  
 

The DNA samples were prepared for targeted 
sequencing with the Quick-16S™ NGS Library 
Prep Kit (Zymo Research, Irvine, CA). The 
primers were custom-designed by Zymo 
Research to provide the best coverage of the 
16S gene while maintaining high sensitivity. The 
primer set used was Quick-16S™ Primer Set V3-
V4 (Zymo Research, Irvine, CA). The sequencing 
library was prepared using an innovative library 
preparation process in which PCR reactions 
were performed in real-time PCR machines to 
control cycles and therefore limit PCR chimera 
formation. The final PCR products were 
quantified with qPCR fluorescence readings and 
pooled together based on equal molarity. The 
final pooled library was cleaned up with the 
Select-a-Size DNA Clean & Concentrator™ 
(Zymo Research, Irvine, CA), then quantified with 
TapeStation® (Agilent Technologies, Santa 
Clara, CA) and Qubit® (Thermo Fisher Scientific, 
Waltham, WA). 

 
Table 1. Characteristics of Fecal samples purposively selected for 16S rRNA sequencing 

 

Codes Type of samples No.  extracted 

N.01 HIV-negative extracted stool samples 5 
N.02 HIV-negative extracted stool samples 5 
N.03 HIV-negative extracted stool samples 5 
PT.04 HIV-TB co-infected extracted stool samples 4 
PT.06 HIV-TB co-infected extracted stool samples 3 
P.05 HIV-positive extracted stool samples 4 
P.07 HIV-positive extracted stool samples 4 
P.08 HIV-positive extracted stool samples 4 
PN.09 HIV-positive treatment-naive extracted stool samples 3 
PN.010 HIV-positive treatment-naive extracted stool samples 3 

Library Preparation (16S V3-V4), Pooling and Post-Library QC, and Illumina MiSeq® Sequencing (2x300) 
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2.9 Control Samples  
 
The ZymoBIOMICS® Microbial Community DNA 
Standard (Zymo Research, Irvine, CA) was used 
as a positive control for each targeted library 
preparation. Negative controls (i.e. blank 
extraction control, blank library preparation 
control) were included in each run to assess                  
the level of bioburden carried by the wet-lab 
process.  
 
2.9.1 Sequencing 
 
The final library was sequenced on Illumina® 
MiSeq™ with a v3 reagent kit (600 cycles) by the 
Zymo Research Corporation in the USA. The 
sequencing was performed with >10% PhiX 
spike-in. 
 

2.10 Bioinformatics Analysis 
 
Unique amplicon sequences were inferred from 
raw reads using the Dada2 pipeline [17]. 
Chimeric sequences were also removed with the 
Dada2 pipeline. Taxonomy assignment was 
performed using Uclust from Qiime v.1.9.1. 
Taxonomy was assigned with the Zymo 
Research Database, a 16S database                        
that is internally designed and curated, as a 
reference.  
 
Composition visualization, alpha-diversity, and 
beta-diversity analyses were performed with 
Qiime v.1.9.1 [18]. The taxonomy that has 
significant abundance among different groups 
was identified by LEfSe [19] using default 
settings. Other analyses such as heatmaps, 
Taxa2SV Deomposer, and PCoA plots were 
performed with internal scripts.  
 
Diversity was analyzed following a previous 
method described by Landro et al. [20] in which 
the Shannon index (H′) measured the average 
degree of uncertainty in predicting what species 
an individual is chosen at random from a 
collection of S species and N individuals will 
belong. The value increases as the number of 
species increases and as the distribution of 
individuals among the species becomes even. 
Meanwhile, Simpson's index (D) Indicates 
species dominance and reflects the probability of 
two individuals that belong to the same species 
being randomly chosen. It varies from 0 to 1 and 
the index increases as the diversity decreases. 
And lastly, the Chao1 richness estimator is a 
Non-parametric estimator that calculates the 
minimal number of OTUs present in the sample. 

2.11 Data Availability 
   
The raw sequencing data was zipped and can be 
accessed at: https:/epiquest.s3.amazonaws.com 
/epiquestzr2768/CMCDFQUJAMKPZKAFWSY3F
JLBJDRTBYVE/rawdata/zr2768.rawdata.190904.
zip  
 

3. RESULTS 
 
3.1 Sociodemographic and Clinical 

Characteristics of Study Participants 
 
The characteristics of the study participants 
purposively selected from the cohort are shown 
in Table 2. A total of 15 HIV-negative individuals 
and 25 HIV-infected persons were enrolled in the 
study. The HIV-infected cases were further 
stratified based on their treatment status. Most of 
the study participants were females 28 (70%). 
The age ranges were equally represented. With 
regards to food and drinks consumed, all 
participants that were purposively selected were 
on Energy + body-building+ protective foods 
(100%), and non-alcoholic drinks (100%). 
 
The mean HIV viral load was <40.0(40.0 - 711.5) 
RNA, copies/mL, while the mean CD4+                     
T-cellcounts was 800.0(454.0 - 950.0) cells/mm3 
and 450.0 (350.0- 800.0) cells/mm3 for HIV-
negative and HIV-infected respectively. 
 
3.1.1 Energy-giving foods 
 
Cassava, sweet potatoes, yam, rice, maize, 
wheat, millet, arrow roots, sorghum. 
 
3.1.2 Body-building foods 
 
Meat, milk, eggs, beans, peas, groundnuts, fish, 
green grams. 
 
3.1.3 Protective foods 
 

Fruits, vegetables. 
 

3.2 Gut Bacterial Microbiome 
Composition in the Study Population  

 

Summarily we identified, characterized, and 
compared microbiome communities between 
HIV-positive and HIV-negative individuals using 
culture-independent techniques. The complete 
data are shown in Appendixes One and Two. 
Taxonomy of the microbiome communities 
ranged from two kingdoms (Archaea and 
Bacteria), and eight Phylum [Firmicutes (44.7%), 
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Bacteroidetes (43.7%), Proteobacteria (8.7%), 
Actinobacteria (1%), Fusobacteria (0.2%), 
Euryarchaeota (0.01%) Synergistetes (0.01%), 
Verrucomicrobia (0.01%) and unclassified 
phylum (1,7%)]. Totaly 347 species were 
characterized. Notably at the level of Family, 
Genus, and Species, there were 
unknown/unclassified microbial communities 
2/39, 11/102, and 7/347 respectively.                      
Comparing the total taxonomic community 
structure between the two groups (HIV-positive 
and HIV-negative) showed variation at all levels 

from Kingdom to Specie (Table 3 and Appendix 
one). 
 

3.3 Taxonomy Abundance Variation of 
OTU for the 50 Most Abundant 
Microbial Strains  

 

In HIV-negative individuals, the most                      
abundant fecal microbiota at the genus and 
species levels included: Collinsella aerofaciens, 
Bacteroides uniformis, Bacteroides vulgatus, 
Parabacteroides merdae, Prevotella copri,

  
Table 2. Sociodemographic and clinical characteristics of the study participants in Cameroon 

 

Characteristics  Variables  Frequency (%) 

Gender  Male  
Female  

12 (30) 
28 (70) 

Age (years) 18 - 30 
31 - 40 
41 –50 
51 –60 

10 (25) 
10 (25) 
10 (25) 
10 (25) 

HIV-status HIV-negative 
HIV-positive treatment naïve 
HIV-positive + HAART 
HIV-positive + HAART+ Cotrimoxazole 
HIV-positive+HAART+ATB 

15 (37.5) 
6 (15) 
6 (15) 
6 (15) 
7 (17.5) 

Food eaten 
(within 72 hours) 

Energy + body-building+ protective 40 (100) 
 

Drink consumed 
(within 72 hours) 

Non-alcoholic 40 (100) 
 

HIV-1 Viral load  
RNA, copies/mL,  
median (IQR) 

HIV positive  
 
  

<40.0(40.0 - 
711.5) 
 

CD4+T-cell counts, median (IQR) 
Current, cells/mm3 

HIV negative   
HIV positive 

800.0(454.0 - 
950.0) 
450.0 (350.0- 
800.0) 

 
Table 3. Summarized phylogenetic classification of gut microbiome in study participants 

 

16S rRNA sequenced  
parameters  

Total sequenced composition HIV–Negative n (%) HIV-Positive  
n (%) 

Kingdom  2 2 (100%) 1 (50%) 
Phylum  8 6 (75%) 7 (87.5%) 
Class  16 13 (81.3%) 14 (87.5%) 
Order  21 18 (85.7%) 16 (76.2%) 
Family  
Family –Identified  
Family – NA 

39 
37 
2 

34 (87.2%) 
32 (86.5%) 
2 (100%) 

29 (74.4%) 
27 (72.9%) 
2 (100%) 

Genus 
Genus –identified  
Genus – NA 

102 
91 
11 

93 (91.2%) 
83 (91.2%) 
10 (90.9%) 

71 (69.6%) 
62 (68.1%) 
9 (81.8%) 

Specie 
Specie – identified   
Specie- NA 

347 
340 
7 

269 (77.5%) 
265 (77.9%) 
4 (57.1%) 

213 (61.4%) 
210 (61.8%) 
3 (42.9%) 

Unknown Kingdom 1 1 (100%) 0 
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Streptococcus salivarius-vestibularis, Clostridium 
celatum, Anaerostipes hadrus, Blautia sp32009, 
Blautia sp32056, Blautia wexlerae, Coprococcus 
comes-sp32193, Dorea formicigenerans, Dorea 
longicatena, Eubacterium hallii, Eubacterium 
rectal, Fusicatenibacter saccharivorans, 
Roseburia faecis-sp33781, Roseburia 
inulinivovans, Romboustsia ilealis, 
Faecalibacterium prausnitzii, Ruminiclostridium 
sp34909, Ruminococcus bromii, 
Subdoligranulum sp35582, Veillonella parvula, 
Lachnoclostridium sp32380-sp32437, 

Lachnoclostridium sp32400 and Escherichia-
shigella coli  (Fig. 1).   
 
Also, findings from the study revealed abundant 
unidentified strains among the HIV-negative 
individuals originating mostly from the Family 
Lachnospiraceae and Ruminococcaceae (Fig. 2). 
In patients with HIV, the most abundant fecal 
microbiota at the genus and species levels 
include Parabacteroides distasonis, Prevotella 
copri, Blautia wexlerae, Lachnoclostridium 
sp32400, Faecalibacterium prausnitzzi, 

 

 
 

Fig. 1. Bar chart depicting the most abundant gut microbiome strains amongst HIV-negative 
individuals in Cameroon 
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Fig. 2. Bar plots depicting unclassified gut microbiome strains amongst HIV-negative 
individuals in Cameroon 

 

 
 

Fig. 3. Bar chart depicting gut microbiome strains amongst HIV-positive individuals in 
Cameroon 

 
Bacteroides vulgatus, Prevotella copri-sp13942, 
Megamonas funiformis, Anaerostipes hadrus, 
Coprococcus comes-sp32193, Lachnoclostridium 
sp32343-sp32393-sp32423, Faecalibacterium 
sp34558, Subdoligranulum sp35380-sp35585, 
Prevotella stercorea, Blautia sp32056, 

Eubacterium hailli, Ruminiclostridium sp34921-
sp34937, Bilophila wadsworthia, Escherichia-
shigella coli, Senegalimassilia anaerobia, 
Bacteroides fragilis-ovatus, Bacteroides 
uniformis, Sutterella wadsworthensis, 
Holdemanella biformis, Holdemanella sp36738, 

Microbiome strains 
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Subdoligranulum sp35580-sp35585-variabile, 
Romboutsia ilealis, Roseburia intestinalis, Blautia 
sp32002, Blautia-lachnoclostridium sp32052-
sp32410, Fusicatenibacters saccharivorans and 
Lachnospira sp32454 (Fig. 3). Also, the majority 
of the unidentified gut microbiome strains among 
HIV-positive were noted mostly from 
Prevotellaceae and Lachnospiraceae families 
(Fig. 4). 
 
3.3.1 Dysbiotic pattern amongst HIV-negative 

Individuals Compared to HIV-positive 
individuals with or without treatment on 
ARV/or Cotrimoxazole prophylaxis  

 
The Operational Taxonomy Unit (OTU) of the 
microbial community when compared between 
HIV-positive and HIV-negative individuals 
showed dysbiosis between the different taxa 
(Table 4). HIV patients had significantly reduced 
microbial richness (p < 0.05) compared to HIV-
negative individuals (Fig. 5). However, some 

microbial communities including  Prevotella copri, 
Blautia wexlerae, Faecalibacterium prausnitzii, 
Ruminiclostridium sp34909, Lachnoclostridium 
sp32400, Parabacteroides distasoni, Prevotella 
copri-sp13942, and Blautia sp32048 shared the 
same OTU abundance between the two       
groups. 
 

3.4 Unique Gut Microbiome 
Strains/Oligotype Circulating 
Amongst the Study Participants 

 

Findings from this study showed that 55 species 
of the 347 gut microbiome strains identified 
contained more than one unique sequence. The 
sequences were distributed among HIV- positive 
and HIV-negative individuals in an uneven 
manner. Some of the unique sequences with 
increased abundance among HIV-negative 
individuals included Bifidobacterium (seq67 
Bifidobacterium adolescentis−faecale and 
seq159 Bifidobacterium longum) (Fig. 6), 

 

 
 

Fig. 4. Bar plots depicting unclassified gut microbiome strains amongst HIV-positive 
individuals in Cameroon 

 
Table 4. Comparing HIV-infected and HIV-negative gut microbiome strains identified 

 

Phylum  Gram stain  Strain (n)  HIV-negative (%)  HIV-infected (%)  

Actinobacteria  +  16  13 (81.3)  5 (31.3)  
Bacteroidetes  +  67  29 (43.3)  50 (74.6)  
Firmicutes  +  220  175 (79.6)  141 (64.1)  
Fusobacteria  -  4  4 (100)  1 (25)  
Proteobacteria  -  36  31 (86.1)  12 (33.3)  
Synergistetes  -  1  0 (0)  1 (100)  
Verrucomicrobia  -  1  0 (0)  1 (100)  
Euryarchaeota  +  1  1 (100)  0 (0)  
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Fig. 5. Gut microbiome dysbiosis profiles at the genus level between HIV-positive and HIV-
negative individuals 

 

 
 

Fig. 6. Bifidobacterium unique sequence. Heat map illustrating seq159 Bifidobacterium longum 
and seq67 Bifidobacterium adolescentis−faecale unique amplicon present only among HIV-

negative individuals and absent among HIV-positive individuals 
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Fig. 7. Fusicatenibacter saccharivorans unique sequence amplicons. Heat map illustrating 
Fusicatenibacter saccharivorans seq75 absent only in HIV/TB coinfected individuals and 

present in both HIV-negative and HIV-positive without TB infection 
 

 
 

Fig. 8. Escherichia-Shigella coli unique sequence amplicon. Heat map illustrating Escherichia-
Shigella coli seq 30 absent only in HIV/TB coinfected individuals and present in both HIV-

negative and HIV-positive without TB infection 
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Fusicatenibacter (seq75 Fusicatenibacter 
saccharivorans) (Fig. 7), Escherichia-Shigella 
coli (seq30 Escherichia-Shigella;coli) (Fig. 8), 
Collinsella (seq 40 Collinsella aerofaclens and 
Romboutsia (seq27 Romboutsia ilealis). 
 
Also among HIV-infected individuals, some 
unique Taxons amplicon sequences were 
significantly increased among HIV patients on 
HAART treatment even though they were on 
cotrimoxazole medication. The increased unique 
amplicon sequence OTU observed  included 
Subdoligranulum (seq 48, seq114, seq 201, and 
seq 396)(Fig. 9), Lachnospira (seq 76, seq 184, 
and seq389), Megamonas funiformis (seq 2, 
seq12, seq 16, seq 21 and  seq 22) (Fig. 10), 
Catenibacter mitsoukai (seq 152, seq 234, seq 
254 and seq 353) (Fig. 11), Bacteroides (seq 7, 
seq 8, seq 47, seq 74, seq 79, seq 77, seq 83, 
seq 87, seq 113 and unidentified species)             
(Fig. 12), Ruminiclostridium (seq220 and 
seq185) (Fig. 13) and Eubacterium rectale (seq 
11 and seq 60). 
 

3.5 Gut Pathobiont Composition in the 
Study Participants 

 
Findings from our study showed a                          
significantly high proportion of pathobiont                           
among HIV negative and HIV-positive 
individuals. Twenty eight gut microbiota were 
recorded as pathogenic following 16S                             
rRNA analysis. A Majority of the pathobiont                       
were Enterobacter spp, Citrobacter spp, 
Clostridium perfringens, Enterococcus spp, 
Paraclostridium spp, and Esherichia-Shigella 
coli. 
 
The least observed pathogenic strains included  
Haemophilus parainfluenzae,  Klebsiella spp,  
Moganella morganii, leuconostoc lactis, 
Aeromonas sanareli, and Campylobacter 
consisus  (Fig. 14). The proportion of gut 
pathobiont was relatively higher among HIV-
negative study participants when compared to 
their HIV-positive counterparts. 
 

 
 

Fig. 9. Subdoligranulum unique taxon amplicon. Bar charts depicting the increased variation 
of unique sequences for Subdoligranulum amongst HIV-positive individuals on HAART and 

HIV/TB coinfected 
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Fig. 10. Megamonas funiformis unique taxon amplicon. Heat map depicting the increased 
variation of unique sequences for Megamonas funiformis amongst HIV-positive and HAART 

naïve treatment individuals only 
 

 
 

Fig. 11. Catenibacterium mitsuokai unique taxon sequence. Heat map depicting an increased 
variation of unique sequences for Catenibacterium mitsuokai amongst HIV-positive and 

HAART naïve treatment individuals only 
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Fig. 12. Bacteroide's unique amplicon sequence distribution. Bar charts depicting an 
increased variation of unique sequences for Bacteroides strains amongst HIV-positive 

treatment naïve individuals and HIV/TB-coinfected individuals 
 

 
 

Fig.13. Ruminiclostridium unique taxon sequence distribution. Heat map depicting an 
increased variation of unique sequences for Ruminiclostridium seq 185 and seq 220 amongst 

HIV-positive individuals on HAART and HIV/TB coinfected individuals 
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Fig. 14. Gut pathobionts amongst the study participants 
 

4. DISCUSSION  
 
We have described a database for the gut 
microbiome in terms of OTU abundance in a 
Cameroonian population residing in the South 
West Region of the country. These findings are 
the first of their kind, making available a profile of 
347 gut microbiome bacterial species present in 
this community. Particularly, from the 347 gut 
microbiome bacterial species profiled, eight phyla 
were identified, with 55 unique 
species/oligotypes containing more than one 
sequence and 28 pathobionts. A host of 
unknown/unclassified gut microbiome bacterial 
species were also noted circulating among the 
study population. This study has not only 
described the type and frequency of gut 
microbiome bacterial species in the South West 
Region, but it has also put forward the opinion 
that the core microbiome might be subjective to 
geographical settings. Thus, the functionality of 
the gut microbiome bacterial species in a 
geographical setting might vary from those of 

other areas. The majority of the gut microbial 
community originated from the phylum Firmicutes 
followed by Bacteroidetes, Proteobacteria, 
Actinobacteria, and Fusobacteria while the least 
were Euryarchaeota, Synergistetes, and 
Verrucomicrobia. This observation was similarly 
reported by Cheng et al. [21] who observed that 
the microbiota profile with the most dominant 
taxa were Firmicutes, Bacteroidetes, and 
Actinobacteria in both HIV-infected and 
uninfected individuals. A high proportion of 
unclassified gut microbial communities were also 
recorded amongst the study population.  
 
At the genus level, the gut microbiome 
communities in HIV-negative individuals were 
more diverse compared to HIV-positive 
individuals. This was previously reported by 
Vázquez-Castellanos et al. [22] in which Healthy 
subjects clustered separately from positive 
subjects based on their 16S rRNA sequencing. In 
HIV-positive individuals, higher proportions of 
four microbial communities: Parabacteroides 
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distasonis, Prevotella copri, Blautia wexlerae, 
Lachnoclostridium sp32400, and 
Faecalibacterium prausnitzzi were recorded from 
our study. These findings are inconsistent with 
the work of Lozupone et al. [23] who observed a 
low proportion of Parabacteroides distasonis, 
and an increase in the member of the Prevotella 
family. Contrary to our study, Dillon et al. [10] 
found a significant decrease in the 
Becteroidaceae and Lachnospiraceae families in 
HIV-positive individuals versus healthy controls.  
 
Regarding pathobionts, 28 were recorded from 
this study participants. However, the majority of 
the HIV-negative individuals, presented with 
more pathobionts as compared to HIV –infected 
individuals. Similar pathobionts were observed in 
high proportion but included an extended 
spectrum of other communities in some other 
studies. Contrary to our study, Zhou et al. [24] 
reported higher proportions of potentially 
pathogenic microbes such as Proteobacteria, 
Enterococcus, Streptococcus, Lactobacillus, and 
Ruminococcus. Lower levels of Bacteroides 
vulgatus, Prevotella copri-sp13942, Megamonas 
funiformis Anaerostipes hadrus, Coprococcus 
comes-sp32193, Lachnoclostridium sp32343-
sp32393-sp32423, Faecalibacterium sp34558, 
Subdoligranulum sp35380-sp35585, Prevotella 
stercorea, Blautia sp32056 Eubacterium hailli, 
Ruminiclostridium sp34921-sp34937, Bilophila 
wadsworthia, Escherichia-shigella coli, 
Senegalimassilia anaerobia, Bacteroides fragilis-
ovatus, Bacteroides uniformis, Sutterella 
wadsworthensis, Holdemanella biformis, 
Holdemanella sp36738, Subdoligranulum 
sp35580-sp35585-variabile, Romboutsia ilealis, 
Roseburia intestinalis, Blautia sp32002, Blautia-
lachnoclostridium sp32052-sp32410, 
Fusicatenibacters saccharivorans, and 
Lachnospira sp32454 were observed in HIV-
positive as compared to HIV-negative individuals 
in this study. Comprehensively, the latter 
microbiome occurrence at the taxa level of 
individual gut microbiota genus was lower with all 
HIV-positive patients irrespective of HAART and 
cotrimoxazole treatment, when compared with 
those of HIV-negative individuals, suggesting the 
direct effect of HIV infection in promoting 
dysbiosis.  
 
Studies have reported lower counts of 
Lactobacillus [25] and Bifidobacterium in the 
stool of HIV-treatment naïve individuals [26]. 
Previous works have linked the depletion of 
Bifidobacterium and Lactobacillus during HIV 
infection and their consequential effects on gut 

barrier destruction and poor immune function in 
the GALT [27]. The gut microbiota of patients 
with HIV, compared with those of controls from 
this study, contained lower levels of 
Bacteroidetes, Prevotella, Megamonas, Dialister, 
Ruminiclostridium, Faecalibacterium, 
Ruminococcus, Lachnospira, Roseburia, Blautia, 
Bacteroides vulgatus, Bacteroides uniformis, 
Phascolartobacterium faeclum, Ruminococcus 
bromii and Bacteroides stercoris.  
 
Dillon et al. [10] observed an increased 
abundance of the phylum Proteobacteria in HIV-
infected individuals. However, in the present 
study, we did not observe an increased 
abundance of the phylum Proteobacteria in HIV-
infected patients using fecal samples. These 
findings are inconsistent with previous studies 
which largely focused on populations from 
Western countries [10]. This variation in the 
composition of the gut microbiota might reflect 
differences in diet or host genetic background 
between the Cameroonian and Western 
populations. The Western diet is high in fat and 
calories, while the diet of individuals in the 
Southwest Region of Cameroon typically 
includes relatively low levels of fat, sugar, and 
meat, which may have significant effects on the 
gut microbiota. Kashyap et al. [28] have 
suggested that different dietary patterns are 
strongly associated with gut microbiota 
enterotypes. Lozupone et al. [22] have shown 
that diets high in fat and protein and low in 
carbohydrates and fiber are correlated with the 
loss of beneficial bacteria in HIV-infected 
patients. This study affirms that fiber diets are 
correlated with the loss of beneficial bacteria in 
HIV-infected patients.  
 
Identification and profiling for unique amplicon 
sequences/oligotype in the sample population 
were carried out through Taxa2SV analysis and it 
was the first-ever conducted study in the 
Southwest Region of Cameroon. There were 
sequence variations for 55 gut microbiota genera 
amongst HIV-positive and HIV-negative 
individuals (Alloprevotella, Veillonella, Sutterella, 
Subdoligranulum, Streptococcus, Ruminococcus, 
Ruminiclostridium, Roseburia, Romboutsia, 
Prevotella, Phascolarctobacterium, 
Paraprevotella, Parabacteroides, Megasphaera, 
Megamonas, Lachnospira, Lachnoclostridium, 
Klebsiella, Intestinibacter, Holdemanella, 
Haemophilus, Fusicatenibacter,  
Faecalibacterium, Eubacterium, Escherichia-
Shigella, EnterobacterKluyvera, Enterobacter, 
Dorea, Coprococcus, Collinsella, Clostridium, 
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Catenibacterium, Butyrivibrio, Blautia, 
Bifidobacterium, Bacteroides, and Anaerostipes). 
In this analysis, a high proportion of Unique 
amplicon sequences were found in HIV-infected 
individuals when compared with HIV-negative 
counterparts. A majority of the taxon in this study 
contained more than one unique sequence with 
some protracting far-distance genotypic makeup 
from each other. The increased presence of 
unique gut microbiome sequence distribution 
among HIV-infected, HIV/TB co-infected, and 
HIV-negative individuals in this Cameroonian 
population warrant further study. The increased 
occurrences of these unique gut microbiome 
sequences with HAART, ATB, and cotrimoxazole 
treatment, might indicate the possible 
involvement of these drugs in the acquisition of 
new strains of these gut flora.  
 
In summary, our study affirms the alterations in 
the gut microbiome and dysbiosis in HIV-infected 
patients from the Cameroonian Population with 
the emergence of unique gut microbiome 
species. In this study, HIV-negative individuals 
had a more rich microbial community as 
compared to HIV patients, which had a more 
diverse population with unknown species and 
classifications. contrary findings have been 
reported in previous studies, indicating lower α-
diversities of intestinal microbiota among HIV-
infected individuals [11,29], while such 
discrepancies were not statistically significant in 
some studies [30]. Going forward, we need to 
disentangle three separate notions: HIV 
presence, HAART/Cotrimoxazole, and 
HAART/ATB can to some degree exert pressure 
on the gut leading to HIV-associated gut 
dysbiosis as shown in most but not all studies. 
However, this pressure exerted on the gut could 
lead to the emergence of new microbial species 
which can also lead to a separate dysbiosis, 
which may be confounded by the HIV-associated 
gut dysbiosis and go unreported and unstudied.  
 

5. CONCLUSION 
 
Within the limitations of the study the following 
conclusions can be made: 
 
Gut microbiome bacteria comprising 347 strains 
were present among study participants in the 
Cameroonian population. Of the 347 strains, 55 
unique species containing more than one 
sequence, 28 pathobionts, and a few 
unknown/unclassified gut microbiome bacterial 
species were observed. The phylum of Gut 
microbiota communities identified included 

Firmicutes, Bacteroidetes, Proteobacteria, 
Actinobacteria, Fusobacteria, Euryarchaeota, 
Synergistetes, Verrucomicrobia, and unclassified 
phylum. The gut microbiome OTU diversity for 
HIV-negative individuals was abundant with less 
enrichment of butyrate-producing flora as 
compared to those of HIV-positive, which was 
less diverse with increased enrichment of 
butyrate-producing flora. Also, the unique gut 
microbiome/oligotype OTU was significantly 
higher amongst HIV-positive individuals on 
HAART, ATB, and cotrimoxazole as compared to 
HIV-positive treatment naïve individuals. Further 
works on the functionality of the gut microbiome, 
the origin of pathobionts, and the cause of the 
absence and or the emergence of new strains of 
unique gut microorganisms need to be 
investigated.  
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