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Figure 2. Time line summarizing key events associated with vaccine-derived poliovirus (VDPV) circulation in the rural Minnesota commt
estimated from the tree shown in gure 1 are indicated by dashed arrows, and the 95% con dence interval for the date of the initiating oral

vaccine (OPV) dose is bounded by parentheses.

(1.07-3.04) [16] and unlike the type 1 cVDPV isolates from His-
paniola [29] and the Philippines [30] (0.47—0.52). Only 1 VDPV
isolate (from a 5-year-old child in family D) had an additional
substitution in the NAg sites (figure 3), indicating that most of
the antigenic evolution of the VDPV occurred before introduc-
tion into the community.

DISCUSSION

In this report, we describe the first known occurrence of com-
munity circulation of a VDPV among an undervaccinated pop-
ulation in a developed country. The virus probably had circu-
lated in the community for at least 2 months before the index
patient was identified, and there was significant spread among
the families tested. There was no evidence of VDPV transmission

and no detection of polio-compatible illnesses in Minnesota or
other communities investigated in the United States or Ontario,
although the isolates had genetic properties typical of neuroviru-
lent VDPV revertants [16, 29, 30].

We were unable to identify the source of the initiating OPV
dose. Phylogenetic analysis excludes that the dose was given
in Canada or the United States, which stopped OPV use in
1995-1996 and 2000, respectively [4, 31]. The absence in the
VDPV of recombination and the relatively high concentra-
tion of amino acid substitutions in the NAg sites are more
characteristic of iVDPVs than of cVDPVs [7]. Thus, we sug-
gest that the original source of the VDPV in this outbreak was
an immunodeficient person who was exposed to OPV outside
the United States.
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Figure 3. Sequences of amino acid residues within or bounding neutralizing antigenic (NAg) sites. Residues de ning the type 1 poliovirus
by mutations conferring resistance to neutralization by monoclonal antibodies [24—-27] are indicated by boldface type. The trypsin cleavage
characteristic of Sabin 1 [28], is underlined. cVDPV, circulating vaccine-derived poliovirus; DOR, Dominican Republic; FamC, family C; F
Index, index patient; iVDPV, immunode ciency-related vaccine-derived poliovirus; PHL, Philippines; TAI, Taiwan.
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Undervaccinated populations such as this Amish community
are at continued risk for poliovirus spread on introduction and
present special challenges for polio outbreak control. Despite
confirmed poliovirus infections in their children, <50% of the
index community members accepted vaccination. Fortunately,
the risk of spread among the general population of either an
imported wild poliovirus or VDPV is low because of high and
sustained poliovirus vaccine coverage in the United States.

OPV is the vaccine of choice for polio eradication because of
its ease of administration, induction of gut immunity, and
spread to unvaccinated persons, augmenting herd immunity
[32]. Vaccine virus spread is also the greatest liability of OPV. On
replication in vaccine recipients (usually after the first dose) or
their contacts, vaccine virus can revert to neurovirulence and
cause VAPP [3, 4, 32]. With the global decline of polio to low
levels, many industrialized countries have changed their na-
tional vaccination schedules from OPV to IPV use [33].

A more recently recognized problem related to OPV use is the
emergence of VDPVs. Where polio control programs succeed in
eliminating wild polioviruses but fail to maintain high popula-
tion immunity, undervaccinated populations become suscepti-
ble to transmission of VDPVs (cVDPVs). At least 8 polio out-
breaks caused by cVDPVs have occurred in countries in which
vaccine coverage was low [7, 8]; outbreaks have been associated
with VDPVs of all 3 serotypes [7], and it appears that cVDPVs
present a similar paralysis risk as wild polioviruses [7, 29, 34, 35].
These outbreaks have been controlled with mass OPV immuni-
zation campaigns. The threat posed by cVDPVs can only disap-
pear when OPV use is terminated rapidly after global eradication
[33].

A potential longer-term risk to global polio eradication is the
chronic infection of immunodeficient persons with VDPVs
(iVDPVs) [8,9]. Long-term persistent infections have been doc-
umented among persons with severe combined immunodefi-
ciency, common variable immunodeficiency, and agammaglob-
ulinemia. Many case subjects have died of their underlying
immunodeficiency, and some have spontaneously cleared their
infection [36]. One healthy individual with common variable
immunodeficiency has excreted iVDPVs for ~20 years [37]. The
global prevalence of persistent iVDPV infection is unknown, be-
cause most such infections are detected only after the infected
individual develops paralytic disease. The potential for iVDPV
spread is unclear; most long-term excreters are likely to live in
developed countries where they survive longer, but most of their
close contacts are protected through immunization and re-
peated boosting by exposure to the virus [38].

While OPV use continues globally, IPV-using countries
should remain vigilant to the potential for importation, chronic
excretion, and circulation of wild polioviruses and VDPV in un-
dervaccinated populations and should maintain laboratory ca-
pacity for poliovirus identification [8]. Antiviral compounds ca-
pable of clearing chronic infections are urgently needed [39].

Global cessation of OPV use and management of the risks re-
lated to polioviruses in the posteradication era, including those
posed by VDPVs, will be essential to protect the gains achieved
by global eradication of wild polioviruses.
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