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Pertussis remains an important public health problem in many countries despite extensive immunization. Cultures and realtime PCR (RT-PCR) assays are the recommended pertussis diagnostic tests, but they lack sensitivity at the later stage of the disease. This study introduces the IgG anti-pertussis toxin enzyme-linked immunosorbent assay (PT ELISA) in our routine diagnosis to improve disease burden estimation. Serum samples and nasopharyngeal swabs (n ⴝ 503) were collected at the same time
from patients presenting with cough illness suspected of being pertussis and tested by the PT ELISA and culture and/or RT-PCR,
respectively. Patients were separated into three age groups: group 1, <1 year (n ⴝ 260; mean age, 3 months), group 2, 1 to 6 years
(n ⴝ 81; mean age, 3 years), and group 3, >7 years (n ⴝ 162; mean age, 26 years). The times (means) from cough onset to specimen collection were 16, 24, and 26 days, respectively. In group 1, 83 (82.2%) of 101 positive cases were positive for pertussis by
culture/RT-PCR, while 40 (39.6%) tested positive by PT ELISA. In group 2, 6 (19.4%) of 31 positive cases were culture/RT-PCR
positive, and 29 (93.6%) were seropositive. In group 3, 13 (13.8%) of 94 positive cases were positive by culture/RT-PCR and 91
(96.8%) were positive by serology. Culture/RT-PCR detected more cases of pertussis in infants (P < 0.0001), whereas the PT
ELISA detected more cases in adolescents and adults (P < 0.0001). The timing between cough onset and specimen collection or
recent vaccination may have partially affected our results. Serology is a suitable, cost-effective, and complementary pertussis
diagnostic tool, especially among older children, adolescents, and adults during the later disease phase.

P

ertussis remains an important public health problem in many
countries, despite extensive immunization. Its reemergence
has been reported in many parts of the world and is most predominant in the United States, South America, and Australia (1, 2).
There are about 50 million pertussis-infected cases and almost
300,000 to 400,000 pertussis-related deaths per year (1, 3).
At the start of 1980, more than 40,000 cases of pertussis (incidence rate, ⬎30/100,000 habitants-year) were reported annually
in Brazil. The number of cases decreased substantially after 1983 as
a result of increased childhood vaccination coverage, reaching the
lowest level in 2010 with 606 reported cases (reference 4 and http:
//www.cve.saude.sp.gov.br). However, a progressive increase in
pertussis cases was observed during 2011, and in 2012 the number
of cases remained at epidemic levels up to week 33. It is noteworthy that the rate of incidence recorded in 2011 was similar to that
for the late 1990s, reaching nearly four times the incidence rate
observed in 2010 (1.12 versus 0.32/100,000 habitants) (4, 5). Brazil’s notifiable diseases information system (SINAN) is the national public health surveillance system which is used to collect
and monitor disease cases and data. According to the 2011 SINAN
data, approximately 70% of pertussis cases were detected among
children less than 1 year of age, of which 92% of these cases were
children under the age of 7 months. The highest absolute number
of these reported cases (815 cases) was from São Paulo State (reference 4 and http://www.cve.saude.sp.gov.br); however, many
cases of pertussis may have been missed due to the lack of diagnosis and reporting in other regions.
In 1968, the diphtheria-tetanus-pertussis (DTP) vaccine was
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introduced, using the formulation composed of diphtheria (D),
tetanus (T), and whole-cell pertussis (wP). The DTP vaccine is
presently used in Brazil. Currently, the Ministry of Health’s vaccine schedule recommends three doses of DTP, hepatitis B, and
Haemophilus influenzae b (Hib) (pentavalent) vaccines at the ages
of 2, 4, and 6 months and two boosters of DTP vaccine at 15
months and 4 to 6 years (6).
The usefulness of pertussis diagnostic methods depends on the
phase of the disease when the specimen is collected. Cultures and
real-time PCR (RT-PCR) assays are the most appropriate diagnostic tools at the earlier stage of disease, whereas the IgG antipertussis toxin (PT) enzyme-linked immunosorbent assay (PT
ELISA) is useful in the late phase of illness, particularly among
adults and adolescents who often have an atypical whooping
cough symptom and do not usually seek immediate medical attention (7–9). The present study aimed to introduce a PT ELISA to
the routine diagnosis of pertussis at Brazil’s Public Health Laboratory in São Paulo.
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Pertussis Serodiagnosis in São Paulo, Brazil

TABLE 1 Characteristics of the studied population according to age and positivity to pertussis laboratory analysis
Data for group no. (age range):
1 (⬍1 yr)

2 (1–6 yr)

3 (ⱖ7 yr)

Characteristic

Total
(n ⫽ 260)

Pertussis positive
(n ⫽ 101)a

Total
(n ⫽ 81)

Pertussis positive
(n ⫽ 31)a

Total
(n ⫽ 162)

Pertussis positive
(n ⫽ 94)a

Age (mean [range])b
Gender (n [%] female)

3 (1–11)
153 (59)

2.7 (1–8)
63 (62.4)

3 (1–6)
48 (59.3)

3 (1–6)
19 (61.3)

26 (7–88)
105 (64.8)

24 (7–74)
56 (59.6)

Time since cough onset
Mean (SD) (days)
Range (days)

16 (10)
7–63

17 (10.4)
7–50

24 (17.8)
7–93

26 (18)
7–78

26 (19)
7–98

30 (18.5)
7–93

a
b

Positive by at least one test.
Ages given for group 1 are in months and for groups 2 and 3 are in years.

MATERIALS AND METHODS
Study population and specimen collection. From November 2009 to July
2012, 503 serum and nasopharyngeal swab specimens were collected at the
same time from suspected pertussis cases and their respective household
contacts presenting with cough illness suspected of being pertussis. The
clinical definition of suspected pertussis in Brazil includes cough illness
for 2 weeks (14 days) with one of the following symptoms: paroxysmal
cough, inspiratory “whoop,” or posttussive vomiting. However, captured
cases may be identified with shorter disease evolution. In any suspected
case of pertussis, regardless of laboratory confirmation, specimens are
collected from symptomatic household contacts. Symptomatic household contacts are individuals who have a cough, regardless of the time of
cough duration.
The studied population comprised subjects who routinely attended
eight sentinel surveillance hospitals in the city of São Paulo through the
Surveillance Program of the Secretary of Health of São Paulo State. There
are seven public and one private hospital, and of those eight, six are general and two are pediatric hospitals. The hospitals send clinical specimens
from hospitalized persons with suspected pertussis and from outpatients
to the Instituto Adolfo Lutz laboratories (Brazil’s National Pertussis Reference Center) for pertussis laboratory diagnosis. Patients who received
multiple or recent (within 3 months) blood transfusions and were immunosuppressed or were receiving immunosuppressive therapy were excluded from the study.
Subjects were separated into three age groups to reflect the ages affected by the primary vaccine series (group 1, ⬍1 year, n ⫽ 260), the
booster series (group 2, 1 to 6 years, n ⫽ 81), and the adolescent/adult
population that should no longer exhibit postvaccination titers (group 3,
ⱖ7 years, n ⫽ 162). Subjects were also grouped as such to maximize the
equal distribution of subjects per group, since the largest number of patients were ⬍1 year. Clinical and epidemiological data such as immunization histories, dates of the onset of symptoms, and dates of specimen
collection were obtained from SINAN and registered in an electronic database.
The study was approved by the ethics committee of the Instituto
Adolfo Lutz, and written informed consent was obtained from all subjects
and parents or guardians (for underaged children) before specimens were
collected.
Culture/RT-PCR assays and serology. Specimens were cultured on
charcoal agar with 10% sterile defibrinated sheep blood and cephalexin
and incubated at 35 to 37°C for 10 days. Colonies suggestive of belonging
to the genus Bordetella were confirmed by Gram stain and biochemical
tests, as previously described (10). Detection of Bordetella pertussis O1
antigen and serotyping were performed by slide agglutination using O1,
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Fim 2, and Fim 3 antibodies, respectively. The O1 antiserum and Fim 2
and 3 antibodies were produced according to the methodologies described by Preston (11) and Ashworth et al. (12) at the National Reference
Center for Pertussis, Adolfo Lutz Institute (São Paulo, Brazil).
DNA extraction from nasopharyngeal swabs was performed using a
QIAamp DNA blood minikit (Qiagen, CA) according to the manufacturer’s instructions. The RT-PCR assay was conducted in accordance with
the method of Tatti et al. (13) with minor modifications. Two PCR targets,
the ptxS1 gene encoding the pertussis toxin subunit 1 and the insertion
sequence IS481, were used. The RT-PCRs were performed using an
AB7500 thermocycler (Applied Biosystems, CA). Each reaction mixture
contained 5 l of bacterial DNA, 12.5 l of 2⫻ TaqMan Universal Master
Mix (Applied Biosystems), 2 l of each forward and reverse primer at 300
nmol/ml, 2 l of probe (100 nmol/ml), and 1.5 l of PCR-grade water
(Roche Diagnostics, Indianapolis, IN) to bring the total reaction volume
to 25 l. The cycling conditions used were as follows: 2 min at 50°C and 10
min at 95°C, followed by 45 cycles of 95°C at 15 s and 1 min at 57°C.
Positive (strain GL353) and nontemplate (PCR-grade water) controls
were tested in duplicate in each run. Specimens were considered positive
for the presence of B. pertussis if amplification occurred with both PCR
targets. Culture and PCR results were combined for analysis, and no attempt was made to identify species other than B. pertussis.
IgG antibodies to PT in sera were detected by the PT ELISA using the
Centers for Disease Control and Prevention (CDC) protocol as previously
described (8, 14, 15). The concentrations of IgG antibodies were quantified using standard curves constructed with six ready-to-use standards (15
to 480 ELISA units [EU]/ml) provided by the CDC. Microplates were read
at 450 nm using a microplate reader (Sunrise; Tecan, Switzerland), and
the calibration curve was constructed using the software Magellan 6.6
(Tecan) employing a 4-parameter logistic regression curve. The quantitative cutoff IgG antibody values were as follows: seronegative, ⬍49 EU/ml;
indeterminate, 49 to 93 EU/ml); and seropositive (ⱖ94 EU/ml) (8, 15).
Indeterminate results were not included in the analysis because the numbers were too low to make a significant difference.
Statistical analysis. Laboratory results were analyzed in Epi Info, version 6 (CDC, USA) and GraphPad Prism 5.0 (GraphPad Software, Inc.,
CA) software. Differences between age groups were evaluated using a
chi-square test or a Kruskal-Wallis test with Dunn’s posttest, as appropriate. A P value of ⬍0.05 was considered statically significant.

RESULTS

Characteristics of the studied population according to age groups
and laboratory results (positivity for at least one culture/RT-PCR
or serology assay) are shown in Table 1. Overall, no differences
between the pertussis-positive patients and the total number of
patients analyzed were detected intragroup in relation to age and
gender, but more females were detected in all three groups. Although there was no available information for 9%, 16%, and
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TABLE 2 Frequencies of positive pertussis cases in different age groups by culture and/or RT-PCR and serology (PT-ELISA)
Characteristic

Group 1 (⬍1 yr)

Group 2 (1–6 yr)

Group 3 (ⱖ7 yr)

No. of pertussis-positive cases/total no. of cases
No. (%) of positive cases by culture and/or RT-PCR
No. (%) of positive cases by PT-ELISA
No. (%) of positive cases by combined assaysb
No. of seronegative cases
Pc

101/260
61 (60.4)a
18 (17.8)
22 (21.8)
150
⬍0.0001

31/81
2 (6.4)
25 (80.6)
4 (13)
47
⬍0.0001

94/162
3 (3.2)
81 (86.2)
10 (10.6)
62
⬍0.0001

a

Percentages were calculated with positive specimens by at least one test.
Combined assays: culture and/or RT-PCR and PT ELISA.
c
Culture and/or RT-PCR versus PT-ELISA.
b

PCR had a greater amount of positive cases versus the PT ELISA. It
should be noted that this difference is due to the positivity profile
observed in group 1 (higher positivity by culture and/or RT-PCR
and low positivity by the PT ELISA).
Culture and/or RT-PCR was the best test to detect cases of
pertussis in children ⬍1 year (group 1), mainly until 4 to 6 weeks
of cough. In contrast, the PT ELISA was more efficient for detecting pertussis cases in groups 2 (1 to 6 years) and 3 (ⱖ7 years) from
2 to 8 weeks of cough (Fig. 2B).
The geometric mean concentrations (GMC) and median
(range) of IgG anti-PT antibodies among cases according to age
groups were 216.5 and 233 EU/ml (96.3 to 533.0), 272.7 and 269.7
EU/ml (111.9 to 596), and 266 and 287.7 EU/ml (96.8 to 559) for
groups 1, 2, and 3, respectively. GMC differences between groups
1 and 3 were statistically significant (P ⬍ 0.05).
DISCUSSION

Brazil’s Ministry of Health currently recommends culture for pertussis diagnosis, which is performed in all state public health laboratories. RT-PCR testing is performed exclusively at the National
Reference Laboratory. Using only culture and/or RT-PCR to diagnose pertussis could lead to failure in detecting truly infected
individuals, because there are no sensitive tests to diagnose pertussis in the later phase of the disease (16).
Pertussis serology is currently used for diagnostic purposes in
Australia and some countries in Europe (17, 18). In the United
States, serology was useful for confirming the diagnosis during
outbreaks (16, 19, 20). Validation and harmonization of serologic
methods are still necessary before they can be widely applied as
diagnostic tools (21–23).
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FIG 1 Proportion of positive pertussis cases diagnosed by culture and/or RT-PCR, PT ELISA, and combined assays, stratified by age. m, months; y, years.
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23.5% of patients from groups 1, 2, and 3, respectively, differences
in the mean days of cough from date of cough onset to specimen
collection were observed, showing an increase in the number of
days with the increase in age.
Table 2 presents the frequencies of pertussis-positive cases according to the age group when specimens were analyzed by culture, RT-PCR, and serology. Because all culture-positive specimens were also positive by RT-PCR but not all positive PCR
results were culture positive, the results were combined.
Overall, culture and/or RT-PCR was more sensitive in detecting pertussis in patients of group 1, whereas the PT ELISA confirmed more cases in groups 2 and 3. All statistical analyses, including analysis of cases that were positive only by PT ELISA,
showed significant differences with and between age groups. The
highest positivity of culture and/or RT-PCR assays was detected in
children less than 1 year of age (82.2%), while the highest positivity for the PT ELISA was detected in adolescents and adults
(96.8%). Figure 1 stratifies the proportion of positive laboratory
results by age, further demonstrating that while culture- and/or
RT-PCR-positive specimens diminish with the patient’s age, the
PT ELISA positivity increases with age, corroborating the data
presented in Table 1.
When the time of specimen collection (in weeks) after cough
onset was analyzed in relation to the proportion of positive cases
diagnosed by culture and/or RT-PCR and PT ELISAs, the timing
of the sampling was statistically significant (P ⬍ 0.0001) and
seemed to be the major determining factor (Fig. 2A). Figure 2A
shows that the PT ELISA has a greater proportion of positive cases
than culture and/or RT-PCR 2-4 weeks after cough onset. Conversely, during the initial 1- to 2-week period, culture and/or RT-

Pertussis Serodiagnosis in São Paulo, Brazil
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FIG 2 Proportion of positive cases diagnosed by culture and/or RT-PCR and PT ELISA stratified by time since cough onset in weeks (w). The total number of
subjects per time point was used as the denominator. (A) Analysis based on time of symptoms for all reported cases; (B) cases separated by age groups: group 1
(⬍1 year), group 2 (1 to 6 years), and group 3 (ⱖ7 years).

In the present study, we tested the performance of the CDC PT
ELISA (8, 15) for routine diagnosis of pertussis in São Paulo,
Brazil. The next steps include analysis of normal controls from
the Brazilian population to establish local cutoff values. The
CDC ELISA cutoff of 94 EU/ml is similar to the majority of
cutoff values of around 100 EU/ml proposed in other countries
(8, 15, 24, 25).
Analysis of the performance of the PT ELISA in groups 1 (⬍1
year) and 2 (1 to 6 years) requires caution, because this assay was
developed and validated for diagnosis in adolescents and adults
(8). This fact could explain the results obtained in children of
group 1. Sixty-one culture- and/or RT-PCR-positive patients
from group 1 with negative serology results were younger than 4
months of age. It is known that during this period the immune
system is immature, and, consequently, antibody production is
reduced (26). Another explanation is that the majority of these
serum specimens (61%) were collected suboptimally (before 2
weeks of cough onset), which is too early in the disease course and
may not elicit a detectable antibody response.
Waiting periods of 6 months to 1 year for serodiagnosis after
vaccination have been adopted in other countries (18, 27). In
our study, 7 of 18 (39%) infant cases (group 1) that showed
positive results by serology only received at least one of the
three vaccine doses. Therefore, we cannot rule out the possibility that the high antibody levels detected were elicited by the
recent DPT vaccination, albeit having less PT antigen than that
of the acellular vaccine counterpart. Among the 25 positive
cases detected by serology only in children aged 1 to 6 years old
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(group 2), the vaccination status was not known in 56% of the
subjects. However, 7 of 10 cases with confirmed vaccination
had received a booster dose more than 6 months before the
specimen collection, suggesting that vaccination in those cases
may not have confounded serodiagnosis. Further studies conducted in Brazil and abroad are necessary to verify whether
vaccinated and naturally infected individuals of different ages
have different antibody profiles and titer decays. These studies
will provide information to better interpret the serological results as demonstrated by Dalby et al. (28).
In group 3 (ⱖ7 years), despite incomplete clinical data, 61
of 81 positive cases (75.3%) detected by serology only were
household contact cases, most of them being parents, relatives,
or siblings. These data demonstrate that serology could improve the estimation of the disease burden in Brazil, particularly in this age group.
In summary, culture and/or RT-PCR assays confirmed more
pertussis cases among young children, as expected. The PT ELISA
confirmed cases mostly among adolescents, adults, and household
contacts, who may not present typical pertussis symptoms and do
not seek early diagnosis. To our knowledge, this is the first study
conducted in Brazil that suggests the presence of pertussis infection in symptomatic adolescents and adults by serology. Because
of its cost-effectiveness, rapidity, and ease of use, serology is a
suitable pertussis diagnostic tool, especially among adolescents
and adults during the later phases of the disease. In the future, we
intend to propose an algorithm for pertussis diagnosis in Brazil
which takes into consideration the age of the suspected case and
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the date/type of clinical specimen collected according to the duration of cough illness and vaccination status.
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