
		
			Research Article

			 

		

		
			Non-polio Enterovirus Species C infection in AFP Cases and its Implication for the Emergence of Recombinant Circulating Vaccine-Derived Polioviruses 

		

		
			Adewumi Olubusuyi Moses1,2*, Faleye Temitope Oluwasegun Cephas1,3,Ope-Ewe Oludayo Oluwaseyi1, Ibitoye Ibipeju Henrietta1, Arowosaye Abiola Opeyemi1, Adelowo Oluwatosin Deji1 and Adeniji Johnson Adekunle1,2,4

			 

			1Department of Virology, Faculty of Basic Medical Sciences, College of Medicine, University of Ibadan, Ibadan, Nigeria; 2Infectious Diseases Institute, College of Medicine, University of Ibadan, Nigeria; 3Centre for Human Virology and Genomics, Department of Microbiology, Nigerian Institute for Medical Research, Lagos, Nigeria; 4WHO National Polio Laboratory, University of Ibadan, Ibadan, Nigeria.

			 

		

		
			Abstract | Using 40 faecal samples from acute flaccid paralysis (AFP) cases collected in 2019, we examined how coupling Enterovirus (EV) isolation in RD and MCF-7 cell culture with direct detection from clinical sample might impact our ability to detect non-polio EV Species C (NPESC) members in stool samples. In all, 20% (8/40) of all the samples screened had NPESCs and 50% (8/16) of the EVs detected were NPESCs. However, the RD cell line missed all NPESCs. Hence, RD cell line alone should not be used for EV isolation if the desire is to also isolate NPESC. 
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			Introduction

			 

			Enteroviruses (EVs) are members of the genus Enterovirus in the family Picornaviridae, order Picornavirales [1]. Within the genus are 15 species (EV-A to EV-L and Rhinovirus A-C). EV-B has the highest number of serotypes while EV-C has the best studied member of the genus, which is the poliovirus. Other non-poliovirus members of Species C are referred to as Non-polio enterovirus species C (NPESC) members.

			 

			The GPEI was established in 1988 with the mandate of poliovirus eradication [2]. As at the time of writing, wild poliovirus circulation had been interrupted globally except in Pakistan and Afghanistan [3]. This progress has had at its core a very strong surveillance (environmental and acute flaccid paralysis [AFP]) and vaccination program. Poliovirus vaccination is being done globally using a combination of a live attenuated vaccine (oral poliovirus vaccine [OPV]) and inactivated poliovirus vaccine (IPV). While the IPV is great at protecting vaccinees from poliomyelitis, it performs poorly at inducing mucosal immunity which is essential for interrupting transmission chains. OPV on the other hand, both protects the vaccinees from developing poliomyelitis and is also great at interrupting poliovirus transmission because it is great at inducing mucosal immunity. Hence, to interrupt transmission chains during an outbreak, OPV is usually administered [4]. 

			 

			The downside of OPV is that it sometimes losses its attenuated phenotype and consequently reverts back to a wild type virulence and transmissibility. These revertant OPV strains are referred to as circulating Vaccine-Derived Polioviruses (cVDPVs) if the chain of transmission has lasted for over eight weeks [5]. More crucial is the observation that most cVPDVs are recombinants with structural genomic region of OPV origin and nonstructural genomic region of NPESC origin [6]. This suggests that there is baseline NPESC infection in children in most places where recombinant cVDPVs emerge.

			 

			Previously, we [7-9] had tried to learn about NPESC infection in children below the age of 15 years in Nigeria and most of our studies taught us how the algorithm of choice influences what we see [10]. Particularly, we learnt that RD cell line (which is recommended alongside L20B cell line for EV detection during surveillance and used in laboratories that are part of the GPEI) tend not to support the replication of NPESCs [11,12]. Here we attempt to determine the prevalence of NPESC infection in children diagnosed with AFP in Nigeria. However, leaning on our prior understanding of how EV detection algorithms introduce bias, we attempt to ensure most sources of bias are addressed. Our results show that about 20% of children diagnosed with AFP have NPESCs that were not detectable using RD cell line. It also shows that 50% of children diagnosed with AFP and from whom EVs were detected, had NPESCs in them which were missed using the RD cell culture-based algorithm. 

			 

			Materials and Methods

			 

			Samples from 40 anonymized individuals were analyzed in this study. All samples were previously processed in one day in the WHO polio laboratory in Ibadan, Nigeria. The samples consist of 31 paired (i.e. 62 samples) faecal samples from cases of AFP and nine (9) singleton fecal samples of their contacts. The samples were collected as part of the National AFP surveillance program in Nigeria and processed (resuspended in PBS and inoculated into both RD and L20B cell lines) as recommended by the WHO [13]. Isolates were recovered in RD cell line from 11 of the 31 cases. All 11 RD cell culture isolates did not replicate with evidenced CPE in L20B cell culture. All the RD isolates were analyzed in this study.

			 

			For this study, all the fecal suspensions and their corresponding 11 isolates on RD cell line were collected from the WHO Polio Laboratory in Ibadan, Nigeria and subsequently analyzed. The 62 (31 paired) fecal samples from AFP cases were then pooled by cases making 31 fecal suspension samples. All the 31 fecal suspension samples and the 9 fecal suspension samples from their contacts were inoculated into MCF-7 cell culture and observed for development of cytopathic effect (CPE) for 10 days in culture. All 40 fecal suspensions, isolates recovered on MCF-7 and the 11 from RD cell line collected from the WHO National Polio laboratory in Ibadan were subjected to RNA extraction, cDNA synthesis and RT-snPCR as previously described [8]. All PCR products were subsequently resolved on a 2% Agarose gel and amplicons shipped to Macrogen Inc., Netherlands where Sanger sequencing was done using primers AN89 and AN88 [14]. Sequences generated were identified using the enterovirus genotyping tool [15]. All sequences generated in the study have been submitted to GenBank with Accession Numbers MN718829-MN718840 and MN738732-MN738740.

			 

			Results and Discussion

			 

			Isolates were recovered from seven (7) of the 40 samples inoculated into MCF-7 cell culture. Hence, from the 40 faecal suspensions, isolates were recovered from 27.5% (11/40) and 17.5% (7/40) on RD and MCF-7 cell lines, respectively. Altogether, 40, 11 and 7 samples from faecal suspensions, RD and MCF-7 cell culture supernatants, respectively were analyzed as previously described [8].

			 

			Of the 40 faecal suspensions, amplicons were recovered from 13 (32.5%) but only nine (9) produced useable nucleotide sequence data. The nine amplicons sequenced include four EV-Cs (CVA13 [3 isolates] and EV-C99 [1 isolate]) and five EV-Bs (CV-B2 [1 isolate], E20 [2 isolates], E30 [1 isolate] and EV-B77 [1 isolate]) (Table 1).

			 

			Of the 11 isolates recovered on RD cell culture, amplicons were recovered from 10 (90.9%) and all ten (100%) produced useable nucleotide sequence data. All 10 were successfully identified as members of EV-B. Specifically, CV-B2 [1 isolate], CV-B3 [3 isolates], E7 [1 isolate], E12 [1 isolate], E20 [3 isolates] and E24 [1 isolate] (Table 1).

			Of the seven (7) isolates recovered on MCF-7 cell culture, amplicons were recovered from four (4) and all four (100%) produced useable nucleotide sequence data. All four were successfully identified as members of EV-C. Specifically, EV-C99 [1 isolate], CV-A13 [2 isolates] and CV-A20 [1 isolate] (Table 1).

			 

			Table 1: Enterovirus types detected in this study and the samples from which they were detected.
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			It is worth noting that of the samples that were negative for EVs by direct detection from faecal suspension using RT-snPCR [14,16], seven (7) had EVs that were only detectable after the samples had been subjected to culture on either or both RD and MCF-7 cell line. Also, of the samples that did not show CPE on RD cell line, two (2) had CV-A13 on MCF-7 cell line while another four (4) had EVs (CV-A13 [2 isolates], EV-B77 [1 isolate] and EV-C99 [1 isolate]) detected directly in their faecal suspension. It is also worth noting, that all isolates recovered on RD and MCF-7 cell lines belong to Species EV-B and EV-C, respectively. In addition, all samples from which EV-C members were detected in the faecal suspension were different from those in which EV-C members were recovered on MCF-7 cell line. Precisely, in samples 17 and 34, EV-Bs were detected on RD cell line but EV-Cs on MCF-7 cell line. Also notable, three (3) different EV types (E30, E7 and EV-C99 from faecal suspension, RD and MCF-7 cell lines) were detected in sample 17. Finally, of the 16 samples from which EVs were unambiguously identified, 50% (8/16) were NPESCs and none of these NPESCs was detected on RD cell line.

			 

			In this study we set out to determine the true prevalence of NPESCs in faecal samples of children with AFP and their contacts in Nigeria. More importantly, we tried in this study to address two of the biases in previous studies describing such data; 1) using only RD cell line alone [17] and 2) using direct detection using an RT-snPCR assay alone [8,9] to estimate the prevalence of NPESCs in such samples. With respect to RD cell line, we showed that all the NPESC members detected in this study were missed by RD cell culture (Table 1). With respect to using the direct detection with an RT-snPCR assay alone to estimate the prevalence of EV-Cs in such samples, we showed that 50% of the NPESCs in the samples were missed using this algorithm (RD cell culture isolation) (Table 1). The results of this study therefore showed that both the NPESC cell culture sensitive methods and culture independent molecular identification strategies need be pooled into a robust protocol that ensures we capture as much NPESC diversity as possible from every sample screened. Hence, result of studies [7,18,19,20] in which the samples were subjected directly to the recommended molecular identification assay [14,16] without first subjecting the samples to culture in a cell line with documented sensitivity for EV-Cs or vice-versa [17,21,22,23] should be correctly interpreted as documenting only a subset of NPESCs present in such samples. 

			 

			This bias of RD cell line for propagating EV-Bs coupled with the fact that about 140 laboratories globally (as part of the GPEI) are using RD cell line routinely13,16 might explain the fact that EV-Bs (with 63 types already documented to exist [www.picornaviridae.com]) are one of the best documented species in the genus Enterovirus. Hence, the EV-B bias of RD cell line might be helping to selectively filter out and document EV-B diversity at the expense of other EV species. Further, in nations where recombinant circulating vaccine-derived polioviruses (cVDPVs) emerge and are circulating, cataloguing non-polio EV isolates recovered on RD cell line [17] tends not to be very useful in finding the NPESCs recombining with OPV to make recombinant cVDPVs.

			 

			In the light of recombinant cVDPV emergence, this baseline circulation of NPESC members in Nigeria and possibly in sub-Saharan Africa [24,25] becomes a major cause for concerns especially now when cVDPVs outbreaks are being tackled in nine (9) different countries on the continent [26]. The presence of NPESCs coupled with the lack of herd immunity (manifest in continued circulation of cVDVPs) to the polioviruses suggests that the conditions are again perfect for co-infection of host with both NPESCs and OPV, recombination between both and emergence of recombinant cVDPVs. We may therefore still be in for more cVDPV emergence and circulation in the sub-region. It is therefore essential that this endemic circulation of NPESCs in the sub-region be taken into consideration when designing the next-generation (Next-Gen) of live poliovirus vaccines. These Next-Gen vaccines should be designed to induce/provide immunity to recombinants when in the company of (co-infecting with) other wild-type NPESC members. It is crucial that this is exhaustively examined especially as clinical trials are ongoing for novel OPVs.

			 

			Acknowledgements

			 

			We thank the WHO National Polio Laboratory in Ibadan, Nigeria for providing the anonymized CPE negative cell culture supernatants analyzed in this study. 

			 

			Ethics approval and consent to participate

			The faecal suspensions analysed in this study were collected in Nigeria in accordance with the national ethical guidelines as part of the National AFP surveillance programme and sent to the WHO National Polio Laboratory in Ibadan, Nigeria to determine whether poliovirus is the etiologic agent of the diagnosed AFP using the WHO recommended algorithm. Both the faecal suspensions and RD cell culture isolates analyzed in this study were subsequently anonymized for further studies before use in this study. Hence, this article does not report direct interaction of authors with study participants, and participants’ IDs were anonymized. In addition, no information that can be used to associate the isolates analyzed in this study to any individual is included in this manuscript.

			 

			Funding

			The authors did not receive any specific funding for this study. Rather the study was funded by contributions from authors.

			Author’s Contributions

			 

			AJA, AOM, FTOC design the study. All authors were involved in sample collection, laboratory and data analysis. All authors wrote, revised, read and approved the final draft of the manuscript.

			 

			Conflict of interest

			The authors declare that no conflicts of interests exist. 

			 

			References

			 

			
					1.	World Health Assembly. 1988. Polio Eradication by the Year 2000. Geneva: World Health Organisation. http://polioeradication.org/wp-content/uploads/2016/08/Weekly-GPEI-Polio-Analyses-WPV-20191105.pdf. Last accessed 10th November 2019.

					2.	Kew, O., M. Pallansch. 2016. Breaking the last chains of poliovirus transmission: Progress and challenges in global polio eradication. Annu. Rev. Virol., 5(1): 427-451. https://doi.org/10.1146/annurev-virology-101416-041749

					3.	Burns, C.C., O.M. Diop, R.W. Sutter and O.M. Kew. 2014. Vaccine-derived polioviruses. J. Infect. Dis. 210 Suppl 1: S283-293. https://doi.org/10.1093/infdis/jiu295

					4.	Muslin, C., A. MacKain, M. Bessaud, B. Blondel and F. Delpeyroux. 2019. Recombination in enteroviruses, a multi-step modular evolutionary process. Viruses. 11(9), 859: 1-30. https://doi.org/10.3390/v11090859

					5.	Faleye, T.O.C., M.O. Adewumi, B.A. Coker, F.Y. Nudamajo and J.A. Adeniji. 2016a. Direct Detection and Identification of Enteroviruses from Faeces of Healthy Nigerian Children Using a Cell-Culture Independent RT-Seminested PCR Assay. Adv. Virol., Article ID: 1412838, 12 pages. https://doi.org/10.1155/2016/1412838

					6.	Adeniji, J.A., A.O. Oragwa, U.E. George, U.I. Ibok, T.O.C. Faleye and M.O. Adewumi. 2017. Preponderance of enterovirus species C in RD-L20B cell culture negative stool samples from children diagnosed with Acute Flaccid Paralysis in Nigeria. Arch. Virol.,162(10): 3089-3101. https://doi.org/10.1101/116004

					7.	Donbraye, E., O.I. Olasunkanmi, B.A. Opabode, T.R. Ishola, T.O.C. Faleye, M.O. Adewumi and J.A. Adeniji. 2018. Abundance of enterovirus C in RD-L20B cell culture negative stool samples from acute flaccid paralysis cases in Nigeria is geographically defined. J. Med. Microbiol., 67(6): 854-865. https://doi.org/10.1099/jmm.0.000737

					8.	Faleye, T.O.C., M.O. Adewumi and J.A. Adeniji. 2016b. Deﬁning the enterovirus diversity landscape of a fecal sample: A methodological challenge? Viruses, 8: 18. https://doi.org/10.3390/v8010018

					9.	Faleye T.O.C. and J.A. Adeniji. 2015a. Enterovirus species B bias of RD cell line and its influence on enterovirus diversity landscape. Food and Environ. Virol. 7(4): 390-402. https://doi.org/10.1007/s12560-015-9215-3

					10.	Faleye, T.O.C. and J.A. Adeniji. 2015b. Nonpolio enterovirus-C (NPEV-C) strains circulating in South-Western Nigeria and their contribution to the emergence of recombinant cVDPV2 lineages. Br. J. Virol., 2(5): 68-73. https://doi.org/10.17582/journal.bjv/2015.2.5.68.73

					11.	World Health Organisation. 2004. Polio laboratory manual. 4th Edition, Geneva.

					12.	Nix, W.A., M.S. Oberste and M.A. Pallansch. 2006. Sensitive, seminested PCR ampliﬁcation of VP1 sequences for direct identiﬁcation of all enterovirus serotypes from original clinical specimens. J. Clin. Microbiol., 44(8): 2698–2704. https://doi.org/10.1128/JCM.00542-06

					13.	Kroneman, A., H. Vennema, K. Deforche, H. Van der Avoort, S. Penarandac and M.S. Oberste. 2011. An automated genotyping tool for enteroviruses and noroviruses. J. Clin. Virol., 51: 121–125. https://doi.org/10.1016/j.jcv.2011.03.006

					14.	World Health Organisation. 2015. Enterovirus surveillance guidelines: Guidelines for enterovirus surveillance in support of the Polio Eradication Initiative, Geneva.

					15.	Faleye, T.O.C., M.O. Adewumi, M.O. Japhet, O.M. David, A.O. Oluyege, J.A. Adeniji and O. Famurewa. 2017. Non-polio enteroviruses in faeces of children diagnosed with acute flaccid paralysis in Nigeria. Virol. J., 14(1): 175. https://doi.org/10.1186/s12985-017-0846-x

					16.	Oberste, M.S., M.M. Feeroz, K. Maher, W.A. Nix, G.A. Engel, K.M. Hasan, S. Begum, G. Oh, A.H. Chowdhury, M.A. Pallansch and L. Jones-Engel. 2013a. Characterizing the picornavirus landscape among synanthropic nonhuman primates in Bangladesh, 2007 to 2008. J. Virol., 87(1): 558-571. https://doi.org/10.1128/JVI.00837-12

					17.	Oberste, M.S., M.M. Feeroz, K. Maher, W.A. Nix, G.A. Engel, S. Begum, K.M. Hasan, G. Oh, M.A. Pallansch, L. Jones-Engel. 2013b. Naturally acquired picornavirus infections in primates at the Dhaka zoo. J. Virol., 287(1):572-580. https://doi.org/10.1128/JVI.00838-12

					18.	Osundare, F.A., O.O. Opaleye, A.A. Akindele, S.A. Adedokun, O.A. Akanbi, C.T. Bock, S. Diedrich and S. Böttcher. 2019. Detection and characterization of human enteroviruses, human cosaviruses, and a new human parechovirus type in healthy individuals in Osun State, Nigeria, 2016/2017. Viruses, 11: 1037. https://doi.org/10.3390/v11111037

					19.	Sadeuh-Mba, S.A., M. Bessaud, D. Massenet, M.L. Joffret, M.C. Endegue, R. Njouom, J.M. Reynes, D. Rousset and F. Delpeyroux. 2013. High frequency and diversity of species C enteroviruses in Cameroon and neighboring countries. J. Clin. Microbiol. 51(3): 759-770. https://doi.org/10.1128/JCM.02119-12

					20.	Fernandez-Garcia, M.D., O. Kebe, A.D. Fall, K. Ndiaye. 2017. Identification and molecular characterization of non-polio enteroviruses from children with acute flaccid paralysis in West-Africa, 2013-2014. Sci. Rep., 7: 3808. https://doi.org/10.1038/s41598-017-03835-1

					21.	Sadeuh-Mba, S.A., H. Kavunga-Membo, M.L. Joffret, R. Yogolelo, M.C. Endegue-Zanga, M. Bessaud, R. Njouom, J. Muyembe-Tamfu and F. Delpeyrous. 2008. Genetic landscape and macro-evolution of co-circulating Coxsackieviruses A and Vaccine-derived Polioviruses in the Democratic Republic of Congo, 2008-2013. PLoS Neglected Trop. Dis., 13(4): e0007335. https://doi.org/10.1371/journal.pntd.0007335

					22.	Brouwer, L., S.M.G. van der Sanden, J.C.J. Calis, A.H.L. Bruning, S. Wang, J.G. Wildenbeest, S.P.H. Rebers, K.S. Phiri, B.M. Westerhuis, M.B. van Hensbroek, D. Pajkrt, K.C. Wolthers. 2018. High frequency of Polio-like Enterovirus C strains with differential clustering of CVA-13 and EV-C99 subgenotypes in a cohort of Malawian children. Arch. Virol., 163(10): 2645-2653. https://doi.org/10.1007/s00705-018-3878-7

					23.	Yinda, C.K., E. Vanhulle, N. Conceição-Neto, L. Beller, W. Deboutte, C. Shi, S.M. Ghogomu, P. Maes, M. Van Ranst, J. Matthijnssens. 2019. Gut virome analysis of cameroonians reveals high diversity of enteric viruses, including potential interspecies transmitted viruses. mSphere. 4(1). pii: e00585-18. https://doi.org/10.1128/mSphere.00585-18

					24.	Adamu, U.S., W.R. Archer, F. Braka, E. Damisa, A. Siddique, S. Baig, J. Higgins, G.E. Sume, R. Banda, C.K. Korir, N. Waziri, S. Gidado, P. Bammeke, A. Edukugo, G.W. Nganda, J.C. Forbi, C.C. Burns, H. Liu, J. Jorba, A. Asekun, R. Franka, S.G.F. Wassilak and O. Bolu. 2019. Progress toward poliomyelitis eradication, Nigeria, January 2018-May. MMWR Morb Mortal Wkly Rep. 68(29): 642-646. https://doi.org/10.15585/mmwr.mm6829a3

					25.	Van-Damme P., I. De Coster, A.S. Bandyopadhyay, H. Revets, K. Withanage, P. De Smedt, L. Suykens, M.S. Oberste, W.C. Weldon, S.A. Costa-Clemens, R. Clemens, J. Modlin, A.J. Weiner, A.J. Macadam, R. Andino, O.M. Kew, J.L. Konopka-Anstadt, C.C. Burns, J. Konz, R. Wahid and C. Gast. 2019. The safety and immunogenicity of two novel live attenuated monovalent (serotype 2) oral poliovirus vaccines in healthy adults: a double-blind, single-centre phase 1 study. Lancet, 394(10193): 148-158. https://doi.org/10.1016/S0140-6736(19)31279-6

			

		

	OEBPS/image/638.png
Research Article

Hosts and Viruses

CrossMark

«dlickfor updates

Non-polio Enterovirus Species C infection in AFP Cases and its
Implication for the Emergence of Recombinant Circulating Vaccine-
Derived Polioviruses

Adewumi Olubusuyi Moses!?*, Faleye Temitope Oluwasegun Cephas'?,Ope-Ewe Oludayo Oluwaseyi!,

Ibitoye Ibipeju Henrietta!, Arowosaye Abiola Opeyemi', Adelowo Oluwatosin Deji! and Adeniji Johnson
Adekunle!?*

!Department of Virology, Faculty of Basic Medical Sciences, College of Medicine, University of Ibadan, Ibadan, Nigeria;
2Infectious Diseases Institute, College of Medicine, University of 1badan, Nigeria;  Centre for Human Virology and Genomics,
Department of Microbiology, Nigerian Institute for Medical Research, Lagos, Nigeria; *WHO National Polio Laboratory,

University of 1badan, Ibadan, Nigeria.

Received [February 03, 2020; Accepted | February 26, 2020; Published | February 28, 2020

*Correspondence | Adenij
Tbadan, Ibadan, Nigeria; Email: adek1808@yahoo.com
DOI | hetp://dx.doi.org/10.17582 journal.hv/2020/7.1.1.6

i Johnson Adekunle, Department of Virology, Faculty of Basic Medical Sciences, College of Medicine,University of

Citation | Adewumi, .M., Faleye, T.O.C., Ope-Ewe, 0.0, Ibitoye, LH., Arowosaye, A.O., Adelowo, 0.D. and Adeniji, ].A. 2020. Non-polio

enterovirus species ¢ infection in AFP cases and its implication for the emergence of recombinant circulating vaccine-derived polioviruses. Hosts

and Viruses, 7(1): 1-6.
Keywords: Enterovirus, RD cell line, MCF-7 cell linc, EV-C, Nigeria

Introduction

nteroviruses (EVs) are members of the genus

Enterovirus in the family Picornaviridae, order
Picornavirales [1]. Within the genus are 15 species
(EV-A to EV-L and Rhinovirus A-C). EV-B has
the highest number of serotypes while EV-C has
the best studied member of the genus, which is the
poliovirus. Other non-poliovirus members of Species
C are referred to as Non-polio enterovirus species C
(NPESC) members.

The GPEI was established in 1988 with the mandate
of poliovirus eradication [2]. As at the time of writing,
wild poliovirus circulation had been interrupted
globally except in Pakistan and Afghanistan [3]. This

progress has had at its core a very strong surveillance
(environmental and acute flaccid paralysis [AFP])
and vaccination program. Poliovirus vaccination is
being done globally using a combination of a live
attenuated vaccine (oral poliovirus vaccine [OPV])
and inactivated poliovirus vaccine (IPV). While the
1PV is great at protecting vaccinees from poliomyelitis,
it performs poorly at inducing mucosal immunity
which is essential for interrupting transmission
chains. OPV on the other hand, both protects the
vaccinees from developing poliomyelitis and is also
great at interrupting poliovirus transmission because
it is great at inducing mucosal immunity. Hence, to
interrupt transmission chains during an outbreak,
OPV is usually administered [4].
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