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ABSTRACT
Background and Aim: Despite its role in healthcare delivery and accessibility, the potential of bioinformatics to transform 
disease diagnosis in SSA remains unknown. This narrative review aims to assess the current status of bioinformatics initiatives 
in SSA and evaluate the role of bioinformatics in transforming diagnosis of major diseases in the region.
Methods: A narrative review of peer‐reviewed literature, policy reports, and program documentation published between 2000 
and 2025 was conducted. Sources were identified through targeted database searches and organizational websites (e.g., Africa 
CDC, H3Africa, genome.gov, etc.). Key themes were synthesized, including bioinformatics pipelines, infrastructure, training 
and capacity development, integration of sequencing technologies, and disease‐specific applications.
Results: Bioinformatics capacity in SSA has expanded primarily through international collaborations and regional networks 
such as H3Africa and Africa CDC's Pathogen Genomics Initiative. While significant advances in training and expertise are 
evident, sequencing infrastructure and data management systems remain unevenly distributed. For priority diseases—including 
malaria, typhoid, HIV, tuberculosis, and neglected tropical diseases—bioinformatics applications show promise in detecting 
drug resistance, guiding treatment, and enabling genomic surveillance. However, infrastructural barriers such as limited wet‐ 
laboratory facilities, data storage capacity, and internet connectivity constrain implementation.
Conclusion: Bioinformatics‐based diagnostics have the potential to transform healthcare delivery in SSA by enabling more 
accurate, timely, and context‐specific disease diagnosis. Realizing this potential requires simultaneous investment in 
sequencing infrastructure, sustainable bioinformatics training, and policies that support data sharing and integration into 
clinical practice. Strengthening these systems could reduce diagnostic inequities, empower African‐led research, and advance 
the region toward self‐reliant and equitable healthcare.

1 | Introduction 

Early and accurate disease diagnosis is essential for effective 
disease treatment, and reducing morbidity and mortality rates 

associated with delayed diagnosis, incorrect drug prescriptions 
[1, 2], and continued transmission in hospitalized patients [3]. It 
is also essential for achieving international health goals, such as 
the United Nations Sustainable Development Goal 3 (SDG), 
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which aims to prevent deaths of children under 5 years, address 
neglected tropical diseases (NTDs), and combat infectious dis
eases like tuberculosis, AIDS, malaria, and hepatitis by 2030. 
Improved diagnostics, thus reduces the infectious disease bur
den and addresses emerging pandemic threats on an interna
tional scale [4, 5].

The emergence of bioinformatics‐based technology has aided in 
the analysis of the entire human genome sequence, unraveling 
its intricate structure and deciphering its underlying genetic 
information [6]. Bioinformatics has also provided a foundation 
for understanding the complex interplay between genes and 
environmental factors, evolutionary relationships, and genetic 
diseases [7–10].

Despite the role of bioinformatics in disease diagnosis [11–13], 
the adoption and implementation of bioinformatic approaches 
in healthcare systems in resource‐limited settings, is compara
tively low to developed countries. Bioinformatics has advanced 
significantly in developed nations, while gradual progress is 
being made in developing African countries, with South Africa, 
Nigeria, and Kenya leading the way [14–16].

The utilization of genomic and bioinformatic approaches in 
most healthcare settings in SSA is limited [14, 17]. However, 
this region suffers the highest burden of disease globally; 
majority of which are infectious [18–21]. Malaria, tuberculosis 
(TB), typhoid Fever, NTDs, and HIV/AIDS are amongst the 
major infectious diseases in SSA. Yet, their diagnostic limita
tions have been reported in several studies, hindering proper 
disease diagnosis [22–27].

This paper aims to explore the status of bioinformatics in
itiatives in SSA and evaluate the role of bioinformatics in 
transforming the diagnosis of major diseases in the region.

2 | Challenges and Prospects for Diagnostic 
Systems in SSA 

Infectious diseases remain the primary cause of chronic illness, 
premature mortality, and loss of productivity in SSA [21]. The 
majority of the 122 tests recommended in the List of Essential 
In Vitro Diagnostics by the World Health Organization (WHO) 
primarily target infectious diseases, reflecting their global 
prevalence.

WHO suggests the incorporation of other diagnostic techniques 
such as nucleic acid amplification tests, automated bench‐top 
analyzers, and microscopy. However, these often require quality 
control measures, skilled operators, and continuous supply of 
electricity. Also, many of these tests are either unavailable or 
rarely accessible [28, 29], or their cost may be high‐priced, 
leading to the utilization of cheaper alternatives that may 
compromise diagnostic accuracy and reliability [30].

Several studies have highlighted the significant heterogeneity in 
the accessibility and availability of diagnostic tools across SSA, 
with socioeconomic and geopolitical factors playing crucial 
roles [31–34]. Majority of the population can only afford or 
access a limited range of diagnostic tests provided by primary 
healthcare facilities or community settings, unlike high‐income 
countries [33].

Most infectious diseases are managed outside well‐equipped 
medical facilities, where access to necessary diagnostic tests is 

intermittent. As a result, clinicians often rely on syndromic 
approaches guided by a limited number of diagnostic tests for 
making diagnoses [35].

Although commonly used in resource‐limited settings, syn
dromic approaches have inherent limitations in terms of spec
ificity and sensitivity. They tend to have poor specificity, leading 
to unnecessary administration of antimicrobials, while their 
sensitivity to detect antigens may be low, resulting in missed 
cases of treatable illnesses [36].

While lateral flow RDTs have shown promise in improving 
diagnosis in some infectious diseases, their performance can 
vary significantly. Fischer [37] evaluated the accuracy of 
RDTs for malaria diagnosis and found considerable varia
bility in sensitivity and specificity among different tests and 
settings.

The universal accessibility to high‐quality laboratory‐focused 
diagnostics in SSA by 2030 has been deemed impractical due to 
the significant infrastructural upgrades required [2]. Unlike in 
high‐income countries, in SSA, healthcare access and diagnostic 
proficiency remain a challenge. The exploration of alternative 
diagnostic strategies holds the potential to elevate clinical care 
in the region to the level of or even surpass high‐income 
countries.

3 | Diagnostic Limitations of Major Infectious 
Diseases in SSA 

3.1 | Malaria 

Microscopic examination is recognized by the Center for Dis
ease Control (CDC) as the gold standard for malaria diagnosis. 
However, this technique usually requires skilled laboratory 
experts due to the difficulty in species identification and 
immature stage identification.

Moreover, the time length of staining and parasite identification 
during microscopy has delayed diagnosis in symptomatic and 
asymptomatic patients alike, leading to preventable deaths. 
Studies have highlighted that RDTs should be complemented 
with microscopy for optimal diagnostic results [38, 39].

3.2 | Typhoid Fever 

Bone Marrow Aspirate Culture is the gold standard for typhoid 
fever diagnosis owing to its extremely high sensitivity [40]. 
However, it is invasive and supposedly impracticable in most 
settings [41].

The use of blood culture is more practical and frequently used. 
However, it is low in sensitivity (40%–60%) and the production 
of contamination‐free blood culture is difficult in low‐ or 
middle‐income country (LMIC) settings [28, 29].

3.3 | Human Immunodeficiency Virus (HIV) 
Infection 

Rapid HIV tests yield same‐day results and are largely used in 
HIV testing programs, particularly in settings where trained 
personnel and laboratory infrastructure are limited.
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However, the likeliness false‐positives renders results 
unreliable [30].

WHO advises employing RDTs and serological assays that have 
a sensitivity of at least 99%, a specificity of at least 98% for the 
first RDT, 98% for the second, and 99% for the third RDT [42]. 
However, in the case of children, it is crucial to use nucleic acid 
testing (NAT) technologies for virological testing to definitively 
confirm HIV infection [43, 44].

3.4 | Tuberculosis (TB) 

Sputum smear microscopy is quick and inexpensive. However, 
it has limitations in sensitivity [45, 46]. Culture of M. tubercu
losis is considered the gold standard but is time‐consuming.

Molecular diagnostics, such as the GeneXpert MTB/RIF assay, 
offer significant improvements over traditional methods. This 
molecular rapid diagnostic tool can simultaneously detect the 
presence of M. tuberculosis and the rifampicin resistance gene, 
providing more accurate results compared to smear microscopy. 
However, the molecular approach is costlier and requires 
sophisticated equipment [47]. WHO strongly recommends the 
use of the Xpert assay for TB and multidrug‐resistant TB diag
nosis in HIV‐infected individuals [48].

3.5 | Neglected Tropical Diseases (NTDs) 

Diagnosis of NTDs typically relies on the microscopic analysis 
of blood, stool, and urine samples. For instance, intestinal 
helminths and protozoan infections can be diagnosed by vi
sualizing helminth eggs or larvae, as well as protozoan cysts, 
oocysts or trophozoites in microscopically prepared stool 
slides [49, 50].

This requires experienced laboratory professionals for accurate 
identification of these parasitic elements in the sample. More
over, the severity of the infection is often correlated with the 
quantity of the parasitic elements present [51–53].

Molecular techniques are impractical in resource‐limited set
tings [54], while point‐of‐care diagnostics have improved NTDs 
diagnosis to a great extent. However, several limitations are 
bound to their use [55]. In SSA, the lack of rapid, accurate, and 
user‐friendly point‐of‐care testing methods for NTDs has con
tributed to their widespread neglect and the underestimation of 
their impact [54, 56].

4 | Bioinformatics in Human Disease Diagnosis, 
and Its Advantage Over Conventional Diagnosis 

4.1 | Bioinformatics‐Based Pathogen Diagnostics 

The application of genomic sequencing has transformed the 
diagnostic landscape by enabling the comprehensive detection 
of genetic variants, structural abnormalities, and microbial 
pathogens that underlie human disease. In contrast to tradi
tional diagnostic assays that target one gene or organism at a 
time, sequencing provides an unbiased, high‐resolution view of 
the genome or metagenome. Coupled with bioinformatics pi
pelines, sequencing technologies now underpin the identifica
tion of rare genetic syndromes, characterization of tumor 

mutational profiles, surveillance of infectious disease outbreaks, 
and assessment of microbial dysbiosis.

The first clinically applied sequencing technology, Sanger 
sequencing, offered unmatched accuracy and read lengths of up 
to 1 kb, making it the gold standard for many years. Its utility, 
however, is restricted to small‐scale testing due to low 
throughput and high cost. Today, Sanger sequencing remains 
important in clinical practice primarily for confirmatory testing 
of specific variants, but it has been largely superseded by more 
scalable platforms [57, 58].

Next‐generation sequencing (NGS) represents a major advance 
over conventional Sanger sequencing by enabling massively 
parallel sequencing of millions of DNA fragments in a single 
run. Whereas Sanger sequencing is highly accurate but limited 
to one fragment at a time, NGS delivers whole genomes, 
exomes, or targeted panels rapidly and at a fraction of the his
torical cost. This scalability has transformed clinical diagnostics, 
allowing comprehensive genetic testing that was previously 
unfeasible.

In practice, NGS makes it possible to identify causal variants in 
rare genetic disorders, detect somatic mutations in cancer, and 
uncover infectious pathogens without prior assumptions about 
their identity. Compared to conventional methods, NGS not 
only accelerates turnaround times but also increases sensitivity 
for low‐frequency variants and expands the scope of disease 
profiling to include transcriptomic and epigenomic layers [59]. 
While Sanger sequencing remains valuable for validating spe
cific variants, NGS has become the cornerstone of modern 
bioinformatics pipelines in disease diagnosis due to its speed, 
breadth, and clinical impact [59, 60].

Third‐generation sequencing (TGS) technologies, such as 
Oxford Nanopore sequencing and Pacific Biosciences single‐ 
molecule real‐time sequencing, extend the capabilities of next‐ 
generation platforms by generating long reads directly from 
single DNA molecules [61]. Unlike short‐read approaches that 
require assembly and can miss complex rearrangements, TGS 
resolves structural variants, repetitive regions, and haplotype 
phasing with much greater accuracy. These long‐read platforms 
also detect epigenetic modifications without separate assays, 
offering additional layers of diagnostic insight.

Clinically, TGS is proving valuable in de novo assembly of 
pathogenic genomes, identification of structural variants in rare 
genetic diseases, and real‐time surveillance of infectious out
breaks. While historically limited by higher error rates and 
costs, continuous improvements in chemistry and base‐calling 
algorithms are rapidly enhancing performance [62]. As a result, 
TGS is increasingly complementing, and in some applications 
surpassing, earlier methods, particularly where comprehensive 
structural and epigenetic resolution is essential for diagno
sis [61, 62].

Metagenomic sequencing is also of great diagnostic value in 
infectious diseases. It can detect microbes where cultures fail, 
and as well detect multiple co‐infecting microbes and anti
microbial resistance genes [63]. It is far more sensitive than 
conventional culture approach of pathogen detection particu
larly in bronchoalveolar lavage fluid, blood and sputum sam
ples. However, leading challenges include extremely high costs 
and difficulty of isolating a pathogen signal from the nose of 
sequences typically generated in a metagenomic approach [64].
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Common pipelines for analyzing NGS metagenomic data for 
pathogen diagnostics include: Sigma [65], PathoScope 2.0 [66], 
Kraken [67], IDseq [68], DAMIAN [69], PAIPline [70], and 
SURPI [71]. These pipelines rapidly identify novel and existing 
pathogens in different diagnostic samples, accurately speciate 
pathogens to the strain level, and in assembling full‐length 
microbial genomes, which is of great advantage in the investi
gation of disease outbreak scenarios.

16S sequence analyses as compared to conventional culture 
methods are very accurate in terms of pathogen detection. It 
enables identification of pathogens, even those that cannot be 
cultured or identified phenotypically. Predominantly, they have 
a higher sensitivity for bacterial species identification [72–74]. 
However, the accuracy of detecting pathogens through 16S 
sequencing relies on various factors such as sequencing meth
ods [75], the regions of DNA sequenced [76], and the analytical 
pipelines applied, including MIP [77], 16SPIP [78], and 
MBPD [79].

4.2 | Bioinformatics‐Based Genetic Diagnosis 

Bioinformatics‐analyzing‐high throughput sequences is the 
most important in genetic disease diagnosis [80] and has 
reduced diagnostic times [81]. Moreover, via the investigation of 
key genes, likely diagnostic biomarkers, key molecular path
ways, and drug targets; the sensitivity of diagnosis has im
proved [82, 83].

Bioinformatic databases enriched with reference genomic data 
and genetic disease information concerning numerous genetic 
disorders have been created. These databases collect and curate 
genetic and clinical data to aid in the interpretation of genetic 
variants and assist in diagnosing genetic diseases. ClinVar 
(https://www.ncbi.nlm.nih.gov/clinvar/), Human Gene Muta
tion Database (HGMD) [84], Genome Aggregation Database 
(gnomAD) [85], DECIPHER [86], Orphanet [87], and PubMed 
are common databases accessed.

Bioinformatic pipelines for gene disorder diagnosis help auto
mate and streamline the analysis of genetic variants, reducing 
manual efforts and providing standardized approaches for gene 
disorder diagnosis. They facilitate the identification of poten
tially disease‐causing variants, prioritize candidate genes, and 
assist in clinical decision‐making for patients with suspected 
genetic disorders [88, 89]. Some commonly used bioinformatic 
pipelines for gene disorder diagnosis include: GATK (Genome 
Analysis Toolkit) [90], VarScan [89], ANNOVAR [91], VEP 
(Variant Effect Predictor) [88], InterVar [92], and Galaxy [93].

4.3 | Bioinformatics‐Based Medical Decision 
Support 

Processed genomic data can be linked to electronic health 
records and decision‐support software (expert systems). Bio
informatics offers the computational analytic methods needed 
to develop and train the machine learning algorithms that 
power these decision‐support systems [94, 95]. These systems 
offer valuable insights into patient data, aiding in disease cat
egorization and timely treatment recommendations [96], and 
can deal with several disease conditions. Though majority can 

only deal with one disease condition, multi‐target systems 
capable of diagnosing co‐infections are available, albeit 
few [97].

In HIV care, sequencing data analyzed by bioinformatic algo
rithms can reveal resistance mutations to first‐line antiretroviral 
drugs. These results, once integrated into patient records, guide 
clinicians in tailoring personalized therapy regimens. Thus, 
bioinformatics forms the bridge between laboratory sequencing 
and clinical action.

4.4 | Bioinformatics‐Based Health Access 
Solutions 

The emergence of digital technologies driven by bioinformatic 
algorithmic tools has made healthcare access possible no matter 
the location. At the comfort of homes, ill patients can access 
disease information, diagnostic tools, and treatment plans, 
leading to personalized medicine, where healthcare access, 
disease diagnosis, and treatment are patient‐oriented [98].

Although bioinformatics itself is not telemedicine, cloud‐ 
based bioinformatics platforms (e.g., SIMpLE) can lead to 
efficient disease diagnosis [99–101]. It also allows health 
workers in resource‐limited settings to upload patient data 
(e.g., genomic sequences and molecular assay results) and 
receive analyzed diagnostic reports. For instance, programs 
like veSEQ–HIHV in Zambia used bioinformatics pipelines to 
automatically generate viral load and resistance profiles from 
sequencing data, enabling decentralized clinics to access 
advanced diagnostic information without local high‐ 
performance computing.

5 | Status of Bioinformatic Initiatives in SSA 

Bioinformatics in SSA has made reasonable progress, with 
countries like South Africa, Nigeria, Kenya, Ghana, Uganda, 
and Tanzania making strides in the field [14, 102, 103]. Short 
courses, workshops, and incorporation of bioinformatic mod
ules in degree programs are increasingly being organized in SSA 
[14, 15, 102, 104, 105].

Genomic sequencing, a pre‐requisite for implementing a bio
informatic analysis is also becoming increasingly available in 
both diagnostic and research settings [106–109]. High‐ 
throughput sequencing technologies are becoming more 
affordable, making it possible for more African laboratories to 
use them in clinical and outbreak investigations [110–112]. 
However, setting up an NGS facility itself can be expensive, 
requiring US$100,000–US$700,000 in instrument capital alone 
(before bioinformatics compute and maintenance) [113].

Several continental and national initiatives are steadily building 
bioinformatics capacity across SSA. Foremost was the NIH‐ 
Wellcome‐funded H3Africa consortium (2012–2022), which 
enabled African researchers to lead genomic studies of health 
and disease. H3Africa invested in infrastructure and training, 
and by its conclusion had produced over 700 publications. 
Crucially, it established H3ABioNet, a pan‐African bio
informatics network with 28 nodes in 17 countries (16 in Africa) 
to provide computing resources, data management and training 
support (genome.gov).
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H3Africa also created a biorepository network (in Uganda, 
Nigeria, and South Africa) to store and share high‐quality 
biospecimens (genome.gov), and it trained hundreds of African 
students through workshops, courses and degree programs. In 
parallel, professional groups like the African Society for Bio
informatics & Computational Biology (ASBCB) host confer
ences and webinars to link researchers across countries. Global 
partners have joined these efforts: for example, the NIH Fogarty 
Center's H3Africa Bioinformatics Training Program funds sus
tainable in‐country training centers (fic.nih.gov), and collabo
rations with EBI/NCBI help adapt international training 
materials to African needs. Similarly, Africa CDC and the 
World Health Organization have launched genomics capacity 
networks—for example, a 2019–2023 effort to set up 12 regional 
sequencing laboratories—and now run hands‐on sequencing 
and bioinformatics workshops. In fact, in September 2023, the 
Africa CDC inaugurated its first bioinformatics training course 
at its new Addis Ababa lab, providing intensive instruction on 
pathogen genomics analysis. Despite progress in bioinformatics 
initiatives, the application of bioinformatics‐based approaches 
in routine clinical practice in SSA is low [114, 115].

Significant infrastructural barriers limit bioinformatics 
implementation in SSA. High‐throughput sequencing 
requires reliable laboratory networks and supply chains; in 
practice, many African labs still lack in‐country next‐ 
generation sequencers and must send samples abroad. Even 
when equipment is available, consumables and maintenance 
costs can exceed national budgets (devex.com). On the 
computing side, few institutions have local high‐performance 
clusters or robust data centers, so analysts often rely on 
limited servers or cloud resources. Connectivity and power 
issues compound the problem: slow or intermittent internet 
makes it hard to transfer large genomic datasets or access 
public databases, and frequent outages disrupt analyses 
[116]. Data storage infrastructure is underdeveloped—aside 
from a few centralized repositories (like H3Africa's), most 
countries lack national bio‐data archives. Finally, systematic 
sample management remains a challenge: beyond the three 
H3Africa biobanks, there is little coordinated biobanking 
(cold‐chain logistics, standardized metadata, and consented 
sample collections) across the region (genome.gov). In sum, 
SSA bioinformatics initiatives have grown rapidly, but “basic 
research infrastructure” must be scaled up in parallel— 
including sequencing labs, computing/storage systems and 
biorepositories—to turn training gains into routine genomic 
research (devex.com) [116].

Generally, implementation of bioinformatics growth in SSA is 
impeded by several factors. These include: short infrastructural 
supply and computing systems, limited funding and training 
opportunities, and lack of expert bioinformatic scientists 
[14, 117–119]. Very few African institutions operate state‐of‐the‐ 
art genomics labs; acquiring sequencers and reagents is difficult 
and expensive. Most countries have limited local HPC or stor
age; inadequate internet bandwidth further constrains data 
analysis and sharing [116]. Only a handful of biorepositories 
exist (e.g., H3Africa's three centers genome.gov); many research 
studies struggle with long‐term specimen storage, tracking and 
distribution. Sustaining infrastructure (power, maintenance, 
and connectivity) requires ongoing investment. National polic
ies and regulatory frameworks for genomics are still evolving 

(although H3Africa's ELSI projects have started harmonizing 
ethics guidelines) [120].

In summary, SSA has made impressive strides through collab
orative networks and training programs. The region now boasts 
a vibrant community of bioinformaticians and a blueprint of 
successful initiatives (genome.gov). Going forward, however, 
closing the gap between promise and practice will hinge on 
parallel investments in hard infrastructure—high‐throughput 
labs, data centers, and biobanks—to fully support the genomics 
revolution in Africa.

6 | Potential of Bioinformatic‐Based Disease 
Diagnosis in SSA 

6.1 | Malaria 

High‐throughput sequencing of Plasmodium parasites is 
revealing genetic markers of resistance and diagnostic fail
ure. For example, targeted sequencing of the PfKelch13 gene 
tracks emerging artemisinin resistance, while large whole‐ 
genome databases (such as MalariaGEN's Pf7, containing 
> 20,000 parasite genomes) let researchers detect deletions of 
the pfhrp2 gene that cause false negatives in common rapid 
tests. Bioinformatics pipelines analyze these data to map 
where resistant, or “stealth” parasites are spreading. This 
genomic surveillance can inform local policies—for instance, 
indicating which drugs are still effective in a region or 
whether a given RDT can be trusted (sangerinstitute.blog). By 
quickly flagging new threats, these methods help health 
programs adapt in near real‐time and deploy resources where 
they are most needed. Genomic sequences of Plasmodium 
spp. can be also identified using bioinformatic‐based patho
gen diagnostics databases, including EuPathDB (http:// 
EuPathDB.org; formerly ApiDB).

Despite the potential of bioinformatics in improving malaria 
diagnosis in the region, the role of RDTs will continue to be 
significant given their portability, durability, accessibility, and 
relatively faster turnaround times. Its affordability makes it 
accessible to diverse populations and settings, consequently 
bridging the gap between malarial diagnostic availability and 
accessibility.

6.2 | Typhoid (Salmonella Typhi) 

Whole‐genome sequencing (WGS) and computational analysis 
are transforming typhoid diagnosis and control. Sequencing S. 
Typhi isolates reveals the specific strain lineages and antibiotic‐ 
resistance genes present in a community [121]. In practice, this 
means that clinicians can use genome data to predict which 
antibiotics will work against a local outbreak with high accu
racy (recent studies show ~99.9% concordance between resist
ance genes and lab tests) [121]. In SSA, shared bioinformatics 
platforms (e.g., Africa CDC's SeqAfrica initiative, Pathogen
watch, and TyphiNET dashboards) allow even remote clinics to 
upload genome data or simplified profiles. These tools aggregate 
African and global typhoid genomes to show trends in resist
ance and dominant genotypes [121, 122]. This helps decision‐ 
makers choose effective empirical treatments, target vaccina
tion campaigns, and improve water/sanitation measures. By 
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making analyzed genomic data accessible to all levels of the 
health system, these approaches extend high‐end surveillance 
into resource‐limited settings.

6.3 | Human Immunodeficiency Virus (HIV) 
Infection 

Genomic analysis of HIV can greatly improve diagnosis and 
care across SSA. By sequencing viral RNA from patients, 
health systems can track transmission networks and detect 
drug‐resistance mutations in real time [108]. For instance, 
the veSEQ–HIV platform in Zambia generated full viral 
genomes from routine blood samples at modest cost. This 
yielded each patient's viral load and resistance profile 
simultaneously, enabling clinicians to tailor antiretroviral 
therapy to the individual's virus [108]. In aggregate, analyz
ing HIV diversity across regions helps public health officials 
monitor hot spots and emerging resistant strains. Impor
tantly, as genomic technologies (including portable 
sequencers and cloud‐based analysis) become cheaper and 
more user‐friendly, even clinics with minimal lab infra
structure can benefit [108]. Pilot programs in SSA show 
that integrating genomics into HIV care can improve out
comes in rural areas and reduce long‐term costs. By 
bringing personalized medicine to the broader population, 
bioinformatics‐driven HIV diagnosis promises more equi
table care for people living with HIV in Africa.

6.4 | Tuberculosis 

NGS is poised to replace or augment traditional TB tests. While 
the GeneXpert MTB/RIF assay is often criticized as costly and 
requiring sophisticated equipment [47], NGS approaches also 
require substantial investment in wet‐lab facilities, sequencing 
platforms, and sequencing infrastructure.

For instance, GeneXpert MTB/RIF assay typically costs around 
US$12.90 assay (consumables, reagents, and staff) [123], while 
setting up an NGS facility can require US$100,000–US$700,000 
in instrument capital alone (before bioinformatics compute and 
maintenance) [113].

In 2023, WHO began recommending targeted NGS (tNGS) for 
TB diagnosis because it can identify resistance to many drugs in 
a single test (microbiologyresearch.org). This approach am
plifies and sequences multiple TB resistance genes directly from 
a patient's sputum and uses bioinformatics tools (like 
TB‐Profiler) to call mutations. South Africa and other countries 
are piloting such pipelines: for example, South Africa has 
adopted a GeneXpert XDR cartridge and is evaluating full 
sequencing systems (microbiologyresearch.org). These methods 
dramatically shorten the time to detect multidrug‐resistant TB. 
Moreover, TB genomics can map transmission chains (who‐ 
infected‐whom) in communities, helping target interventions. 
In SSA's context, diagnostic sequencing can be implemented at 
central or regional labs with results reported electronically to 
remote clinics. Even without local high‐end labs, samples 
can be sent to network labs and analyzed via online platforms. 
Overall, genomic TB diagnostics promise faster, more compre
hensive testing that aligns with SSA's burden of drug‐ 
resistant TB.

6.5 | Neglected Tropical Diseases (NTDs) 

For NTDs like schistosomiasis, filariasis, onchocerciasis, and 
leishmaniasis, bioinformatics is identifying new targets for 
better tests. Sequencing parasite and vector genomes has un
covered stage‐specific proteins and genetic signatures that may 
serve as sensitive biomarkers [17]. For example, recent prote
omic and genomic studies of filarial worms (causing river 
blindness and lymphatic filariasis) have pinpointed antigens 
and gene fragments that could improve blood tests or rapid 
diagnostics [17]. Similarly, comparing genomes of Leishmania 
or Schistosoma strains can reveal mutations associated with 
treatment failure. Computational tools can then design multi‐ 
pathogen assays (e.g., diagnostic panels or mobile‐phone read
ers) that screen several NTDs at once. EuPathDB (http:// 
EuPathDB.org; formerly ApiDB) contains sequences of NTDs, 
including Leishmania which can be compared via alignment. In 
the SSA health context, once these genomic markers are 
known, they can be incorporated into low‐cost tests deployed by 
field workers. Complex data interpretation is handled by 
accessible software or cloud services, so community clinics 
benefit from high‐tech development. By enriching elimination 
programs with genomic insights, these methods help catch 
persistent infections that evade older tests, bringing cutting‐ 
edge tools to underserved populations.

Given the impracticability of PCR in resource‐limited settings in 
relation to NTDs [50], sequencing is even more impractical in 
these settings. This means that microscopy is still relevant and 
should be used with strict adherence to laboratory protocols and 
handled by skilled laboratory personnel.

7 | Conclusion 

The field bioinformatics is increasingly developing in SSA, 
where it has the potential to alleviate the burden imposed by 
major infectious diseases in the region. By harnessing advances 
in genomics, computational biology, and data‐driven surveil
lance, the region can move beyond traditional diagnostic limi
tations toward faster, more accurate, and context‐specific 
solutions. For diseases of major burden, such as malaria, 
typhoid, HIV, TB, and NTDs, bioinformatics enables early 
detection of drug resistance, improved test development, and 
real‐time outbreak tracking. These capabilities not only en
hance clinical decision‐making but also strengthen health sys
tems by bridging gaps between rural and urban settings, where 
disparities in access to quality diagnostics are most pronounced.

While significant infrastructural barriers remain—such as lim
ited sequencing facilities, insufficient data storage, and unstable 
connectivity—the growing network of African‐led initiatives 
demonstrates that sustainable progress is achievable. Invest
ment in laboratory infrastructure, biobanks, computational 
resources, and training will be critical to transforming pilot 
successes into routine practice. Ultimately, integrating bio
informatics into diagnostic pathways offers more than techno
logical advancement; it represents a path toward equity, 
resilience, and self‐reliance in African healthcare. With con
tinued commitment from governments, regional networks, and 
international partners, bioinformatics can become a corner
stone of Africa's response to infectious diseases, paving the way 
for a healthier future.
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