


Medical Laboratory Science and the Diagnostic Response to Rising Infertility in Low- and Middle-Income Countries: A Critical Review with Particular Reference to Nigeria

Abstract
Infertility is now recognised as a common reproductive disorder rather than a marginal concern of affluent health systems, yet the laboratory infrastructure required to characterise it remains weakest in the settings where its social consequences are most severe. This critical narrative review examines the contribution of medical laboratory science to the recognition, causal attribution and management of infertility in low- and middle-income countries, with sustained attention to Nigeria. Peer-reviewed literature was identified through PubMed and MEDLINE and Crossref Metadata Search, supplemented by targeted retrieval of institutional documents, and appraised for methodological adequacy, consistency and relevance rather than citation frequency. The synthesis is organised around five analytical problems: the measurement of infertility burden, the diagnostic evaluation of male factor infertility, the microbiological attribution of tubal and genital tract disease, the analytical performance of endocrine and genetic testing, and the systems conditions under which laboratory results acquire clinical meaning. The available evidence indicates that basic semen examination remains the single most consequential laboratory investigation in this context, that its reliability is undermined by measurement variability that external quality assessment can reduce but has rarely been applied to in African andrology laboratories, and that serological diagnosis of chlamydial tubal disease, which dominates the Nigerian literature, rests on assays of uncertain specificity and cannot support the causal claims frequently made from it. Evidence on regional laboratory quality systems demonstrates that accreditation has expanded substantially but remains geographically concentrated and largely confined to vertically funded disease programmes, from which reproductive diagnostics have been excluded. Confidence in most published aetiological fractions is limited by single-centre designs, reliance on convenience samples and inconsistent adherence to standardised laboratory methods. Priorities for research include the establishment of andrology proficiency testing schemes, prospective evaluation of nucleic acid amplification testing against serology for tubal disease attribution, and analytical verification of reproductive hormone assays in African populations.
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1. Introduction
Infertility, defined by the failure to achieve a clinical pregnancy after twelve months or more of regular unprotected sexual intercourse, occupies an unusual position in global health. It is simultaneously one of the most prevalent reproductive disorders and one of the least systematically measured. Pooled analysis of studies published between 1990 and 2021 placed lifetime prevalence at 17.5 per cent and twelve-month period prevalence at 12.6 per cent, with both estimates carrying very wide ranges and extreme statistical heterogeneity (Cox et al., 2022). The associated World Health Organization report concluded that the burden differs remarkably little between income groups, which contradicts a long-standing assumption that infertility is a disorder of demographic transition and affluence (World Health Organization, 2023). If prevalence is broadly comparable across settings while diagnostic and therapeutic capacity is not, the practical burden of infertility falls disproportionately on populations least equipped to investigate it. Recent syntheses similarly identify uneven access to fertility care in low- and middle-income settings as a persistent constraint, with service availability, affordability and quality remaining central to meaningful access (Fauser et al., 2024; Ombelet & Lopes, 2024).
Sub-Saharan Africa illustrates this asymmetry sharply. A meta-analysis of sixteen primary studies from ten countries, comprising 22,303 participants, produced a pooled regional prevalence of 16.98 per cent, with obstetric complications, sexually transmitted infection and pelvic inflammatory disease, substance use and increasing female age emerging as the principal associated factors (Gedef et al., 2025). The aetiological profile implied by those associations is largely preventable and, more to the point of the present review, largely diagnosable by laboratory methods. Infection-related tubal damage, endocrine dysfunction and impaired spermatogenesis are all conditions whose recognition depends on microbiological, biochemical and andrological testing rather than on clinical examination alone.
The reliability of prevalence estimates themselves depends on measurement architecture. Analysis of nationally representative survey data from Burkina Faso, Côte d'Ivoire, Kenya and Uganda demonstrated that twelve-month infertility among women actively attempting conception ranged from approximately eight per cent to thirty per cent, and that estimates rose substantially when the denominator was widened to all women exposed to unprotected intercourse (Bell et al., 2024). The same analysis showed that model assumptions concerning injectable contraceptive use, unrecognised pregnancy and underreported contraception materially altered the resulting figures. Prevalence in this field is therefore not a fixed quantity awaiting discovery but a construct sensitive to definition, sampling frame and analytical choice. That observation matters for laboratory science because population figures derived from self-report cannot distinguish male from female factor, cannot attribute cause, and cannot indicate which diagnostic services a health system should provide. A recent nationally representative analysis from Ethiopia using a current-duration approach reinforces the methodological point that infertility estimates are contingent on case construction and time-at-risk assumptions (Teklemicheal & Gebreyohannes, 2025).
Nigeria occupies a particular place in this literature. It is the most populous country in Africa, carries a substantial burden of sexually transmitted infection and of postpartum and post-abortion sepsis, and sustains a large private fertility sector alongside a public system in which infertility is not treated as a funded priority. Clinical audit from Lagos documented that infertility management is dominated by tubal and male factors, and that patients frequently present after protracted and expensive itineraries through informal care (Adegbola & Akindele, 2013). Cross-sectional work in Ogun State among 230 women scheduled for hysterosalpingography found tubal pathology in 36.1 per cent and uterine pathology in 30.0 per cent, with genital tract organisms isolated from a substantial minority of high vaginal and endocervical specimens (Adekoya et al., 2024). Qualitative research with Nigerian women undergoing assisted reproduction has described diagnostic pathways characterised by repeated, unstandardised and out-of-pocket testing (Ezeome et al., 2023). Each of these observations points to laboratory practice as a determinant of clinical outcome, yet the laboratory dimension is usually treated as background rather than as an object of analysis. Comparable West African health-system evidence indicates that gaps in routine infertility data, financing arrangements and specialised training can constrain the implementation of fertility services (Afferri et al., 2024).
The wider diagnostic context is instructive. The Lancet Commission on diagnostics estimated that a very large proportion of the population in low- and middle-income countries has no access to basic diagnostic services, and identified primary and community-level testing as the principal gap in the diagnostic pyramid (Fleming et al., 2021). Regional analysis of laboratory quality systems found that 668 medical laboratories in the World Health Organization African Region had achieved ISO 15189 accreditation by 2020, an increase of about 75 per cent since 2013, but that 55 per cent of these were located in South Africa and a further 16 per cent in Kenya (Odhiambo et al., 2023). Accreditation, in other words, has expanded without becoming geographically representative. Meta-analysis of external quality assessment performance across African clinical laboratories, drawing on seventeen studies and 4,509 participating laboratories, produced a pooled satisfactory performance of 71.25 per cent (Cherie et al., 2025), a figure that would be considered unacceptable for the analytes on which reproductive decisions depend.
Existing reviews address adjacent territory without occupying it. Systematic landscape analysis of assisted reproductive technology in low- and middle-income countries concentrated on service availability and simplified culture systems rather than on diagnostic laboratories (Chiware et al., 2021). Reviews of male infertility evaluation in sub-Saharan Africa have been written primarily for clinicians and treat semen analysis as a stable input rather than as a measurement problem (Muteshi & Chesire, 2025). Qualitative evidence synthesis on fertility care policy in Africa examined political and financing barriers without engaging with analytical quality (Afferri et al., 2022). Reviews of laboratory strengthening in the region have concentrated on human immunodeficiency virus, tuberculosis and outbreak preparedness (Alemnji et al., 2014; Odhiambo et al., 2023). No recent critical synthesis has taken the laboratory contribution to infertility care in low- and middle-income countries as its central object, examined the analytical evidence underpinning the tests actually used, and asked whether the diagnostic claims made in the regional literature are supported by the methods employed.
1.1 Scope, Research Gap and Objectives
This review examines the role of medical laboratory science in the recognition, causal attribution and clinical management of infertility in low- and middle-income countries, with Nigeria as a sustained reference case. The boundaries are deliberately drawn around diagnostic laboratory disciplines relevant to reproductive investigation: andrology and semen examination, clinical microbiology and molecular diagnostics of genital tract infection, clinical chemistry and endocrinology, and cytogenetics and molecular genetics. Laboratory support for assisted reproduction is considered only where embryology practice bears directly on diagnostic function or on quality infrastructure.
The knowledge gap addressed is specific. Prevalence and access to fertility care in the region have been reviewed repeatedly, and laboratory system strengthening has been reviewed in the context of communicable disease programmes, but the analytical validity, quality assurance status and interpretive limits of the laboratory tests through which infertility is actually diagnosed in these settings have not been critically evaluated as a coherent body of evidence. The consequence is that aetiological fractions reported from the region are widely reproduced without scrutiny of the measurement processes that generated them. Accordingly, the unresolved issue is not the absence of infertility testing itself, but the absence of a coherent appraisal of whether the methods used in these settings generate results that are analytically reliable, comparable and clinically interpretable.
Excluded from consideration are the surgical and radiological management of infertility, detailed embryology and cryobiology protocols, veterinary and animal reproductive science, and paediatric or adolescent reproductive endocrinology except where directly relevant to adult diagnostic pathways.
The objectives are to evaluate the strength and consistency of evidence on laboratory investigation of infertility in low- and middle-income settings; to assess the methodological adequacy of studies from which regional aetiological patterns are derived, with emphasis on Nigeria; to compare the analytical characteristics and resource requirements of competing diagnostic strategies; to examine how laboratory quality systems, workforce arrangements and financing shape diagnostic reliability; and to identify defensible research priorities. The intended contribution is an integrated critical appraisal that links analytical laboratory evidence to reproductive health policy.
2. Methods for Literature Selection
2.1 Review Design and Rationale
A critical narrative design was selected because the review question is conceptual and cross-disciplinary rather than answerable by a single specified comparison. The evidence base spans analytical laboratory science, clinical epidemiology, health systems research and social science, and the outcomes reported are not commensurable: coefficients of variation in semen assessment, seroprevalence odds ratios, accreditation counts and qualitative accounts of care cannot be pooled. A systematic review would have required narrowing the question to a degree that would exclude the interpretive problem at the centre of this analysis, and meta-analysis would have been inappropriate given the heterogeneity of designs and measures. A scoping review would have mapped the literature without evaluating it, whereas the principal difficulty in this field is that weak evidence is repeatedly cited as though it were strong.
Narrative reviews are vulnerable to selection and interpretive bias, and the design does not exempt an author from methodological transparency or critical appraisal. The reporting and appraisal principles articulated in the Scale for the Assessment of Narrative Review Articles were used as an internal framework for justifying the importance of the topic, stating the literature search, referencing claims, and presenting evidence appropriately (Baethge et al., 2019). Search sources, eligibility decisions and appraisal criteria are reported below with the same explicitness expected of a structured review, and the limitations of the design are stated in the final section.
2.2 Information Sources
Two bibliographic sources were searched directly in the course of preparing this review: PubMed and MEDLINE, accessed through the National Center for Biotechnology Information programmatic interface, and Crossref Metadata Search. These were supplemented by general web searching used to locate and verify institutional publications, and by targeted retrieval from the World Health Organization institutional repository and publications catalogue. Bibliographic details for every cited article were verified against Crossref registry records, and where registry metadata and index records disagreed on publication year, volume, issue or author order, the record consistent with the published issue was adopted.
Subscription-only indexes, including Web of Science Core Collection, Scopus, Embase, CAB Abstracts, Global Health and CINAHL, were not accessible during preparation and were not searched. No claim is made regarding coverage of those resources. Citation-chaining was performed informally by inspecting the reference lists of retrieved reviews to identify candidate primary studies, which were then located and verified through the sources named above.
2.3 Search Strategy and Search Period
Search concepts were constructed around five axes: the reproductive condition, the laboratory discipline or test, the aetiological mechanism, the health systems dimension and the geographical setting. Free-text terms were combined with Medical Subject Headings where these were available, and synonyms were combined with the Boolean operator OR before axes were combined with AND. Representative strings are presented in Table 1. Searches were run iteratively, with terms revised in response to retrieved records, and each substantive theme in the synthesis was searched separately rather than through a single omnibus query.
The search period extended from January 1980 to 2 June 2026. The starting point corresponds to the publication of the first edition of the World Health Organization laboratory manual for semen examination, which marks the beginning of internationally standardised laboratory andrology and therefore the beginning of the intellectual problem this review addresses (Wang et al., 2022). Publications predating this boundary were considered only where conceptually indispensable, and none proved necessary. The final search was conducted on 2 June 2026.
Table 1 sets out the concept structure and representative search strings applied across the searched sources. Its purpose is to make the retrieval process reproducible rather than to enumerate every query executed; strings were adapted in wording and field tags according to the syntax of each source, and additional targeted searches were run for individual analytes, organisms and country names as the synthesis developed. The table also makes explicit which concepts were deliberately combined, since the principal methodological risk in this field is that searches restricted to clinical terminology retrieve the reproductive literature while missing the laboratory quality literature entirely, and searches restricted to laboratory terminology do the reverse.
Table 1. Search concept structure and representative search strings
	Concept axis
	Representative terms and strings
	Rationale
	Supporting references

	Reproductive condition
	("infertility" OR "subfertility" OR "tubal factor infertility" OR "azoospermia" OR "oligozoospermia" OR "fecundability")
	Captures the clinical condition and its principal laboratory-defined phenotypes
	Cox et al. (2022); World Health Organization (2023)

	Laboratory discipline and test
	("semen analysis" OR "semen examination" OR "external quality assessment" OR "proficiency testing" OR "nucleic acid amplification" OR "immunoassay" OR "anti-Mullerian hormone" OR "karyotype" OR "Y chromosome microdeletion")
	Identifies the diagnostic technologies whose analytical performance is under evaluation
	Björndahl (2022); Krausz et al. (2024); Zheng et al. (2025)

	Aetiological mechanism
	("Chlamydia trachomatis" OR "Neisseria gonorrhoeae" OR "Mycoplasma genitalium" OR "pelvic inflammatory disease" OR "genital tuberculosis" OR "female genital schistosomiasis" OR "oxidative stress")
	Retrieves infection-related and biochemical causal pathways amenable to laboratory attribution
	Dubbink et al. (2018); Tzelios et al. (2022); Bowers et al. (2025)

	Health systems dimension
	("laboratory accreditation" OR "ISO 15189" OR "quality management system" OR "diagnostic network" OR "point-of-care testing" OR "out-of-pocket" OR "catastrophic health expenditure")
	Locates evidence on the organisational conditions determining diagnostic reliability and access
	Fleming et al. (2021); Odhiambo et al. (2023); Okedo-Alex et al. (2019)

	Geographical setting
	("Nigeria" OR "sub-Saharan Africa" OR "low- and middle-income countries" OR "resource-limited settings")
	Constrains retrieval to the settings under review while permitting comparative evidence
	Chiware et al. (2021); Gedef et al. (2025)


Note. Strings are shown in generic form; field tags and truncation symbols were adapted to the syntax of each source searched. Terms within each axis were combined with OR and axes were combined with AND. Scientific names were searched as text terms and, where available, as indexing terms.
2.4 Eligibility Criteria
Peer-reviewed original research, systematic and narrative reviews, meta-analyses, consensus statements and professional guidelines were eligible. Reports from recognised international and governmental institutions were eligible where they provided authoritative estimates or standards not available in the journal literature. Publications were required to address infertility diagnosis or laboratory practice relevant to reproductive investigation, or to address laboratory quality systems in settings comparable to those under review.
Excluded were trade publications, promotional material, personal weblogs, anonymous webpages, conference abstracts without full reporting, non-scholarly commentary, patents, and any source whose bibliographic identity could not be confirmed against a registry record. Preprints were not used. Publications in languages other than English were not retrieved, and no translation was undertaken. Studies confined to non-human species were excluded except where methodological principles were directly transferable, and no such case arose. Sources retrieved through registry records but bearing a creation date after 2 June 2026 were excluded irrespective of relevance.
2.5 Screening, Duplicate Handling and Study Selection
Records retrieved from each source were screened first by title and abstract for topical relevance, then assessed in full text where the abstract indicated that the study addressed a laboratory method, an aetiological attribution or a health systems determinant within scope. Duplicates arising between the two bibliographic sources were identified by digital object identifier and, where an identifier was absent, by matching of title, first author and journal. Records without a resolvable identifier or a verifiable registry entry were not carried forward, since bibliographic authenticity could not be established.
Selection was purposive rather than exhaustive, consistent with the review design. Studies were retained where they contributed evidence on a theme identified during synthesis, where they represented a methodological improvement or corrective to earlier work, or where they reported findings inconsistent with the prevailing interpretation. Where several studies addressed the same question with comparable methods, preference was given to those with larger samples, clearer description of laboratory procedures and explicit reporting of comparison groups. No record counts are reported, since no systematic screening log with documented counts was maintained and the reporting of such figures for a narrative review would misrepresent the process.
2.6 Critical Appraisal and Evidence Synthesis
Studies were appraised against criteria appropriate to their design. For laboratory method studies, appraisal considered whether the reference procedure was specified, whether counting chambers, staining methods and assessment criteria were reported, whether replicate measurements were performed, and whether variability was quantified. For observational aetiological studies, appraisal considered the adequacy of the comparison group, the representativeness of sampling, the analytical validity of the diagnostic assay used to define exposure, control of confounding, and whether the design permitted temporal inference. For health systems studies, appraisal considered data provenance, completeness of the sampling frame and whether reported associations were adjusted. Formal risk-of-bias instruments were not applied, since the reporting available in most retrieved studies was insufficient for reliable scoring and the application of such tools without adequate information would generate a false impression of rigour.
Themes were developed inductively from the appraised evidence and organised around analytical problems rather than around test menus or disease categories. Where studies disagreed, the synthesis examined whether the discrepancy was attributable to differences in assay, case definition, comparison group or setting before considering substantive explanations. Claims were graded implicitly in the text through calibrated language, with stronger formulations reserved for findings replicated across independent samples using specified methods. Evidence from different disciplines was integrated only where the underlying constructs were compatible, and no attempt was made to reconcile analytical performance data with epidemiological estimates derived from self-report.
3. Measuring the Burden: What Laboratory Evidence Can and Cannot Establish
3.1 The Instability of Prevalence Estimates and Its Diagnostic Consequences
Estimates of infertility prevalence in low- and middle-income settings are generated almost entirely without laboratory input. The pooled global figures of 17.5 per cent lifetime and 12.6 per cent period prevalence were derived from studies employing five distinct methodological approaches, including prospective and retrospective time-to-pregnancy designs, current duration methods, self-reported measures and constructed measures, and the ranges around those pooled values were extremely wide even after accounting for methodological and study characteristics (Cox et al., 2022). Statistical heterogeneity approached the maximum observable value, which indicates that the pooled figure describes a distribution of incompatible measurements rather than a common underlying quantity estimated with noise.
The regional literature reproduces this instability. The sub-Saharan African pooled estimate of 16.98 per cent, with a confidence interval extending from 11.62 to 22.33 per cent, was assembled from sixteen studies across ten countries (Gedef et al., 2025). Landscape analysis of assisted reproduction in low- and middle-income countries cited prevalence figures ranging from 3.5 to 16.7 per cent in those settings generally, with markedly higher figures reported for parts of sub-Saharan Africa (Chiware et al., 2021). The methodological analysis of survey data from four African countries clarified why such ranges arise: shifting the analytic sample from women actively attempting conception to all women exposed to unprotected intercourse substantially increased estimated prevalence within the same populations, and adjustments for recent injectable contraceptive use, unrecognised pregnancy and underreported contraception each moved the estimate further (Bell et al., 2024).
The implication for laboratory science is not that population estimates are worthless but that they are the wrong instrument for service planning. A period prevalence derived from self-reported non-conception cannot indicate how many couples require semen examination, how many require assessment for tubal disease, or what proportion of apparent infertility reflects endocrine disorder amenable to inexpensive biochemical diagnosis. Health systems that plan diagnostic capacity from demographic estimates alone will systematically misjudge both the volume and the composition of demand. The alternative, which is to derive service requirements from clinic-based aetiological studies, encounters a different problem examined in the following subsection: those studies are themselves shaped by the diagnostic capacity available at the sites where they were conducted.
3.2 Aetiological Attribution and the Circularity of Clinic-Based Evidence
The aetiological profile most frequently reported for Nigeria assigns primacy to tubal factor and male factor causes. Clinical audit from Lagos described tubal disease and male factor as the dominant contributors and documented substantial delay before presentation to formal services (Adegbola & Akindele, 2013). The Ogun State series found tubal pathology in 36.1 per cent and uterine pathology in 30.0 per cent of 230 women undergoing hysterosalpingography, with tubal blockage accounting for 82.5 per cent of tubal abnormalities and hydrosalpinx for the remainder; secondary infertility predominated over primary infertility by a wide margin, at 77.8 per cent against 22.2 per cent (Adekoya et al., 2024). The predominance of secondary infertility is aetiologically informative, since it is consistent with acquired tubal damage following pregnancy-related or sexually transmitted infection rather than with congenital or constitutional causes.
The reference standard against which tubal status is defined introduces its own error. A prospective Nigerian study of 96 women who underwent both hysterosalpingography and hysterolaparoscopy with dye test reported diagnostic accuracy of 77.8 per cent, 76.3 per cent and 78.3 per cent for right, left and bilateral tubal blockage respectively, with overall accuracy for tubal assessment of approximately 77 per cent (Igbodike et al., 2022). Roughly one in four tubal classifications based on hysterosalpingography therefore diverges from the laparoscopic finding. Studies that recruit on the basis of hysterosalpingography and then attribute tubal disease to an infectious exposure inherit this misclassification, which will generally attenuate rather than inflate observed associations, but which also means that the case definitions used across the Nigerian literature are not equivalent.
The interpretive difficulty is that these proportions are conditioned on the investigations performed. A study that recruits women referred for hysterosalpingography will report tubal disease at high frequency because tubal assessment is the reason for referral. Where male partners are not systematically evaluated, male factor will be underascertained; where ovarian reserve and thyroid function are not measured, endocrine causes will be invisible. The regional male infertility literature has drawn attention to this asymmetry, noting that evaluation of the male partner in sub-Saharan Africa is frequently deferred, incomplete or omitted despite the male contribution being substantial (Muteshi & Chesire, 2025). Global synthesis places male factor involvement at a level that cannot be reconciled with the low ascertainment reported from many African centres (Agarwal et al., 2015). The discrepancy is more plausibly explained by differential investigation than by biological difference between populations.
A second difficulty concerns the exposure measures used to attribute causation. The Nigerian tubal infertility literature relies overwhelmingly on chlamydial antibody testing, an approach examined in detail in Section 5. Studies using this method have reported strong associations: seropositivity of 63.9 per cent among 147 women with tubal blockage confirmed at laparoscopy against 25.2 per cent among pregnant controls in Ogun State (Odelola & Akadri, 2023), and 81.2 per cent against 13.5 per cent in a case-control study of 96 case-control pairs in Imo State, yielding an odds ratio of 27.7 with a confidence interval from 12.7 to 60.2 (Onyeabochukwu et al., 2021). Effect sizes of this magnitude in observational studies of a common exposure warrant scrutiny rather than acceptance, particularly where the comparison group is drawn from pregnant women, whose fertility status is by definition different and whose exposure history may differ systematically.
A third line of evidence concerns the genital microbiota. Bacterial vaginosis was detected using Amsel criteria in 28.1 per cent of 178 women with tubal factor infertility against 7.9 per cent of an equal number of fertile controls in Port Harcourt, with strong associations reported for low socioeconomic class, vaginal douching and use of vaginal drying agents (Durugbo et al., 2015). The behavioural associations are as informative as the microbiological one, since they identify modifiable practices, but the cross-sectional design cannot establish whether dysbiosis preceded tubal damage or followed the same exposures that produced it.
Comparative evidence from elsewhere in the region shows a similar pattern of infection-associated risk with weak causal architecture. A survey and medical records study in Tanzania identified obstetric and infectious antecedents as prominent among women presenting with infertility and documented substantial barriers to obtaining treatment (Groene et al., 2023). Meta-analytic synthesis across sub-Saharan Africa reported that obstetric complications carried the strongest association with infertility, with an odds ratio of 7.94, followed by sexually transmitted infection and pelvic inflammatory disease at 3.24, substance use at 3.84 and increasing female age at 2.19 (Gedef et al., 2025). These pooled associations derive from studies with heterogeneous exposure definitions, and the confidence intervals reported for the strongest association are wide.
Table 2 summarises the principal aetiological findings from Nigerian and comparable sub-Saharan African studies together with an assessment of what each design can and cannot support. The table is intended to display the mismatch between the strength of the reported associations and the strength of the designs generating them. Two patterns are visible. First, the largest effect estimates come from the smallest studies using serological exposure definitions, which is the configuration in which selection and misclassification bias are most likely to inflate associations. Second, no retrieved study from Nigeria employed nucleic acid amplification testing to define current infection in an infertile population with an appropriate fertile comparison group, which means that the causal claim most frequently made in the Nigerian literature has not been tested with the method best suited to testing it.
Table 2. Reported aetiological associations for infertility in Nigeria and comparable sub-Saharan African settings, with design limitations
	Reported association
	Setting and sample
	Principal finding
	Design limitation constraining inference
	Supporting references

	Chlamydial seropositivity and tubal blockage
	Ogun State, Nigeria; 147 women with tubal blockage and pregnant controls
	Seropositivity 63.9 per cent in cases against 25.2 per cent in controls
	Serology indicates past exposure, not current infection or causation; pregnant comparison group differs systematically in fertility status
	Odelola & Akadri (2023)

	Chlamydial seropositivity and tubal infertility
	Imo State, Nigeria; 96 cases and 96 age-matched pregnant controls
	Seropositivity 81.2 per cent against 13.5 per cent; odds ratio 27.7
	Very large effect estimate from small single-centre sample; assay specificity not independently established; wide confidence interval
	Onyeabochukwu et al. (2021)

	Bacterial vaginosis and tubal factor infertility
	Port Harcourt, Nigeria; 178 cases and 178 fertile controls
	Bacterial vaginosis in 28.1 per cent against 7.9 per cent; strong associations with douching and drying agents
	Cross-sectional design cannot establish temporal ordering; Amsel criteria are observer-dependent
	Durugbo et al. (2015)

	Tubal and uterine pathology with genital tract organisms
	Ogun State, Nigeria; 230 women referred for hysterosalpingography
	Tubal pathology 36.1 per cent, uterine pathology 30.0 per cent; organisms isolated from a minority of swabs
	Referral-conditioned sample inflates apparent tubal contribution; no male partner data
	Adekoya et al. (2024)

	Obstetric complications, sexually transmitted infection and substance use
	Sub-Saharan Africa; 16 studies, 22,303 participants
	Pooled prevalence 16.98 per cent; odds ratios 7.94, 3.24 and 3.84 respectively
	Heterogeneous exposure definitions across primary studies; wide confidence intervals; residual confounding likely
	Gedef et al. (2025)

	Schistosoma haematobium exposure and infertility
	East Africa; multilevel semi-ecological analysis of survey and mapping data
	Odds of infertility elevated in high-prevalence locations relative to absent locations
	Ecological exposure assignment; individual infection status not measured; residual spatial confounding
	Woodall & Kramer (2018)


Note. Odds ratios are as reported in the cited sources. Absence of a study addressing a given association in Nigeria does not indicate absence of the association.
4. Basic Semen Examination as the Pivot of Diagnostic Practice
4.1 Standardisation, the Sixth Edition and the Formal Standard
Semen examination is the only laboratory investigation that directly assesses one partner's reproductive function at low cost, without imaging and without an invasive procedure. Its centrality in resource-constrained settings is therefore structural rather than merely conventional. The World Health Organization manual has been revised across six editions since 1980, with each revision responding to accumulated evidence on measurement error and on the clinical interpretation of semen variables (Wang et al., 2022). The sixth edition revised the basic methods, reintroduced the four-category classification of sperm motility, and widened the stated purpose of examination from prognosis for medically assisted reproduction to assessment of male reproductive function and general male health (Björndahl & Kirkman Brown, 2022; World Health Organization, 2021).
The accompanying development of a formal international standard for basic semen examination represents a substantive change in the governance of andrology laboratories. Where earlier accreditation frameworks provided no specific requirements for semen examination, the existence of a dedicated standard aligned with the manual permits laboratories to seek accreditation for the procedure without independently demonstrating the reliability of each assessment technique, provided the specified methods are followed in full (Björndahl, 2022). For laboratories in low- and middle-income countries this is consequential, because the principal barrier to accreditation of andrology services has been the absence of an applicable normative document rather than an unwillingness to comply with one.
The reintroduction of four motility categories illustrates the tension between analytical rigour and operational feasibility that runs through this literature. The change increases workload and requires retraining, and it was adopted because the collapsed classification used in the fifth edition discarded clinically relevant information (Björndahl & Kirkman Brown, 2022). In settings where a single technician performs semen examination alongside haematology, chemistry and microbiology duties, the additional burden is not trivial. The evidence does not indicate that the requirement should be relaxed, but it does indicate that adoption cannot be assumed simply because a manual has been published.
4.2 Measurement Variability and the Evidence from External Quality Assessment
The strongest evidence bearing on the reliability of semen examination comes from external quality assessment schemes in high-income countries, and it is not reassuring. Fifteen years of Belgian experience involving 121 laboratories produced a median interlaboratory coefficient of variation of 19.2 per cent for sperm concentration across all methods, falling to 14.4 per cent where an improved Neubauer chamber was used; the median coefficient of variation for rapid progressive motility was 37.1 per cent, while progressive motility at 15.1 per cent and total motility at 13.8 per cent were considered acceptable; morphology assessment showed large variability in 79.4 per cent of assessments irrespective of staining procedure or evaluation criteria (Punjabi et al., 2016). Dutch data covering an external quality control programme and standardised training courses showed that interlaboratory variation for concentration fell from a range of 24.0 to 97.5 per cent to a range of 12.7 to 20.9 per cent over the period examined, that concentration variability was lower where improved Neubauer haemocytometers were used, and that morphology assessment produced coefficients of variation reaching 375.0 per cent with numerous outliers; structured training significantly reduced interobserver variability for all parameters (Lemmens et al., 2022).
Three conclusions follow with reasonable confidence. Sperm concentration can be measured with acceptable reproducibility provided a specified counting chamber and dilution procedure are used. Motility assessment is reproducible at the level of aggregate categories but not at the level of fine subdivision. Morphology assessment, as practised, is not reproducible across laboratories, and the magnitude of disagreement is such that morphology-based classification of a given sample may differ entirely between centres. A review of the development of external quality assessment and proficiency testing for semen analysis across more than three decades reaches consistent conclusions and documents the gradual extension of such schemes across several countries (Zheng et al., 2025).
The critical observation for the present review is one of absence. No external quality assessment scheme for semen examination covering Nigerian or sub-Saharan African andrology laboratories was retrieved. Regional evidence on external quality assessment participation concerns general clinical laboratory disciplines, and even there the pooled satisfactory performance across 4,509 participating laboratories was 71.25 per cent (Cherie et al., 2025). If nearly three in ten participating laboratories fail to achieve satisfactory performance in disciplines with objective calibrators and commutable control materials, the expected performance in a discipline that is subjective, poorly standardised and unmonitored is unlikely to be superior. Published semen data from the region should therefore be interpreted as reflecting an unquantified combination of biological variation and measurement error.
This has direct consequences for the interpretation of large Nigerian datasets. A retrospective study of 5,165 semen samples collected over five years examined the effect of ejaculatory abstinence on semen quality, reporting that prolonged abstinence increased sperm count and total sperm count in normozoospermic samples while increasing semen volume but reducing sperm count, total sperm count and progressive motility in oligozoospermic samples (Akhigbe et al., 2022). The sample size is substantial and the finding of divergent effects by baseline category is biologically plausible. The inference that abstinence effects differ by phenotype nonetheless depends on the reliability of the classification into normozoospermic and oligozoospermic categories, which depends in turn on concentration measurement, and no external quality assessment data are available for the laboratory concerned. The finding is best regarded as a well-powered observation requiring replication under documented analytical conditions rather than as an established physiological difference.
Similar caution applies to the global literature on temporal trends. Meta-regression of samples collected worldwide across the twentieth and twenty-first centuries reported declining sperm counts, including in regions previously underrepresented (Levine et al., 2023). The analysis is methodologically careful and the direction of effect has been replicated, but the underlying primary data derive from laboratories operating under heterogeneous methods across decades in which the reference manual was revised repeatedly. Confidence in the existence of a downward trend is greater than confidence in its magnitude, and the contribution of African data to such analyses remains small.
4.3 Extended and Advanced Andrology Testing: Evidence Against Enthusiasm
Beyond basic examination lies a set of tests promoted as adjuncts to the diagnosis of male infertility: sperm DNA fragmentation, seminal oxidative stress measurement, and computer-assisted or algorithmic image analysis. Their appeal in resource-constrained settings is that they promise to explain infertility in men whose basic parameters appear normal. The evidence supporting their routine use is weaker than that appeal implies.
Sperm DNA fragmentation testing has been the subject of detailed clinical guidance identifying specific scenarios in which the result may alter management, including recurrent pregnancy loss and varicocele assessment, while acknowledging methodological variability between assays and the absence of universally accepted thresholds (Agarwal et al., 2020). The clinical value of the test therefore depends on the availability of the interventions it would inform. Where surgical varicocele repair and assisted reproduction are unavailable or unaffordable, a fragmentation result changes nothing about management while adding cost, and the resource is better directed to ensuring that basic examination is performed correctly.
Seminal oxidative stress measurement presents a comparable pattern with one instructive exception. Work from Sri Lanka established the nitroblue tetrazolium assay as a low-cost method for estimating seminal reactive oxygen species, deriving cut-off values that distinguished fertile men from those with asthenozoospermia and from those with unexplained infertility, with sensitivity and specificity in the region of seventy per cent and areas under the receiver operating characteristic curve of 0.82 and 0.85 respectively (Amarasekara et al., 2014). The performance characteristics are moderate rather than strong, and the study was conducted in a single centre with modest numbers, so the cut-off values require external validation before transfer to other populations. The example nonetheless demonstrates that assay development oriented to low-resource conditions is feasible and that the dominant model, in which tests are developed in high-income settings and subsequently found unaffordable elsewhere, is not the only available path.
Algorithmic and machine-learning approaches to semen assessment have attracted substantial attention, with reviews documenting applications spanning concentration and motility estimation, morphological classification and sperm selection (Panner Selvam et al., 2024). The prospect that automated assessment might eliminate the interobserver variability documented above is genuinely attractive for settings without access to structured training or proficiency schemes. The evidence base consists largely of development and internal validation studies rather than prospective evaluation against clinical outcomes, training datasets derive predominantly from high-income laboratories, and the performance of such systems on specimens processed under different preparation conditions has not been established. Confidence that automation will solve the variability problem in African andrology laboratories is at present low, and premature adoption risks substituting an unvalidated algorithm for an inadequately trained observer without resolving the underlying deficit in method standardisation.
Table 3 compares the principal andrology investigations across evidence status, infrastructure requirement and interpretive limitation. The comparison is intended to support prioritisation rather than to rank tests by sophistication. The pattern that emerges is that the investigations with the strongest evidential support and the greatest capacity to alter management are also the least technically demanding, while those requiring the most infrastructure yield results whose clinical consequences are contingent on therapeutic options that are frequently unavailable. This inversion between technical sophistication and practical value is the central strategic finding of this section.
Table 3. Comparative appraisal of andrology investigations for use in resource-constrained diagnostic laboratories
	Investigation
	Evidence status
	Infrastructure and skill requirement
	Principal interpretive limitation
	Supporting references

	Sperm concentration by haemocytometer
	Reproducible when specified chamber and dilution are used; interlaboratory coefficient of variation approximately 14 to 19 per cent
	Microscope, improved Neubauer chamber, trained observer, documented procedure
	Requires adherence to a single specified method; unmonitored laboratories may deviate without detection
	Björndahl & Kirkman Brown (2022); Lemmens et al. (2022); Punjabi et al. (2016)

	Sperm motility, four categories
	Aggregate categories reproducible; fine subdivision markedly less so
	Microscope with thermostatic stage, trained observer, timed assessment
	Rapid progressive fraction shows high interlaboratory variability; workload increased relative to collapsed classification
	Björndahl (2022); Punjabi et al. (2016)

	Sperm morphology
	Poor interlaboratory reproducibility; very large coefficients of variation reported
	Staining facility, trained observer, reference images
	Classification of a given sample may differ between laboratories; limited independent diagnostic value
	Lemmens et al. (2022); Punjabi et al. (2016)

	Sperm DNA fragmentation
	Defined indications in specific clinical scenarios; assay variability and threshold uncertainty acknowledged
	Specialised reagents or flow cytometry; external referral in most settings
	Result alters management only where corresponding interventions are accessible
	Agarwal et al. (2020)

	Seminal reactive oxygen species by nitroblue tetrazolium assay
	Single-centre derivation with moderate sensitivity and specificity; external validation absent
	Basic reagents and colorimetry; low cost
	Cut-off values not validated across populations; assay not standardised internationally
	Amarasekara et al. (2014)

	Algorithmic and machine-learning semen assessment
	Predominantly development and internal validation studies; prospective clinical evaluation limited
	Digital imaging, computing capacity, technical support
	Training data derived from high-income laboratories; performance under differing preparation conditions unestablished
	Panner Selvam et al. (2024)


Note. Coefficients of variation are interlaboratory values reported from external quality assessment schemes in high-income countries and may understate variability where such schemes are absent.
5. Microbiological and Molecular Attribution of Infection-Related Infertility
5.1 Chlamydial Serology Against Nucleic Acid Amplification
The dominant diagnostic strategy for attributing tubal infertility to Chlamydia trachomatis in Nigeria is measurement of immunoglobulin G antibody in serum. The appeal is evident: the specimen is easily obtained, the assay format is familiar, and the result is available in laboratories without molecular capability. Two Nigerian studies illustrate both the strength of the reported association and the interpretive problem it creates. In Ogun State, 63.9 per cent of 147 women with tubal blockage demonstrated at hysterosalpingography and confirmed at laparoscopy were seropositive, against 25.2 per cent of pregnant controls, with early coitarche, multiple partners and previous sexually transmitted infection independently associated with seropositivity (Odelola & Akadri, 2023). In Imo State, 81.2 per cent of 96 women with confirmed tubal factor infertility were seropositive against 13.5 per cent of age-matched pregnant controls (Onyeabochukwu et al., 2021).
Several considerations constrain the inference drawn from these findings. Chlamydial immunoglobulin G indicates prior exposure at an undetermined time and does not establish that infection caused the observed tubal damage, that infection is current, or that treatment is indicated. Assay specificity varies with the antigen preparation used, and cross-reactivity with other chlamydial species is a recognised limitation; neither Nigerian study reported independent verification of assay performance in the local population. The choice of pregnant women as controls introduces a structural difference between groups that extends well beyond the exposure of interest. The magnitude of the odds ratio reported in the smaller study, at 27.7 with a confidence interval from 12.7 to 60.2, is larger than is typically observed for this association and should be interpreted with the caution appropriate to small single-centre case-control designs.
Structured review of genital chlamydial and gonococcal infection among women in sub-Saharan Africa documents substantial prevalence of current infection across the region and highlights the predominance of asymptomatic carriage, which is precisely the pattern that syndromic management fails to detect (Dubbink et al., 2018). This creates the central diagnostic paradox of the field: serological testing identifies remote exposure in women whose tubal damage is already established and irreversible, while the infections that could be interrupted before damage occurs go undetected because they produce no symptoms and no test is applied.
Nucleic acid amplification testing addresses the detection problem but introduces a cost problem. Evidence from Zambia demonstrates that specimen pooling, using a population-specific optimised algorithm on a cartridge-based platform, can substantially reduce the per-result cost of molecular screening for Chlamydia trachomatis and Neisseria gonorrhoeae in resource-limited settings (Connolly et al., 2020). The approach requires local prevalence data to determine optimal pool size and a laboratory capable of managing the pooling and deconvolution workflow, but it demonstrates that the cost barrier is partly an operational rather than an absolute constraint. Review of point-of-care testing for sexually transmitted infections in low-resource settings reaches broadly consistent conclusions, identifying assay performance and specimen handling as determinants of usefulness alongside cost (Vargas et al., 2022).
5.2 Gonococcal Resistance, Genital Mycoplasmas and the Vaginal Microbiota
Where infection is detected, treatment adequacy determines whether tubal damage is averted, and treatment adequacy depends on antimicrobial susceptibility data that most of the region does not generate. Review of gonococcal susceptibility surveillance in Africa from 2001 to 2020 documented limited and geographically uneven surveillance coverage alongside evidence of resistance to agents previously relied upon (Kakooza et al., 2023). Systematic review of antimicrobial resistance in Neisseria gonorrhoeae and Mycoplasma genitalium in sub-Saharan Africa reached similar conclusions regarding both the extent of resistance and the sparseness of the data on which estimates rest (Iwuji et al., 2022). Culture and susceptibility testing for Neisseria gonorrhoeae requires transport media, controlled atmosphere incubation and quality-assured methods, and these capabilities are concentrated in reference laboratories rather than distributed across the facilities where patients present. The consequence is that syndromic management continues in the absence of the data required to keep it effective, and the reproductive sequelae of inadequately treated infection accumulate silently.
The role of genital mycoplasmas remains genuinely contested. Meta-analysis of the association between mycoplasma and ureaplasma infection and male infertility reported associations with impaired semen parameters (Huang et al., 2015), and separate meta-analysis found associations between genital mycoplasma infection and female infertility (Tantengco et al., 2021). Both syntheses drew on primary studies with heterogeneous detection methods, variable control selection and inconsistent handling of organisms that also colonise the genital tract of fertile individuals. The distinction between colonisation and infection is not resolvable by detection alone, and the introduction of highly sensitive molecular assays has if anything sharpened the difficulty by identifying organisms at densities of uncertain significance. Confidence that these organisms cause infertility is lower than the pooled effect estimates suggest, and routine testing for them in resource-constrained settings cannot presently be justified on the available evidence.
Vaginal dysbiosis presents a related interpretive problem with a stronger practical case for attention. The Nigerian finding of bacterial vaginosis in 28.1 per cent of women with tubal factor infertility against 7.9 per cent of fertile controls, with strong associations for douching and vaginal drying agents (Durugbo et al., 2015), identifies a condition detectable by microscopy in any laboratory with a stained smear capability. Whether dysbiosis contributes causally to tubal damage or serves as a marker of shared behavioural and infectious exposures cannot be determined from cross-sectional data, but the diagnostic method is inexpensive, the associated practices are modifiable, and the finding is actionable irrespective of which causal model proves correct.
5.3 Genital Tuberculosis and Female Genital Schistosomiasis
Two infections of substantial regional importance are systematically underdiagnosed because their diagnosis requires specimens and methods outside routine practice. Female genital tuberculosis is a recognised cause of tubal and endometrial damage whose presentation is frequently limited to infertility itself, without systemic features (Tzelios et al., 2022). Diagnostic evaluation depends on endometrial sampling with mycobacterial culture, histopathology and molecular testing, and each of these modalities has limitations: culture is insensitive on paucibacillary specimens and slow, histopathology requires characteristic granulomas that may be absent, and molecular assays validated on respiratory specimens have uncertain performance on endometrial tissue (Dahiya et al., 2022). The practical result is that a treatable cause of infertility in a high-burden region is diagnosed inconsistently and often not at all.
This constitutes an unexploited opportunity. Cartridge-based molecular platforms are already distributed across tuberculosis programmes throughout the region, and diagnostic network analysis from Zambia demonstrated that integrating additional testing onto the same platform substantially improved access and same-day diagnosis without requiring new instrumentation (Girdwood et al., 2023). Feasibility work in rural Zimbabwe similarly established that multi-disease testing on a single platform is operationally practicable (Ndlovu et al., 2018). The evidence supporting extension of these platforms to endometrial specimens for suspected genital tuberculosis is not yet available, and the analytical validation required is non-trivial, but the infrastructure argument for pursuing it is strong.
Female genital schistosomiasis presents an even sharper mismatch between burden and diagnosis. Multilevel semi-ecological analysis across Ethiopia, Kenya, Tanzania and Uganda found that women residing in locations of high Schistosoma haematobium prevalence had significantly elevated odds of infertility relative to those in locations where the parasite was absent, and that this association was not observed for Schistosoma mansoni, which is consistent with the urogenital tropism of the former species (Woodall & Kramer, 2018). The design assigns exposure at the level of location rather than the individual, so the finding establishes a spatial association rather than an individual causal effect, and residual confounding by other correlates of endemicity cannot be excluded. Clinical review has nonetheless characterised schistosomiasis as a neglected cause of infertility in both sexes and has drawn attention to the absence of validated diagnostic approaches (Bowers et al., 2025). Urine microscopy for ova detects urinary infection but does not establish genital tract involvement, and no widely deployable assay for female genital schistosomiasis is available. Nigeria carries a substantial schistosomiasis burden, and the possibility that a proportion of tubal and cervical pathology attributed to bacterial infection is parasitic in origin has not been examined in the Nigerian literature retrieved for this review.
Table 4 compares diagnostic strategies for the principal infectious causes of infertility relevant to the region, setting analytical performance against deployability. The comparison shows that the strategies currently in widest use in Nigeria are those with the weakest capacity to support causal attribution, while the strategies with the strongest attributional capacity are either unavailable or, in the case of platform-based molecular testing, available but not applied to reproductive indications. The table also records where no adequate diagnostic option currently exists, since the honest identification of diagnostic voids is more useful than the presentation of inadequate methods as adequate ones.
Table 4. Diagnostic strategies for infection-related infertility in resource-constrained settings
	Target condition
	Method in common regional use
	Analytical and interpretive characteristics
	Alternative or additional strategy and its constraints
	Supporting references

	Chlamydial tubal disease
	Serum immunoglobulin G antibody assay
	Indicates remote exposure only; specificity varies with antigen preparation; cannot guide treatment
	Nucleic acid amplification on genital or urine specimens; cost reducible by validated pooling algorithms requiring local prevalence data
	Connolly et al. (2020); Odelola & Akadri (2023); Onyeabochukwu et al. (2021)

	Current chlamydial and gonococcal infection
	Syndromic management without testing
	Fails to detect asymptomatic infection, which predominates in the region
	Point-of-care molecular or antigen testing; performance and specimen handling determine usefulness
	Dubbink et al. (2018); Vargas et al. (2022)

	Gonococcal treatment failure and resistance
	Empirical therapy without susceptibility testing
	Provides no data on evolving resistance; treatment adequacy unverifiable
	Culture with susceptibility testing at reference level; requires transport media and controlled atmosphere incubation
	Iwuji et al. (2022); Kakooza et al. (2023)

	Genital mycoplasmas
	Variable; testing not routine
	Distinction between colonisation and infection unresolved; pooled associations of uncertain validity
	No change in practice presently justified by evidence
	Huang et al. (2015); Tantengco et al. (2021)

	Vaginal dysbiosis
	Amsel criteria or stained smear
	Observer-dependent but inexpensive and widely feasible; causal role uncertain
	Standardised smear scoring with documented training; behavioural exposures identifiable alongside
	Durugbo et al. (2015)

	Female genital tuberculosis
	Rarely investigated
	Culture insensitive on paucibacillary specimens; histopathology requires granulomas that may be absent
	Molecular testing on endometrial specimens using existing cartridge platforms; analytical validation for this specimen type not established
	Dahiya et al. (2022); Girdwood et al. (2023); Tzelios et al. (2022)

	Female genital schistosomiasis
	Not investigated
	Urine microscopy detects urinary but not genital involvement
	No validated deployable assay currently available; diagnostic void
	Bowers et al. (2025); Woodall & Kramer (2018)


Note. Deployability refers to feasibility at district and secondary facility level rather than at national reference laboratories.
6. Endocrine and Genetic Testing: Analytical Quality and Interpretive Limits
6.1 Reproductive Hormone Measurement and the Problem of Comparability
Reproductive hormone measurement occupies an ambiguous position in the diagnostic pathway. Assays for follicle-stimulating hormone, luteinising hormone, prolactin, thyroid-stimulating hormone and testosterone are widely available in Nigerian tertiary and private laboratories, are relatively inexpensive, and produce numerical results that carry an appearance of objectivity absent from morphology assessment. That appearance is partly misleading, because immunoassay results are method-dependent and comparability across platforms cannot be assumed.
The difficulty is most clearly documented for testosterone. A joint position statement from professional endocrinology and laboratory medicine bodies addressed the biochemical confirmation of adult male hypogonadism and set out requirements concerning specimen timing, repeat measurement and the analytical characteristics of the method used, precisely because inconsistent practice had produced unreliable diagnosis (Jayasena et al., 2023). The recommendations presuppose an infrastructure of method verification and access to reference measurement procedures that most laboratories in low- and middle-income settings do not possess. Where an assay has not been verified against a recognised procedure, a testosterone concentration reported near a decision threshold cannot reliably distinguish hypogonadism from euandrogenism, and the clinical decision that follows inherits that uncertainty.
Thyroid dysfunction represents a case where the diagnostic and therapeutic logic is more favourable. The relationship between thyroid disorder and female infertility has been reviewed comprehensively, with recognised effects on ovulatory function and pregnancy outcome (Concepción-Zavaleta et al., 2023). Professional guidance on subclinical hypothyroidism in infertile women addresses the interpretation of thyroid-stimulating hormone concentrations and the threshold at which intervention should be considered, and notes the limitations of the evidence supporting treatment at marginal elevations (Practice Committee of the American Society for Reproductive Medicine, 2024). Two features make this a strong candidate for prioritisation in constrained settings: the assay is inexpensive and widely available, and the treatment is inexpensive, safe and effective. Where diagnostic resources must be rationed, tests that identify treatable conditions with accessible therapy should take precedence over tests that identify untreatable ones with precision.
A consideration specific to the region concerns reference intervals. Decision thresholds for reproductive hormones derive predominantly from populations in high-income countries, and the extent to which they apply to African populations has not been established for most analytes. Laboratories in the region generally adopt manufacturer-supplied intervals without local verification, a practice that is defensible only where the reference population is demonstrably similar. The absence of published verification studies for reproductive hormone assays in Nigerian populations is a specific and remediable gap.
6.2 Ovarian Reserve Testing and the Limits of a Biomarker
Anti-Müllerian hormone has become the principal biochemical marker of ovarian reserve, and its properties are well characterised: concentrations correlate with the antral follicle pool, show limited variation across the menstrual cycle, and predict ovarian response to stimulation (Moolhuijsen & Visser, 2020). The same review documents that assay standardisation has been a persistent difficulty, that different platforms have yielded non-interchangeable results, and that the marker predicts quantitative response more reliably than it predicts oocyte quality or spontaneous conception.
This distinction is consequential for the settings under review. In an assisted reproduction programme, an anti-Müllerian hormone result informs the selection of stimulation protocol and dose, and the measurement therefore has a defined use. In a general gynaecology clinic without access to assisted reproduction, the same result informs prognosis but changes no available intervention, while potentially prompting inappropriate reassurance or distress. The marker is frequently offered in the private sector in Nigeria as part of fertility assessment panels, and the evidence does not support its use as a general screening test for fertility potential. Confidence in anti-Müllerian hormone as a predictor of ovarian response is reasonably high; confidence in it as a predictor of natural fecundability is considerably lower.
Comparable considerations apply to biomarker-based diagnosis of endometriosis. Systematic review of blood biomarkers concluded that no marker or combination could replace laparoscopy for diagnosis, and that the studies examined were of variable quality with insufficient evidence to recommend any candidate for clinical use (Nisenblat et al., 2016). Endometriosis is likely underdiagnosed in Nigeria, where laparoscopic capacity is limited and infertility is frequently attributed to infection without direct visualisation. The temptation to substitute a serum marker for a procedure that is unavailable is understandable, and the evidence does not support it. Recognising a diagnostic void as a void is preferable to filling it with a test that does not perform.
6.3 Cytogenetic and Molecular Andrology
Genetic causes account for a defined minority of male infertility, and their diagnosis has direct consequences for counselling and for the appropriateness of surgical sperm retrieval. Best practice guidelines for the molecular diagnosis of Y-chromosomal microdeletions specify the primer sets to be used, the interpretation of deletion patterns across the azoospermia factor regions, and the quality requirements for laboratories performing the assay (Krausz et al., 2024). Adherence to a specified marker set is essential, because deletion frequencies reported using non-standard markers are not comparable with those reported using the recommended panel.
This point bears directly on the interpretation of regional data. A Sudanese study of 51 infertile men reported azoospermia factor microdeletions in 16 of 25 men with azoospermia and 14 of 26 with oligozoospermia, using a twelve-marker multiplex assay, with deletions in the azoospermia factor a region most frequent overall and significantly associated with the oligozoospermic phenotype (Elsaid et al., 2021). The reported deletion frequency substantially exceeds that documented in most published series, and the predominance of azoospermia factor a deletions is unusual, since deletions of the azoospermia factor c region are typically the most common. The most plausible explanations are differences in marker selection and interpretation rather than a distinctive regional genetic architecture, although a genuine population difference cannot be excluded on present evidence. The finding illustrates why adherence to specified guidelines matters: without it, the regional prevalence of a clinically actionable genetic diagnosis cannot be established.
Karyotyping retains a defined role in the evaluation of non-obstructive azoospermia and of recurrent pregnancy loss, and cytogenetic services exist in a small number of Nigerian centres. The wider question is whether genetic evaluation should be prioritised where the interventions it informs, principally surgical sperm retrieval with intracytoplasmic sperm injection, are accessible to a very small proportion of the population. The counselling value of a genetic diagnosis is real and independent of treatment availability, since it terminates diagnostic uncertainty and informs reproductive decision-making. That value nonetheless has to be weighed against the opportunity cost of the resources involved in a system where basic semen examination is not quality-assured. Investment in genetic andrology before investment in the analytical reliability of the test that identifies candidates for genetic evaluation inverts the logical order of the diagnostic pathway.
Regional capacity for high-quality specimen handling, which underpins any molecular diagnostic service, has been demonstrated to be achievable. Work conducted through a continental genomics consortium established that Nigerian and other African clinical research sites could be equipped and supported to generate biological specimens meeting international quality standards, through structured training, documented procedures and monitoring (Croxton et al., 2020). This experience derived from research infrastructure rather than routine diagnostic services, and its transferability to routine care is untested, but it establishes that the constraint is organisational rather than intrinsic.
7. Laboratory Systems, Quality Infrastructure and Workforce
7.1 Accreditation Progress and Its Uneven Distribution
Evidence on laboratory quality systems in the region shows genuine progress alongside persistent concentration. By 2020, 668 medical laboratories in the World Health Organization African Region had achieved ISO 15189 accreditation, representing an increase of approximately 75 per cent over the number accredited in 2013; 55 per cent of accredited laboratories were in South Africa and 16 per cent in Kenya, both countries possessing national accreditation bodies. Of the laboratories engaged in the stepwise improvement programme, 154 of 475 attained four or more stars, indicating readiness to apply for accreditation. Countries with higher universal health coverage indices for human immunodeficiency virus care, higher external evaluation scores for laboratory networks, greater use of the online quality implementation tool, national laboratory policies or strategic plans, and status as priority countries for a major external funding programme were more likely to have an accredited laboratory (Odhiambo et al., 2023).
The final observation is the analytically important one. Accreditation in the region has been driven substantially by vertical disease programme funding, and its distribution follows the geography of that funding rather than the geography of clinical need. Historical accounts of laboratory strengthening in sub-Saharan Africa document this pattern from its origins, describing a decade of progress achieved largely through investment tied to specific disease programmes (Alemnji et al., 2014; Yao et al., 2014). National tuberculosis reference laboratories across the region have implemented quality management systems and progressed toward accreditation under the same model (Albert et al., 2017). Country-level experience over thirteen years in Tanzania demonstrates that sustained national commitment can produce substantial improvement in laboratory quality management (Torokaa et al., 2026), which indicates that the concentration of accreditation is not an inevitable consequence of resource level.
Reproductive diagnostics have been excluded from this process entirely. No accredited andrology laboratory in Nigeria was identified in the sources retrieved, and no external quality assessment scheme covering semen examination in the region was located. The structural explanation is straightforward: infertility is not a notifiable condition, attracts no vertical programme funding, and generates no epidemiological reporting requirement. The quality infrastructure that exists was built for surveillance and treatment monitoring of communicable disease, and reproductive laboratory services fall outside its scope. Analysis of the wider diagnostic gap identifies precisely this pattern, in which diagnostic capacity develops around specific programmes rather than as a general health system function (Fleming et al., 2021).
Performance data reinforce the concern. Meta-analysis of external quality assessment across African clinical laboratories, encompassing seventeen studies and 4,509 participating laboratories, found pooled satisfactory performance of 71.25 per cent with a confidence interval from 63.12 to 79.38 per cent (Cherie et al., 2025). This figure describes laboratories that participate in external quality assessment, which are likely to be better resourced and more quality-oriented than those that do not, so the population-level figure is probably lower. Applying this to reproductive diagnostics involves an inferential step, since the analytes assessed differ, but the direction of the inference is not in doubt.
7.2 Integration with Existing Diagnostic Networks
The most realistic route to improved reproductive diagnostics in Nigeria does not run through the creation of parallel infrastructure. Molecular platforms deployed for tuberculosis and human immunodeficiency virus testing are distributed nationally, staffed by trained personnel and supported by procurement and maintenance systems. Diagnostic network optimisation analysis from Zambia demonstrated that integrating additional testing onto existing platforms substantially improved access and same-day diagnosis while benefiting the originating programme (Girdwood et al., 2023). Feasibility assessment in rural Zimbabwe established the operational practicability of multi-disease testing on a single instrument (Ndlovu et al., 2018). The technical case for extending these platforms to chlamydial and gonococcal detection in infertility evaluation is strong, since validated assays for these organisms exist on such platforms.
Three constraints require acknowledgement. Instrument capacity is finite, and adding reproductive indications to platforms already operating near capacity would displace tuberculosis testing unless module capacity is expanded. Cartridge cost remains the dominant recurrent expense, and the pooling approach validated in Zambia requires local prevalence estimates that Nigeria does not currently generate for the relevant populations (Connolly et al., 2020). Funding for these platforms derives from disease-specific sources whose mandates do not extend to infertility, so integration requires a financing decision rather than merely a technical one.
Point-of-care approaches offer a complementary route with different limitations. Narrative review of point-of-care diagnostics for infection and antimicrobial resistance in sub-Saharan Africa identified persistent difficulties concerning assay performance, quality assurance of testing performed outside laboratories, connectivity and result management (Hermans et al., 2024). Review of point-of-care testing for sexually transmitted infections in low-resource settings reached comparable conclusions regarding the trade-off between accessibility and analytical performance (Vargas et al., 2022). Devolving testing away from laboratories without corresponding devolution of quality oversight reproduces the reliability problem in a more dispersed and less monitorable form.
7.3 Workforce, Financing and Equity
Medical laboratory science in Nigeria is a regulated profession with established training pathways and a substantial workforce, and review of laboratory services in the country identifies both the contribution of the profession to healthcare quality and the constraints under which it operates, including infrastructure limitations, reagent supply and retention of qualified staff (Opeyemi et al., 2024). Andrology occupies a marginal position within this structure. Structured training in semen examination, of the kind shown to reduce interobserver variability substantially in European settings (Lemmens et al., 2022), is not established as a routine component of laboratory training or continuing professional development in the region.
Financing shapes both access and quality. Analysis of household expenditure in Nigeria found that out-of-pocket payments impoverished a substantial proportion of households and generated catastrophic health expenditure (Aregbeshola & Khan, 2018), and review of catastrophic expenditure in the country identified its incidence and determinants and drew out the implications for universal health coverage (Okedo-Alex et al., 2019). Infertility diagnosis and treatment are financed almost entirely from private resources. Systematic review of assisted reproductive technology costs in low- and middle-income countries found that direct medical costs paid by patients substantially exceed average annual income and gross domestic product per capita, indicating unaffordability and risk of catastrophic expenditure (Njagi et al., 2023).
The interaction between private financing and diagnostic quality has received little empirical attention and merits it. Where patients pay directly for each test, laboratories face a commercial incentive to expand test menus rather than to improve the reliability of core investigations, since additional tests generate additional revenue while quality improvement generates cost. Qualitative accounts from Nigerian women undergoing assisted reproduction describe repeated and unstandardised testing across multiple providers (Ezeome et al., 2023). Qualitative research with fertility professionals across sub-Saharan Africa similarly identifies cost, regulatory variability and workforce limitations as determinants of the care that can be provided (Whittaker et al., 2024). The proposition that fee-for-service financing distorts diagnostic practice is plausible and consistent with these accounts, but it has not been tested directly, and it is offered here as a hypothesis requiring investigation rather than as an established finding.
Policy analysis provides the wider frame. Qualitative evidence synthesis on the inclusion of fertility care in African reproductive health policies identified persistent barriers relating to competing priorities, resource constraints and the framing of infertility relative to population policy (Afferri et al., 2022). Where fertility care is absent from national policy, laboratory services supporting it are absent from laboratory strategic plans, and the exclusion becomes self-reinforcing.
8. From Laboratory Result to Fertility Care: The Translational Gap
A diagnostic result acquires value only where it changes what happens to the patient. In Nigeria and comparable settings, the pathway from result to intervention is interrupted at several points, and this conditions which laboratory investments are justifiable.
Assisted reproduction is available in Nigeria through a private sector of appreciable size, but access is determined by ability to pay. Systematic review of costs across low- and middle-income countries established that direct medical costs for a single cycle exceed average annual income by a considerable margin (Njagi et al., 2023). Landscape analysis of assisted reproduction in these settings documented both the limited availability of services and the development of simplified approaches intended to reduce cost (Chiware et al., 2021). Evaluation of a simplified low-cost culture system designed for resource-poor countries reported encouraging perinatal outcomes (Ombelet et al., 2023), and case study analysis of public sector access in South Africa illustrates what provision through public services requires and where it falls short (Boshoff et al., 2025). The evidence indicates that cost reduction is technically feasible; it does not indicate that access has followed.
Laboratory quality within assisted reproduction services in the region has received limited scrutiny. Qualitative research with embryologists working in sub-Saharan African clinics documented the conditions under which they practise, including constraints on training, equipment and consumable supply, and the improvisation these constraints require (Gerrits et al., 2025). Embryology laboratories in the region operate largely outside the accreditation frameworks that cover diagnostic laboratories, and outcome reporting is not standardised, so comparative performance cannot be assessed. Documentation of reproductive travel to, from and within sub-Saharan Africa indicates that patients move considerable distances in pursuit of care, which implies perceived differences in quality that are not verifiable from published data (Moll et al., 2022).
The social consequences of infertility shape the value of diagnosis in ways that are frequently underweighted in health economic reasoning. Population-based work in Malawi demonstrated that infertility-related stigma operates at both individual and community levels and is associated with measurable harm independent of the reproductive outcome itself (Bornstein et al., 2020). Historical and comparative analysis of infertility across settings has emphasised that in societies where social identity is closely bound to parenthood, the consequences of childlessness extend to economic security and personal safety (Inhorn & Patrizio, 2015). A diagnostic result that identifies male factor infertility may therefore alter the distribution of blame within a household even where no treatment follows. This is a real benefit that conventional cost-effectiveness frameworks, which value diagnosis through its effect on treatment, do not capture. It is also a benefit contingent on the result being correct, which returns the argument to analytical reliability: a false attribution of male factor infertility in a setting where such attribution carries social consequence is not a neutral error.
Evidence from elsewhere in the region indicates that barriers to treatment persist even where diagnosis occurs. Survey and records analysis in Tanzania documented substantial obstacles between presentation and treatment (Groene et al., 2023), and comparative professional accounts across sub-Saharan Africa identify similar patterns (Whittaker et al., 2024). Expanding diagnostic capacity without corresponding attention to what follows diagnosis produces information without remedy, which is a defensible outcome only where the information itself carries value.
9. Future Directions
The priorities set out below are ordered by the strength of the case for immediate action rather than by scientific novelty. Each identifies an unresolved problem, the specific inadequacy of current evidence, and the design that would resolve it.
The most immediate requirement is an external quality assessment scheme for semen examination covering Nigerian and regional andrology laboratories. The unresolved problem is that the analytical reliability of semen examination in these settings is entirely unmeasured, and no published data permit any estimate of it. Current evidence is inadequate because all available quantification of interlaboratory variability derives from high-income countries operating under conditions of structured training and method standardisation that do not obtain regionally (Lemmens et al., 2022; Punjabi et al., 2016; Zheng et al., 2025). The appropriate design is a multicentre proficiency testing scheme distributing stabilised or video-recorded specimens to participating laboratories, reporting interlaboratory coefficients of variation for concentration, motility category and morphology, with participation extended across public tertiary, private and fertility clinic laboratories in at least three Nigerian geopolitical zones. Outcome measures should include coefficient of variation by analyte and by counting method, and the proportion of laboratories using a specified counting chamber. Such a scheme would establish a baseline against which any subsequent intervention could be evaluated and would identify whether the dominant error source is method selection, observer training or equipment. Implementation could plausibly be attached to an existing national laboratory quality body, which would reduce establishment cost substantially.
The second priority is a prospective evaluation of nucleic acid amplification testing against serology for the attribution of tubal infertility. The unresolved problem is that causal attribution of tubal disease to Chlamydia trachomatis in Nigeria rests on antibody assays that indicate remote exposure and whose specificity in local populations has not been established (Odelola & Akadri, 2023; Onyeabochukwu et al., 2021). Current evidence is inadequate because no retrieved Nigerian study has applied molecular detection of current infection alongside serology in an infertile population with an appropriate comparison group. The appropriate design is a multicentre cross-sectional study recruiting women undergoing tubal assessment together with fertile controls matched on age and parity but drawn from a non-pregnant population, applying both antibody testing and nucleic acid amplification, with tubal status determined by laparoscopy where available. Reporting should include the proportion of seropositive women with current infection, the discordance between methods, and the association of each with tubal pathology. The policy consequence would be direct: if a substantial proportion of seropositive women harbour treatable current infection, the case for molecular testing in infertility evaluation becomes a case for interrupting ongoing damage rather than for documenting past damage.
The third priority concerns analytical verification of reproductive hormone assays in African populations. The unresolved problem is that decision thresholds for follicle-stimulating hormone, testosterone, thyroid-stimulating hormone and anti-Müllerian hormone derive from populations that may differ from those in which they are applied, and that method comparability across the platforms in regional use has not been documented (Jayasena et al., 2023; Moolhuijsen & Visser, 2020). The appropriate design is a multicentre method comparison study measuring split specimens across the analytical platforms in common use, reporting bias and imprecision relative to a recognised reference procedure where accessible, combined with reference interval verification in appropriately characterised healthy local populations. This work is technically straightforward, requires no new technology, and would immediately improve the interpretability of results already being generated in large volume.
A fourth priority is the analytical validation of existing cartridge-based molecular platforms for endometrial specimens in suspected female genital tuberculosis. The unresolved problem is that a treatable cause of tubal and endometrial infertility in a high-burden region is diagnosed inconsistently because culture is insensitive and slow and histopathological criteria are frequently absent (Dahiya et al., 2022; Tzelios et al., 2022). Current evidence is inadequate because assays validated on respiratory specimens have uncertain performance on endometrial tissue. The appropriate design is a diagnostic accuracy study in women undergoing endometrial sampling during infertility evaluation, comparing molecular testing against a composite reference standard of culture, histopathology and clinical response to therapy, powered for the low expected prevalence and conducted where tuberculosis platform capacity already exists (Girdwood et al., 2023; Ndlovu et al., 2018).
A fifth priority, appropriate to a longer horizon, is the development and evaluation of a deployable diagnostic approach for female genital schistosomiasis. The unresolved problem is a diagnostic void: spatial evidence associates Schistosoma haematobium endemicity with infertility, but no individual-level diagnostic method suitable for district-level use exists, and urine microscopy does not establish genital involvement (Bowers et al., 2025; Woodall & Kramer, 2018). Progress requires antigen or nucleic acid target identification in genital specimens, followed by assay development and field evaluation in endemic populations including Nigerian settings, with individual-level infection status linked prospectively to reproductive outcomes. The timescale is measured in years rather than months, and interim progress would come from individual-level rather than ecological epidemiological studies establishing whether the spatial association reflects individual causation.
Two cross-cutting priorities warrant attention alongside these. Health services research is required on the effect of fee-for-service financing on diagnostic test selection and quality in private reproductive laboratories, a relationship that is plausible on the available qualitative evidence but untested (Ezeome et al., 2023; Whittaker et al., 2024). Implementation research is required on the integration of reproductive diagnostics into existing laboratory quality and accreditation frameworks, examining whether the stepwise improvement model that produced accreditation gains in communicable disease laboratories can be extended to andrology without dedicated vertical funding (Odhiambo et al., 2023; Torokaa et al., 2026). The evidence that national commitment can produce sustained improvement in laboratory quality management provides a reasonable basis for expecting that such extension is achievable.
Table 5 sets out these priorities against the specific evidential deficit each addresses and the design proposed. The table distinguishes immediate priorities, defined as those implementable with existing technology and infrastructure within a short horizon, from longer-term requirements involving assay development. The distribution is itself informative: four of the seven priorities require no new technology, which indicates that the principal constraint on reproductive diagnostic quality in the region is organisational and evidential rather than technological.
Table 5. Research priorities for laboratory science in infertility diagnosis in low- and middle-income settings
	Priority
	Evidential deficit
	Proposed design and principal outcome measures
	Horizon
	Supporting references

	External quality assessment for semen examination
	Analytical reliability of semen examination in the region is entirely unmeasured
	Multicentre proficiency testing across public, private and fertility clinic laboratories; coefficient of variation by analyte and counting method
	Immediate
	Lemmens et al. (2022); Punjabi et al. (2016); Zheng et al. (2025)

	Molecular against serological attribution of tubal disease
	No regional study applies nucleic acid amplification alongside serology with an appropriate comparison group
	Multicentre cross-sectional study with non-pregnant fertile controls; discordance between methods and association with tubal pathology
	Immediate
	Connolly et al. (2020); Odelola & Akadri (2023); Onyeabochukwu et al. (2021)

	Verification of reproductive hormone assays
	Thresholds derive from non-African populations; interplatform comparability undocumented
	Split-specimen method comparison with reference interval verification in characterised local populations
	Immediate
	Jayasena et al. (2023); Moolhuijsen & Visser (2020)

	Molecular testing for female genital tuberculosis
	Assays validated on respiratory specimens have uncertain performance on endometrial tissue
	Diagnostic accuracy study against a composite reference standard in centres with existing platform capacity
	Immediate
	Dahiya et al. (2022); Girdwood et al. (2023); Tzelios et al. (2022)

	Diagnostic approach for female genital schistosomiasis
	No individual-level deployable assay exists; evidence is ecological
	Target identification and assay development followed by field evaluation with prospective reproductive outcomes
	Longer term
	Bowers et al. (2025); Woodall & Kramer (2018)

	Financing and diagnostic practice
	Effect of fee-for-service payment on test selection and quality is untested
	Mixed-methods health services research across private and public reproductive laboratories
	Immediate
	Ezeome et al. (2023); Whittaker et al. (2024)

	Integration into accreditation frameworks
	Whether stepwise quality models extend to andrology without vertical funding is unknown
	Implementation research with stepwise assessment applied to andrology laboratories
	Longer term
	Odhiambo et al. (2023); Torokaa et al. (2026)


Note. Immediate priorities are those implementable with existing technology and infrastructure. Horizon refers to feasibility of commencement rather than to expected duration.
10. Conclusions
This review set out to evaluate the contribution of medical laboratory science to the diagnosis of infertility in low- and middle-income countries, with particular attention to Nigeria, and to assess whether the evidence underpinning regional diagnostic practice supports the claims made from it. The evidence sustains several conclusions with reasonable confidence, and requires that others be stated as provisional.
Infertility affects a substantial proportion of couples in sub-Saharan Africa, and the burden is comparable to that in higher-income settings while diagnostic capacity is not. This conclusion is well supported by independent syntheses using different methods. The precise magnitude of the burden is not established, because prevalence estimates in this field are highly sensitive to case definition, sampling frame and analytical assumption, and the reported ranges are wide enough that they cannot serve as a basis for service planning. Aetiological profiles derived from clinic-based studies are conditioned on the investigations those clinics perform, and the apparent predominance of tubal factor causes in the Nigerian literature partly reflects the referral pathways through which study populations were assembled rather than the underlying distribution of causes.
Basic semen examination is the single most consequential laboratory investigation available for infertility diagnosis in resource-constrained settings, and its methodological foundations are now well specified through the sixth edition of the reference manual and an accompanying formal standard. The reliability of the investigation as practised is a different matter. External quality assessment data from high-income countries establish that sperm concentration can be measured reproducibly under specified conditions, that motility is reproducible only at the level of aggregate categories, and that morphology assessment as generally practised is not reproducible across laboratories. No comparable data exist for Nigeria or the wider region, and no external quality assessment scheme for semen examination covering regional laboratories was identified. Published semen data from the region should therefore be interpreted as reflecting an unquantified combination of biological variation and measurement error, and this conclusion is stated with confidence because it follows from documented absence rather than from inference.
The attribution of tubal infertility to chlamydial infection, which dominates the Nigerian literature, rests on serological methods that indicate remote exposure rather than current infection and whose specificity in local populations has not been independently established. The associations reported are strong, but the strongest estimates derive from the smallest studies using pregnant comparison groups, a configuration in which bias is most likely to inflate effect size. The conclusion that chlamydial infection contributes materially to tubal infertility in Nigeria is plausible and consistent with regional evidence on infection prevalence; the conclusion that the reported effect magnitudes are accurate is not supported.
Laboratory quality infrastructure in the region has expanded substantially, but it has done so along the lines of vertical disease programme funding and remains geographically concentrated in a small number of countries. Reproductive diagnostics have been excluded from this expansion because infertility attracts no programme funding and generates no surveillance requirement. This exclusion, rather than any technical obstacle, is the principal determinant of the current position, and it is remediable through policy rather than through innovation.
The broader significance of this synthesis lies in an inversion it identifies. The laboratory investigations with the strongest evidential support and the greatest capacity to alter clinical management in these settings are also the least technically demanding, while those requiring the greatest infrastructure produce results whose consequences depend on therapeutic options that are largely inaccessible. Diagnostic strategy in this field has been shaped by the availability of technology rather than by the analysis of what information would change outcomes. Reversing that order, by establishing the analytical reliability of basic investigations before extending test menus, offers a more defensible route to improvement than the acquisition of advanced platforms. The evidence assembled here does not permit a claim that such reversal would produce quantifiable gains in fertility outcomes, and no such claim is made.
11. Limitations
This review is a narrative synthesis and carries the limitations intrinsic to that design. Study selection was purposive rather than exhaustive, and both the identification of themes and the weighting of evidence within them reflect the judgement of the author. Selection and interpretive bias cannot be excluded despite the transparent description of sources, eligibility criteria and appraisal approach. A different author applying the same criteria to the same literature might reasonably construct a different synthesis, and no formal procedure was available to detect where such divergence would arise.
Access to bibliographic resources was incomplete. Only two indexes were searched directly, and subscription-only databases were not accessible during preparation. Regional and national literature indexed exclusively in resources that were not searched, including material published in Nigerian journals with limited international indexing, is likely to be underrepresented. The consequence is that the review may overstate the sparseness of the regional evidence base in some areas, particularly concerning routine laboratory practice, which is more often reported in local than in internationally indexed publications.
Language restriction to English excluded francophone and lusophone African literature, which is material given that a considerable part of West and Central Africa publishes in French. Evidence concerning laboratory practice in those settings may differ from the pattern described.
Heterogeneity across the included evidence prevented quantitative synthesis. The retrieved studies employed incommensurable designs and outcome measures, including analytical coefficients of variation, seroprevalence odds ratios, accreditation counts, cost estimates and qualitative accounts, and no meaningful pooling was possible. Comparisons drawn between studies are therefore narrative and should not be read as implying statistical equivalence.
Geographical representation within the retrieved evidence is uneven. Nigerian primary studies were concentrated in the south of the country, with limited representation from northern states, and regional evidence on laboratory quality was drawn disproportionately from a small number of countries. Generalisation across Nigeria, and from other African countries to Nigeria, is correspondingly uncertain.
Much of the aetiological evidence is observational and cross-sectional, and the direction of association between infection, dysbiosis and tubal damage cannot be established from such designs. Publication bias is likely to operate in this literature, since studies reporting strong associations between infection and infertility are more likely to be published than those reporting none, and the meta-analyses relied upon in this review assessed but could not eliminate this possibility.
Evidence on long-term outcomes is scarce throughout. No retrieved study followed diagnostic cohorts to reproductive outcome over extended periods in the settings under review, so the clinical consequences of diagnostic strategy remain inferred rather than demonstrated. The field is also developing rapidly in respect of molecular platforms and automated assessment, and conclusions concerning those technologies may date more quickly than those concerning basic laboratory practice.
Finally, no formal risk-of-bias instrument was applied. The reporting available in most retrieved studies was insufficient for reliable scoring, and appraisal was conducted narratively against design-appropriate criteria. This approach is less reproducible than formal scoring and constitutes a limitation on the transparency of the evidence weighting presented.
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