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Abstract

Background: The European Region, certified polio-free in 2002, remains at risk of wild
poliovirus reintroduction and emergence of circulating vaccine-derived polioviruses (cVDPV)
until global polio eradication is achieved, as demonstrated by the cVDPV1 outbreak in Ukraine in
2015.

Methods: We reviewed epidemiologic, clinical and virology data on cVDPV cases, surveillance
and immunization coverage data, and reports of outbreak-related surveys, country missions, and
expert group meetings.

Results: In Ukraine, 3-dose polio vaccine coverage declined from 91% in 2008 to 15% by
mid-2015. In summer, 2015, two unrelated children from Zakarpattya province were paralyzed
by a highly divergent cVDPV1. The isolates were 20 and 26 nucleotide divergent from prototype
Sabin strain (with 18 identical mutations) consistent with their common origin and ~2-year
evolution. Outbreak response recommendations developed with international partner support
included conducting three nationwide supplementary immunization activities (SIAs) with tOPV,
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strengthening surveillance and implementing communication interventions. SIAs were conducted
during October 2015-February 2016 (officially reported coverage, round 1-64.4%, round 2—
71.7%, and round 3-80.7%). Substantial challenges to outbreak response included lack of
high-level support, resistance to OPV use, low perceived risk of polio, widespread vaccine
hesitancy, anti-vaccine media environment, economic crisis and military conflict. Communication
activities improved caregiver awareness of polio and confidence in vaccination. Surveillance

was enhanced but did not consistently meet applicable performance standards. Post-outbreak
assessments concluded that cVDPV1 transmission in Ukraine has likely stopped following the
response, but significant gaps in population immunity and surveillance remained.

Conclusions: Chronic under-vaccination in Ukraine resulted in the accumulation of children
susceptible to polioviruses and created favorable conditions for VDPV1 emergence and
circulation, leading to the outbreak. Until programmatic gaps in immunization and surveillance
are addressed, Ukraine will remain at high-risk for VDPV emergence and circulation, as well as at
risk for other vaccine-preventable diseases.
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1. Background

The European Region of the World Health Organization (WHQO) was certified free of
poliomyelitis in 2002 [1]. However, until global polio eradication is achieved, the region
remains at risk of wild poliovirus (WPV) reintroduction from endemic areas and emergence
of circulating vaccine-derived polioviruses (CVDPV) in areas with suboptimal oral polio
vaccine (OPV) coverage. These risks have been clearly demonstrated by poliovirus
emergencies in Tajikistan in 2010 [2,3], Israel in 2013 [4], and most recently, in Ukraine
where a highly divergent cVDPV type 1 (cVDPV1) paralyzed two children in 2015.

For decades, Ukraine3 had a well-developed immunization program with high coverage that
allowed successful interruption of WPVs (Table 1). However, since 2009, there has been a
sharp decline in coverage for all vaccines. Coverage with three doses of polio vaccine has
declined to < 50% in 2014 and as low as 15% by mid-2015 (Fig. 1).

Factors contributing to this dramatic decline in immunization coverage include:

. Long-lasting negative impact of the failed measles-rubella vac-cination campaign
in 2008, when the death of a child was incorrectly attributed to vaccine.

. Hostile anti-vaccine media environment.
. Low acceptance of immunization by caregivers and health careworkers (HCWs).
. Widespread false contraindications to immunization.

3Popu|ati0n, 42.5 million (2016 estimate, State Statistics Service of Ukraine) [5]; area, 233,013 square miles; independent from the
Soviet Union since 1991.
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. Inefficient vaccine procurement legislation and practices.

. Insufficient budgetary funding for health, including immuniza-tions, exacerbated
by an economic and political crisis and ongoing military conflict since 2014.

Chronic under-vaccination resulted in the accumulation of a large number of children
susceptible to polioviruses (estimated by WHO at 1.5-1.8 million in 2014). Since 2010,
the European Regional Certification Commission (RCC) for Polio Eradication has ranked
Ukraine at high risk of poliovirus spread [9].4 Protracted low coverage in an OPV-using
country created the conditions for VDPV emergence and circulation. Three type 2
ambiguous VDPVs (aVDPV) were detected in Ukraine in 2014° heralding the potential
of their future emergence and spread.

Since 2011, international partners repeatedly raised concerns regarding the polio risk in
Ukraine and worked with the authorities to prepare for the imminent outbreak. In early
2015, the “Plan for Accelerated Routine Polio Vaccination” was jointly developed by
WHO, UNICEF, and the Ukrainian Ministry of Health (MOH), with United States Agency
for International Development support. Polio vaccines were procured by the Canadian
Government and the launch of this plan was scheduled for September 2015. However, after
confirmation of cVDPV1 in late August, outbreak response activities became the priority. In
this report we review the epidemiologic and operational aspects of the cVDPV1 outbreak in
Ukraine and its implications.

2. Methods

We reviewed the epidemiologic, clinical and virology data on cVDPV cases and the
information on immunization coverage and polio surveillance [acute flaccid paralysis (AFP),
enterovirus and environmental surveillance] in Ukraine.® Data sources include annual
country reports via WHO-UNICEF Joint Reporting Forms, expert mission reports on the
outbreak investigation and response, reports of the post-campaign coverage survey, 3- and
6-month outbreak response assessment (OBRA) missions, the 30th Meeting of the RCC
[13], the International Monitoring Board (IMB) meetings [14,15], and the Statement of the
10th meeting of the International Health Regulations (IHR) Emergency Committee (EC)
[16]. Information on the immediate outcome of the public communication interventions
was obtained from UNICEF knowledge, attitude and practice surveys’ and independent
monitoring data collected during the outbreak response.

4Ukraine was ranked as a low risk county prior to 2008 and intermediate risk in 2009 [10,11].

These viruses were unrelated and there was no evidence of their further circulation, therefore they were classified as aVDPVs and the
episodes regarded as “poliovirus events” which do not require the same level of response as cVDPVs [12].

Crimea, currently not under Ukrainian Government control, was not included in the analysis.

Knowledge, attitude and practice surveys were conducted before, during and after the outbreak response (in 2014, 2015, and 2016).
Generally, they followed similar protocols, but few questions in the 2014 baseline survey were different from the 2015 and 2016

surveys.
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3. Results

3.1. Outbreak description

The outbreak was confirmed on August 28, 2015 when the WHO Polio Laboratory Network
reported highly divergent cVDPV1 from two AFP cases from Ukraine. The case-patients,

a 4 year-old and a 10 month-old unvaccinated children, had paralysis onset on June 30

and July 7, respectively. They were unrelated and lived in different districts of Zakarpattya
province which borders Romania,8 Hungary, Poland, and Slovakia (Fig. 2).

Genomic sequencing revealed highly divergent vaccine viruses. The virus from one case
had a 20 nucleotide (2.2%) difference from the prototype Sabin 1 strain, the virus from the
other case had a 26 nucleotide (2.9%) difference. Eighteen of these mutations were shared
by both viruses indicating their common origin and subsequent separate evolution (Fig. 2).
The degree of genetic divergence from the parental strain is consistent with approximately
1.5-2.0 years of evolution before paralyzing these two children.

No additional cVDPV1 cases were identified through prospective enhanced surveillance.
Retrospective active search for potentially missed AFP cases in the affected province during
October-March period found no evidence of missed cases.

3.2. Outbreak response

On 1 September 2015 WHO informed Government of Ukraine of a polio outbreak due to
cVDPV1. MOH publicly announced the outbreak immediately upon notification by WHO
and initiated response activities with support of international experts (primarily from WHO
and UNICEF).

To rapidly interrupt poliovirus transmission and in line with current internationally endorsed
standards for responding to polio outbreaks [12], WHO and UNICEF recommended that the
MOH:

. Implement supplementary immunization activities (SIAs) consisting of three
nationwide rounds using trivalent OPV (tOPV) with rounds 1 and 2 targeting all
children aged < 6 years and round 3 with an expanded age range up to 10 years
with a 1-month interval between rounds; the first round should begin within 14
days of the outbreak declaration.

. Enhance poliovirus surveillance.

. Implement comprehensive public communication interventionsto ensure public
support for SIAs.

A large team of international experts was deployed to assist the MOH in the outbreak
response, with the first arriving in Ukraine within 48 h of outbreak confirmation. Within
two weeks, a national coordination mechanism was established, and an integrated evidence-
based outbreak response strategy was drafted and approved by the Government and partners.
International partners provided vaccines,? technical, financial and logistical support and

8since 2011, Romania is ranked by RCC as a country at high risk of poliovirus spread [17].
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launched high level advocacy efforts for outbreak response. WHO and UNICEF led a large
number of trainings building local capacity regarding the clinical and epidemiologic aspects
of poliomyelitis, polio vaccines, polio eradication and outbreak response strategies, vaccine
safety, vaccine management, surveillance, effective counselling, and communications.
Approximately 9000 HCWs, 1400 educators, and 50 journalists were reached by these
trainings.

In total, 42 international experts were deployed to Ukraine for various periods of time during
September 2015-April 2016, accounting for 1910 working days in-country. This was in
addition to the full involvement of WHO and UNICEF country offices and technical support
provided through regular coordination calls and field visits by the regional and headquarter
offices, as well as by US Centers for Disease Control and Prevention (CDC) and other
partners.

Although the MOH was committed to the outbreak response, substantial challenges to SIA
implementation were posed by lack of visible high-level governmental support, denial of
the outbreak by some politicians, clinicians and media outlets, and resistance by some
prominent clinicians to OPV SIA in a country using IPV for the first two routine doses.
Implementing a rapid, high-quality response was also complicated by a low perceived
risk of polio paralysis, a strong fear of vaccine adverse events, an aggressive anti-vaccine
media, groundless allegations about vaccine mishandling by MOH, and bureaucratic
hurdles for vaccine importation and distribution. Additional difficulties were created by
the humanitarian crisis and lack of working relations with areas currently outside the
Government control.10 To mitigate these unique challenges, WHO and UNICEF acted
as a “bridge” between the sides and asked the diplomats involved in the negotiations to
encourage the local authorities to join the response efforts.

The SIAs with tOPV were initiated October 21 and implemented during October 2015-
February 2016 (Table 2). SIA rounds 1 and 2 targeted 2.3 million children, and round 3, 3.7
million.1! Eligibility for SIA tOPV doses was dependent on prior vaccination with IPV -
zero-dose children were given IPV during their first SIA contact.12 The coverage increased
from 64.4% in round 1 to 80.7% in round 3. For each round, there was a substantial variation
in coverage across provinces and few13 of them achieved the 95% target (Fig. 3).

Per MOH assessment, 95.4% of children aged <6 years received =1 vaccine dose (tOPV or
IPV), but only 59.5% received all three doses during SIAs. Among 6-9 year-old children
included in round 3, 90.1% received at least one dose of polio vaccine (Table 2). Post-
campaign coverage survey results supported the official coverage reports (Table 2).

9A total of 1.5 million doses of IPV and 12.6 million doses of tOPV funded by the Canadian International Development Agency

Parts of Donetsk and Luhansk provinces in Eastern Ukraine.

S%IDA), CDC, and the European Community Humanitarian Aid Office (ECHO) has been supplied.
1

IPV was provided by the partners prior to the outbreak in support of “The Plan for Accelerated Routine Polio Vaccination”. IPV
administered during the SIA period was considered part of the routine immunization in accordance with Ukrainian national schedule.
The recipients of the 1st dose of IPV were eligible to receive the SIA tOPV dose after 28 days.

Lknarkiv, Khmelnytskiy, and Mykolayiv provinces and Kyiv City in round 3 only.
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3.4. Strengthening surveillance

Ukraine has an established AFP and supplementary poliovirus (environmental and
enterovirus) surveillance systems. Historically, AFP surveillance performance met the
required standards (Table 3). To strengthen AFP surveillance during the outbreak period,
the minimum target for non-polio AFP rate was raised from 2/100,000 recommended for
high risk countries, to 3/100,000 recommended for outbreak countries [12]. In 2015, the
national non-polio AFP rate was 2.67 with substantial variation at subnational levels. Six
(24.0%) provincesl4 met the 3/100,000 target rate, 11 (44.0%) achieved rates between 2 and
3/100,000,15 five (20.0%) provinces!® had non-polio AFP rate between 1 and 2/100,000,
two provinces17 had a rate <1/100,000, and one province (Donetsk) reported no AFP cases.
The comparison of immunization status of non-polio AFP cases during March-August 2015
versus September 2015-April 2016 showed an increase of the proportion of children aged
<15 years that had received =3 doses of polio vaccines from 63% to 77%.

The review of supplementary surveillance revealed an extensive laboratory network at
province level, performing large numbers of tests on environmental and human samples, but
with low yield due to often unclear criteria for environmental site selection and inconsistent
laboratory testing practices. In 2015, a total of 11,062 specimens (316 from AFP cases, 6933
from humans, and 3777 from environmental surveillance) yielded 229 Sabin-like viruses
(2.1%), and 130 (1.2%) NPEV, along with the cVDPV1 detected in stool samples from the 2
cases.

To increase the sensitivity and representativeness of supplemental surveillance, protocols
were revised to ensure proper site selection for environmental specimen collection, optimize
geographic areas and health care facilities for enterovirus surveillance, and improve
laboratory testing methodology.

3.5. Communications and social mobilization

A comprehensive multi-channeled communication and social mobilization interventions
aimed to increase public trust in vaccination and mitigate opposition to OPV use were led by
UNICEF with WHO, Rotary, and other partners support. Caregivers with children aged <10
years were targeted nationwide (especially in poorly performing areas) through a carefully
selected media mix using television, radio, outdoors, transit advertising, digital signage,
social media, proactive media advocacy and events in busy areas. The communication
campaign reached about 70% of Ukraine’s population. Special plans to reach high risk
populations (Roma and internally displaced) were also executed.

The surveys found that the awareness of polio among caregivers increased from 68% at
the beginning of the outbreak to 89% during SIA round 1, 91% during round 2, and 96%
during round 3. The level of fear of vaccine-related complications among those parents who

14Zakarpattya, Lviv, Chernivtsi, Ternopil (all in western part of Ukraine), Kyiv and Zaporizhya provinces.

SChernihiv, Dnipropetrovsk, Ivano-Frankivsk, Kharkiv, Kirovohrad, Mykolayiv, Odesa, Rivne, Sumy, Vinnytsya and Volyn
rovinces.
6Cherkasy, Kherson, Khmelnytskiy, Poltava provinces and City of Kyiv.

17} uhansk and Zhytomyr.
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refused vaccination has decreased from 67% in 2014 to 38% by round 3. By round 3, 71%
of caregivers believed that supplemental polio vaccination was needed.

3.6. Other activities

To mitigate the risk of international spread of VDPV1 from Ukraine, WHO conducted

risk assessments and developed country-specific recommendations for countries bordering
Ukraine. Additionally, a polio outbreak simulation exercise with participation from Czechia,
Hungary, Republic of Moldova, Romania and Slovakia was held in October 2015 in
Bucharest, Romania. Travel health notices related to polio in Ukraine were issued by WHO,
CDC, European Center for Disease Control, and some countries.

3.7. Outbreak response assessments

To assess and guide the progress towards interruption of cVDPV1 transmission in Ukraine,
outbreak response was repeatedly reviewed, including by the IMB (October 2015), Global
Polio Eradication Initiative (GPEI) 3- and 6-month OBRAs led by WHO (December 2015
and April 2016), the RCC (June 2016), and the IHR EC (August 2016). The 6-month OBRA
in April 2016 concluded and subsequent reviews concurred that cVDPV1 transmission in
Ukraine has likely stopped. However, significant programmatic gaps in immunization and
surveillance place Ukraine at the continued high-risk for VDPV emergence and circulation.

4. Discussion

As the world moves ever closer to global polio eradication, preventing the emergence

and circulation of VDPVs becomes extremely important. Recognizing the risks posed by
VDPVs, the GPEI Polio Eradication and Endgame Strategic Plan for 2013-2018 outlined an
approach to eradicate WPV and eliminate cVDPVs in parallel [18]. In 2014, WHA declared
the ongoing spread of polioviruses as a “public health emergency of international concern”
[19,20]; and in 2015, the IHR EC for polio extended its Temporary Recommendations for
WPV to cVDPV-affected countries [16,21].

Immunodeficiency-related and ambiguous VDPVs have been identified throughout the
world, including the European Region, but all eight other cVDPV1 outbreaks known to date
have occurred in economically underdeveloped tropical or subtropical settings [22]. Ukraine
is the first country with a temperate climate, good sanitation, and generally well-developed,
albeit problem-ridden health infrastructure [23,24] to document a cVDPYV outbreak. The
2015 cVDPV1 outbreak was not an isolated occurrence. Detection of several aVDPV2s in
different parts of Ukraine since 2014 indicates extensive population susceptibility and the
potential for future VDPV emergence and circulation. Although only two clinical cases were
identified, high infection to case ratio for polioviruses, genetic divergence, estimated time of
evolution, and geographic spread of these cVDPVs indicate that hundreds of infections did
occur [22,25].

The outbreak response planning in Ukraine was initiated within 72 h of notification, in
compliance with internationally agreed standards [12]. However, because of the numerous
challenges within and outside the health sector, progress in implementing outbreak response
activities remained slow. The Government never declared the outbreak as a public health

Vaccine. Author manuscript; available in PMC 2023 August 29.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Khetsuriani et al.

Page 8

emergency — the standard for polio outbreaks in polio-free countries. The first SIA

round did not start for nearly eight weeks, instead of the standard of within 14 days

of case notification. None of the three nationwide SIA rounds achieved the 95% target.
Nevertheless, >50% of children aged <6 years received three doses of polio vaccine during
the outbreak response and there was an increase in the proportion of children vaccinated
with =3 doses of polio vaccine among non-polio AFP cases reported before and after the
outbreak confirmation. Improvement in population immunity following the SIAs was crucial
evidence for the likely interruption of cVDPV1 transmission. The absence of major risk
factors for poliovirus spread (high birth rate, high population density, poor sanitation and
lack of health infrastructure) [26] in Ukraine, as well as potentially lower force of infection
of VDPVs compared to WPV [22,25] were additional favorable factors for interrupting
transmission.

A highly performing surveillance system is the key to the timely detection of polioviruses.
AFP surveillance improved since the outbreak but has not consistently achieved the
recommended enhanced rate. Variability in performance at subnational level and lack of
information from the areas outside Government control raise concerns about insufficient
sensitivity of AFP surveillance in some areas of Ukraine to detect poliovirus transmission.
Lower than expected yield of NPEV and Sabin-like polioviruses (particularly during the
SIAs) in environmental samples also suggests suboptimal sensitivity of supplementary
surveillance. With completion of the global switch from tOPV to bOPV in April 2016 [27],
the need for a highly sensitive, comprehensive polio surveillance system is critical as AFP
surveillance will not detect non-paralytic infections with VDPVs.

The outbreak in Ukraine came as no surprise. Years of neglect resulted in the lowest
immunization coverage in Europe and allowed the VDPV emergence and circulation. The
outbreak highlighted the weakness of Ukraine’s immunization program and warned of

the risk of outbreaks of other VPDs as well, if status guo is preserved. On a positive

side, despite numerous shortcomings, the response to cVDPV1 by MOH was substantially
different from the 2012 large scale outbreak of measles [28] — a disease targeted for
elimination — that was allowed to burn itself out with more than 12,000 cases and no
noticeable intervention.

The gradual round-to-round improvement in SIA coverage and increased community
demand for polio vaccination and confidence in the immunization system during the
outbreak response suggests that the outbreak may have been a turning point. For Ukraine,
the response set a new standard for planning and delivering evidence-based immunization
and communication strategies, and afforded an opportunity for improved coordination
between stakeholders. Actions need to be taken now to ensure that this opportunity is

not lost. The outbreak response activities generated a wealth of new knowledge and
experiences that can serve as a solid foundation for reestablishing a high performing routine
immunization program.

Due to gaps in routine immunization coverage, suboptimal coverage of the SIA rounds and
the inability of surveillance to consistently achieve required standards, the 6 month-OBRA
was cautious in concluding the interruption of cVDPV1 transmission in Ukraine and warned

Vaccine. Author manuscript; available in PMC 2023 August 29.
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of continued risks. Despite being removed from the list of infected countries, the Temporary
Recommendations still apply to Ukraine and progress reports to the RCC and IHR EC

over the next two years will be needed to demonstrate continued progress in improving
population immunity and surveillance quality [20].

To sustain gains made during the outbreak response and mitigate the risk of future VPD
outbreaks in Ukraine, high-level political commitment will be crucial. Advocacy should
continue to ensure that the appropriate legislative and regulatory frameworks for a fully
functioning and adequately funded routine immunization program are in place. The adoption
of legislation to procure vaccines through UNICEF beginning in 2016 is encouraging and
should help ensure the supply chain with high quality vaccines at a reduced cost.

Ukraine received considerable support from international partners, which was instrumental
in responding to the outbreak. Considering the current situation in Ukraine, efforts to
improve polio immunization coverage and restore the routine immunization program will
require substantial external support for the foreseeable future.

Despite improved population immunity gained from outbreak response activities, gaps in
subnational coverage and a delay in the beginning of bOPV use for routine immunization
leave Ukraine at continued risk for VDPV emergence. Ensuring uniformly high population
immunity to all three types of polioviruses in Ukraine is urgent, especially after tOPV
cessation in April 2016, which increases the risk for the VDPV2 emergence. A serosurvey
to assess population immunity to polioviruses (and other VPDs) in Ukraine will help in
evaluating the current level of population protection and developing strategies to further
reduce susceptibility, including assessing the need for additional SIAs to address immunity

gaps.
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A. cVDPV1 cases in Ukraine, 2015
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B. Evolutionary relationships of cVDPVs type 1 from Ukraine (52643UKR and
52747UKR) based on complete VP1 gene (compared to cVDPV1 isolates from 2000-
2001 Hispaniola outbreak)
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Fig. 2.

Geographic location of cVDPV1 cases and phylogenetic relationships of the cVDPV1
isolates from Ukraine, 2015. The phylogeny was inferred using the Neighbor-Joining
method [6]. The evolutionary distances were computed using the Tamura 3-parameter
method [7] and are in the units of the number of base substitutions per site. Evolutionary
analyses were conducted in MEGAY [8].
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Polio supplementary immunization activities (SIAs) in response to cVDPV outbreak:
coverage by administrative unit and SIA round, Ukraine, 2015-2016.
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Table 1

Timeline of polio-related events in Ukraine.

Years Events

1960-2005 Routine polio vaccination with tOPV; high coverage

1996 Last wild poliovirus case in Ukraine

2002 Ukraine certified free of poliovirus by the RCC along with other countries of the WHO European Region

Since 2005 Routine polio vaccination according to sequential schedule (2 doses of IPV at 2 and 4 months, followed by tOPV at 6 and 18
months and 6 and 14 years); high coverage until 2009

2008 Failed mass immunization campaign against measles and rubella

Since 2009 Sharp decline in coverage with polio and other vaccines, decline in vaccine acceptance

Since 2010 Ukraine ranked by the RCC as being at high risk of poliovirus spread if importation occurred

Since 2012 Problems with vaccine supply due to inefficient budgeting and vaccine procurement for the National Immunization Program

Since 2014 Economic and political crisis, military conflict with large numbers of displaced populations

2014 Poliovirus events: three isolated detections of VDPV2 (2 in Zakarpattya and one in Luhansk province) with no evidence of
further circulation

2015 Polio outbreak: 2 polio cases due to highly divergent cVDPV1 in Zakarpattya

October 2015-  Three nationwide immunization rounds with tOPV implemented in response to the cVDPV1 outbreak

February 2016

2015 Vaccine procurement legislation changed to allow for procurement via international agencies

2016 tOPV use in Ukraine discontinued from April 18, 2016 as part of the Global switch from tOPV to bivalent OPV (bOPV) in

routine immunization program.

Abbreviations: tOPV, trivalent oral polio vaccine; bOPV, bivalent oral polio vaccine; IPV, inactivated polio vaccine; WPV, wild poliovirus; VDPV,
vaccine-derived poliovirus; cVDPV, circulating VDPV; RCC, European Regional Certification Commission for Polio Eradication; WHO, World
Health Organization.
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