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Globally, pertussis is a poorly con-
trolled disease that causes substantial 
morbidity and mortality. An estimated 

16 million cases of the disease and ap-
proximately 195 000 deaths occur world-
wide every year (1). After introduction of 

diphtheria, tetanus, and pertussis (DTP) 
vaccines during the early 1980s and re-
ported vaccination coverage with three 
doses of DTP (DTP3) above 90% by the 
late 1990s, the incidence of pertussis had 
decreased substantially in Latin America 
and the Caribbean (LAC) (2–6). More re-
cently, however, pertussis disease inci-
dence has reportedly increased since 

ABSTRACT Objectives.  In Latin America and the Caribbean (LAC), pertussis disease incidence has 
reportedly increased since 2000 despite high vaccine coverage. A systematic review of pertussis 
literature and a meta-analysis was conducted to understand the burden of disease in LAC. 
Methods.  A systematic literature review was completed, using relevant search terms. 
Original articles describing pertussis epidemiology and vaccine coverage in LAC published 
between 1980 and 2015 were identified. Applying a Bayesian meta-analysis random-effects 
model, we calculated pooled estimates and corresponding 95% credible intervals (95% CrIs) for 
pertussis incidence, case fatality ratio (CFR), pertussis prevalence among contacts, and cover-
age with three doses of diphtheria, tetanus, and pertussis (DTP) vaccine (DTP3).
Results.  A total of 59 studies meeting our selection criteria were identified, representing 15 
countries. Of the 59, 15 of them provided incidence data, with 7 of the 15 reporting a pertussis 
case definition. The pertussis incidence estimate for the 1980–1999 period was 17.8 cases per 
100 000 persons (95% CrI: 5.9–29.7); for the 2000–2015 period, it was 2.5 cases per 100 000 
persons (95% CrI: 1.8–3.2). For the 1980–2015 period, the CFR, in 19 studies reviewed, was 
3.9% (95% CrI: 2.9%–4.9%); for that same period, in 5 studies reviewed, pertussis prevalence 
among contacts was 24.9% (95% CrI: 13.7%–36.1%). Pooled DTP3 vaccine coverage estimates, 
in a total of 20 studies reviewed for the following three time periods, were: 1980–1990, 72.4% 
(95% CrI: 64.6%–80.2%); 1991–2000, 79.0% (95% CrI: 66.1%–91.9%); and 2001–2015, 
90.0% (95% CrI: 87.7%–92.3%).
Conclusion.  A decrease in pertussis incidence and an achievement of moderately high DTP3 
vaccine coverage since the early 2000s was observed. The review highlights the need for increased 
publication of pertussis data at the country level and for LAC as a whole in order to better under-
stand the true burden of the disease. Application of a standardized case definition and use of active 
case finding would aid in obtaining more accurate estimates of the disease burden in LAC.
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2000 (7–10). For example, in Argentina, 
Brazil, and Colombia, the number of re-
ported cases during 2013 increased by 
116%, 582%, and 2  967%, respectively, 
compared with cases reported during 
2000 (11), and outbreaks have been re-
ported in multiple countries during the 
last decade (6, 12–15). In most LAC coun-
tries, pertussis disease is nationally noti-
fiable through a passive surveillance 
system; however, variation exists among 
surveillance systems, making compara-
bility of data in LAC a challenge (7).

We conducted a systematic review of 
literature on pertussis in LAC that was 
published between 1980 and 2015, in or-
der to more fully understand the burden 
of disease and vaccine coverage in LAC 
and to provide historical context as cer-
tain LAC countries consider a transition 
from a whole-cell (wP) to an acellular 
(aP) primary vaccine series.

METHODS

We conducted a systematic review and 
meta-analysis of original articles meeting 
our selection criteria. We systematically 
searched the following electronic data-
bases: MEDLINE, EMBASE, Cumulative 
Index to Nursing and Allied Health Lit-
erature (CINAHL), Web of Science, 
Cochrane Library, Latin American and 
Caribbean Health Sciences Literature 
(LILACS), Pan American Health Organi-
zation (PAHO) Virtual Health Library, 
World Health Organization Library Da-
tabase (WHOLIS), Scientific Electronic 
Library Online (SciELO), and CAB Direct 
and Global Health. For the search, we 
used the following disease search terms 
specifically focused on LAC: whooping 
cough OR pertus* OR whooping cough 
OR tos ferina OR tosferina OR 
coqueluche.

Eligibility criteria

We sought original articles describing 
pertussis epidemiology and pertussis 
vaccination coverage published in En-
glish, French, Spanish, or Portuguese 
from January 1980 through December 
2015 for all populations in South Amer-
ica, Central America, Mexico, and the 
Caribbean. To be included, articles were 
required to describe studies or surveil-
lance that focus on humans as subjects; 
contain greater than 30 index cases in 
studies reporting prevalence among con-
tacts; focus on the general population; 

and be published in a peer-reviewed 
journal (an exception was made for gov-
ernment reports found through a sys-
tematic electronic database review). We 
excluded review articles, outbreak re-
ports, case reports, position papers, re-
ports concerning special populations 
(e.g., prisoners), and dissertations. A li-
brary science expert assisted with the 
search. Appendix 1 gives additional de-
tails on the search strategy.

Study selection

Three reviewers independently 
screened all titles and abstracts that the 
search yielded. Results were reconciled, 
and irrelevant and duplicate citations 
were excluded. The reviewers indepen-
dently reviewed the full text of the re-
maining available articles to judge their 
eligibility for inclusion in the review. For 
all included articles, we abstracted infor-
mation regarding report characteristics, 
sample selection methods, sample char-
acteristics, sample participation rates, 
report findings (for the principal out-
comes), and relevant P values or confi-
dence intervals. When denominators 
were not given, we back-calculated for 
the denominator using the numerator 
and the outcome estimates provided. 
The data were entered into a database 
using Microsoft Excel software (Micro-
soft Corporation, Redmond, Washing-
ton, United States of America).

Outcomes measures

The principal outcomes included 
were: pertussis incidence in the general 
population of all age groups (defined as 
confirmed cases of pertussis/100  000 
persons); pertussis prevalence among 
contacts (defined as laboratory-con-
firmed, symptomatic cases/100 evalu-
ated contacts); pertussis case fatality 
ratio (CFR) (defined as number of 
deaths/100 confirmed pertussis cases); 
DPT3 vaccination coverage (defined as 
the number of subjects aged 6 months 
through 5 years vaccinated with three 
DPT vaccine doses/100 eligible subjects 
assessed); pertussis laboratory confirma-
tion (defined as pertussis cases con-
firmed with a specific laboratory 
technique); and pertussis hospitalization 
(average duration of days hospitalized 
for a laboratory-confirmed case of per-
tussis). DPT3 coverage is a widely ac-
cepted indicator for assessing routine 

immunization coverage, and it is fre-
quently used as a proxy for assessing the 
quality of immunization systems.

Analysis

Applying a Bayesian meta-analysis 
random-effects model, we calculated 
pooled estimates and corresponding 95% 
credible intervals (CrIs), with 20 articles 
describing pertussis vaccination cover-
age and with 15 articles describing per-
tussis incidence rates. A random-effects 
model assumes the studies are a sample 
from all possible studies. Thus, this ap-
proach takes into account variance both 
within each study and between studies 
(16). If an outcome had insufficient data 
points available for statistical pooling, a 
descriptive summary of the data was 
presented instead.

Pertussis vaccination coverage data 
were stratified into three time periods 
(1980–1990; 1991–2000; and 2001–2015), 
and pertussis incidence data were strati-
fied into two time periods (1980–2000 
and 2001–2015). In addition to plotting 
the individual study estimates and CrIs, 
we calculated pooled random-effects es-
timates and 95% CrIs for each category. 
Stratification of the data into the above 
time periods is based on articles describ-
ing data clustered around specific time 
frames. For vaccination coverage data, 
we also conducted Bayesian hierarchical 
logistic regression to determine trend 
over time. All analyses were imple-
mented by using the SAS PROC MCMC 
(Markov chain Monte Carlo) procedure. 
SAS version 9.3 (SAS Institute Incorpo-
rated, Cary, North Carolina, United 
States) was used for the analysis.

RESULTS

Of the 3 980 references identified, 3 513 
were duplicates or irrelevant publica-
tions, 24 were unavailable to the Centers 
for Disease Control and Prevention 
(CDC) library, and 384 were excluded 
based on inclusion criteria, leaving 59 ar-
ticles for review (8, 17–74) (Figure 1), rep-
resenting 15 countries (Table 1). The 
largest numbers of the included articles 
were from Brazil (32.2%), Argentina 
(15.2%), and Colombia (11.9%). Twenty 
articles (32.2%) reported findings con-
cerning vaccination coverage (20, 21, 24, 
26, 27, 30, 35–37, 39, 43, 44, 48, 50, 52, 53, 
56–59) (Appendix 2), and 40 (67.7%) re-
ported findings concerning pertussis 
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epidemiology (8, 17–19, 22, 23, 25, 28–34, 
38, 40–42, 45–47, 49, 51, 54, 55, 60–74) 
(Appendix 3). The largest numbers of 
the  articles were published in either 
Spanish (45.7%) or English (32.2%)  
(Table 1).

Pertussis epidemiology

Forty publications reported pertussis 
epidemiologic data from 11 countries: 
Argentina, Brazil, Chile, Colombia, Costa 
Rica, Honduras, Mexico, Panama, Peru, 
Uruguay, and Venezuela (Appendix 3). 

Fifteen publications reported pertussis 
incidence outcome data (8, 19, 22, 23, 29, 
30, 38, 46, 54, 55, 60, 68, 70, 73, 74). Two 
publications (55, 68) reported data for 
two years each (respectively, for 1995 and 
2000, and for 2010 and 2011). Another 
publication (74) reported data for four 
years, for 2010 through 2013. Although 8 
of these 15 articles (53.3%) (8, 19, 29, 30, 
46, 55, 72, 74) reported a case definition, 
only 6 (40.0%) used the WHO pertussis 
case definition (75). In addition, variation 
among the case definitions in the remain-
ing articles was noted. For example, the 

number and type of presenting symp-
toms and the duration of cough required 
to meet the case definition differed in 
each study. Seven of the 8 articles (87.5%) 
included laboratory confirmation as part 
of their case definition. Two articles (30, 
68) did not specify the type of diagnostic 
used for laboratory confirmation; in the 
remaining 5 articles, 1 included only cul-
ture for confirmation (29), 3 included 
both culture and polymerase chain reac-
tion (PCR) (46, 55, 74), and 1 included 
culture, PCR, and serology (8). By apply-
ing a random-effects model that included 
the 15 publications reporting incidence 
data, the pooled estimates of annual per-
tussis incidence in the general popula-
tion during 1980–1999 and 2000–2015 
were, respectively, 17.8 cases per 100 000 
persons (95% CrI: 5.9–29.7) and 2.5 cases 
per 100  000 persons (95% CrI: 1.8–3.2) 
(Figure 2).

The prevalence of symptomatic per-
tussis among contacts of laboratory-con-
firmed pertussis cases was reported in 
five publications (17, 46, 51, 61, 63). All 
five focused on pertussis among infants 
or school children, but they reported 
symptomatic pertussis among all close 
contacts, using epidemiologic link or lab-
oratory confirmation with PCR, culture, 
or serology. Among contacts of con-
firmed cases evaluated, an estimated 
24.9% (95% CrI: 13.7%–36.1%) had labo-
ratory-confirmed, symptomatic pertus-
sis (Figure 3). None of the studies 
reported whether the contacts had re-
ceived chemoprophylaxis before symp-
tom onset, or the length of time from case 
symptom onset to contact specimen 
collection.

Nineteen publications reported mor-
tality data (8, 28, 29, 31–34, 38, 42, 45, 46, 
55, 63, 66, 70-74). CFR was estimated to 
be 3.9% (95% CrI: 2.9%–4.9%) (Figure 4). 
Of the 19 publications, 7 of them (36.8%) 
were hospital-based studies focusing on 
infants and school-age children, whereas 
12 (63.2%) used surveillance data cover-
ing infants, adolescents, and adults.

Twenty-four articles reported labora-
tory confirmation data (18, 22, 25, 28, 29, 
31–34, 40, 41, 45, 47, 49, 51, 61–65, 67, 69, 
71, 73). Laboratory confirmation using 
culture, PCR, and/or direct fluorescent 
antibody (DFA) testing alone was re-
ported, respectively, in 13 (54.2%), 14 
(58.3%), and 3 (12.5%) publications. Of 
the 24 articles with laboratory confirma-
tion data, 7 studies (29.2%) used PCR 
and culture as complimentary diagnostic 

TABLE 1. Characteristics of studies included in the analysis

Publication Characteristics N % References

Language
  Spanish 27 46 (21–25, 28, 30, 33, 34, 36, 38, 40–43, 45, 49, 51, 52, 54–56, 61, 

62, 68, 72, 73)
  Portuguese 12 20 (19, 27, 35, 39, 44, 47, 50, 57–60, 71)
  English 19 32 (8, 17, 18, 20, 26, 29, 31, 32, 46, 48, 53, 63–67, 69, 70, 74)
  French 1 2 (37)
Country 59 100

  Argentina 9 15 (8, 26, 31, 32, 34, 36, 40, 55, 70)
  Brazil 19 32 (17–19, 27, 29, 35, 39, 44, 47, 50, 57–60, 63, 66, 69, 71, 74)
  Chile 3 5 (28, 30, 49)
  Colombia 7 12 (24, 41–43, 54, 56, 73)
  Costa Rica 2 3 (21, 33)
  Ecuador 1 2 (20)
  Guyana 1 2 (48)
  Haiti 1 2 (53)
  Honduras 2 3 (38, 52)
  Martinique 1 2 (37)
  Mexico 5 8 (22, 23, 46, 61, 68)
  Panamá 1 2 (45)
  Peru 3 5 (64, 65, 67)
  Uruguay 3 5 (51, 62, 72)
  Venezuela 1 2 (25)

Source: Produced by authors from analysis results.

FIGURE 1. Literature search strategy and selection process

Source: Produced by authors from the results of the analysis.

3 980 references identified from 10 databases, and article 
reference lists.

3 513 duplicate and/or irrelevant references

467 articles obtained for full-text review

24 articles unavailable to US Centers for
Disease Control and Prevention Libraries

384 articles excluded based on inclusion
criteria

59 reports included in review
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tests (40, 51, 62, 63, 65, 67, 69). Use of PCR 
as a laboratory confirmation method was 
reported as early as 1995 in 1 article (49), 
but it became more common over time, 
with the majority of publications pub-
lished after 2006 reporting PCR for per-
tussis confirmation.

Eight publications, from four countries 
(Argentina, Brazil, Panama, and Uru-
guay), reported hospital duration data 
among patients with confirmed pertussis 
(31, 32, 34, 40, 45, 51, 71, 72). Six publica-
tions reported mean hospital duration, 

ranging from 5.2 to 14.2 days. Two publi-
cations reported a median hospital dura-
tion, one of 7.0 days and the other of 9.7 
days.

Vaccination coverage data

Pertussis vaccination coverage data 
were reported in 20 publications (20, 21, 
24, 26, 27, 30, 35–37, 39, 43, 44, 48, 50, 52, 
53, 56–59), covering 10 countries. The 20 
reports included 8 (40.0%) from Brazil, 3 
(15.0%) from Colombia, 2 (10.0%) from 

Argentina, and 1 each from Chile, Costa 
Rica, Ecuador, Guyana, Haiti, Honduras, 
and Martinique (Appendix 2). All publi-
cations reported coverage with whole 
cell vaccines (DTP), because acellular 
vaccines were not used by the countries 
at the time of the coverage assessment. 
Sixteen publications (80.0%) estimated 
vaccination coverage data by using 
household surveys (20, 24, 26, 27, 35–37, 
39, 43, 44, 50, 52, 53, 56–58), 3 publica-
tions (15.0%) (30, 48, 59) used the na-
tional immunization program data to 

FIGURE 2. Random-effect estimate of pertussis incidence, 1980–2015

Source: Produced by authors from the results of the analysis.
Note: Random-effect estimate is a pooled estimate which allows for variations in the treatment effect from study to study. The effects in individual studies are assumed to 
be random realizations of the “true” effect. The data being analyzed in individual studies are then assumed to be drawn from populations with the randomly realized effects.
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FIGURE 3. Random-effect estimate of pertussis prevalence among contacts of con-
firmed cases, 1980–2015

Source: Produced by authors from the results of the analysis
Note: Random effect estimate is a pooled estimate which allows for variations in the treatment effect from 
study to study. The effects in individual studies are assumed to be random realizations of the “true” effect. The 
data being analyzed in individual studies are then assumed to be drawn from populations with the randomly 
realized effects

0.0 10.0 20.0 30.0 40.0 50.0

Pertussis cases per 100 evaluated contacts

Brazil, 2003 (17)

Mexico, 2003 (61)

Uruguay, 2003 (51)

Mexico, 2012 (46)

Brazil, 2012 (63)

Random Effect Estimate

Country, Year (Reference)

FIGURE 4. Random-effect estimate of the fatality ratio in cases of pertussis in Latin America, 1980–2015

Source: Produced by authors from the results of the analysis
Note: Random effect estimate is a pooled estimate which allows for variations in the treatment effect from study to study. The effects in individual studies are assumed to 
be random realization of the “true” effect. The data being analyzed in individual studies are then assumed to be drawn from populations with the randomly realized effects.

-5.0 0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0

Case fatality ratio, %

Honduras, 1980-1991 (38)
Argentina, 1995 (55)
Chile, 2000 (28)
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Argentina, 2006-2010 (34)
Argentina, 2003-2011 (31)
Argentina, 2011 (70)
Brazil, 2012 (71)
Argentina, 2012 (32)
Mexico, 2012 (46)
Brazil, 2012 (63)
Uruguay, 2012 (72)
Colombia, 2012 (73)
Brazil, 2007-2013 (74)
Random Effect Estimate

Country, Year (Reference)

estimate vaccination coverage, and 1 
publication (5.0%) used a school-based 
survey (21). In 13 of the 20 publications 
(65.0%), survey samples were selected 
through systematic or random selection 
of participants, whereas in 7 studies 
(35.0%) the entire eligible population 
was surveyed. The age of the eligible 
population varied among the publica-
tions; however, 65.0% reported an eligi-
ble population less than age 5 years. 
Vaccination status was confirmed by 
vaccination cards or any written proof of 
vaccination in 10 of the publications 
(50.0%), whereas in 8 publications 
(40.0%), verbal report by guardians or 
parents was accepted if vaccination cards 
were unavailable.

DPT3 coverage data were assessed 
over three time periods, depending on 
the year the data were collected, as fol-
lows: 1980–1990 (20, 24, 35, 36, 39, 48, 52, 
56, 58); 1991–2000 (27, 37, 39, 44, 50, 57); 
and 2001–2015 (21, 26, 30, 53, 59). Pooled 
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FIGURE 5. Random-effect estimate of DTP3 Vaccine coverage in Latin America, 1980–2015

Source: Produced by authors from the results of the analysis
Note: Random effect estimate is a pooled estimate which allows for variations in the treatment effect from study to study. The effects in individual studies are assumed to 
be random realization of the “true” effect. The data being analyzed in individual studies are then assumed to be drawn from populations with the randomly realized effects.

estimates of DTP3 vaccination coverage 
over the time periods of 1980–1990, 
1991–2000, and 2001–2015 were, respec-
tively: 72.4% (95% CrI: 64.6%–80.2%), 
79.0% (95% CrI: 66.1%–91.9%), and 90.0% 

(95% CrI: 87.7%–92.3%) (Figure 5). The 
overall pooled estimate for the entire 
1980–2015 time period is 83.7% (95% CrI: 
75.1%–91.4%). Furthermore, using a 
Bayesian hierarchical logistic regression 

model, we estimated an overall increase 
in vaccination coverage over time, as 
shown by the solid red line (with upper 
and lower CrIs indicated by the dashed 
red lines) in Figure 6.



Rev Panam Salud Publica 41, 2017� 7

Folaranmi et al. • Pertussis epidemiology in Latin America and the Caribbean� Systematic review

FIGURE 6. Trends in Vaccine Coverage, 1980–2015

Source: Produced by authors from the results of the analysis
Note: The big black dots represent estimated annual vaccine coverage from individual studies and the 95% Crls bands are illustrated along the vertical axis. The black 
dotted line represents the overall estimate of vaccine coverage during the study period. The bold red line represents the line of the best fit for vaccine coverage trend over 
time; the red dashed lines represent the upper and lower 95 Crl limit of the vaccine coverage trend.
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DISCUSSION

This is the first systematic review of 
pertussis epidemiology and vaccine cov-
erage in Latin America and the Carib-
bean, thus contributing to a better 
understanding of pertussis disease in 
LAC countries. From our analysis we ob-
served a clear decrease in pertussis inci-
dence during 1980-1999 and 2000–2014, 
as well as achievement of moderately 
high DTP3 vaccination coverage since 
the early 2000s.

The decline in pertussis incidence ob-
served between 1980 and 2000 is consis-
tent with WHO data and likely 
attributable to the widespread introduc-
tion of pertussis vaccines during the 
1980s. Because of the limited data avail-
able, we were unable to stratify pertussis 
incidence data by finer time periods and, 
for example, assess whether any increase 

in pertussis incidence occurred within the 
last decade. However, the WHO Strategic 
Advisory Group of Experts (SAGE) per-
tussis working group recently reviewed 
pertussis surveillance data from 19 coun-
tries, including 4 from LAC (Brazil, Chile, 
Cuba, and Mexico), and determined there 
has been no true resurgence of pertussis 
in these 4 LAC countries. Instead, in-
creases were attributable to naturally oc-
curring cyclic patterns, surveillance 
systems changes, or decreases in vaccina-
tion coverage (76, 77). It is also important 
to note that despite recent increases in re-
ported pertussis cases in LAC, the major-
ity of countries are not reporting case 
counts as high as those reported during 
the 1980s (11).

Our review highlighted the complexi-
ties of comparing pertussis incidence 
among countries. For example, case defi-
nitions for pertussis varied among 

publications. Consequently, there might 
have been under- or overestimates of the 
burden of disease. Among those publica-
tions with a case definition, the defini-
tions were inconsistent, and fewer than 
half of them used the WHO pertussis case 
definition (75). Creating a standardized 
pertussis case definition is complicated 
because of variations in clinical signs and 
symptoms of pertussis among different 
age groups (78, 79). However, a standard-
ized, age-specific clinical case definition 
for LAC would make it easier to compare 
data between countries in LAC and to es-
timate the true burden of pertussis there 
(79).

Similarly, we note the challenges asso-
ciated with using diagnostic methods 
with different levels of sensitivity and 
specificity. Although culture is consid-
ered the gold standard for pertussis di-
agnosis, it has a relatively low sensitivity. 
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Therefore, CDC encourages using com-
plementary diagnostic methods (combi-
nation of PCR, culture, and serology) to 
strengthen a surveillance system’s po-
tential for accurate case confirmation. Of 
the 24 articles that we reviewed that had 
laboratory confirmation data, only 14 
(58.3%) used culture as a diagnostic 
method, and only 7 (29.2%) used PCR 
and culture as complementary diagnos-
tic methods. DFA is not recommended by 
WHO and CDC as a pertussis laboratory 
diagnostic because of low sensitivity and 
specificity (80–82); nevertheless, certain 
countries continue to use it as a diagnos-
tic method. The majority of the studies 
we reviewed for laboratory confirmation 
methods were hospital based; therefore, 
their diagnostic methods might not be 
the same as those used in the national 
surveillance system. Efforts to standard-
ize specimen collection, transportation, 
and diagnostic techniques and to estab-
lish continuous quality control and qual-
ity assurance programs will increase case 
confirmation and improve comparability 
of laboratory data within and across 
LAC countries.

Our review indicated an increase in 
DTP3 vaccination coverage over the 
three time periods. Our modeled analy-
sis reported an increase in vaccination 
coverage over time although we ob-
served an overlap in credible intervals 
among pooled estimates for the three 
time periods. The majority of the studies 
included in our review were household 
surveys and might provide a more accu-
rate estimate of coverage in LAC than 
administrative data, which often overes-
timate vaccination coverage. Our 2001–
2015 DTP3 coverage estimate met the 
WHO Global Immunization Vision and 
Strategy (GIVS) global target of ≥ 90% 
vaccination coverage (83), but did not 
meet the PAHO Technical Advisory 
Group on Vaccine-preventable Diseases 
target of ≥ 95% coverage among children 
aged < 1 year (9). To ensure high protec-
tion levels among children aged < 5 years 
and prevent increases in disease burden, 
LAC countries still need to make efforts 
to meet and maintain these targets.

The CFR of 3.9% estimated in our 
analysis was consistent with other esti-
mates of pertussis CFR among lower-in-
come countries (77) but much higher 
than the United States estimates of 0.15% 
during a similar time period. The high 
CFR in our analysis may be an overesti-
mate due to reporting bias if the 

countries’ surveillance systems were not 
sensitive enough to identify less severe 
cases of pertussis. Although we were un-
able to calculate CFR by different age 
groups in our review, the majority of re-
ported cases in LAC are infants, and 
thus this CFR likely represents infant 
mortality. Infants are at highest risk for 
severe pertussis disease and complica-
tions; therefore, rapid access to quality 
tertiary care is critical to prevent infant 
deaths. The LAC CFR might be a reflec-
tion of different levels of health care ac-
cess and quality, especially in rural 
areas. A high level of suspicion among 
health care providers and early diagno-
sis and treatment are important for re-
ducing pertussis mortality.

We estimated a pertussis prevalence 
rate of 24.9% among close contacts of 
confirmed pertussis cases. Secondary at-
tack rates among susceptible household 
contacts of confirmed cases as high as 
80% to 90% have been reported in previ-
ous studies (84, 85). Early contact inves-
tigation to ensure that contacts of 
confirmed cases receive prophylaxis is 
key in preventing secondary transmis-
sion, especially among households with 
persons at high risk (e.g., pregnant 
women, infants, and the immunocom-
promised) (86). In multiple studies, sib-
lings are frequently the source of infant 
infection; therefore, vaccination of sib-
lings to prevent primary infection and 
subsequent household transmission is 
important (17, 87, 88).

Our review can provide baseline data 
to evaluate the impact of vaccination 
changes in LAC on pertussis disease 
burden. Certain LAC countries are con-
sidering a transition from a whole-cell 
(wP) to an acellular (aP) primary vaccine 
series. Countries that have already intro-
duced acellular vaccines for the infant 
doses include Costa Rica and Mexico (7), 
as well as Panama (personal communi-
cation with the pertussis surveillance 
coordinator of the Panama Ministry of 
Health). However, data from multiple 
countries outside Latin America that use 
an aP primary vaccine series (77, 89–95) 
indicate the duration of protection of-
fered by aP vaccines wanes over time. In 
addition, data from modeling studies in-
dicate the transition from wP to aP vac-
cines might result in a resurgence of 
disease (96–98). Therefore, a switch to an 
aP vaccine series at this time might po-
tentiate further increases in pertussis in-
cidence in Latin America. On the basis of 

available evidence, PAHO’s Technical 
Advisory Group on Vaccine-preventable 
Diseases recommends that countries 
currently using wP vaccines should not 
switch to aP vaccines (9).

The introduction of tetanus-diph-
theria-acellular pertussis (Tdap) booster 
vaccines for pregnant women in certain 
Latin American countries (Argentina, 
Brazil, Chile, Colombia, Costa Rica, 
Mexico, and Panama) might affect per-
tussis incidence by decreasing the dis-
ease burden among infants too young to 
be vaccinated (99–102). Data from the 
United Kingdom estimate high mater-
nal vaccination effectiveness (103, 104). 
There is currently no PAHO recommen-
dation for routine vaccination of preg-
nant women. However, the WHO 
acknowledges that maternal vaccina-
tion is likely the most cost-effective 
strategy for reducing infant disease. 
WHO therefore suggests that countries 
experiencing high rates of infant mor-
bidity or mortality from pertussis con-
sider use of maternal vaccination in 
addition to routine infant vaccination 
(77).

Limitations

Our results may have been influenced 
by several limitations. To ensure our re-
view included high-quality data that ac-
curately represented the epidemiology 
of pertussis in LAC, we applied strict eli-
gibility criteria to our search. However 
the number of articles meeting our eligi-
bility criteria was limited, and only 
Argentina, Brazil, Chile, Colombia, Hon-
duras, and Mexico were represented in 
our review of incidence data. Such pau-
city and geographic underrepresentation 
of data meeting our inclusion criteria 
limit the generalizability of our findings 
and may have led to over- or underesti-
mates of pertussis incidence. In addition, 
the limited data prevented us from as-
sessing changes in pertussis incidence 
within the last decade. Similarly, the het-
erogeneity of study methods and pertus-
sis case definitions among the eligible 
articles limited data comparability and 
generalizability.

Conclusions

Our review highlights the challenge of 
estimating the overall burden of pertus-
sis in an area with substantial variation 
in surveillance systems, health care 
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access, and vaccination coverage, both 
within and across countries. Our find-
ings underline the need for increased 
publication of pertussis epidemiology 
data at a country level and within LAC 
as a whole. Such publications could pro-
vide a better understanding of the true 
burden of pertussis disease in LAC, espe-
cially as more countries implement ma-
ternal Tdap vaccination and consider 

transition to an acellular primary series. 
Use of a standardized case definition, 
laboratory confirmation with comple-
mentary diagnostic methods, and active 
case finding among contacts of con-
firmed pertussis cases would also aid in 
obtaining a more accurate estimate of 
pertussis disease burden in LAC.
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Palabras clave Bordetella pertussis; vacuna contra la tos ferina; vacuna contra difteria, tétanos y tos 
ferina; tos ferina; vacunas contra difteria, tétanos y tos ferina acelular; América Latina; 
Indias Occidentales.

Examen sistemático y 
metanálisis de las 

características 
epidemiológicas de la tos 

ferina en América Latina y el 
Caribe: 1980-2015

RESUMEN Objetivos.  En América Latina y el Caribe, la incidencia de la tos ferina habría apar-
entemente aumentado desde el 2000, a pesar de la alta cobertura de vacunación. Se 
realizó una revisión sistemática de la bibliografía sobre tos ferina y un metanálisis 
para conocer la carga de esta enfermedad en América Latina y el Caribe. Métodos. La 
revisión bibliográfica sistemática se realizó utilizando términos de búsqueda pertinen-
tes. Se encontraron artículos originales que describían las características epidemiológi-
cas de la tos ferina y la cobertura de vacunación en América Latina y el Caribe publi-
cados entre 1980 y el 2015. Aplicando un modelo bayesiano de efectos aleatorios para 
el metanálisis, se obtuvieron estimaciones combinadas y los correspondientes interva-
los de credibilidad del 95% (ICr) para la incidencia, la tasa de letalidad y la prevalencia 
entre contactos de la tos ferina, y la cobertura con tres dosis de vacuna contra la dif-
teria, el tétanos y la tos ferina (DTP3). 
Resultados.  Se encontraron en total 59 estudios de 15 países que cumplían con los 
criterios de selección. De ellos, 15 proporcionaban datos sobre incidencia. Siete de 
estos 15 contenían una definición de caso de tos ferina. La incidencia estimada de tos 
ferina para el período 1980-1999 fue de 17,8 casos por 100 000 (ICr 95%: 5,9-29,7) y para 
el período 2000-2015, de 2,5 casos por 100 000 (ICr 95%: 1,8-3,2). En cuanto a la tasa de 
letalidad, para el período 1980-2015 en 19 estudios examinados fue de 3,9% (ICr 95%: 
2,9%-4,9%); en el mismo período, en 5 estudios examinados la prevalencia de tos 
ferina entre los contactos fue de 24,9% (ICr 95%: 13,7%-36,1%). Las estimaciones com-
binadas de cobertura con DTP3 en un total de 21 estudios examinados para los sigui-
entes tres períodos fueron: en 1980-1990, 72,4% (ICr 95%: 64,6%-80,2%); en 1991-2000, 
79,0% (ICr 95%: 66,1%-91,9%) y en el 2001-2015, 90,0% (ICr 95%: 87,7%-92,3%).
Conclusiones.  Se observó una disminución de la incidencia de la tos ferina y el logro 
de una cobertura moderadamente alta con la vacuna DTP3 desde principios del siglo 
XXI. En el examen se subraya la necesidad de incrementar la publicación de datos 
sobre la tos ferina en los países y en América Latina y el Caribe en su conjunto, para 
conocer mejor la verdadera carga de enfermedad. La adopción de una definición de 
caso normalizada y la búsqueda activa de casos ayudarán a obtener estimaciones más 
precisas de la carga de enfermedad en América Latina y el Caribe.
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Palavras-chave Bordetella pertussis; vacina contra coqueluche; vacina contra difteria, tétano e coque-
luche; coqueluche; vacinas contra difteria, tétano e coqueluche acelular; América 
Latina; Índias Ocidentais.

Revisão sistemática e 
metanálise da epidemiologia 

da coqueluche na América 
Latina e Caribe: 1980 a 2015

RESUMO Objetivos.  Há relatos de que a incidência de coqueluche na América Latina e Caribe 
(ALC) tem aumentado desde o ano 2000, apesar da alta cobertura vacinal. Realizamos 
uma revisão sistemática e metanálise da literatura sobre a coqueluche para com-
preender a carga da doença na ALC. Métodos. Fizemos uma revisão sistemática da 
literatura usando termos de pesquisa relevantes. Identificamos artigos originais, pub-
licados entre 1980 e 2015, que descrevessem a epidemiologia da coqueluche e a cober-
tura vacinal na ALC. Aplicando um modelo Bayesiano de efeitos aleatórios para a 
metanálise, calculamos estimativas agrupadas e seus correspondentes intervalos de 
credibilidade de 95% (CrIs 95%) para a incidência de coqueluche, a taxa de letalidade, 
a prevalência de coqueluche entre os contatos e a cobertura com três doses da vacina 
combinada para difteria, tétano e coqueluche (DTP3).
Resultados.  Identificamos um total de 59 estudos que cumpriram os nossos critérios 
de seleção, representando 15 países. Destes 59, 15 apresentaram dados sobre a incidên-
cia, e 7 dos 15 apresentaram uma definição de “caso de coqueluche”. A incidência 
estimada da coqueluche no período de 1980 a 1999 foi de 17,8 casos por 100.000 pes-
soas (CrI 95%: 5,9-29,7); no período de 2000 a 2015, foi de 2,5 casos por 100.000 pessoas 
(CrI 95%: 1,8-3,2). No período de 1980 a 2015, a taxa de letalidade, em 19 estudos 
revistos, foi de 3,9% (CrI 95%: 2,9%-4,9%); neste mesmo período, em 5 estudos revis-
tos, a prevalência de coqueluche entre os contatos foi de 24,9% (CrI 95%: 13,7%-36,1%). 
A cobertura vacinal agrupada com DTP3, em um total de 21 estudos examinados 
nos  seguintes três períodos, foi estimada em: 1980 a 1990, 72,4% (CrI 95%: 64,6%-
80,2%); 1991 a 2000, 79,0% (CrI 95%: 66,1%-91,9%); 2001 a 2015, 90,0% (CrI 95%: 
87,7%-92,3%).
Conclusões.  Foi observada uma redução na incidência de coqueluche e uma cober-
tura vacinal com DTP3 relativamente alta desde o início da década de 2000. Esta 
revisão destaca a necessidade de melhorar a publicação de dados sobre a coqueluche 
ao nível nacional e na ALC como um todo, a fim de promover uma melhor com-
preensão sobre a verdadeira carga da doença. O uso de uma definição padronizada de 
“caso de coqueluche” e a busca ativa de casos ajudaria na obtenção de estimativas 
mais precisas da carga da doença na ALC.
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