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Guatemala implemented wastewater-based poliovirus
surveillance in 2018, and three genetically unrelated
vaccine-derived polioviruses (VDPVs) were detected in
2019. The Ministry of Health (MoH) response included
event investigation through institutional and community
retrospective case searches for acute flaccid paraly-
sis (AFP) during 2018—2020 and a bivalent oral polio/
measles, mumps, and rubella vaccination campaign in
September 2019. This response was reviewed by an
international expert team in July 2021. During the cam-
paign, 93% of children 6 months to <7 years of age re-
ceived a polio-containing vaccine dose. No AFP cases
were detected in the community search; institutional
retrospective searches found 37% of unreported AFP
cases in 2018-2020. No additional VDPV was isolated
from wastewater. No evidence of circulating VDPV was
found; the 3 isolated VDPVs were classified as ambigu-
ous VDPVs by the international team of experts. These
detections highlight risk for poliomyelitis reemergence in
countries with low polio vaccine coverage.

oliomyelitis is a highly infectious disease, caused
by poliovirus serotypes 1, 2, and 3, that primarily
affects children <5 years of age. The main risk factors
for poliovirus transmission are low immunization

coverage, poor sanitation, and high population densi-
ty (1). Since the worldwide launch of the Global Polio
Eradication Initiative (GPEI) in 1988, polio cases have
declined by >99% (2). Strategies to reduce the num-
ber of polio cases globally have focused on achieving
high polio vaccination coverage and implementing
robust acute flaccid paralysis (AFP) surveillance (3).
Administration of the injectable inactivated polio-
virus vaccine (IPV) or live attenuated oral poliovirus
vaccine (OPV, Sabin-strain virus types) can prevent
poliomyelitis. IPV induces humoral protection, where-
as OPV induces humoral and mucosal immunity
and limits viral shedding, reducing person-to-person
transmission (4). However, in areas with low vaccina-
tion coverage and poor sanitation, using OPV may ex-
ceptionally result in the emergence of vaccine-derived
polioviruses (VDPVs) (3,5,6). VDPVs are classified as
cVDPV (circulating VDPV, when there is evidence of
community transmission), iVDPV (immunodeficien-
cy-associated VDPV, isolated from persons with pri-
mary immunodeficiencies), or aVDPV (ambiguous
VDPV, isolated from persons without immunodefi-
ciency or from wastewater samples without evidence
of transmission). aVDPVs are generally considered to
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be of low public health significance; however, they can
still be an indicator of low vaccination coverage and
poor sanitation, which can create the conditions for the
emergence and circulation of potentially more danger-
ous cVDPVs. In the past decade, cVDPV outbreaks
have caused >2,700 poliomyelitis cases globally (7-10).

In Guatemala, the last case of clinical poliomyelitis
was detected in 1990 (11); the country routinely vac-
cinates children against poliomyelitis with trivalent
IPV and bivalent (serotypes 1 and 3) OPV (bOPV) (12).
Because of low vaccination coverage (<90% with third
dose of polio-containing vaccine in 2017) and poor
AFP surveillance indicators, the Regional Certification
Commission (RCC) classified Guatemala as a high-risk
country for polio reemergence in 2018. To complement
AFP surveillance, the Pan American Health Organiza-
tion’s (PAHO) Technical Advisory Group recommend-
ed implementing wastewater-based environmental
surveillance in high-risk settings in the Americas in
2016 (13). After that recommendation was published,
the Guatemala Ministry of Health (MoH) implemented
poliovirus environmental surveillance in 2 urban mu-
nicipalities in Guatemala in November 2018 (14).

The detection of 3 VDPVs from wastewater sam-
pled in January, March, and December 2019 led the
Guatemala MoH to implement a series of activities to
classify these events and minimize the risk for trans-
mission in the population (Figure). In July 2021, a
team of international experts evaluated that response,
according to the Global Polio Eradication Initiative’s
(GPEI) Poliovirus Outbreak Response Assessment
(OBRA) guidelines (15). We present the results of the
investigation conducted by the MoH and the OBRA
evaluation of their response.

Methodology

Environmental Surveillance, VDPV Detection,

and Genomic Sequencing

Guatemala MoH implemented monthly collection of
wastewater samples in November 2018. Three sam-
pling sites in 2 municipalities were selected for logisti-
cal and financial reasons. The selected municipalities,
Villa Nueva (VNA) and San Juan Sacatepéquez (SJS),
were of high risk for poliovirus transmission (16): high
population density (1,573 inhabitants/km? in VNA
and 943 inhabitants/km? in SJS), OPV coverage <90%
in 2014-2017, underperforming AFP surveillance in-
dicators (<1 case/100,000 children <15 years of age),
and poor sanitation conditions. In each municipality,
the MoH revised wastewater networks to define 3
sampling points that would lead to a maximum popu-
lation size unaffected by polluting industrial plants.
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During November 2018-July 2021, trained MoH
staff monthly collected a 1 L wastewater sample
from each site and transported them in cold chain
(2°C-8°C) the same day to the National Health Labo-
ratory. Samples were stored at —80°C, then shipped
at —20°C to the US Centers for Disease Control and
Prevention (CDC) reference laboratory for poliovi-
ruses to be processed and tested for the presence of
poliovirus (16-18). All poliovirus isolates underwent
genomic sequencing and analysis of the region cod-
ing the viral protein 1 surface protein for nucleotide
substitutions compared with the parent Sabin strains.

Event Investigation

To classify the isolated VDPVs, the MoH relied on
preexisting national protocols. Within 72 hours of re-
ceiving the notification of VDPV detection in waste-
water samples, MoH personnel conducted health fa-
cility and community-based AFP case search in the
areas surrounding the sampling sites. In each site,
after obtaining verbal consent from parents, they also
collected and tested stool samples for poliovirus from
20 healthy children <5 years of age without a history
of OPV vaccination in the previous 30 days.

MoH epidemiologists retrospectively reviewed
medical records from all 42 national hospitals for pa-
tients admitted during January 2018-December 2020
who had diagnoses compatible with polio or AFP,
identified by codes from the International Classifi-
cation of Diseases, 10th Revision (ICD-10). The ret-
rospective record search was conducted in 2 phases
during July 2019-December 2020. Finally, MoH
epidemiologists revised hospital-based information
systems to identify reported cases of primary immu-
nodeficiency in 2018-2019 in patients residing in the
affected municipalities.

Routine AFP Surveillance

During 2017-2020, a total of 42 reporting hospitals
conducted AFP surveillance in Guatemala. The sur-
veillance system was classified as good quality if it
reported >1 AFP case/100,000 children <15 years of
age/year. Of reported AFP cases, >80% should have
adequate sample collection and 80% should include
an investigation conducted within 48 hours (19).

Assessment of Polio Inmunization Coverage

and Supplementary Immunization Activities

Since 2016, Guatemala routinely vaccinates chil-
dren with 1 IPV dose at 2 months of age, 2 bOPV
doses at 4 and 6 months of age, and 2 bOPV booster
doses at 18 months and 4 years of age (12). A na-
tionwide catch-up vaccination campaign for bOPV
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Figure. Timeline of MoH VDPV detection response activities and OBRA evaluation, Guatemala, 2018-2022. 1 Green represents
environmental surveillance-related activities. Blue represents MoH response activities. Red represents supplementary immunization
campaign. Yellow represents OBRA. MoH, Guatemala Ministry of Health; OBRA, Poliovirus Outbreak Response Assessment; VDPV,

vaccine-derived polioviruses.

and measles, mumps, rubella (MMR) was already
planned for September-October 2019 for children
1-6 years of age. The detection of VDPVs led of-
ficials to lower the eligibility age to 6 months for
bOPV and mobilize additional funding to support
vaccination activities, a nationwide communication
campaign, and technical support at the national
and local level.

We calculated routine vaccination coverage
during 2017-2020 using the number of third dos-
es of bOPV registered in the national electronic
immunization system (individual personal data)
as numerator. This national system is exclusively
used by MoH vaccination centers and may include
social security institute centers on some occasions
(based on personal willingness to share data). We
calculated the bOPV vaccination campaign cover-
age using the number of doses registered in an elec-
tronic immunization system designed for the vac-
cination campaign (aggregated data). We estimated
population denominators using national census-
based projections.
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OBRA Implementation

In July 2021, an OBRA team virtually evaluated
the MoH’s response to 3 VDPV detections in 4
key components: response planning and coordi-
nation, AFP surveillance sensitivity, vaccination,
and health promotion and social mobilization. The
team consisted of vaccination, epidemiologic sur-
veillance, and laboratory experts from PAHO and
CDC, as well as a national facilitator from the Na-
tional Polio Elimination Certification Committee
(NCCQ). The assessment involved reviewing techni-
cal documentation such as AFP and environmen-
tal surveillance protocols and vaccination reports;
conducting interviews with national and local au-
thorities, health personnel, and the National Po-
lio Eradication Commission; and participating in
work sessions with the OBRA team to discuss the
data and provide recommendations. The assess-
ment results were communicated to the MoH and
local public health authorities through a virtual
debriefing in August 2021 and a written report in
September 2021.
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Ethics Considerations

The Guatemala MOH determined that the communi-
ty survey, including collection of stool specimens, did
not constitute human subjects research. We obtained
verbal consent from household members who partici-
pated in the community survey and from parents of
children <5 years of age who provided a specimen.
The information obtained would be used to guide the
public health response to a potential outbreak and
did not involve risk to participants’ health.

Results

Environmental Surveillance, VDPV Detection,
and Genomic Sequencing
During November 2018-July 2021, we collected 192
wastewater samples in SJS and VNA. We detected >1
enterovirus in 97% of samples collected in SJS and in
96% of samples collected in VNA. We isolated Sabin-
like vaccine poliovirus in 83 samples (43%), Sabin
type 1 poliovirus in 20% of samples and type 3 in 33%.
We detected 3 genetically unrelated VDPVs in
2019 (Appendix Figure, https://wwwnc.cdc.gov/
EID/article/29/8/23-0236-Appl.pdf). We identified a
VDPV3 with 11 nt changes from Sabin type 3 in a Janu-
ary 2019 sample from Aldea Cruz Blanca, SJS, and a
VDPV1 with 11 nt changes from Sabin type 1 in a March
2019 sample from Platanitos. We reported detecting
those 2 VDPVs to the Guatemalan MoH on July 1, 2019.
We isolated a VDPV1 with 10 nt changes from Sabin
type 1 in a sample collected in December 2019 in Aldea
Cruz Blanca, SJS, and reported it to the MoH in May
2020. The VDPVs were not genetically linked to any pre-
viously sequenced VDPV1 or VDPV3 worldwide. As of
July 2021, no other VDPVs have been detected.

Event Investigation
We identified no cases of AFP from community case
searches in which 1,580 children were screened. We
isolated no VDPVs from stool samples collected
among 61 healthy children sampled (20 children
each for the first 2 VDPV detections and 21 children
for the third detection).

We conducted a retrospective case review dur-
ing January 1, 2018-August 31, 2020, in 2 phases after
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the VDPV notifications in July 2019 and May 2020;
we reviewed 3,342,166 records from 42 national hos-
pitals. The reviewers identified 7,318 (0.2%) persons
with paralysis diagnoses, of whom 150 (2.1%) met the
case definition for AFP. Of those, 56 (37%) cases had
not been reported to the AFP surveillance system. No
potential cases of primary immunodeficiency from
the affected municipalities were found from national
hospital-based information systems.

Routine AFP Surveillance

During 2017-2020, AFP yearly incidence met the
target of 1 case/100,000 children in 2019. In 2017,
2018, and 2020, AFP incidence rate was 0.6-0.9 cas-
es/100,000 children. Overall, 164 (76%) of 214 cases
reported in 2017-2020 had an adequate sample col-
lected, and 87 (41%) were investigated within 48
hours of being reported (Table 1).

Vaccination Coverage and OPV/MMR
Supplementary Immunization Campaign
During 2017-2020, the percentage of children <1 year
of age who received 3 doses of polio vaccine as 2 doses
of IPV and 1 dose of bOPV was 84.8%-89.8% at the na-
tional level (Table 2). Vaccination coverage for that vac-
cination series in the health areas where VDPVs were
isolated was 62.1%-75.3% during the same period.
During the national bOPV/MMR vaccination
campaign conducted in September-November 2019 in
response to the VDPV detections, 93.0% of children 6
months to <7 years of age received 1 dose of bOPV.
The campaign coverage reached 94.8% among children
6 months to <7 years of age in VNA and 91.2% in SJS.

OBRA Results

The 2021 OBRA conducted in Guatemala found no
evidence of circulating VDPVs in Guatemala and that
the MoH response planning and coordination after
VDPV identification in 2019 environmental surveil-
lance samples was appropriate. The 3 VDPVs detect-
ed in wastewater samples were classified as aVDPVs.

Discussion
In Guatemala, the environmental surveillance of po-
liovirus in wastewater detected 3 genetically unrelated

Table 1. Surveillance indicators for acute flaccid paralysis, Guatemala, 2017—2020*

No. reported AFP

Incidence rate per

Adequate sample Investigation within 48 h,

Year cases 100,000 children <15y collected, no. (%) no. (%)
Expected value 55 1.0 280% 280%
2017 46 0.7 29 (63) NA

2018 59 0.9 50 (85) 11 (19)
2019 72 1.1 55 (77) 49 (68)
2020 37 0.6 30 (81) 27 (73)

*Information not systematically collected before 2018. Source: Department of Epidemiology, Guatemalan Ministry of Health. NA, not available.
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Table 2. Polio vaccination coverage in children <1y of age, Guatemala, 2017-2020*

Villa Nueva San Juan Sacatepequez National
Year Dose Population  No. (%) vaccinated Population  No. (%) vaccinated Population  No. (%) vaccinated
2017 Polio 3 8,339 6,282 (75.3) 6,159 3,824 (62.1) 381,396 342,437 (89.8)
2018 Polio 3 8,296 6,055 (73.0) 6,141 3,942 (64.2) 382,841 324,761 (84.8)
2019 Polio 3 7,252 5,495 (75.8) 5,856 4,056 (69.3) 366,448 320,963 (87.6)
2020 Polio 3 6,671 5,570 (83.5) 5,513 4,252 (77.1) 340,876 304,898 (89.4)
2019 bOPV 57,979 54,942 (94.8) 41,639 37,969 (91.2) 2,649,334 2,463,881 (93.0)

*The 2019 nationwide bOPV campaign targeted children 6 mo to >7 y of age. Polio 3 indicates a third dose of oral or injectable polio-containing vaccine.
bOPV, bivalent oral poliovirus vaccine. Source: National Immunization Program, Guatemala Ministry of Health.

VDPVs in 1 year. After careful revision of the MoH re-
sponse and investigation, an international team of ex-
perts classified those 3 events as aVDPVs.

Although the Americas region was declared
free from polio in 1994, recent events remind us that
sustaining this status is a continuous challenge. In
June 2022, a VDPV2 was isolated in an unvaccinated
person in New York, New York, USA, and classified
as cVPDV2 after being isolated from wastewater (8).
This virus, genetically linked to other VDPV2 virus-
es identified in Israel and the United Kingdom (20),
demonstrates the global threat that importation of
poliovirus from anywhere in the world represents.
In March 2023, a case of VDPV1 was detected in an
unvaccinated child from a community with low vac-
cination coverage in Peru (21). The virus presented
31 nt changes compared with the type 1 Sabin vi-
rus and was not genetically linked to any VDPV1
identified in the world. This case is an example of
the imminent risk for reemergence of poliomyelitis
through VDPVs emerging in communities with low
OPV vaccination coverage.

The OBRA team concluded that there was
enough evidence to consider that none of the 3 VD-
PVs isolated in Guatemala had given rise to a clinical
case of poliomyelitis in the country; however, those
findings highlight the need to improve vaccination
coverage and AFP surveillance to prevent or timely
detect poliovirus reemergence. Through repeated
workshops using the OBRA report structure (AFP
surveillance, environmental surveillance, immuniza-
tions, and community mobilization), the Guatemala
MoH translated results and recommendations from
the evaluation into a roadmap to mitigate the risk for
polio reemergence.

In Guatemala, 1 of 3 AFP cases detected through
retrospective hospital-based case search had not been
identified through routine surveillance. Such an un-
derperforming surveillance system could place the
country at risk of failing to detect clinical poliomyeli-
tis in a timely manner. To improve AFP surveillance,
the MoH implemented a daily zero-notification pro-
cess, in which hospitals daily ascertain the absence of
AFP cases in their admitted patients. After the OBRA
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evaluation, MoH strengthened the national surveil-
lance team through increased staff and interinstitu-
tional (national laboratory, epidemiology department
and national immunizations program) training sup-
ported by national and international experts. MoH
and non-MoH hospitals made efforts to improve
AFP notification; AFP notifications increased to 0.9
cases/ 100,000 children in 2021 and 1.2 cases/100,000
children in 2022. Environmental surveillance contin-
ued through monthly wastewater sample collection
in the same sampling sites; as of December 2022, no
further VDPV or WPV had been detected.

National vaccination coverage with 3 doses of
polio vaccine was 85% in 2018, the year before the
VDPYV isolations; at that time, coverage was 73% in
VNA and 64% in SJS. Vaccination coverage in areas
with poor access to clean water allowed for VPDVs
to emerge and be detected in wastewaters. The first
two VDPVs were notified in July 2019, which was
2 months before the launch of a planned national
catch-up bOPV/MMR vaccination campaign. No-
tification of the VDPVs in accordance with interna-
tional health regulations led to international aware-
ness as well as technical and financial assistance
from PAHO, the United Nations Children’s Fund,
and GPEI for the MoH to successfully implement its
vaccination campaign, reaching 93% of children 6
months to <7 years of age vaccinated with a dose of
bOPV. In accordance with GPEI guidelines for polio
outbreak response, vaccination campaigns should
be organized after VDPV is classified as ¢cVDPV
(22). After the isolation of the third VDPV and its
notification in May 2020, case investigation led to
its classification as aVDPV; no further vaccination
campaign was organized. Since the OBRA evalua-
tion, declining polio vaccination coverage during
the COVID-19 pandemic (7,23,24) has built a pool
of susceptible children representing a risk for polio
reemergence (25,26). National vaccination coverage
for 3 doses of polio-containing vaccine in Guate-
mala has declined from 89% in 2020 to 76% in 2022
(27). Routine immunization programs in Guatemala
must be intensified through outreach strategies and
a better understanding of local issues contributing
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to low vaccination coverage. Since November 2022,
MoH has implemented local workshops to identify
reasons for low performance of vaccine preventable
disease surveillance and immunization programs.
During those 2-day workshops, participants from
local and central MoH, municipalities, community
leaders, and health service users have jointly devel-
oped mitigation plans using a problem tree analysis
methodology.

Because of an elevated risk for polio reemergence,
adequate response preparedness is essential for time-
ly response to poliovirus detection. The OBRA team
concluded that the outbreak response planning and
implementation of activities in Guatemala were ad-
equate according to international standards defined
by GPEIL. Existing, regularly updated guidelines and
periodic outbreak preparedness training were key el-
ements that enabled the Guatemala MoH to respond
adequately to these events.

In conclusion, the detection of 3 unrelated VDPVs
in Guatemala confirmed the strong risk for poliomy-
elitis emergence in sites with low vaccination cover-
age. Although no evidence of a circulating VDPV was
found, improving polio vaccination coverage is criti-
cal to prevent new VDPV emergences and spread.
Strengthening AFP surveillance for timely detection
of clinical cases is essential for a rapid response to
be implemented in all areas of the country. In high-
risk countries, complementing AFP surveillance with
risk-assessed environmental surveillance is of great
value for early detection of reverted vaccine virus be-
fore they generate poliomyelitis cases or can circulate
widely in the community.
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EID Podcast

Rising Incidence of
Legionnaires’ Disease,
United States,
1992-2018

Reported Legionnaires’ disease cases began in-
creasing in the United States in 2003 after rela-
tively stable numbers for more than 10 years.
This rise was most associated with increases in
racial disparities, geographic focus, and season-
ality. Water management programs should be
in place for preventing the growth and spread
of Legionella in buildings.

In this EID podcast, Albert Barskey, an epi-
demiologist at CDC in Atlanta discusses the
increase of Legionnaires’ disease within the
United States.

Visit our website to listen:
https://go.usa.gov/xuD7W

EMERGING
INFECTIOUS DISEASES

1530 Emerging Infectious Diseases *« www.cdc.gov/eid « Vol. 29, No. 8, August 2023




