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While many public health and university laboratories have become involved in COVID-19 testing during the pandemic, these laboratories now run the risk of being underutilized as COVID-19 testing wanes. This is particularly true of established COVID-19 laboratories in many low- and middle-income countries (LMICs). In this article, we make a case for repurposing many of these laboratories to support control programs for neglected tropical diseases (NTDs) in endemic countries as they contemplate how to strengthen laboratory capacity for all endemic and emerging epidemiological diseases.
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Introduction

The COVID-19 pandemic has tested the strength of the most developed health systems and created a global economic and health crisis. After a prolonged period of trying to control different variants of the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), there have been unprecedented achievements in the development and production of COVID-19 vaccines. Approximately 66.8% of the world population have received at least one dose of a COVID-19 vaccine (as of April 2022) and 60% are fully vaccinated (1, 2), although there are concerns about the equality of vaccine coverage (3, 4).

Non-pharmaceutical interventions (NPIs), intended to halt the rate of transmission and reduce mortality, were the principal control strategies at the initial stage of the pandemic (5). This included the rapid identification of cases and isolation of confirmed and probable cases, with the primary aim of maintaining health systems’ capacity to identify, isolate, and treat as many cases as possible. Central to this control strategy was the capacity of laboratories to diagnose samples of suspected cases quickly and correctly. This strategy necessitated a global ramping up of molecular diagnostic capacity including in Africa where such capacity was hitherto limited. The African Centre for Disease Control and Prevention (Africa CDC) led the mobilization of resources and coordinated with partners to scale up testing capacity in member countries. Ethiopia established 65 testing centers—up from zero—with molecular testing capability for COVID-19, with at least one center in every regional state within 10 months (6). A similar observation was recorded in Nigeria where the number of laboratories with COVID-19 testing capacity increased from an initial 3 to 28 throughout 18 states as of May 2020 (7). Currently, all 36 states and the Federal Capital Territory of Nigeria have COVID-19 diagnostic capabilities, and 28 states across the 6 geopolitical regions have polymerase chain reaction (PCR) diagnostic capabilities. The COVID-19 diagnostic capacity of the Ghanaian health services increased from 2 to 16 centers within 7 months (8). However, as countries contemplate how to consolidate these gains in laboratory capacity for all endemic and emerging epidemic diseases, we are making a case for repurposing COVID-19 laboratories to support the control programs for neglected tropical diseases in endemic countries given the current status of the pandemic, with lockdowns being lifted and the need for established laboratories is decreasing.



Diagnosis of neglected tropical diseases and the 2030 roadmap targets

Neglected tropical diseases (NTDs) are a group of diseases mostly affecting those in poverty and imposing a devastating human, social, and economic burden on more than 1 billion people worldwide. Mainly prevalent in tropical and subtropical areas, sub-Saharan Africa accounts for 40% of all global NTD cases, burden, and at-risk populations (9). The World Health Organization (WHO) recently released a 10-year NTD elimination roadmap to accelerate the control and elimination of these diseases targeting to reduce the burden of these diseases and eliminate such diseases in endemic countries by 2030 (10). The roadmap sets disease-specific targets, provides milestones to measure progress toward achieving the targets, and highlights gaps that need to be addressed to achieve the targets. Diagnostics has been identified as one of the critical gaps that would impede progress toward achieving the 2030 targets for multiple NTDs (11). Accurate and reliable diagnosis is an essential component of the monitoring and evaluation (M&E) of NTDs programs. Confirmation of interruption of transmission and elimination of diseases, treatment decisions that include frequency change or mass treatment stoppage, post-treatment, and post-elimination disease surveillance are all decisions in disease control that are based on information available only from diagnostics.

Despite the critical role of diagnosis in the different phases of disease control and elimination, it is an inadequately emphasized component of many national NTD masterplans, such as the national roadmap recommended by WHO to bring NTDs under control and some toward elimination. For instance, there is no strategic plan for the development of diagnostic capacity for endemic NTDs in the NTD masterplans of Nigeria, Malawi, Rwanda, and Ethiopia (12–15). Furthermore, the NTD community has traditionally underinvested in the development of diagnostic tools and capacity-building in endemic countries. This precarious situation has only been further exacerbated by the COVID-19 pandemic with indications of reprioritization of resources toward the control of SARS-CoV-2 (16). The overarching NTD investment strategy is delivering mass drug administration (MDA) or treatment costing US 63 cents, considered a best buy in global health (17). Prioritization of resource allocation toward MDA for preventive chemotherapy is somewhat justified given that fewer resources are available to programs in NTD endemic settings. However, progress toward disease elimination warrants a shift in focus toward other critical elements of the elimination program, and instances of missed opportunities to address challenges should be avoided. Expeditiously strengthening the less developed components of these programs is important because delays in identifying and addressing problematic areas will unnecessarily slow the interruption of transmission, delay neighboring areas or countries from completing post-treatment or post-elimination surveillance, and prolong the program (18). Inadequate laboratory capacity is an increasingly significant obstacle to meeting global control and elimination targets for many NTDs in the 2030 WHO-NTD roadmap. This issue is evidenced by specimen backlogs from surveillance activities that have not been analyzed due to limited laboratory capacity in number of endemic sub-Saharan African countries  (19), causing delays in programmatic decision-making.



Opportunities for capacity strengthening

Despite an obvious dearth in laboratory infrastructure and capacity in Africa, a unique opportunity for strengthening specific components of diagnostic and laboratory capacity needs for disease control on the continent was capitalized on since the onset of the COVID-19 pandemic. The rapid scale-up of the decentralized capacity to diagnose SARS-CoV-2 throughout the continent despite the resource challenges posed by the pandemic exemplified what can be achieved with the right political will and unity of purpose. These were crucial to the success accomplished by the efforts to control the pandemic on the continent amidst the many dire predictions of deaths on the continent (20). Nucleic acid amplification tests (NAATs), including PCR and rapid diagnostic tests (RDTs), were central to SARS-CoV-2 diagnostics and are also commonly used for NTD diagnostics. Nevertheless, the increasing curtailment of quarantine measures and testing requirements, for international travelers as well, against the backdrop of increased vaccinations (21) and the slowing of new and symptomatic cases will likely result in less of a need for the established COVID-19 testing centers and infrastructure in low- and middle-income countries (LMICs). While surveillance for SARS-CoV-2 and emerging variants will be ongoing in most countries, the scaling-down of the resources put in place to combat COVID-19 is inevitable due to high maintenance costs, especially in LMICs. For example, it costs three times as much to procure a similar set of reagents for COVID-19 diagnosis in Nigeria as it costs in developed countries (Christian Happi, Personal Communications). However, making these resources available for NTD programs in endemic countries will ameliorate some of the challenges of in-country NTD diagnostics, reduce disparity in investment in NTD diagnostics (11), and contribute to long-term cost efficiency. Our experiences have shown that laboratory diagnostics account for more than one-third of the cost of essential programmatic surveys such as the onchocerciasis elimination mapping (OEM) surveys (22). Access to a dedicated laboratory by NTD programs would likely help in cost reduction by enabling bulk purchasing of consumables at competitive pricing and by facilitating the inclusion of imported diagnostics on the Ministry of Health (MoH) exemption list, effectively removing or reducing importation and customs costs. Furthermore, programs would benefit from the laboratory space provided for longer-term storage of basic laboratory reagents, sample storage, and an avenue for the standardization and quality assessment of NTD diagnostics.

NTD diagnostics can be broadly grouped into NAATs, RDTs, enzyme immunoassays (EIAs), and microscopy (23). Classical clinical and microscopic techniques are employed and largely adequate for mapping disease distribution and monitoring the progress of most NTD interventions (11). RDTs employed in M&E surveillance have shown improved performance when used in laboratories rather than in field settings (24, 25), and routine utilization of NAATs and EIAs is increasingly being required to advance elimination objectives (26). These methods require laboratory infrastructure that is often not easily accessible to NTD control programs given that NTDs are typically found in settings with fragile health care systems with weak laboratory infrastructure. Furthermore, newly-developed and promising diagnostic techniques for addressing programmatic needs in low-prevalence settings are often NAATs, which emphasize the importance of PCR and molecular testing capabilities to the control and elimination of NTDs.

The evidence needed to prove the interruption of transmission and to confirm the elimination of diseases such as onchocerciasis is a confirmed negative PCR test result of the blackflies vectors in endemic regions for the Onchocerca volvulus parasites (27). The detection of DNA from the microfilariae of lymphatic filariasis (LF) in human blood and mosquito vectors using PCR is a potential diagnostic method for the disease. In fact, post-MDA surveillance for LF elimination verification after transmission assessment surveys (TAS) requires an entomological assessment of parasites in mosquito vectors using PCR to inform transmission interruption or recrudescence (28). PCR molecular methods are also used for the diagnosis of NTDs other than onchocerciasis, such as Buruli ulcer, leishmaniasis (29), human African trypanosomiasis (30), schistosomiasis (31), dengue (32), chikungunya (33) and soil-transmitted helminths (34). These methods are often unavailable for programmatic use in LMICs where NTDs are endemic mostly because of a lack of laboratory infrastructure and capacity. The upfront cost of providing thermocyclers and qPCR equipment for the different NAATs can be offset by using a repurposed COVID-19 laboratory.



Discussion

Strategically repurposing COVID-19 infrastructure could be the catalyst for a global NTD laboratory network. NTD programs currently lag behind other global health programs that have globally connected networks of laboratories and systems for externally validating laboratory data as recommended by the World Health Assembly (35). Strong NTD laboratory systems will be able to address both research and program needs. Reliable and accessible laboratory services that produce quality-assured results in a timely manner are critical for any country’s surveillance capacity (36) and are an essential component of disease control programs. Laboratories would still need adequate support to improve their capacity with respect to specific NTD diagnostics and protocols to provide high-quality laboratory data for informed decision-making. The operational capacity of laboratory technicians to perform adequate, quality-assured laboratory analysis in the context of NTD diagnosis can be improved through a formal training program. Established laboratory networks with infrastructure and capacity are better positioned to access support and global health equity from diagnostics manufacturers.

Establishing a formal NTD laboratory network that can provide quality assurance and referral functions for NTD programs has been a priority of the WHO Strategic and Technical Advisory Group (STAG) (37). Likewise, it has been a point of discussion at NTD management meetings for quite some time (19). Despite the prioritization and discussion efforts, little has been achieved in getting this off the ground. NTD laboratory expertise in endemic low-resource settings is often fragmented and uncoordinated, with no formal referral system or network to provide the required support for quality assurance of NTD testing (38). Shott et al. (39) described a framework for establishing a laboratory network for onchocerciasis diagnosis and identified the standardization of protocols, QA systems, supply chains, and communication systems as essential components. These are pronounced and thoroughly utilized components of the laboratory coordination deployed to produce a daily national overall COVID-19 data in all sub-Saharan African countries and can be adapted for use in NTDs. Embarking on a strategic plan to repurpose some of the COVID-19 infrastructure and capacity for NTD control could be a critical moment in solving the infrastructure and supply-chain logistics challenges associated with NTD diagnostics, given that control programs would have hitherto not been able to command such resources. Alternatively, frameworks of extant networks such as that of the Buruli ulcer laboratories can also be adapted to establish a sustainable NTD laboratory network (40).

Whatever existing infrastructures can be leveraged or created, establishing an NTD laboratory network that is interconnected and in which individual laboratories can rely on each other for mutual support will require deliberate resource commitment. Laboratory networks should build on the momentum created by the WHO’s global genomic surveillance strategy for pathogens with pandemic and epidemic potential to sustain the gains made during the COVID-19 response and to strengthen capacities (36). Support will be needed to establish an NTD diagnostics external quality assessment (EQA) program that allows participating laboratories to assess their capabilities by comparing their results to those obtained via the laboratory network through panel testing, blinded rechecking, on-site supervision, and mentoring. The EQA program can facilitate the definition of standard operating procedures for diagnostics, data flow, and protocols; establish a robust QA/QC system and coordinate the supply-chain management of participating laboratories by forecasting the diagnostic needs for each country’s control programs, which may be at different stages. Furthermore, an EQA program provides the advantage of deviating from the current practice of strategic decisions about program implementation being based on laboratory data generated by laboratories working in isolation that are not enrolled in any external quality assurance scheme (38).



Conclusion

The increased availability of molecular technical capacity in LMICs due to COVID-19 has provided an opportunity that should be capitalized on to scale-up existing international networks of NTD laboratories such as the NTD Laboratory Coordinating Bureau, African Research Network for NTDs, and Centre for NTDs. Alternatively, the described frameworks for the establishment of an NTD laboratory network should be adopted (39, 40); and WHO resources such as the WHO’s Stepwise Laboratory Improvement Towards Accreditation (WHO-SLIPTA) tool and the African Society of Laboratory Management’s (ASLM) Strengthening Laboratory Management Towards Accreditation (SLMTA) program can be used to enhance the quality assurance process of potentially repurposed COVID-19 testing laboratories. Tools such as those described by Njelesani et al. (41) can be used to monitor achievable progress. An early success of this initiative, if implemented, could be the clearance of the backlogs of NTD specimens, which resulted from limited technical and personnel capacity in a quid pro quo for earlier support NTD programs provided to COVID-19 control efforts.

Summarily, the described opportunity to improve NTD diagnostics can be approached by (1) revising the national NTD masterplans to include the adaptation of established COVID-19 laboratories as a strategy to improve local NTD diagnostic capacity; (2) training COVID-19 laboratory technicians on NTD diagnosis; (3) providing supply-chain support for essential NTD laboratory supplies; (4) establishing an international network of NTD laboratories; (5) establishing a QA/QC framework via any of the extant models, and; (6) establishing a general laboratory quality management framework.

However, repurposing COVID-19 laboratories to support NTD programs in LMICs will require initial funding support that would be cheaper, more cost-effective, and more sustainable than establishing new vertical laboratories. Having the WHO lead and provide centrally coordinated technical oversight of multi-organizational efforts will ensure full accountability, better resource utilization, and stronger support in overcoming some of the diagnostics challenges identified in the 2030 WHO-NTD roadmap.



Authors contributions

AA and LH conceptualized the study. AA wrote the first draft. All authors read and approved the final version of the article.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as potential conflicts of interest.



References

1. Ritchie, H, Mathieu, E, Rodés-Guirao, L, Appel, C, Giattino, C, Ortiz-Ospina, E, et al. Coronavirus pandemic (Covid-19) (2020). Available at: https://ourworldindata.org/coronavirus.

2. Mathieu, E, Ritchie, H, Ortiz-Ospina, E, Roser, M, Hasell, J, Appel, C, et al. A global database of covid-19 vaccinations. Nat Hum Behav (2021) 5(7):947–53. doi: 10.1038/s41562-021-01122-8

3. Pilkington, V, Keestra, SM, and Hill, A. Global covid-19 vaccine inequity: Failures in the first year of distribution and potential solutions for the future. Front Public Health (2022) 10:821117. doi: 10.3389/fpubh.2022.821117

4. Rydland, HT, Friedman, J, Stringhini, S, Link, BG, and Eikemo, TA. The radically unequal distribution of covid-19 vaccinations: A predictable yet avoidable symptom of the fundamental causes of inequality. Humanities Soc Sci Commun (2022) 9(1):61. doi: 10.1057/s41599-022-01073-z

5. Flaxman, S, Mishra, S, Gandy, A, Unwin, HJT, Mellan, TA, Coupland, H, et al. Estimating the effects of non-pharmaceutical interventions on covid-19 in Europe. Nature (2020) 584(7820):257–61. doi: 10.1038/s41586-020-2405-7

6. Kebede, A, Lanyero, B, Beyene, B, Mandalia, ML, Melese, D, Girmachew, F, et al. Expanding molecular diagnostic capacity for covid-19 in Ethiopia: Operational implications, challenges and lessons learnt. Pan Afr Med J (2021) 38:68. doi: 10.11604/pamj.2021.38.68.27501

7. Dan-Nwafor, C, Ochu, CL, Elimian, K, Oladejo, J, Ilori, E, Umeokonkwo, C, et al. Nigeria’s public health response to the covid-19 pandemic: January to may 2020. J Global Health (2020) 10(2):020399. doi: 10.7189/jogh.10.020399

8. Acheampong, G, Owusu, M, Nkrumah, B, Obeng-Boadi, P, Opare, DA, Sambian, DJ, et al. Laboratory capacity in covid-19 diagnosis and the need to enhance molecular testing in Ghana. Global Security: Health Sci Policy (2021) 6(1):10–7. doi: 10.1080/23779497.2021.1908157

9. World Health Organization. Neglected tropical diseases (Ntd). (Brazzaville:World Health Organization, Regional Office for Africa) (2021). Available at: https://www.afro.who.int/node/8924.

10. World Health Organization. Ending the neglect to attain the sustainable development goals – a road map for neglected tropical diseases 2021–2030. Geneva: World Health Organization (2020).

11. Souza, AA, Ducker, C, Argaw, D, King, JD, Solomon, AW, Biamonte, MA, et al. Diagnostics and the neglected tropical diseases roadmap: Setting the agenda for 2030. Trans R Soc Trop Med Hygiene (2021) 115(2):129–35. doi: 10.1093/trstmh/traa118

12. Ministry of Health Ethiopia. The third national neglected tropical diseases strategic plan 2021-2025. (Addis Ababa:Ministry of Health Ethiopia) (2021).

13. Republic of Rwanda Ministry of Health. Neglected tropical diseases strategic plan 2019-2024. (Kigali:Rwanda Biomedical Centre) (2019).

14. Malawi Ministry of Health. Malawi Ntd master plan. (Lilongwe:Neglected Tropical Diseases Programme) (2014).

15. Federal Ministry of Health. Neglected tropical diseases Nigeria multi - year master plan 2015 - 2020. Abuja: Federal Ministry of Health, Abuja Nigeria (2015).

16. de Souza, DK, Picado, A, Biéler, S, Nogaro, S, and Ndung’u, JM. Diagnosis of neglected tropical diseases during and after the covid-19 pandemic. PloS Negl Trop Dis (2020) 14(8):e0008587. doi: 10.1371/journal.pntd.0008587

17. Pablos-Mendez, A. HuffPost . Available at: https://www.huffpost.com/entry/neglected-tropical-diseas_b_12236410.

18. Cantey, PT, Roy, SL, Boakye, D, Mwingira, U, Ottesen, EA, Hopkins, AD, et al. Transitioning from river blindness control to elimination: Steps toward stopping treatment. Int Health (2018) 10(suppl_1):i7–i13. doi: 10.1093/inthealth/ihx049

19. World Health Organization. Report of the second joint programme managers' meeting on case management and preventive chemotherapy neglected tropical diseases in the who African region. (Brazzaville:World Health Organisation, Regional Office for Africa) (2019).

20. Kuehn, BM. Africa Succeeded against covid-19’s first wave, but the second wave brings new challenges. JAMA (2021) 325(4):327–8. doi: 10.1001/jama.2020.24288

21. World Health Organization. African Countries scale back on covid-19 measures. (Brazzaville:World Health Organization) (2022). Available at: https://www.afro.who.int/news/african-countries-scale-back-covid-19-measures.

22. Hamill, L, Trotignon, G, MacKenzie, C, Hill, B, Pavluck, A, Yumba, D, et al. Navigating the way to onchocerciasis elimination: The feasibility and affordability of onchocerciasis elimination mapping. Int Health (2022) 14:17–23. doi: 10.1093/inthealth/ihab083

23. Choi, HL, Ducker, C, Braniff, S, Argaw, D, Solomon, AW, Borisch, B, et al. Landscape analysis of ntd diagnostics and considerations on the development of a strategy for regulatory pathways. PloS Negl Trop Dis (2022) 16(7):e0010597. doi: 10.1371/journal.pntd.0010597

24. World Health Organization. (2018) Report of the 1st Meeting of the Who Onchocerciasis Technical Advisory Subgroup, Varembé Conference Centre, Geneva, Switzerland, 10-12 October 2017. (Geneva:World Health Organization).

25. World Health Organization. Report of the third meeting of the who onchocerciasis technical advisory subgroup. (Geneva:World Health Organization) (2020). 924000663X.

26. World Health Organization. Draft report on the fourth meeting of the onchocerciasis technical advisory subgroup. Geneva: World Health Organization (2020).

27. World Health Organization. Guidelines for stopping mass drug administration and verifying elimination of human onchocerciasis: Criteria and procedures. In: Guidelines for stopping mass drug administration and verifying elimination of human onchocerciasis: Criteria and procedures. Geneva: Who Guidelines Approved by the Guidelines Review Committee (2016).

28. World Health Organization. Monitoring and epidemiological assessment of mass drug administration in the global programme to eliminate lymphatic filariasis : A manual for national elimination programmes. Geneva: World Health Organization (2011). Report No.: 9789248501487 (Portuguese) 9789241501484.

29. Tsokana, CN, Athanasiou, LV, Valiakos, G, Spyrou, V, Manolakou, K, and Billinis, C. Molecular diagnosis of leishmaniasis, species identification and phylogenetic analysis. In: DM Claborn editor.Leishmaniasis - Trends Epidemiology Diagnosis Treatment (London:IntechOpen) (2014) [Accessed March 6, 2022]. Available from: https://www.intechopen.com/chapters/46195.  doi: 10.5772/57448

30. Mumba Ngoyi, D, Ali Ekangu, R, Mumvemba Kodi, MF, Pyana, PP, Balharbi, F, Decq, M, et al. Performance of parasitological and molecular techniques for the diagnosis and surveillance of gambiense sleeping sickness. PloS Negl Trop Dis (2014) 8(6):e2954. doi: 10.1371/journal.pntd.0002954

31. Guegan, H, Fillaux, J, Charpentier, E, Robert-Gangneux, F, Chauvin, P, Guemas, E, et al. Real-time pcr for diagnosis of imported schistosomiasis. PloS Negl Trop Dis (2019) 13(9):e0007711. doi: 10.1371/journal.pntd.0007711

32. Domingo, C, Palacios, G, Niedrig, M, Cabrerizo, M, Jabado, O, Reyes, N, et al. A new tool for the diagnosis and molecular surveillance of dengue infections in clinical samples. (New Delhi:WHO Regional Office for South-East Asia). (2004). 0250-8362.

33. Laredo-Tiscareño, SV, Machain-Williams, C, Rodríguez-Pérez, MA, Garza-Hernandez, JA, Doria-Cobos, GL, Cetina-Trejo, RC, et al. Arbovirus surveillance near the Mexico–us border: Isolation and sequence analysis of chikungunya virus from patients with dengue-like symptoms in reynosa, tamaulipas. Am J Trop Med hygiene (2018) 99(1):191. doi: 10.4269/ajtmh.18-0117

34. O'Connell, EM, and Nutman, TB. Molecular diagnostics for soil-transmitted helminths. Am J Trop Med hygiene (2016) 95(3):508. doi: 10.4269/ajtmh.16-0266

35. Roush, SW, Beall, B, Cassiday, P, Gentsch, J, Icenogle, J, Mayer, L, et al. Laboratory support for the surveillance of vaccine-preventable diseases. VPD Surveillance Manual Atlanta: Centers Dis Control Prev (2008). https://www.cdc.gov/vaccines/pubs/surv-manual/chpt22-lab-support.html

36. Carter, LL, Yu, MA, Sacks, JA, Barnadas, C, Pereyaslov, D, Cognat, S, et al. Global genomic surveillance strategy for pathogens with pandemic and epidemic potential 2022–2032. Bull World Health Organ (2022) 100(4):239. doi: 10.2471/BLT.22.288220

37. Salle, D. Report of the sixth meeting of the who strategic and technical advisory group for neglected tropical disease. Geneva: World Health Organisation (2013).

38. Dean, L, Njelesani, J, Mulamba, C, Dacombe, R, Mbabazi, PS, and Bates, I. Establishing an international laboratory network for neglected tropical diseases: Understanding existing capacity in five who regions. F1000Res (2018) 7:1464–. doi: 10.12688/f1000research.16196.4

39. Shott, J, Ducker, C, Unnasch, TR, and Mackenzie, CD. Establishing quality assured (Qa) laboratory support for onchocerciasis elimination in Africa. Int Health (2018) 10(suppl_1):i33–i9. doi: 10.1093/inthealth/ihx059

40. BU-LABNET. Buruli ulcer laboratory network (2022). Available at: https://africabulabnet.org/index.php/en/membership/institutions.

41. Njelesani, J, Dacombe, R, Palmer, T, Smith, H, Koudou, B, Bockarie, M, et al. A systematic approach to capacity strengthening of laboratory systems for control of neglected tropical diseases in Ghana, Kenya, Malawi and Sri Lanka. PloS Negl Trop Dis (2014) 8(3):e2736. doi: 10.1371/journal.pntd.0002736



Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 Adeniran, Hamill, Selby and Downs. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/logo.jpg
& frontiers | Frontiers in Tropical Diseases





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        COVID-19: A unique opportunity to improve laboratory capacity for neglected tropical diseases in sub-Saharan Africa

      

        		

          Introduction

        



        		

          Diagnosis of neglected tropical diseases and the 2030 roadmap targets

        



        		

          Opportunities for capacity strengthening

        



        		

          Discussion

        



        		

          Conclusion

        



        		

          Authors contributions

        



        		

          Conflict of interest

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fitd.2022.984906_cover.jpg
& frontiers | Frontiers in Tropical Diseases

COVID-19: A unique
opportunity to improve
laboratory capacity for

neglected tropical diseases
in sub-Saharan Africa





