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of OPV. according to National vaccination schedule. Mean 

values (arithmetic mean) of NT titers/blocking ELISA were 

for PV type 1 — 128/60; type 2 — 131/20 and type 3 — 54/25. 

In this case, the sensitivity of the ELISA rela tive to the NT 

for PV type 1 was 98%, type 2 — 100%, type 3 — 98%. 

Correlation coefficient r for PV type 1 — 0.67, type 2 — 0.61, 

type 3 — 0.76, which corresponds to the definitions “mean 

correlation” (for types 1 and 2) and “high correlation” 

(for type 3). Thus, the presented results demonstrate the fur-

ther development of “IgY-technology” in combination with 

certain serological technique — surrogate version of NT 

(blo cking ELISA) for use in large-scale seroepidemio logical 

studies of poliomyelitis. Blocking ELISA does not require 

the use of live PV, which allows it to be used in laboratories 

of different levels in PV containment conditions. The dura-

tion of the test (24 hours) is its additional advantage com-

pared to the NT (5–7 days), which opens the prospect of its 

use for rapid diagnosis of poliovirus infection.
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In 2002 Russia, as part of WHO European Region, 

was certified as “polio-free country” and has success-

fully maintained this status for more than 15 years. This 

is guaranteed by a high (97–99%) polio vaccine coverage 

and effective epidemiological surveillance of acute flac-

cid paralysis (AFP). Nevertheless, Russia faced a number 

of challenges, expected at the final stage of polio eradica-

tion: importation of wild poliovirus (WPV) from endemic 

regions, vaccine-derived PV (VDPV), poliomyelitis cases 

associated with using of oral poliovirus vaccine (OPV).

In 2010, Russia was involved in a large-scale outbreak 

of poliomyelitis in Tajikistan caused by WPV1. Newly ar-

rived migrants from countries bordering Tajikistan as well 

as unvaccinated citizens of several Russian regions were 

affected. The outbreak was interrupted by vigorous vaccine 

interventions.

After certification, VDPV strains were not found 

through routine AFP surveillance and special studies 

of persons with immunodeficiency undertaken in Russia. 

At the same time, VDPVs2 were detected during supple-

mentary surveillance for PV. In 2015, highly divergent 

(17.6% nucleotide substitutions in VP1 region) VDPV2 was 

isolated from the wastewater. The divergence rate of the 

virus is most likely indicative of its long-term (> 15 years) 

excretion by the immunodeficient person. In 2016, after 

“switch” from tOPV to bOPV, two VDPV2 were isolated 

from healthy unvaccinated children of different regions 

of Russia. The genetic association of the isolates and their 

origin from the PV2 Sabin was confirmed by the presence 

of 10 and 13 nucleotide substitutions compared to vaccine 

PV2, 10 of which were common. Epidemiological inves-

tigation revealed family ties and contact children in one 

household. This “event” in the period after the cessation 

of use of PV2 in oral polio vaccine required an assessment 

of risk of spread, large-scale organizational and vaccination 

activities.

The occurrence of polio cases associated with vac-

cine (VAPP) is particularly unacceptable at the final stage 

of eradication. During 2003–2017, there were 76 cases 

of VAPP in Russia. The introduction of IPV in the National 

Immunization Schedule in 2008 did not lead to a complete 

elimination of VAPP, among 26 cases registered in 2008–

2017, VAPP in unvaccinated children prevailed.

This experience allows conclude the necessity to con-

tinue both AFP and supplementary poliovirus surveil-

lance following the global certification of poliomyelitis 

eradication.  
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Poliomyelitis has been a major public health concern 

and currently, efforts are being made towards eradicating 

poliovirus type 2 (PV2). A global switch from trivalent 

oral poliovirus vaccine (tOPV) to bivalent oral poliovi-

rus vaccine (bOPV without PV2) has been organized by 

the World Health Organization (WHO) to prevent epi-

demics of recombinant type 2 pathogenic circulating 

vaccine-derived polioviruses (cVDPVs). In an attempt 

to monitor the decline of OPV2 following the switch and 

the possible effect on other enteroviruses in the human 

population, environmental and human surveillance was 

conducted before, during, and after the switch in three 

regions of Madagascar. The developed WHO “gold stand-

ards” for detecting PV consists of isolation on cell lines 

and characterization by rRT-PCR assays. Other entero-

virus isolates can be identified using sequencing. These 

methods are poorly conducive to large environmental 

studies, investigating multiple enteroviruses in one sam-

ple. Therefore, we developed an RT-PCR assay where 

we designed degenerate primers for conserved regions 

of the genome capable of sequencing the whole genome 

for all enteroviruses (A, B, C, and D). For this study, stool 

samp les from healthy children (> 200) and sewage samp-

les (> 400) were collected, concentrated, and inoculated 

on RD and L20B cells.

To date, the results from sewage and stool samples col-

lected indicate that prior to the switch from tOPV to bOPV 

in April 2016, all Sabin strains were detected until July 

2016. After which, Sabin 2 was no longer isolated in either 

sample sets analyzed. For stool samples, the majority 

of the enteroviruses detected were EV-B (81%) followed by 

EV-C (12%) and EV-A (7%). For sewage samples, EV-B 

(98.6%) was detected in the majority followed by EV-C 

(1.2%), and EV-A (0.2%). EV-D was not detected in any 

samples collected in this study. We were successful in de-

tecting and characterizing, in a single sequencing run, all 

enteroviruses present in mixtures containing up to five 

different serotypes. We were able to confirm the results 

concerning PV obtained with the classical WHO method 

thus, validating the presence/absence of polioviruses and 

other enteroviruses using a metagenomics methodology. 

Additionally, this study allowed us to gain a deeper under-

standing of the enterovirus ecosystem and diversity and 

opened the way to study the genetic interactions among vi-

ruses that favor the emergence of pathogenic recombinant 

cVDPVs in Madagascar.
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