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Why Have cVDPV2 Outbreaks Increased Globally After the Polio
Immunization Strategy Switch: Challenges for the Polio
Eradication Endgame
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Since the World Health Assembly (WHA) set the
goal of polio eradication in 1988, the Global Polio
Eradication Initiative (GPEI) has reduced the global
incidence of polio by more than 99%, and the number
of countries with endemic polio decreased from 125
countries to 3. Except for Afghanistan, Pakistan, and
Nigeria, wild poliovirus (WPV) transmission has been
confirmed to have been interrupted globally. Thanks
to the polio eradication program, more than 10 million
people are able to walk today who would have been
paralyzed by polio had the initiative not been
undertaken (/-2). In September 2015, WHO declared
eradication of polio caused by the wild poliovirus type
2 (WPV2) (3-5), and in October 2019, WHO
announced the eradication of polio caused by wild
poliovirus type 3 (6). After 40 years of effort, polio
eradication has made great progress; we are in the final
stage towards a polio-free world (7-8).

However, eradication of polio means eradication of
all polioviruses—not only wild poliovirus, but also
vaccine-derived  polioviruses (VDPV) and the
occurrence of vaccine-associated paralytic poliomyelitis
(VAPP). In 1999-2000, GPEI realized that VDPVs
could cause outbreaks of polio, similar to wild virus
outbreaks (7). Although the last WPV2 had been seen
in 1999, more than 90% of outbreaks that were caused
by circulating VDPVs (cVDPV) were caused by type 2
vaccine-derived polioviruses (1) and 40% of VAPP was
caused by type 2 oral poliovirus vaccine (OPV2) (3).

Because wild type 2 poliovirus had apparently been
eradicated globally, but OPV2 was causing polio, in
October 2015, the WHO Strategic Advisory Group of
Experts on Immunization (SAGE), reviewed the
epidemiology of type 2 vaccine-derived polioviruses
(VDPV2) against the criteria of OPV cessation and
recommended a globally-coordinated withdrawal of
OPV2 among all OPV-using countries in 2016. SAGE
recommended switching from the use of trivalent OPV
(tOPV) to a type 1 and type 3 bivalent OPV (bOPV)

and introducing at least one dose of inactivated polio
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vaccine (IPV) into routine immunization schedules (4)
to reduce the occurrence and ultimately eliminate all
VDPV2s.

Unfortunately, rather than decreasing, the number
of cVDPV2 outbreaks increased significantly after the
tOPV-to-bOPV switch. Although there were only two
countries with cVDPV2 outbreaks in 2017, 96 cases
were reported—the largest number since 2010
(excluding 2019) (9-10). The number of countries
with cVDPV2 outbreaks increased to 5 in 2018 with
71 cases reported and to 15 countries with 251
reported cases in 2019 (reported by January 14, 2020).
The number of reported cases and the number of
cVDPV2 virus strains isolated from people and from
the environment reached the highest level in history
(10). The 2017 cVDPV2 outbreak in Syria lasted for
more than half a year with 74 cases reported (11); a
cVDPV2 outbreak in the Democratic Republic of the
Congo (DRC) was discovered in 2017 and has
continued to date with 105 cases reported—63 of
them in 2019 (10,12). A large outbreak in 2019 in
Angola comprised 88 cVDPV2 cases (10).

In short, after the tOPV to bOPV switch, the
unanticipated increase in cVDPV2 outbreaks and
positive environmental samples has made the VDPV2
situation significantly more challenging than the
expectation prior to OPV2 cessation.

Why is that? Based on analysis of existing data, I
believe that there are seven reasons.

First, the risk of cVDPV2 outbreaks after the switch
was underestimated. In October 2015, SAGE
confirmed the switch date as all readiness criteria had
been met. Risk assessments showed that continued use
of type-2-containing tOPV posed a greater risk to
public health than withdrawal of OPV2, even though
introduction of a dose of IPV would be delayed in
some OPV-using countries due to supply constraints
(4). Although risk of cVDPV2 transmission after the
tOPV-to-bOPV switch was anticipated, it was believed
that this risk was greatest during the first six months
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after the switch. Since 2014, risk of cVDPV2
transmission was believed to be greatest in Nigeria and
Pakistan, while risk in other parts of the world was
considered to be of lesser magnitude (4,13). According
to one modelling study, cVDPV2s were predicted to
be gone within a year and a half of OPV2 cessation
and the number of cVDPV2 transmissions would be
limited (/4). Having to rely on underestimated
modelling shows limitations and challenges for polio
eradication strategy decision making.

Second, Supplementary Immunization Activities
(SIAs) were not conducted in some areas that had low
routine vaccination coverage before the tOPV-to-
bOPV switch. Two mathematical modelling studies
demonstrated that in order to reduce risk of cVDPV2
outbreaks in low-vaccine-coverage regions, it was
important to establish high population immunity
against type 2 polio virus through high quality tOPV
SIAs conducted before the switch (/14—15). However,
pre-switch tOPV coverage in Syria was reported to be
about 65% (16), and actual coverage before the Syrian
cVDPV2 outbreak was less than 50% (71). Similar
low-coverage situations occurred in Nigeria (17),
Central Africa, and Somalia, where coverage ranged
from 30% to 60% and cVDPV2 outbreaks occurred
after the switch (/6). Although DR Congo reported
high tOPV coverage of 90% (16), a 2017-2018
cVDPV2 outbreak showed that children living in
affected areas had not received good routine
immunization services or supplementary vaccination
with tOPV before switching OPVs (18).

Third, OPV2 cessation from the switch weakened
population immunity against type 2 poliovirus, in part
because of a global shortage of IPV, but also because of
the different abilities of OPV and IPV to induce
intestinal immunity. In countries that had ¢VDPV2
outbreaks after the switch— especially countries with
many cases—preexisting type 2 poliovirus population
susceptibility due to low coverage, augmented with
new birth cohorts that received bOPV rather than
tOPV, has resulted in sizeable populations with little
intestinal immunity to stop type 2 virus transmission,
leading to cVDPV2 circulation. Since IPV produces
little intestinal immunity, children born after OPV2
cessation who receive all of their type 2 protection
from IPV may not have sufficient intestinal mucosal
immunity (/9-20) to interrupt transmission of type 2
poliovirus (17,21).

Although one dose of IPV is unable to establish an
effective intestinal immunity barrier to prevent the
spread of cVDPV2s, it can mitigate the risk of cVDPV
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infection and prevent paralysis from the poliovirus
vaccine. However, a global shortage of IPV after the
switch worsened the situation. WHO data show low
coverage globally with one dose of IPV—about 50% in
2016, 60% in 2017, and only 72% in 2018 (22). Prior
to the tOPV-to-bOPV switch in April 2016, only 94
of the 126 tOPV-using countries had introduced IPV.
Rapidly increasing demand for IPV, with lower-than-
anticipated supply, led to global shortages (23) to the
extent that UNICEF was able to supply less than 50%
of the IPV demand in 2016 and 2017 and some
countries had no IPV available at all after the switch
(24-25). At the end of 2018, there were still countries
that lacked IPV (22).

Furthermore, one dose of IPV, either Sabin IPV or
Salk IPV, produces limited immune protection. A
domestic study showed that seroconversion after one
dose of Sabin IPV was 62% (93% for 2 doses and 99%
for 3 doses) (26). Similar results were also found for
Salk IPV (27-29). OPV-only countries that introduce
a single dose of IPV at 14 or 16 weeks may protect
only about half of the population from type 2 polio
(29).

Fourth, emergency use of monovalent OPV2
(mOPV2) to stop cVDPV2 outbreaks can seed type 2
virus and increase risk of transmission of VDPV2 and
future resource needs. When a large cVDPV2 outbreak
occurs, an mOPV2 campaign is a critical intervention
to interrupt transmission. Such vaccination campaigns
must be of high quality, with several rounds that yield
high vaccination coverage. Low-coverage campaigns or
campaign with fewer rounds may neither stop
cVDPV2 transmission nor interrupt transmission of
mOPV?2 itself, potentially seeding additional cVDPV2
outbreaks (75,30). Genetic sequence analyses showed
related VDPV2s occurred 1-2 years after the
tOPV/bOPV switch, indicating that these VDPV2s
probably came from mOPV emergency campaigns
responding to VDPV2 outbreaks (12,30-31).

Fifth, VDPV2s can have a long-term existence and
sustain transmission silently. The possibility of long-
term replication and silent transmission VDPV2s after
the switch has been demonstrated through genetic
sequence analysis (37). Most have sustained
transmission for 1-2 years, and a few for more than
five years based on epidemiological data and laboratory
evidence. Such sustained transmission raises the
importance of timely identification of cVDPVs and
initiation of outbreak control (12,30).

Sixth, the widespread existence and spread of
VDPV2s have increased the difficulty of control
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measures. The latest cVDPV2 outbreaks showed that
VDPV2s were not only found in paralyzed patients,
but were also isolated from healthy people and the
environment (/0). In addition, studies have shown that
while the severity of VDPV2 paralysis is similar to that
of the wild virus, the case:infection ratio appears to be
lower, so that one VDPV2 patient may indicate the
presence of more than a thousand infected people in
the community maintaining VDPV2 transmission
(31-32).

Seventh, before the switch, compared with type 1
and 3 VDPVs, type 2 VDPVs caused the majority of
VDPV outbreaks and those with the largest scale—an
observation that suggests this virus might transmit
more readily and be more difficult to control and stop.

Polio eradication has a long way to go, and the
increasing number of cVDPV2 outbreaks poses a great
challenge to polio eradication. It is worth further
reflection on the tOPV/bOPV switch to re-evaluate
cVDPV2 risk and determine the effectiveness, the
scientific basis, and the feasibility of the current polio
eradication strategy.

Key questions are how to safely terminate existing
outbreaks and how to prevent future cVDPV2
outbreaks. Regions or countries with existing VDPV2
outbreaks can introduce two doses of IPV in high-
quality campaigns of emergency vaccination to increase
type 2 and  help cVDPV2
transmission. Monovalent OPV2 should be used very
carefully as it increases risk of future VDPV2
outbreaks. Novel OPV2, a genetically more stable
vaccine, appears to be a safer alternative to mOPV2 for
stopping c¢VDPV2 transmission and should be
considered for emergency use authorization once
available later this year, as endorsed by SAGE (33-34).
Countries and regions using bOPV, should accelerate
introduction of 2 doses of IPV and catch up children
who lack 2—dose protection from type 2 polioviruses.
When epidemiological conditions permit, a 4-dose IPV
schedule will prevent generation of cVDPVs and
eliminate VAPP.

immunity reduce

Acknowledgements
I thank Drs. Zhijie An and Lance Rodewald for their

superb support for this manuscript, and I thank Dr. Li
Yan for editing the references.

Conflicts of Interest

No conflicts of interest were reported.

178 CCDC Weekly / Vol.2/No. 11

* Corresponding author: Huaqing Wang, wanghq@chinacdc.cn.

' Chinese Center for Disease Control and Prevention, Beijing, China.

Submitted: February 25, 2020; Accepted: March 09, 2020

References

1. WHO. Polio eradication and endgame strategic plan 2013-2018.
htep://polioeradication.org/who-we-are/strategic-plan-2013-2018.
[2020-2-20].

2. Greene SA, Ahmed ], Datta SD, Burns CC, Quddus A, Vertefeuille JF,
et al. Progress toward polio eradication—worldwide, January
2017—March 2019. MMWR Morb Mortal Wkly Rep 2019;68
(20):458 - 62. http://dx.doi.org/10.15585/mmwr.mm6820a3.

3. PGEL Global eradication of wild poliovirus type 2 declared. htep://
polioeradication.org/news-post/global-eradication-of-wild-poliovirus-
type-2-declared. [2015-9-20].

4. WHO. Meeting of the strategic advisory group of experts on
immunization, October 2015—conclusions and recommendations.
Wkly Epidemiol Rec 2015;90(50):681-700. https://www.who.int/wer/
2015/wer9050.pdf?ua=1.

5. GPEL Polio eradication & endgame midterm review 2015. Geneva,
Switzerland: World Health Organization; 2015. https://www.tandfonline.
com/doi/ref/10.1080/23762004.2016.1178563. [2020-2-20].

6. WHO. Two out of three wild poliovirus strains eradicated. https://
www.who.int/news-room/feature-stories/detail/ two-out-of-three-wild-
poliovirus-strains-eradicated. [2019-10-24].

7. WHO. Global eradication of poliomyelitis by the year 2000. In: Forty-
first world health assembly. Geneva. https://www.who.int/ihr/
polioresolution4128en.pdf. [2020-2-20].

8. Patel M, Orenstein W. A world free of polio—the final steps. N Engl J
Med 2016;374(6):501 - 3. http://dx.doi.org/10.1056/NEJMp1514467.

9. Jorba J, Diop OM, Iber J, Sutter RW, Wassilak SG, Burns CC. Update
on vaccine-derived polioviruses—worldwide, January 2015-May 2016.
MMWR Morb Mortal Wkly Rep 2016;65(30):763-9. https://www.
jstor.org/stable/24858893.

10. PGEL Circulating vaccine - derived poliovirus. http://polioeradication.
org/polio-today/polio-now/this-week/circulating-vaccine-derived-
poliovirus/. [2020-2-20].

11. Mbaeyi C, Wadood ZM, Moran T, Ather F, Stehling-Ariza T, Nikulin
J, et al. Strategic response to an outbreak of circulating vaccine - derived
poliovirus type 2—Syria, 2017-2018. MMWR Morb Mortal Wkly Rep
2018;67(24):690 - 4. http://dx.doi.org/10.15585/mmwr.mm6724a5.

12. Jorba J, Diop OM, Iber J, Henderson E, Zhao K, Sutter RW, et al.
Update on  vaccine-derived  polioviruses—worldwide,  January
2017-June 2018. MMWR Morb Mortal Wkly Rep 2018;67(42):1189
- 94. http://dx.doi.org/10.15585/mmwr.mm6742a5.

13. WHO. Meeting of the strategic advisory group of experts on
immunization, April 2015: conclusions and recommendations. Wkly
Epidemiol Rec 2015;90(22): 261-78. https://apps.who.int/iris/bitstream/
handle/10665/242365/WER9022_261-278.PDF.

14. Thompson KM, Duintjer Tebbens R]. Modeling the dynamics of oral
poliovirus vaccine cessation. J Infect Dis 2014;210(Suppl 1):5475 - 84.
heep://dx.doi.org/10.1093/infdis/jit845.

15. Pons-Salort M, Burns CC, Lyons H, Blake IM, Jafari H, Oberste MS,
et al. Preventing vaccine-derived poliovirus emergence during the polio
endgame. PLoS Pathog 2016;12(7):e1005728. http://dx.doi.org/10.
1371/journal.ppat.1005728.

16. WHO. Official country reported coverage estimates time series.
https://www.who.int/immunization/monitoring_surveillance/data/en/.
[2020-2-20].

17. National Primary Health Care Development Agency. 2018 Nigeria
polio eradication emergency plan. Abuja: NPHCDA; 2018 Jan. Plot
681/682. htep://polioeradication.org/wp-content/uploads/2018/04/
Nigeria-National-Polio-Emergency-Plan-2018.pdf.

Chinese Center for Disease Control and Prevention


http://polioeradication.org/who-we-are/strategic-plan-2013-2018
http://dx.doi.org/10.15585/mmwr.mm6820a3
http://dx.doi.org/10.15585/mmwr.mm6820a3
http://polioeradication.org/news-post/global-eradication-of-wild-poliovirus-type-2-declared
http://polioeradication.org/news-post/global-eradication-of-wild-poliovirus-type-2-declared
http://polioeradication.org/news-post/global-eradication-of-wild-poliovirus-type-2-declared
https://www.who.int/wer/2015/wer9050.pdf?ua=1
https://www.who.int/wer/2015/wer9050.pdf?ua=1
https://www.tandfonline.com/doi/ref/10.1080/23762004.2016.1178563
https://www.tandfonline.com/doi/ref/10.1080/23762004.2016.1178563
https://www.who.int/news-room/feature-stories/detail/two-out-of-three-wild-poliovirus-strains-eradicated
https://www.who.int/news-room/feature-stories/detail/two-out-of-three-wild-poliovirus-strains-eradicated
https://www.who.int/news-room/feature-stories/detail/two-out-of-three-wild-poliovirus-strains-eradicated
https://www.who.int/ihr/polioresolution4128en.pdf
https://www.who.int/ihr/polioresolution4128en.pdf
http://dx.doi.org/10.1056/NEJMp1514467
http://dx.doi.org/10.1056/NEJMp1514467
http://dx.doi.org/10.1056/NEJMp1514467
https://www.jstor.org/stable/24858893
https://www.jstor.org/stable/24858893
http://polioeradication.org/polio-today/polio-now/this-week/circulating-vaccine-derived-poliovirus/
http://polioeradication.org/polio-today/polio-now/this-week/circulating-vaccine-derived-poliovirus/
http://polioeradication.org/polio-today/polio-now/this-week/circulating-vaccine-derived-poliovirus/
http://dx.doi.org/10.15585/mmwr.mm6724a5
http://dx.doi.org/10.15585/mmwr.mm6724a5
http://dx.doi.org/10.15585/mmwr.mm6742a5
http://dx.doi.org/10.15585/mmwr.mm6742a5
https://apps.who.int/iris/bitstream/handle/10665/242365/WER9022_261-278.PDF
https://apps.who.int/iris/bitstream/handle/10665/242365/WER9022_261-278.PDF
http://dx.doi.org/10.1093/infdis/jit845
http://dx.doi.org/10.1093/infdis/jit845
http://dx.doi.org/10.1371/journal.ppat.1005728
http://dx.doi.org/10.1371/journal.ppat.1005728
http://dx.doi.org/10.1371/journal.ppat.1005728
https://www.who.int/immunization/monitoring_surveillance/data/en/
http://polioeradication.org/wp-content/uploads/2018/04/Nigeria-National-Polio-Emergency-Plan-2018.pdf
http://polioeradication.org/wp-content/uploads/2018/04/Nigeria-National-Polio-Emergency-Plan-2018.pdf
http://polioeradication.org/who-we-are/strategic-plan-2013-2018
http://dx.doi.org/10.15585/mmwr.mm6820a3
http://dx.doi.org/10.15585/mmwr.mm6820a3
http://polioeradication.org/news-post/global-eradication-of-wild-poliovirus-type-2-declared
http://polioeradication.org/news-post/global-eradication-of-wild-poliovirus-type-2-declared
http://polioeradication.org/news-post/global-eradication-of-wild-poliovirus-type-2-declared
https://www.who.int/wer/2015/wer9050.pdf?ua=1
https://www.who.int/wer/2015/wer9050.pdf?ua=1
https://www.tandfonline.com/doi/ref/10.1080/23762004.2016.1178563
https://www.tandfonline.com/doi/ref/10.1080/23762004.2016.1178563
https://www.who.int/news-room/feature-stories/detail/two-out-of-three-wild-poliovirus-strains-eradicated
https://www.who.int/news-room/feature-stories/detail/two-out-of-three-wild-poliovirus-strains-eradicated
https://www.who.int/news-room/feature-stories/detail/two-out-of-three-wild-poliovirus-strains-eradicated
https://www.who.int/ihr/polioresolution4128en.pdf
https://www.who.int/ihr/polioresolution4128en.pdf
http://dx.doi.org/10.1056/NEJMp1514467
http://dx.doi.org/10.1056/NEJMp1514467
http://dx.doi.org/10.1056/NEJMp1514467
https://www.jstor.org/stable/24858893
https://www.jstor.org/stable/24858893
http://polioeradication.org/polio-today/polio-now/this-week/circulating-vaccine-derived-poliovirus/
http://polioeradication.org/polio-today/polio-now/this-week/circulating-vaccine-derived-poliovirus/
http://polioeradication.org/polio-today/polio-now/this-week/circulating-vaccine-derived-poliovirus/
http://dx.doi.org/10.15585/mmwr.mm6724a5
http://dx.doi.org/10.15585/mmwr.mm6724a5
http://dx.doi.org/10.15585/mmwr.mm6742a5
http://dx.doi.org/10.15585/mmwr.mm6742a5
https://apps.who.int/iris/bitstream/handle/10665/242365/WER9022_261-278.PDF
https://apps.who.int/iris/bitstream/handle/10665/242365/WER9022_261-278.PDF
http://dx.doi.org/10.1093/infdis/jit845
http://dx.doi.org/10.1093/infdis/jit845
http://dx.doi.org/10.1371/journal.ppat.1005728
http://dx.doi.org/10.1371/journal.ppat.1005728
http://dx.doi.org/10.1371/journal.ppat.1005728
https://www.who.int/immunization/monitoring_surveillance/data/en/
http://polioeradication.org/wp-content/uploads/2018/04/Nigeria-National-Polio-Emergency-Plan-2018.pdf
http://polioeradication.org/wp-content/uploads/2018/04/Nigeria-National-Polio-Emergency-Plan-2018.pdf

19.

20.

21.

22.

23.

24.

25.

26.

China CDC Weekly

. Mbaey C, Alleman MM, Ehrhardt D, Wiesen E, Burns CC, Liu HM,

et al. Update on vaccine - derived poliovirus outbreaks— democratic
republic of the Congo and horn of Africa, 2017-2018. MMWR Morb
Mortal Wkly Rep 2019;68(9):225 - 30. http://dx.doi.org/10.15585/
mmwr.mm6809a2.

Jafari H, Deshpande JM, Sutter RW, Bahl S, Verma H, Ahmad M, et
al. Efficacy of inactivated poliovirus vaccine in India. Science
2014;345(6199):922 - 5. http://dx.doi.org/10.1126/science.1255006.
John J, Giri S, Karthikeyan AS, Iturriza-Gomara M, Muliyil J, Abraham
A, et al. Effect of a single inactivated poliovirus vaccine dose on
intestinal immunity against poliovirus in children previously given oral
vaccine: an open-label, randomised controlled trial. Lancet
2014;384(9953):1505 - 12. http://dx.doi.org/10.1016/S0140-6736(14)
60934-X.

Duingjer Tebbens R], Thompson KM. Modeling the potential role of
inactivated poliovirus vaccine to manage the risks of oral poliovirus
vaccine cessation. ] Infect Dis 2014;210(Suppl 1):S485 - 97.
http://dx.doi.org/10.1093/infdis/jit838.

UNICEF, WHO. Progress and challenges with achieving universal
immunization coverage. 2018 WHO/UNICEF estimates of national
immunization coverage. Data as of July 2019. https://www.who.int/
immunization/monitoring_surveillance/who-immuniz.pdf?ua=1. [2020-
2-20].

PGEI. The introduction of IPV, The OPV switch, and risk mitigation.
https://www.who.int/immunhttps://www.who.int/immunization/diseas
es/ /endgame_objective2/inactivated_polio_vaccine/Update_on_supply
_constraints_for_IPV-APRIL2016-final.pdf. [2019-12-10].

UNICEF. Inactivated polio vaccine (IPV): supply update. Copenhagen:
UNICEF; 2016 Sep. https://www.unicef.org/supply/index_66260.
heml. [2020-2-20].

Gurung S, Harris JB, Eltayeb AO, Hampton LM, Diorditsa S, Avagyan
T, et al. Experience with inactivated polio vaccine introduction and the
“switch” from trivalent to bivalent oral polio vaccine in the World
Health Organization’s Western Pacific region. ] Infect Dis
2017;216(S1):S101 - 8. http://dx.doi.org/10.1093/infdis/jiw574.

He HQ, Wang YM, Deng X, Yue CY, Tang XW, et al

Immunogenicity of three sequential schedules with Sabin inactivated

Chinese Center for Disease Control and Prevention

27.

28.

29.

30.

31.

32.

33.

34.

poliovirus vaccine and bivalent oral poliovirus vaccine: an open-label,
Randomized, Controlled Trail in Zhejiang, China. https://papers.
ssrn.com/sol3/papers.cfm?abstract_id=3367051. [2020-2-20].

Sutter RW, Bahl S, Deshpande JM, Verma H, Ahmad M, Venugopal
P, et al. Immunogenicity of a new routine vaccination schedule for
global poliomyelitis prevention: an open - label, randomised controlled
trial. Lancet 2015;386(10011):2413 - 21. htep://dx.doi.org/10.1016/
S0140-6736(15)00237-8.

Saleem AF, Mach O, Yousafzai MT, Khan A, Weldon WC, Oberste
MS, et al. Immunogenicity of different routine poliovirus vaccination
schedules: a randomized, controlled trial in Karachi, Pakistan. J Infect
Dis 2018;217(3):443 - 50. http://dx.doi.org/10.1093/infdis/jix577.
Grassly NC.
immunization with 1 or 2 doses of inactivated poliovirus vaccine:
systematic review and meta - analysis. ] Infect Dis 2014;210
(Suppl 1):5439 - 46.

Jorba J, Diop OM, Iber ], Henderson E, Zhao K, Quddus A, et al.
Update on vaccine - derived poliovirus outbreaks—worldwide, January
2018 - June 2019. MMWR Morb Mortal Wkly Rep 2019;68(45):
1024 - 8. http://dx.doi.org/10.15585/mmwr.mm6845a4.

Burns CC, Diop OM, Sutter RW, Kew OM. Vaccine-derived
polioviruses. J Infect Dis 2014;210(S1):5283 - 93. http://dx.doi.org/
10.1093/infdis/jiu295.

Nathanson N, Kew OM. From emergence to eradication: the

Immunogenicity and effectiveness of  routine

epidemiology of poliomyelitis deconstructed. Am ] Epidemiol
2010;172(11):1213 - 29. hetp://dx.doi.org/10.1093/aje/kwq320.

van Damme P, de Coster I, Bandyopadhyay AS, Revets H, Withanage
K, de Smedt P, et al. 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
2019;394(10193):148 - 58. hetp://dx.doi.org/10.1016/S0140-6736(19)
31279-6.

WHO. Meeting of the strategic advisory group of experts on
immunization, October 2019: conclusions and recommendations. Wkly
Epidemiol Rec 2019;94(47):541-60. https://apps.who.int/iris/handle/
10665/329963.

CCDC Weekly /Vol.2/No. 11 179


http://dx.doi.org/10.15585/mmwr.mm6809a2
http://dx.doi.org/10.15585/mmwr.mm6809a2
http://dx.doi.org/10.15585/mmwr.mm6809a2
http://dx.doi.org/10.15585/mmwr.mm6809a2
http://dx.doi.org/10.1126/science.1255006
http://dx.doi.org/10.1126/science.1255006
http://dx.doi.org/10.1016/S0140-6736(14)60934-X
http://dx.doi.org/10.1016/S0140-6736(14)60934-X
http://dx.doi.org/10.1016/S0140-6736(14)60934-X
http://dx.doi.org/10.1093/infdis/jit838
http://dx.doi.org/10.1093/infdis/jit838
https://www.who.int/immunization/monitoring_surveillance/who-immuniz.pdf?ua=1
https://www.who.int/immunization/monitoring_surveillance/who-immuniz.pdf?ua=1
https://www.who.int/immunization/diseases/poliomyelitis/endgame_objective2/inactivated_polio_vaccine/Update_on_supply_constraints_for_IPV-APRIL2016-final.pdf
https://www.who.int/immunization/diseases/poliomyelitis/endgame_objective2/inactivated_polio_vaccine/Update_on_supply_constraints_for_IPV-APRIL2016-final.pdf
https://www.who.int/immunization/diseases/poliomyelitis/endgame_objective2/inactivated_polio_vaccine/Update_on_supply_constraints_for_IPV-APRIL2016-final.pdf
https://www.unicef.org/supply/index_66260.html
https://www.unicef.org/supply/index_66260.html
http://dx.doi.org/10.1093/infdis/jiw574
http://dx.doi.org/10.1093/infdis/jiw574
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3367051
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3367051
http://dx.doi.org/10.1016/S0140-6736(15)00237-8
http://dx.doi.org/10.1016/S0140-6736(15)00237-8
http://dx.doi.org/10.1016/S0140-6736(15)00237-8
http://dx.doi.org/10.1093/infdis/jix577
http://dx.doi.org/10.1093/infdis/jix577
http://dx.doi.org/10.1093/infdis/jix577
http://dx.doi.org/10.15585/mmwr.mm6845a4
http://dx.doi.org/10.15585/mmwr.mm6845a4
http://dx.doi.org/10.1093/infdis/jiu295
http://dx.doi.org/10.1093/infdis/jiu295
http://dx.doi.org/10.1093/infdis/jiu295
http://dx.doi.org/10.1093/aje/kwq320
http://dx.doi.org/10.1093/aje/kwq320
http://dx.doi.org/10.1016/S0140-6736(19)31279-6
http://dx.doi.org/10.1016/S0140-6736(19)31279-6
http://dx.doi.org/10.1016/S0140-6736(19)31279-6
https://apps.who.int/iris/handle/10665/329963
https://apps.who.int/iris/handle/10665/329963
http://dx.doi.org/10.15585/mmwr.mm6809a2
http://dx.doi.org/10.15585/mmwr.mm6809a2
http://dx.doi.org/10.15585/mmwr.mm6809a2
http://dx.doi.org/10.15585/mmwr.mm6809a2
http://dx.doi.org/10.1126/science.1255006
http://dx.doi.org/10.1126/science.1255006
http://dx.doi.org/10.1016/S0140-6736(14)60934-X
http://dx.doi.org/10.1016/S0140-6736(14)60934-X
http://dx.doi.org/10.1016/S0140-6736(14)60934-X
http://dx.doi.org/10.1093/infdis/jit838
http://dx.doi.org/10.1093/infdis/jit838
https://www.who.int/immunization/monitoring_surveillance/who-immuniz.pdf?ua=1
https://www.who.int/immunization/monitoring_surveillance/who-immuniz.pdf?ua=1
https://www.who.int/immunization/diseases/poliomyelitis/endgame_objective2/inactivated_polio_vaccine/Update_on_supply_constraints_for_IPV-APRIL2016-final.pdf
https://www.who.int/immunization/diseases/poliomyelitis/endgame_objective2/inactivated_polio_vaccine/Update_on_supply_constraints_for_IPV-APRIL2016-final.pdf
https://www.who.int/immunization/diseases/poliomyelitis/endgame_objective2/inactivated_polio_vaccine/Update_on_supply_constraints_for_IPV-APRIL2016-final.pdf
https://www.unicef.org/supply/index_66260.html
https://www.unicef.org/supply/index_66260.html
http://dx.doi.org/10.1093/infdis/jiw574
http://dx.doi.org/10.1093/infdis/jiw574
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3367051
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3367051
http://dx.doi.org/10.1016/S0140-6736(15)00237-8
http://dx.doi.org/10.1016/S0140-6736(15)00237-8
http://dx.doi.org/10.1016/S0140-6736(15)00237-8
http://dx.doi.org/10.1093/infdis/jix577
http://dx.doi.org/10.1093/infdis/jix577
http://dx.doi.org/10.1093/infdis/jix577
http://dx.doi.org/10.15585/mmwr.mm6845a4
http://dx.doi.org/10.15585/mmwr.mm6845a4
http://dx.doi.org/10.1093/infdis/jiu295
http://dx.doi.org/10.1093/infdis/jiu295
http://dx.doi.org/10.1093/infdis/jiu295
http://dx.doi.org/10.1093/aje/kwq320
http://dx.doi.org/10.1093/aje/kwq320
http://dx.doi.org/10.1016/S0140-6736(19)31279-6
http://dx.doi.org/10.1016/S0140-6736(19)31279-6
http://dx.doi.org/10.1016/S0140-6736(19)31279-6
https://apps.who.int/iris/handle/10665/329963
https://apps.who.int/iris/handle/10665/329963
http://dx.doi.org/10.15585/mmwr.mm6809a2
http://dx.doi.org/10.15585/mmwr.mm6809a2
http://dx.doi.org/10.15585/mmwr.mm6809a2
http://dx.doi.org/10.15585/mmwr.mm6809a2
http://dx.doi.org/10.1126/science.1255006
http://dx.doi.org/10.1126/science.1255006
http://dx.doi.org/10.1016/S0140-6736(14)60934-X
http://dx.doi.org/10.1016/S0140-6736(14)60934-X
http://dx.doi.org/10.1016/S0140-6736(14)60934-X
http://dx.doi.org/10.1093/infdis/jit838
http://dx.doi.org/10.1093/infdis/jit838
https://www.who.int/immunization/monitoring_surveillance/who-immuniz.pdf?ua=1
https://www.who.int/immunization/monitoring_surveillance/who-immuniz.pdf?ua=1
https://www.who.int/immunization/diseases/poliomyelitis/endgame_objective2/inactivated_polio_vaccine/Update_on_supply_constraints_for_IPV-APRIL2016-final.pdf
https://www.who.int/immunization/diseases/poliomyelitis/endgame_objective2/inactivated_polio_vaccine/Update_on_supply_constraints_for_IPV-APRIL2016-final.pdf
https://www.who.int/immunization/diseases/poliomyelitis/endgame_objective2/inactivated_polio_vaccine/Update_on_supply_constraints_for_IPV-APRIL2016-final.pdf
https://www.unicef.org/supply/index_66260.html
https://www.unicef.org/supply/index_66260.html
http://dx.doi.org/10.1093/infdis/jiw574
http://dx.doi.org/10.1093/infdis/jiw574
http://dx.doi.org/10.15585/mmwr.mm6809a2
http://dx.doi.org/10.15585/mmwr.mm6809a2
http://dx.doi.org/10.15585/mmwr.mm6809a2
http://dx.doi.org/10.15585/mmwr.mm6809a2
http://dx.doi.org/10.1126/science.1255006
http://dx.doi.org/10.1126/science.1255006
http://dx.doi.org/10.1016/S0140-6736(14)60934-X
http://dx.doi.org/10.1016/S0140-6736(14)60934-X
http://dx.doi.org/10.1016/S0140-6736(14)60934-X
http://dx.doi.org/10.1093/infdis/jit838
http://dx.doi.org/10.1093/infdis/jit838
https://www.who.int/immunization/monitoring_surveillance/who-immuniz.pdf?ua=1
https://www.who.int/immunization/monitoring_surveillance/who-immuniz.pdf?ua=1
https://www.who.int/immunization/diseases/poliomyelitis/endgame_objective2/inactivated_polio_vaccine/Update_on_supply_constraints_for_IPV-APRIL2016-final.pdf
https://www.who.int/immunization/diseases/poliomyelitis/endgame_objective2/inactivated_polio_vaccine/Update_on_supply_constraints_for_IPV-APRIL2016-final.pdf
https://www.who.int/immunization/diseases/poliomyelitis/endgame_objective2/inactivated_polio_vaccine/Update_on_supply_constraints_for_IPV-APRIL2016-final.pdf
https://www.unicef.org/supply/index_66260.html
https://www.unicef.org/supply/index_66260.html
http://dx.doi.org/10.1093/infdis/jiw574
http://dx.doi.org/10.1093/infdis/jiw574
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3367051
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3367051
http://dx.doi.org/10.1016/S0140-6736(15)00237-8
http://dx.doi.org/10.1016/S0140-6736(15)00237-8
http://dx.doi.org/10.1016/S0140-6736(15)00237-8
http://dx.doi.org/10.1093/infdis/jix577
http://dx.doi.org/10.1093/infdis/jix577
http://dx.doi.org/10.1093/infdis/jix577
http://dx.doi.org/10.15585/mmwr.mm6845a4
http://dx.doi.org/10.15585/mmwr.mm6845a4
http://dx.doi.org/10.1093/infdis/jiu295
http://dx.doi.org/10.1093/infdis/jiu295
http://dx.doi.org/10.1093/infdis/jiu295
http://dx.doi.org/10.1093/aje/kwq320
http://dx.doi.org/10.1093/aje/kwq320
http://dx.doi.org/10.1016/S0140-6736(19)31279-6
http://dx.doi.org/10.1016/S0140-6736(19)31279-6
http://dx.doi.org/10.1016/S0140-6736(19)31279-6
https://apps.who.int/iris/handle/10665/329963
https://apps.who.int/iris/handle/10665/329963
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3367051
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3367051
http://dx.doi.org/10.1016/S0140-6736(15)00237-8
http://dx.doi.org/10.1016/S0140-6736(15)00237-8
http://dx.doi.org/10.1016/S0140-6736(15)00237-8
http://dx.doi.org/10.1093/infdis/jix577
http://dx.doi.org/10.1093/infdis/jix577
http://dx.doi.org/10.1093/infdis/jix577
http://dx.doi.org/10.15585/mmwr.mm6845a4
http://dx.doi.org/10.15585/mmwr.mm6845a4
http://dx.doi.org/10.1093/infdis/jiu295
http://dx.doi.org/10.1093/infdis/jiu295
http://dx.doi.org/10.1093/infdis/jiu295
http://dx.doi.org/10.1093/aje/kwq320
http://dx.doi.org/10.1093/aje/kwq320
http://dx.doi.org/10.1016/S0140-6736(19)31279-6
http://dx.doi.org/10.1016/S0140-6736(19)31279-6
http://dx.doi.org/10.1016/S0140-6736(19)31279-6
https://apps.who.int/iris/handle/10665/329963
https://apps.who.int/iris/handle/10665/329963

