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The Latin American Pertussis Project (LAPP), established
in 2009, is a collaboration between the Centers for Disease
Control and Prevention, Pan American Health Organiza-
tion, Sabin Vaccine Institute, and the ministries of health of
6 countries in Latin America. The project goal is to expand
understanding of pertussis epidemiology in Latin America
to inform strategies for control and prevention. Here we de-
scribe LAPP structure and activities. After an initial surveil-
lance evaluation, LAPP activities are tailored to individual
country needs. LAPP activities align with Global Health Se-
curity Agenda priorities and have focused on expanding
laboratory diagnostic capacity, implementing a laboratory
quality control and quality assurance program, and provid-
ing epidemiologic support to strengthen reporting of pertus-
sis surveillance data. Lessons learned include that ongoing
mentoring is key to the successful adoption of new tech-
nologies and that sustainability of laboratory diagnostics
requires a regional commitment to procure reagents and
related supplies.

ertussis, also known as whooping cough, is one of the

most poorly controlled vaccine-preventable diseases in
the world. The bacterium Bordetella pertussis causes the
disease, which is endemic worldwide and associated with
cyclical increases every 2—5 years (/). The disease is typi-
cally more severe and associated with more complications
in and deaths of infants <1 year of age, particularly those
<6 months of age (/,2). Despite the widespread availability
of pertussis vaccines and high vaccination coverage rates,
pertussis continues to be a leading cause of death among
children (2). A recent study modeling pertussis incidence
and death estimated that in 2014, there were 24.1 million
cases and 160,700 deaths worldwide among children <5
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years of age (3). Although these findings emphasize the
importance of pertussis as a cause of childhood deaths, the
estimates are limited by lack of reliable surveillance data
and diagnostic capacity (4).

The number of pertussis cases reported in the Ameri-
cas region overall had declined from the early 1980s until
the early 2000s, but several countries, including the United
States and some countries in Latin America, observed in-
creases in pertussis cases, and outbreaks of pertussis, dur-
ing that period (5—8). Given the transmissibility of pertussis
and global interconnectivity, such outbreaks can represent
a public health threat. Since 2002, many Latin America
countries have reported increases in the number of pertussis
cases, including Argentina, Brazil, Chile, Colombia, Pana-
ma, and Mexico (5—7,9-13). However, estimation of the
effects of pertussis in Latin America is complicated by the
lack of published data on pertussis deaths, country-specific
differences in case definitions, and variability of diagnostic
tests available (6,9). In addition, reported pertussis inci-
dence and case fatality rates vary widely among countries
in Latin America, despite similar vaccination schedules
and coverage (6). This difference may be caused partly by
areas of suboptimal vaccination coverage within countries,
as well as differences in case management, surveillance in-
frastructure, and case identification by healthcare provid-
ers (8,9,14,15). The recent increase of reported pertussis
and the varied incidence among Latin America countries
highlight the need to reinforce surveillance reporting and
diagnostic capacity across the region (3,7,8).

Worldwide, diagnosis of pertussis is challenging be-
cause the symptoms may resemble those of other respira-
tory diseases, and the accuracy of available laboratory di-
agnostics depends on both the timing (Figure 1) and quality
of specimen collection (/6,/7). Diagnostics recommended
by the World Health Organization (WHO) include cul-
ture and PCR of nasopharyngeal specimens and serologic
testing (16—19). Direct fluorescent antibody assay is not
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Figure 1. Optimal timing for diagnostic testing for pertussis, in
weeks. Dark colors indicate optimal timing window; lighter colors
indicate that tests may provide accurate results during these periods.
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recommended because it has low sensitivity and specific-
ity for B. pertussis (16,17,20); however, it is used in some
parts of Latin America (6). Because no single pertussis di-
agnostic assay is optimal for detection of infection at all
stages of disease, a complementary testing strategy (i.e., a
combination of culture, PCR, and serologic testing) may
maximize the surveillance system’s potential for case con-
firmation (/6,/7). However, multiple diagnostics for per-
tussis are not used or widely available in Latin America, in
part because of lack of technical training and limited access
to reagents and supplies.

Strong epidemiologic and laboratory surveillance are
crucial to rapidly identifying and controlling pertussis out-
breaks and assessing the effects of disease control mea-
sures, as well as to monitor changes in pertussis epidemiol-
ogy and the evolution of the organism (2/). Throughout the
nations of Latin America, reporting pertussis is mandatory,
and surveillance systems adhere to WHO surveillance rec-
ommendations; however, the countries may have differ-
ing case definition criteria (6,22). Surveillance programs
in Latin America face similar barriers to those reported in
other regions (23), including lack of awareness of the dis-
ease, lack of a regional standard case definition, and limited
laboratory capacity (3,6,8,9). Pertussis reporting in the re-
gion tends to focus on cases among hospitalized infants or
young children, and cases are often confirmed by clinical
criteria only; these factors may lead to underestimation or
overestimation of disease prevalence (6,8,24).

In 2009, the Pan American Health Organization
(PAHO) Technical Advisory Group on Vaccine Pre-
ventable Diseases identified a need for improved epide-
miologic information for pertussis to inform vaccination
policies and surveillance recommendations (25). In this
context, the Latin American Pertussis Project (LAPP) was
established in 2009 to expand the understanding of per-
tussis epidemiology in the region by strengthening both
laboratory diagnostic capacity and epidemiologic surveil-
lance in selected countries.

LAPP

LAPP is a collaborative effort between the Centers for
Disease Control and Prevention (CDC), PAHO, the Sabin
Vaccine Institute (Sabin), and ministries of health (MOHs)
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of participating countries in Latin America. CDC provides
technical support of epidemiology and laboratory diagnos-
tics to partners; PAHO provides expertise on immuniza-
tions and coordination with the MOHs; and Sabin provides
overall funding and project management, as well as logis-
tical support and feedback for project activities. In each
country, the MOH committed national-level public health
personnel, including staff from both the pertussis surveil-
lance department and the national reference laboratory
(NRL), to participate in LAPP activities.

The project’s specific objectives are to expand labora-
tory capacity for identification of B. pertussis, strengthen
laboratory-based pertussis surveillance, and standardize
and improve pertussis reporting within each country. To
achieve these objectives, the LAPP strategy includes an
initial in-country assessment of the pertussis surveillance
system and laboratory capacity. Based on country-specific
findings, each country receives on-site laboratory and epi-
demiologic training, guidance, and technical assistance,
and participates in a laboratory quality control and quality
assurance (QC/QA) program. The model used to strength-
en surveillance focuses on mentoring and ongoing commu-
nication with laboratory and surveillance country staff on
each specified activity (Figure 2).

LAPP goals are consistent with the objectives set by
the Global Health Security Agenda (GHSA), which was
launched in 2014, to strengthen global and national capac-
ity to respond to infectious disease threats (26,27). LAPP
activities support GHSA goals by improving national ref-
erence laboratory diagnostic capacity and strengthening
national MOH surveillance and reporting through training
and ongoing mentoring (26,27). Many LAPP country part-
ners are also GHSA members.

Countries were selected for inclusion in LAPP on the
basis of reported pertussis disease burden, potential for
integrating and sustaining new laboratory capacities, and
country-level requests to PAHO and CDC for technical
support. LAPP began in 2009 with 3 participating coun-
tries, Argentina, Mexico, and Panama, and expanded to
include Chile and Colombia in 2013 and Brazil in 2015.
Budget restrictions limited extension of LAPP beyond
these 6 countries.

Transfer knowledge
and technology
(real-time PCR,

culture, serology)

Contract and
supervise national
coordinator

Conduct laboratory
QC/QA program

Evaluate
surveillance and
laboratory systems

Mentor, guide, provide technical assistance >

Figure 2. Latin American Pertussis Project model to strengthen
pertussis surveillance, currently in use in 6 countries in Latin
America. QC/QA, quality control and quality assurance.
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Initial LAPP Surveillance Evaluation

In all participating countries, a 1- to 2-week in-country
evaluation of the national surveillance system is conduct-
ed by a LAPP technical team comprising epidemiology
and laboratory staff from CDC, the PAHO regional ad-
visor for immunization, and, in many countries, the in-
country PAHO representative (Table). In each country,
the LAPP technical team works directly with the central-
level MOH personnel from both the NRL and pertussis
surveillance programs. Procedures from CDC’s Updated
Guidelines for Evaluating Public Health Surveillance
Systems and a standardized laboratory questionnaire are
used to evaluate the pertussis surveillance system (28).
Activities include interviews of key stakeholders and re-
view of data sources at national, state, and local levels.
To provide an overview of national pertussis surveillance
function, each MOH selects >3 sites to visit; these sites
are representative of different levels of surveillance re-
porting and performance within the country and may in-
clude hospitals and health facilities in addition to local
and regional health departments.

The LAPP technical team meets with national, re-
gional, and local officials who share information on per-
tussis surveillance system organization and reporting,
pertussis vaccination schedule and coverage, outbreak
investigation data, laboratory diagnostic capacity and net-
work organization, and data management. Semistructured
interviews are conducted to identify system strengths,
weaknesses, and areas where LAPP assistance could re-
inforce surveillance.

To evaluate laboratory capacity for detecting B. per-
tussis, the LAPP technical team visits the NRL and region-
al laboratories to comprehend workflow and assess avail-
ability of appropriate equipment and space for testing and
results analysis. The team uses a structured questionnaire to
obtain information about laboratory procedures, specimen
collection and transportation, diagnostic assay protocols,
data entry and management, and biosafety.

At the conclusion of the in-country assessment, the
LAPP technical team provides the MOH with a detailed
written report that summarizes potential opportunities
and challenges and recommends activities to strengthen
pertussis surveillance. After the assessment, in collabora-
tion with the MOH, the team develops a work plan that

prioritizes activities in both laboratory diagnostics and epi-
demiology surveillance.

Expanding In-Country Laboratory

Capacity for Identification of B. pertussis
Laboratory capacity for identification of B. pertussis is ex-
panded through training in complementary pertussis diag-
nostics. Based on the in-country assessment and country in-
terest, the LAPP technical team provides laboratory training
for NRL staff in >2 pertussis diagnostics: nasopharyngeal
culture, multitarget real-time PCR, or single-point anti—
pertussis toxin IgG serology. The 1-week, in-country labo-
ratory training course reviews pertussis diagnostics; natural
history of disease; optimal testing schedules; and specimen
collection, transport, processing, and storage. Training also
provides hands-on practice using the 3 diagnostic tests, in-
cluding assay documentation, reviewing QC/QA test crite-
ria, troubleshooting, interpretation of results, and reporting.
Training on pertussis culture focuses on appropriate sam-
ple collection and use of a biochemical testing algorithm
to distinguish Bordetella species. Countries are trained in
use of a multitarget, real-time PCR assay, which is known
to be sensitive and specific, and enables identification of
multiple Bordetella species that can cause pertussis-like
disease (29). The serologic assay, developed by CDC in
collaboration with the US Food and Drug Administration
(FDA), is a highly specific, quantitative, single-point, and
reference-calibrated ELISA that requires minimal reagent
preparation and temperature control (/9). Laboratory train-
ing details the advantages and limitations of each assay and
emphasizes the importance of a comprehensive diagnostic
program that encompasses the 3 complementary diagnostic
tests. LAPP donates reagents and materials for the training
and provides technical support to the NRL through email/
telephone communication and in-country follow-up visits.
On the basis of the individual situation of each country,
LAPP may donate a real-time PCR instrument, a temporary
supply of reagents, or both to ensure implementation of the
new diagnostic tests. All 6 participating LAPP countries
received laboratory training in pertussis culture and mul-
titarget real-time PCR, and 5 received training on single-
point IgG serologic assays. LAPP donated a real-time PCR
instrument to the NRL in Argentina, Brazil, Colombia,
and Panama.

Table. LAPP activities and participation for pertussis epidemiology in 6 countries in Latin America, with evaluation dates*

Dates of surveillance Laboratory Participate in Epidemiologic Epi Info  Provider awareness
Country evaluation diagnostics trainingt  LAPP QC/QA  surveillance training  training training
Argentina 2009 Nov-Dec Y Y Y Y N
Panama 2010 Jan Y Y Y Y Y
Mexico 2010 Nov Y Y Y N N
Chile 2013 Jan-Feb Y Y N N N
Colombia 2013 July—Aug Y Y N Y Y
Brazil 2015 May Y Y N Y N

*LAPP, Latin America Pertussis Project; QC/QA, quality control and quality assurance.
1Training included culture and multitarget real-time PCR for all countries, and included serology for Argentina, Mexico, Chile, Colombia, and Brazil.
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Strengthening Laboratory-Based

Pertussis Surveillance

After the laboratory training, LAPP provides continued
strengthening of pertussis laboratory surveillance through
ongoing technical support for NRL staff in diagnostic
testing, and assistance with implementation of a QC/QA
program. The LAPP technical team provides mentoring of
trained staff through quarterly teleconferences, 1-3 follow-
up visits per country, and frequent correspondence regard-
ing diagnostic issues as they arise (Figure 2). If requested,
additional technical guidance on other methods, such as
molecular typing, pulsed-field gel electrophoresis, and
pertactin deficiency screening, are provided through shar-
ing of standard operating procedures. In addition, LAPP
encourages country partners to provide ongoing training on
specimen collection and transport at the local level to sup-
port improved surveillance.

LAPP encourages the implementation of QC/QA mea-
sures, which are crucial to the reliability of laboratory re-
sults. LAPP supports NRLs with an annual QC/QA testing
program by sending panels of blinded specimens for mul-
titarget real-time PCR testing. Depending on the interest
of each country, QC/QA panels can also be shared for per-
tussis culture and serology. Panel concordance with CDC
results is assessed, results are shared with the country, and
overall performance is shared with all partners. Currently,
all 6 LAPP countries are participating in the multitarget
real-time PCR QC/QA program; 1 country participates
only in culture QC/QA and 1 only in serology QC/QA.

Standardizing and Improving Pertussis
Reporting within Each Country

To better understand the true burden of pertussis disease in
the region, LAPP works with national-level MOH staff to
ensure and strengthen standardized case reporting proce-
dures and regularly monitor and analyze surveillance data.
Specific LAPP activities depend on the unique situation
and interest of each country. Examples of these activities
include review of case definitions, standardization of na-
tional reporting forms, and development of surveillance
indicators. In many Latin America countries, surveillance
coordinators are charged with oversight of multiple vac-
cine-preventable diseases, limiting their ability to focus on
pertussis and strengthen associated surveillance activities.
Therefore, to ensure improvements in surveillance data
quality, LAPP may employ a national pertussis surveil-
lance coordinator, who is co-managed by LAPP and the
MOH. National pertussis coordinators were hired by LAPP
in Argentina, Panama, and Brazil.

LAPP supports improvement of pertussis reporting
by providing additional training as funding allows. Staff
from Argentina, Mexico, and Panama participated in a
3-week training course on epidemiology, surveillance, and
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data analysis, which was held at CDC in November 2011.
Surveillance coordinators receive ongoing epidemiology
technical assistance through biweekly to quarterly tele-
conferences with the LAPP technical team and in-country
training, as needed. For example, in Argentina, Brazil, Co-
lombia, and Panama, LAPP provided in-country training on
Epi Info (https://www.cdc.gov/epiinfo), a free and publicly
available suite of epidemiology software tools provided by
CDC, to facilitate data management and analysis for sur-
veillance reporting. In response to a country’s request for
assistance amid increasing suspicion and detection of per-
tussis among medical and public health providers, LAPP
developed and presented an in-country provider awareness
training that reviewed pertussis epidemiology and clinical
presentation, along with best practices for diagnosis, treat-
ment, and laboratory diagnostics.

In an effort to understand differences in surveillance
and reporting in each country, and to foster collaboration
and communication in the region, LAPP hosts quarterly
teleconferences to facilitate communication on topics of
the participants’ choosing. Initially, each participating
country gives a presentation on its surveillance system,
providing an opportunity for colleagues to discuss differ-
ent approaches to disease identification and reporting. Ex-
amples of other teleconference topics include pertussis case
definitions, laboratory testing and capacity, chemoprophy-
laxis recommendations, antimicrobial drug resistance, and
infant immune response after maternal pertussis vaccina-
tion. These activities support GHSA priorities to improve
disease detection by promoting communication between
reference laboratories and surveillance staff, and among
countries participating in LAPP.

As new prevention and control strategies are intro-
duced, country emphasis may shift from strengthening
surveillance activities to evaluating the effectiveness of
specific vaccine policies or interventions. LAPP is able to
adjust its role and act as a mentor for these special studies
by providing feedback on study methods and data analyses
(30,31). Many Latin America countries have recommended
pertussis vaccination during pregnancy to decrease the risk
for disease among infants (6,9), and LAPP has provided
methodological support for country-specific studies to as-
sess the impact of this strategy. For these special studies,
the MOH and local sites participating in these activities are
responsible for seeking in-country internal review board
and ethics approvals.

LAPP Lessons Learned and Next Steps

During the initial 6 years of LAPP, several common themes
have emerged, providing valuable lessons and influencing
the program’s planned next steps. Upon joining LAPP, all
countries were committed to strengthening their pertussis
culture techniques and expanding their pertussis laboratory
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capacity to include functions such as multiple real-time
PCR targets and serology. Although all NRLs have incor-
porated real-time PCR into their diagnostic assessment for
pertussis, many partners faced challenges in securing fund-
ing to support these diagnostics or in finding local provid-
ers of reagents and supplies, even when adequate funding
was available. LAPP faced similar challenges in sending
donated equipment, reagents, and related supplies, because
of the complicated importation processes that exist in many
countries. National commitment is essential for sustainabil-
ity of these new diagnostics, which will depend on identi-
fying funding and providers for equipment, reagents, and
related supplies.

Another lesson learned is that ongoing mentorship
and communication are key components in the process of
strengthening existing surveillance systems. Successful
transfer of new laboratory diagnostic processes and assis-
tance in standardizing disease reporting required continu-
ous support and discussion among dedicated partners. Reg-
ular teleconferences, including the LAPP technical team
and individual or multiple countries, provided the opportu-
nity to troubleshoot issues such as diagnostic implementa-
tion or analysis of surveillance data. In addition, adding the
position of surveillance coordinator to concentrate on per-
tussis surveillance facilitated the communication process
between LAPP and MOH and among in-country laboratory
and surveillance staff.

LAPP has promoted communication and collabora-
tion between LAPP-associated countries through regularly
scheduled teleconferences for both laboratory and surveil-
lance staff. These teleconferences have served as a forum
for sharing country experiences and lessons learned, as
well as discussing topics of interest and proposed collabo-
rations. Ongoing communication can lead to new oppor-
tunities; discussion among partners has led to requests for
country-specific trainings. For example, Argentina, Brazil,
Colombia, and Panama requested Epi Info training to fa-
cilitate analysis of their surveillance data. In addition, such
communication and collaboration between countries could
facilitate the ability to respond rapidly to outbreaks across
country borders and harmonize the regional response.

Although LAPP has established itself operationally,
further work remains. Known challenges should be ad-
dressed to sustain improvements in pertussis surveillance.
Key among these will be assisting LAPP countries in iden-
tifying sources and funding for diagnostic reagents and oth-
er needed supplies. Equally necessary is demonstrating the
effects of LAPP activities on pertussis surveillance at the
country level. Evidence of success is essential for project
sustainability and will encourage participating countries to
continue to improve their pertussis surveillance programs.
Evidence of success may lead to additional funding sourc-
es, which would allow LAPP to expand the partnership to
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other interested countries. Finally, LAPP could continue to
provide technical mentorship for special studies as new re-
gionally or globally relevant research questions arise.

LAPP supports strategies endorsed by multiple public
health entities, such as the WHO Global Vaccine Action
Plan (32), PAHO Regional Immunization Vision and Strat-
egy (33,34), and GHSA. Specifically, LAPP activities that
increase laboratory capacity to detect disease help inform
immunization policy and support the GHSA goals to detect,
characterize, and report potential outbreaks early. LAPP’s
focus on providing laboratory diagnostic and epidemiology
training also aligns with the GHSA priority on training an
effective biosurveillance workforce; the surveillance skills
obtained through LAPP training may be transferable to
other disease threats.

In conclusion, LAPP has developed a partnership
between CDC, PAHO, Sabin, and the MOHs of 6 Latin
America countries to strengthen national laboratory and
surveillance capacity to more rapidly and accurately de-
tect and monitor pertussis. Such efforts can contribute
to more rapid control of pertussis outbreaks and thereby
enhance global health security. Subsequent areas of em-
phasis include demonstrating the effect of LAPP activi-
ties at the country level; continuing to address the chal-
lenges partners face in sustaining these improvements;
focusing efforts to expand laboratory-based surveillance
for pertussis to other Latin American countries; and con-
tinuing to support special studies to answer relevant re-
search questions.

Acknowledgments

We thank our Sabin Vaccine Institute and Pan American Health
Organization collaborators, as well as current and former staff at
the Centers for Disease Control and Prevention for their
contribution to the Latin American Pertussis Project. We also
thank all our Ministry of Health counterparts in pertussis
surveillance and epidemiology and the national reference
laboratories in Latin America from Argentina, Brazil, Chile,
Colombia, Mexico, and Panama for their collaboration.

This work was supported by a grant from the Sabin
Vaccine Institute.

Ms. Pinell-McNamara is an epidemiologist in the Division of
Bacterial Diseases, National Center for Immunization and
Respiratory Diseases, CDC. Her research interests include
pertussis and other vaccine-preventable diseases.

References
1. Edwards KM, Decker MD. Pertussis vaccines. In: Plotkin S,
Orenstein W, Offit P, editors. Vaccines, 6th ed. Philadelphia:
Saunders; 2013. p. 447-92 [cited 2017 Mar 20].
https://www.elsevier.com/books/vaccines/plotkin/978-1-4557-0090-5
2. World Health Organization. Pertussis vaccines: WHO position
paper—September 2015. Wkly Epidemiol Rec. 2015:90:433—-460.

Emerging Infectious Diseases « www.cdc.gov/eid « Vol. 23, Supplement to December 2017



Yeung KHT, Duclos P, Nelson EAS, Hutubessy RCW. An update
of the global burden of pertussis in children younger than 5

years: a modelling study. Lancet Infect Dis. 2017;17:974-80.
http://dx.doi.org/10.1016/S1473-3099(17)30390-0

von Koenig CHW, Guiso N. Global burden of pertussis: signs of
hope but need for accurate data. Lancet Infect Dis. 2017; Epub
2017 Jun 13. http://dx.doi.org/10.1016/S1473-3099(17)30357-2
Tan T, Dalby T, Forsyth K, Halperin SA, Heininger U, Hozbor D,
et al. Pertussis across the globe: recent epidemiologic trends

from 2000-2013. Pediatr Infect Dis J. 2015;34:€222-32.
http://dx.doi.org/10.1097/INF.0000000000000795

Falleiros Arlant LH, de Colsa A, Flores D, Brea J, Avila Aguero ML,
Hozbor DF. Pertussis in Latin America: epidemiology and control
strategies. Expert Rev Anti Infect Ther. 2014;12:1265-75.
http://dx.doi.org/10.1586/14787210.2014.948846

Pan American Health Organization. Number of vaccine
preventable disease (VPD) cases in the Americas: pertussis
[Internet]. 2017 [cited 2017 Mar 17]. http://ais.paho.org/phip/viz/
im_vaccinepreventablediseases.asp

Ulloa-Gutierrez R, Hozbor D, Avila-Aguero ML, Caro J,

Wirsing von Kénig CH, Tan T, et al. The global pertussis initiative:
Meeting report from the Regional Latin America Meeting, Costa
Rica, 5-6 December, 2008. Hum Vaccin. 2010;6:876-80.
http://dx.doi.org/10.4161/hv.6.11.13077

Ulloa-Gutierrez R, Avila-Aguero ML. Pertussis in Latin America:
current situation and future vaccination challenges. Expert

Rev Vaccines. 2008;7:1569-80. http://dx.doi.org/10.1586/
14760584.7.10.1569

Pan American Health Organization. Paving the way for
immunization. XX Meeting of the Technical Advisory Group

on Vaccine-preventable Diseases (TAG), 17-19 October
2012—final report. Washington: The Organization; 2012 [cited
2017 Sep 20]. http://www.paho.org/hg/index.php?option=com
docmané&task=doc download&gid=19263&Itemid=270&lang=en
Pan American Health Organization. Vaccination: a shared re-
sponsibility. XXI Meeting of the Technical Advisory Group on
Vaccine-preventable Diseases (TAG), Quito, Equador, 3-5 July
2013—final report. Quito (Ecuador): The Organization; 2013 [cited
2017 Sep 20].] http://www.paho.org/hg/index.php?option=com
docmané&task=doc download&gid=22423&Itemid=270&lang=en
Hozbor D, Mooi F, Flores D, Weltman G, Bottero D,

Fossati S, et al. Pertussis epidemiology in Argentina: trends over
2004-2007. J Infect. 2009;59:225-31. http://dx.doi.org/10.1016/
jjinf.2009.07.014

Pérez-Pérez GF, Rojas-Mendoza T, Cabrera-Gaytan DA,
Grajales-Muniz C. Pertussis in Mexico, an epidemiological over-
view. A study of 19 years at the Instituto Mexicano del Seguro
Social [in Spanish]. Rev Med Inst Mex Seguro Soc. 2015;53:164-70.
Chow MY, Khandaker G, Mclntyre P. Global childhood deaths
from pertussis: a historical review. Clin Infect Dis. 2016;63(suppl
4):S134-41. http://dx.doi.org/10.1093/cid/ciw529

Kilgore PE, Salim AM, Zervos MJ, Schmitt HJ. Pertussis:
Microbiology, disease, treatment, and prevention. Clin Microbiol
Rev. 2016;29:449-86. http://dx.doi.org/10.1128/CMR.00083-15
World Health Organization. Laboratory manual for the diagnosis of
whooping cough caused by Bordetella pertussis/Bordetella
parapertussis. Update 2014. Report No.: WHO/IBV/14.03. Geneva:
World Health Organization Department of Immunization, Vaccines
and Biologicals; 2014 [cited 2017 Sep 20]. http://apps.who.int/iris/
bitstream/10665/127891/1/WHO _1VB_14.03_eng.pdf

van der Zee A, Schellekens JF, Mooi FR. Laboratory diagnosis of
pertussis. Clin Microbiol Rev. 2015;28:1005-26. http://dx.doi.org/
10.1128/CMR.00031-15

Knorr L, Fox JD, Tilley PA, Ahmed-Bentley J. Evaluation of real-
time PCR for diagnosis of Bordetella pertussis infection. BMC
Infect Dis. 2006;6:62. http://dx.doi.org/10.1186/1471-2334-6-62

Emerging Infectious Diseases * www.cdc.gov/eid * Vol. 23, Supplement to December 2017

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Expanding Pertussis Epidemiology in Latin America

Menzies SL, Kadwad V, Pawloski LC, Lin TL, Baughman AL,
Martin M, et al.; Pertussis Assay Working Group. Development
and analytical validation of an immunoassay for quantifying
serum anti-pertussis toxin antibodies resulting from Bordetella
pertussis infection. Clin Vaccine Immunol. 2009;16:1781-8.
http://dx.doi.org/10.1128/CV1.00248-09

Steketee RW, Burstyn DG, Wassilak SG, Adkins WN Jr,

Polyak MB, Davis JP, et al. A comparison of laboratory and clinical
methods for diagnosing pertussis in an outbreak in a facility for the
developmentally disabled. J Infect Dis. 1988;157:441-9.
http://dx.doi.org/10.1093/infdis/157.3.441

Faulkner A, Skoff T, Martin S, Cassiday P, Tondella ML, Liang J.
Pertussis. In: Roush SW, Baldy LM editors. Manual for the
surveillance of vaccine preventable diseases. Atlanta: Centers for
Disease Control and Prevention National Center for
Immunization and Respiratory Diseases; 2015. p. 1-12 [cited
2017 Sep 20]. https://www.cdc.gov/vaccines/pubs/surv-manual/
chpt10-pertussis.html

World Health Organization. WHO-recommended standards for
surveillance of selected vaccine-preventable diseases. Report No:
WHO/V&B/03.01. Geneva: World Health Organization
Department of Immunization, Vaccines and Biologicals; 2003
[cited 2017 Sep 20]. http://apps.who.int/iris/bit-
stream/10665/68334/1/WHO_V-B_03.01_eng.pdf?ua=1

Dbaibo G, Tatochenko V, Wutzler P. Issues in pediatric vaccine-
preventable diseases in low- to middle-income countries.

Hum Vaccin Immunother. 2016;12:2365-77. http://dx.doi.org/10.1
080/21645515.2016.1181243

Sobanjo-ter Meulen A, Duclos P, McIntyre P, Lewis KDC, Van
Damme P, O’Brien KL, et al. Assessing the evidence for maternal
pertussis immunization: a report from the Bill & Melinda Gates
Foundation symposium on pertussis infant disease burden in low-
and lower-middle-income countries. Clin Infect Dis. 2016;63(Suppl
4):S123-33. http://dx.doi.org/10.1093/cid/ciw530

Pan American Health Organization. Immunization: prioritizing
vulnerable populations. XVIII Meeting of the Technical
Advisory Group on Vaccine-preventable Diseases (TAG),

San José, Costa Rica, 24-26 August 2009—final report. San José
(Costa Rica): The Organization; 2009 [cited 2017 Sep 20].
http://www1.paho.org/hq/dmdocuments/2010/tag18 2009
Final%20Report Eng.pdf

Wolicki SB, Nuzzo JB, Blazes DL, Pitts DL, Iskander JK,
Tappero JW. Public health surveillance: at the core of the Global
Health Security Agenda. Health Secur. 2016;14:185-8.
http://dx.doi.org/10.1089/hs.2016.0002

Balajee SA, Arthur R, Mounts AW. Global health security:
building capacities for early event detection, epidemiologic
workforce, and laboratory response. Health Secur. 2016;14:424-32.
http://dx.doi.org/10.1089/hs.2015.0062

German RR, Lee LM, Horan JM, Milstein RL, Pertowski CA,
Waller MN; Guidelines Working Group, Centers for Disease
Control and Prevention (CDC). Updated guidelines for
evaluating public health surveillance systems: recommendations
from the Guidelines Working Group. MMWR Recomm Rep.
2001;50(RR-13):1-35, quiz CE1-7.

Tatti KM, Sparks KN, Boney KO, Tondella ML. Novel
multitarget real-time PCR assay for rapid detection of Bordetella
species in clinical specimens. J Clin Microbiol. 2011;49:4059—-66.
http://dx.doi.org/10.1128/JCM.00601-11

Bottero D, Griffith MM, Lara C, Flores D, Pianciola L,

Gaillard ME, et al. Bordetella holmesii in children suspected of
pertussis in Argentina. Epidemiol Infect. 2013;141:714-7.
http://dx.doi.org/10.1017/S095026881200132X

Vaz-de-Lima LR, Martin MD, Pawloski LC, Leite D, Rocha KC,
de Brito CA, et al.; Clinical and Epidemiological Team Work

of Hospital Sentinels of the City of Sdo Paulo. Serodiagnosis as

S99



PREVENT

adjunct assay for pertussis infection in Sao Paulo, Brazil. Clin
Vaccine Immunol. 2014;21:636—40. http://dx.doi.org/10.1128/

CVIL.00760-13

32.  World Health Organization. Global vaccine action plan 2011—
2020 [cited 2017 Sep 20]. http://www.who.int/immunization/
global vaccine action_plan/GVAP_doc 2011 2020/en/

33. Pan American Health Organization and World Health
Organization Regional Office for the Americas. Plan for
action on immunization. Report No: CD54/7, Rev. 2
[cited 2017 Aug 28]. http://www.paho.org/hg/index.php?

option=com_docmané&task=doc_download&gid=31248&Itemid=

270&lang=en

34. Centers for Disease Control and Prevention (CDC). Vaccine
preventable deaths and the Global Immunization Vision and Strategy,
2006-2015. MMWR Morb Mortal Wkly Rep. 2006;55:511-5.

Address for correspondence: Veronica A. Pinell-McNamara, Centers for
Disease Control and Prevention, 1600 Clifton Rd NE, Mailstop C25,
Atlanta, GA 30329-4027, USA; email: vap9@cdc.gov

June 2016: Respiratory Diseases

* Debate Regarding
Oseltamivir Use for
Seasonal and
Pandemic Influenza

* Perspectives on West
Africa Ebola Virus
Disease Outbreak,
2013-2016

Human Infection with
Influenza A(H7N9)
Virus during 3 Major
Epidemic Waves,
China, 2013-2015

Integration of Genomic
and Other Epidemiologic
Data to Investigate

and Control a Cross-
Institutional Outbreak of
Streptococcus pyogenes

Infectious Disease Risk
Associated with
Contaminated
Propofol Anesthesia,
1989-2014

Improved Global
Capacity for Influenza
Surveillance

ERGING

* Reemergence of Dengue
in Southern Texas, 2013

Transmission of
Mycobacterium chimaera
from Heater—Cooler Units
during Cardiac Surgery
despite an Ultraclean Air
Ventilation System

Extended Human-to-
Human Transmission
during a Monkeypox
Outbreak in the
Democratic Republic of
the Congo

Use of Population
Genetics to Assess the
Ecology, Evolution, and
Population Structure

of Coccidioides,
Arizona, USA

Infection, Replication,
and Transmission of
Middle East Respiratory
Syndrome Coronavirus
in Alpacas

Rapid Detection of
Polymyxin Resistance in
Enterobacteriaceae

Human Adenovirus

Associated with Severe

Respiratory Infection,
Oregon, 2013-2014

% L s

\ e B

Cardioplegia circpii

.
—

Patient blood cirg

Heart-lung machine

¢ Heterogeneous and
Dynamic Prevalence of
Asymptomatic Influenza
Virus Infections

High MICs for Vancomycin
and Daptomycin

and Complicated
Catheter-Related
Bloodstream Infections
with Methicillin-Sensitive
Staphylococcus aureus

Population-Level Effect
of Cholera Vaccine on
Displaced Populations,
South Sudan, 2014

Experimental Infection
and Response to
Rechallenge of Alpacas
with Middle East
Respiratory Syndrome
Coronavirus

Scarlet Fever Upsurge in
England and Molecular-
Genetic Analysis in
North-West London, 2014

* MERS-CoV Antibodies
in Humans, Africa,
2013-2014

¢ Possible Case of Novel
Spotted Fever Group
Rickettsiosis in Traveler
Returning to Japan
from India

¢ Shigella Antimicrobial
Drug Resistance
Mechanisms, 2004-2014

* Microcephaly in Infants,
Pernambuco State,
Brazil, 2015

Source

@
Subsetof |

infectious : |
strains |

asii

[ [PHOENIX
Tucson
MEXICO

@ Clinical
@ Veterinarian

ISD/MX
* Prospective Validation
of Cessation of Contact
Precautions for Extended-
Spectrum B-Lactamase—
Producing Escherichia coli

* Whole-Genome Analysis
of Cryptococcus gattii,
Southeastern
United States

* Prevalence of
Nontuberculous
Mycobacterial Pulmonary
Disease, Germany,
2009-2014

ECTIOUS DISEASES https://wwwnc.cdc.gov/eid/articles/issue/22/6/table-of-contents

Emerging Infectious Diseases « www.cdc.gov/eid « Vol. 23, Supplement to December 2017



