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Background. Policy recommendations on pertussis vaccination need to be guided by data, which are limited from low- and
middle-income countries. We aimed to describe the epidemiology of pertussis in South Africa, a country with high human immu-
nodeficiency virus (HIV) prevalence and routine pertussis vaccination for 6 decades including the acellular vaccine since 2009.

Methods. Hospitalized patients of all ages were enrolled at 5 sentinel sites as part of a pneumonia surveillance program from
January 2013 through December 2018. Nasopharyngeal specimens and induced sputum were tested by polymerase chain reaction
(PCR) for Bordetella pertussis. In addition, demographic and clinical information were collected. Incidence rates were calculated for
2013-2016, and multivariable logistic regression performed to identify factors associated with pertussis.

Results.  Over the 6-year period 19 429 individuals were enrolled, of which 239 (1.2%) tested positive for B. pertussis. Detection
rate was highest in infants aged <6 months (2.8%, 155/5524). Mean annual incidence was 17 cases per 100 000 population, with the
highest incidence in children <1 year of age (228 per 100 000). Age-adjusted incidence was 65.9 per 100 000 in HIV-infected individ-
uals compared to 8.5 per 100 000 in HIV-uninfected individuals (risk ratio 30.4, 95% confidence interval: 23.0-40.2). Ten individuals
(4.2%) with pertussis died; of which 7 were infants aged <6 months and 3 were immunocompromised adults.

Conclusions. Pertussis continues to be a significant cause of illness and hospitalization in South Africa, despite routine vaccina-
tion. The highest burden of disease and death occurred in infants; however, HIV-infected adults were also identified as an important

group at risk of B. pertussis infection.
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Pertussis is a highly infectious respiratory disease caused by
Bordetella pertussis. Despite the availability of vaccines for 8
decades and widespread global vaccination (86% of infants es-
timated to have received 3 doses in 2014) [1], B. pertussis con-
tinues to cause endemic disease, outbreaks, and death [2]. The
World Health Organization (WHO) estimated that in 2013 per-
tussis was responsible for the death of 63 000 children <5 years
of age globally [1], of which the majority occurred in developing
countries [3]. Recent studies have documented resurgence of
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the disease in a number of developed countries [4]. The ob-
served increase may be due to a number of factors, including
waning immunity due to replacement of the highly effective but
reactogenic whole-cell vaccines with acellular vaccines [5, 6],
waning immunity after natural infection, more sensitive molec-
ular detection methods, improved surveillance, and the adapta-
tion of B. pertussis strains to evade vaccine-induced immunity
(7, 8].

Although pertussis is associated with severe disease and mor-
tality in infants and young children [9], the importance of di-
sease among adolescents and adults is more commonly being
recognized due to waning of vaccine-induced immunity [5, 6].
This latter group likely serves as an important source of trans-
mission to unvaccinated young infants [10].

The epidemiology of pertussis in South Africa, as for many
developing countries, is not well understood, especially in set-
tings with high human immunodeficiency virus (HIV) preva-
lence [11, 12]. The whole-cell vaccine was introduced in South
Africa in the 1950s, and was replaced by the acellular vaccine
(DTaP-IPV-Hib-HBV) in 2009. The vaccine is included in the
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routine infant immunization schedule at 6, 10, and 14 weeks
of age, and a booster at 18 months. WHO/UNICEF estimated
vaccine coverage in South Africa in 2019 of the first (DTaP1)
and third (DTaP3) doses of the vaccine to be 84% and 77%, re-
spectively [13]. In this postvaccination era endemic pertussis
has persisted [14-17], with outbreaks reported [18-20]. We
aimed to describe the epidemiology of pertussis among indi-
viduals hospitalized with respiratory illness over a 6-year pe-
riod, through an ongoing pneumonia surveillance program in
South Africa.

METHODS

Surveillance Program

We conducted active, prospective, hospital-based surveil-
lance for severe respiratory illness (SRI) at 5 sentinel sites:
Pietermaritzburg (Edendale Hospital, KwaZulu Natal Province,
since July 2012), Klerksdorp (Klerksdorp and Tshepong
Hospitals, North West Province, since July 2012), Johannesburg
(Helen Joseph and Rahima Moosa Mother and Child Hospitals,
Gauteng Province, since July 2014), Agincourt (Mapulaneng
and Matikwana Hospitals, Mpumalanga Province, since March
2015), and Cape Town (Red Cross Children’s and Mitchell’s
Plain Hospitals, Western Cape Province, since February 2015
and April 2016, respectively) (Supplementary Table 1).

An SRI case was defined as a lower respiratory tract infec-
tion (LRTTI) irrespective of symptom duration, in a hospitalized
person who met age-specific clinical inclusion criteria. A case
in children aged 2 days to <3 months included any patient with
a diagnosis of suspected sepsis or physician-diagnosed LRTI
irrespective of signs and symptoms. A case in children aged
3 months to <5 years included any patient with physician-
diagnosed LRTI, including bronchitis, bronchiolitis, pneu-
monia, and pleural effusion. A case in individuals aged >5 years
included any patient meeting a modified WHO case definition
for SRI [21]. From 2013 to April 2014, cases aged >5 years in-
cluded individuals with sudden onset of fever (>38°C), cough
or sore throat, and shortness of breath or difficulty breathing.
From May 2014 onward, cases aged >5 years included individ-
uals with sudden onset of fever (>38°C) or reported fever, and
cough.

Study Procedures

For incidence estimation, overall numbers of persons ad-
mitted, cases meeting study definitions, and persons enrolled
were recorded for the years 2013-2016. Demographic and
clinical data were collected through patient/caregiver in-
terview and hospital record review. Clinical specimens (na-
sopharyngeal [NP] and induced sputum) were collected at
enrolment, within 48 hours of admission, and case report
forms completed until discharge. NP specimens included
combined nasopharyngeal and oropharyngeal swabs (Copan

Italia, Brescia, Italy) for patients aged >1 year or nasopha-
ryngeal aspirates for children aged <1 year. NP specimens
were placed in Universal Transport Medium (UTM) (Copan
Italia, Brescia, Italy) and transported at 2-8°C to the National
Institute for Communicable Diseases (NICD). Induced
sputum was stored at site at —20°C and transported on dry ice
weekly to the NICD.

Laboratory Methods

Total nucleic acids were extracted using the Roche MagNa Pure
96 instrument (Roche Diagnostics, Mannheim, Germany).
B. pertussis was detected by multiplex real-time polymerase
chain reaction (PCR) as previously described [22]. A specimen
was considered positive for B. pertussis if (i) IS481 was detected
with a cycle threshold (Ct) value of <35, irrespective of the de-
tection of the ptxS1 target, or (ii) IS481 and ptxS1 targets were
both detected with a Ct value of <40 [23]. All IS481-positive
specimens were confirmed to be negative for Bordetella holmesii
(hIS1001 gene target). A case of pertussis was defined as a pa-
tient who tested positive for B. pertussis on either, or both, of
the NP and induced sputum specimens. Respiratory samples
were tested for influenza and respiratory syncytial virus (RSV)
by multiplex reverse-transcription real-time PCR [24] or Fast
Track Diagnostics real-time PCR Kkits (Fast Track Diagnostics
Ltd, Sliema, Malta).

Determination of HIV Status

HIV infection status was determined based on testing under-
taken as part of standard-of-care or through anonymized linked
dried blood spot testing by HIV PCR for children <18 months
and by enzyme-linked immunosorbent assay (ELISA) testing
for patients >18 months. In addition, for consenting patients
who were not tested as part of clinical care, pretest counseling
and bedside testing was offered by surveillance staff. HIV ex-
posure status in infants aged <6 months was determined by
medical record review, maternal rapid HIV testing, or maternal
ELISA.

Calculation of Incidence Risk

For the period 2013-2016, at 2 sentinel sites (Pietermaritzburg
and Klerksdorp) where population denominators were available,
we estimated the mean incidence risk of pertussis-associated
SRI hospitalizations per 100 000 population by age group and
HIV status using the number of SRI hospitalizations, adjusting
for nonenrollment (refusal to participate and nonenrollment
during weekends) and healthcare seeking behavior. Population
denominators for the hospital catchment population were ac-
cessed from 2011 census data as collected by Statistics South
Africa [25]. Midyear population figures by age group were esti-
mated for the districts served by the hospitals. These population
numbers were adjusted for proportions of people in the hos-
pital catchment area that attended the surveillance hospital for
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care for respiratory illness using information from healthcare
utilization surveys previously conducted at each site [26, 27].
Age- and year-specific HIV prevalence estimates were obtained
from the THEMBISA Model [28]. The age-specific and overall
age-adjusted risk ratio (RR) for pertussis-associated SRI among
HIV-infected and HIV-uninfected persons was estimated using
log-binomial regression.

Statistical Analysis

Univariate and multivariable analyses were performed using
Stata® version 14 (StataCorp, College Station, Texas, USA).
A mixed effects multivariable logistic regression model ac-
counting for site-specific random effects was used to iden-
tify for factors associated with B. pertussis positivity among
hospitalized SRI patients starting with all variables that were
significant at P < .1 on univariate analysis and dropping non-
significant factors with stepwise backward selection. All 2-way
interactions were evaluated. Two-sided P-values < .05 were
considered significant.

Ethical Approval

The protocol was approved by the University of the
Witwatersrand (M081042 and M1400824) and University of
KwaZulu-Natal (BF157/08 and BE 496/14) ethics committees.
The surveillance program was deemed non-research by the U.S.
Centers for Disease Control and Prevention.

RESULTS

Demographic and Clinical Characteristics of the Study Population

From January 2013 through December 2018, 20 536 individ-
uals were enrolled of which 19 429 (94.6%) were tested for
B. pertussis. Of individuals tested, 53.2% (10 309/19 373) were
male and 56.5% (10 969/19 425) were <5 years of age (Table
1). Overall 32.1% (5980/18 646) of individuals were HIV in-
fected: 3.9% (297/7720), 7.0% (242/3477), 47.7% (559/1172),
86.1% (3514/4083), 62.4% (1500/2403) and 17.2% (142/824)
in age groups <1, 1-4, 5-24, 25-44, 45-64 and >65 years re-
spectively. The median duration of symptoms of enrolled indi-
viduals was 3 days (interquartile range [IQR]: 1-7 days): 2 days
(1-3 days) among children aged <5 years and 8 days (3-24 days)
among individuals >5 years. Among infants aged <2 months,
8.8% (212/2407) presented with apnea. Among children aged
<5 years 73.4% (7626/10 396) were fully vaccinated for their
age: 86.0% (7859/9137), 83.8% (6510/7768, 83.8%), 77.0%
(5598/7269), and 46.0% (1331/2893) of age eligible children re-
ceived the 6, 10, 14 weeks and 18 month doses of DTaP, respec-
tively. The case-fatality ratio was 4.2% (795/19 012).

Demographic and Clinical Characteristics of Pertussis Cases
During the study period 1.2% (239/19 429) of individuals
tested positive for B. pertussis. Of 239 pertussis cases, 197

(82.4%) were identified from the NP specimen, 21 (8.8%) from
the induced sputum specimen, and 21 (8.8%) on both spec-
imen types. The pertussis detection rate was 1.1% (218/19 211)
from NP specimens and 0.8% (42/5153) from sputum speci-
mens. Less than half of pertussis cases (105/238, 44.1%) were
male, 79.9% (191/239) were children aged <5 years, and 20.4%
(47/230) were HIV-infected (Table 1). The median duration
of symptoms of pertussis cases was 4 days (IQR: 2-7 days):
4 days (2 - 7 days) among children aged <5 years and 8 days
(3-24 days) among individuals aged >5 years. Among per-
tussis cases aged <2 months, 20.2% (17/84) presented with
apnea. The case-fatality ratio amongst pertussis cases was
4.2% (10/236).

Factors Associated With Pertussis Among Patients Hospitalized for SRI
Pertussis detection rate increased from 0.6% in 2013 (10/1660)
to 1.7% in 2015 (59/3564), decreased to 0.6% in 2016 (20/3476)
and then increased to 1.7% (78/4616) in 2018 (Table 1). Cases
were detected throughout each year with no identified season-
ality; peaks in the detection rate were observed in February
2015 (4.0%, 8/198) and December 2017 (6.0%, 12/199)
(Supplementary Figure 1).

The age groups with the highest detection rates were
<2 months (3.3%, 91/2724), 2-5 months (2.3%, 64/2800), and
5-14 years (2.1%, 11/537), whereas older adults had the lowest
detection rates (45-64 years: 0.3%, 8/2429, >65 years: 0.2%,
2/831) (Table 1).

On multivariable analysis, pertussis cases were more likely to
occur in 2015 (adjusted odds ratio [aOR]: 2.05, 95% confidence
interval [CI]: 1.01-4.18) and 2018 (aOR: 2.31, 95% CI: 1.14—
4.67) compared to 2013, to occur in females (aOR: 1.55, 95% CI:
1.19-2.02), and in infants aged <2 months (aOR: 8.43, 95% CI:
5.01-14.18), 2-5 months (aOR: 4.88, 95% CI: 2.87-8.30) and
children aged 5-14 years (aOR: 3.16, 95% CI: 1.47-6.80) com-
pared to children aged 1-4 years, to have a longer duration of
symptoms (3-7 days, aOR: 2.95, 95% CI: 2.17-4.02, 8-14 days,
aOR: 3.23, 95% CI: 1.90-5.50, >14 days, aOR: 4.46, 95% CIL:
2.77-7.18, compared to <3 days) and to require supplemental
oxygen as part of treatment (aOR: 1.56, 95% CI: 1.18-2.05)
(Table 1). Pertussis cases were less likely to occur in adults aged
25-44 years (aOR: .39, 95% CI: .19-.78), 45-64 years (aOR: .28,
95% CI: .12-.67), and >65 years (aOR: .11, 95% CI: .01-.81)
compared to children aged 1-4 years; and less likely to have
RSV infection (aOR: .16, 95% CI: .09-.27).

Among infants <6 months of age on univariable analysis,
HIV exposed uninfected (odds ratio [OR]: 1.19, 95% CI: .81-
1.75) and HIV infected (OR: .85, 95% CI: .31-2.33) infants were
not at increased risk of pertussis compared to HIV unexposed
uninfected infants. Children <5 years of age that were fully vac-
cinated for their age were at reduced risk of pertussis (OR: .38,
95% CI: .28-.51), compared to unvaccinated children.
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Incidence of Pertussis-Associated Hospitalization

During 2013-2016 the mean annual age-adjusted incidence risk
of pertussis-associated hospitalization was 17 (95% CI: 15-19)
cases per 100 000 population and was higher in HIV-infected
individuals (66 per 100 000, 95% CI: 57-76) compared to HIV-
uninfected individuals (9 per 100 000, 95% CI: 7-10) (Table
2). The highest incidence of pertussis-associated hospitaliza-
tion was observed among infants (228 cases per 100 000, 95%
CI: 184-279). In all age groups, there was a higher incidence
of pertussis-associated hospitalization among HIV-infected in-
dividuals compared to HIV-uninfected individuals (RR: 30.4,
95% CI: 23.0-40.2), with the highest RR in individuals aged
5-24 years (RR: 83.9, 95% CI: 40.1-175.2) (Table 2). The an-
nual incidence risk of pertussis-associated hospitalization was
highest in infants in each year from 2013 through 2016, with
the highest incidence in 2015 (430 per 100 000) (Supplementary
Figure 2).

Characteristics of Pertussis Cases that Died

Of 236 hospitalized pertussis cases with known outcome, 10
(4.2%) individuals died (Table 3). Deaths were distributed
across the study period and sites, with 5 (50.0%) of the deaths
occurring in males. Seven of the deaths occurred in infants
aged <6 months: 6 of which were in infants aged <3 months.
Three pertussis deaths occurred in adults, of which 2 were in
advanced stages of HIV and were not receiving antiretroviral
treatment. One death occurred in a HIV-negative 62-year-old
male with disseminated lymphoma. Only 2 individuals who
died were clinically suspected to have pertussis.

DISCUSSION

Pertussis data from low- and middle-income countries are
needed to provide informed guidance on vaccine recommenda-
tions in these resource-limited settings. We investigated the
epidemiology of pertussis in a setting of high HIV prevalence

and routine acellular vaccination. In this population of patients
hospitalized for SRI, the overall pertussis detection rate was
1.2%, and varied over the study period, by age group, gender,
and symptom duration. Incidence risk of pertussis was highest
among children aged <1 year and was higher among HIV-
infected compared to HIV-uninfected individuals in all age
groups. The case-fatality ratio among individuals hospitalized
with pertussis was 4.2%, with the majority of deaths occurring
in infants aged <6 months.

Among individuals hospitalised with LRTI, 1.2% tested
PCR positive for B. pertussis. Cases were more likely to occur
in 2015 and 2018 compared to 2013, reflecting commonly de-
scribed 3-5 year cyclical patterns in pertussis disease [1, 14].
The annual incidence of hospitalized pertussis was 17 cases per
100 000 population, with the highest incidence in infants (228
cases per 100 000). This is similar to the 220 cases per 100 000
infants described in a South African study among infants hospi-
talized with respiratory illness in 2015 [29]. In the United States
in 2012, the year in which maternal vaccination was introduced,
the incidence of notified pertussis was 15.2 per 100 000 popula-
tion in all ages and 127 per 100 000 in infants [30]. The national
incidence of notified pertussis for all age groups in the United
Kingdom (maternal vaccination introduced in 2012) has ranged
from 18 per 100 000 in the 2012 (epidemic peak year) and 5 per
100 000 in 2018 [31].

In all age groups, there was a greater incidence of disease
in HIV-infected compared to HIV-uninfected individuals. All
individuals with pertussis in the 25-44 years age group were
HIV-infected. Of the 3 deaths that occurred in adults, 2 individ-
uals were in advanced stages of HIV. Pertussis in HIV-infected
adults has been described [32, 33], and an increased incidence
of pertussis among HIV-infected mothers compared to HIV-
uninfected mothers has been described [34]. This highlights
that HIV-infected adults may be an important risk group for
pertussis that should be considered for regular booster doses
of the vaccine.

Table 2. Incidence Risk of Pertussis-Associated Hospitalization by Age Group and HIV Status, South Africa®, January 2013 Through December 2016

Incidence Risk per 100 000 Population (95% CI)

Risk Ratio (95% Cl)

Age Group (y) All Patients HIV-infected Patients HIV-uninfected Patients HIV infected vs uninfected
<1 228.0 (183.8-278.9) 2116.7 (822.9-4217.2) 212.1 (169.8-262.2) 10.0 (4.7-21.2)
1-4 19.0 (12.9-26.9) 411.0 (213.1-720.3) 11.9 (7.1-18.5) 34.6 (16.8-71.2)
5-24 8.0 (6.0-10.3) 103.5 (76.3-136.3) 1.2 (.6-2.4) 83.9 (40.1-175.2)
25-44 14.4 (11.5-18.0) 48.0 (38.1-569.7) 0
45-64 10.9 (7.3-15.6) 41.6 (26.2-63.2) 3.4 (1.3-6.7) 12.2 (5.3-28.3)
>65 28.3 (17.7-44.7) 412.7 (206.4-791.7) 15.0 (72-27.6) 276 (11.4-66.8)
<5 60.7 (50.4-72.3) 590.3 (3561.8-912.4) 52.2 (42.7-63.2) 17.1 (10.5-27.8)°
>5 11.6 (10.0-13.4) 59.6 (50.9-69.7) 1.9 (1.3-2.8) 50.0 (32.2-77.7)°
All 17.2 (16.3-19.2) 65.9 (56.7-76.3) 8.5 (71-10.1) 30.4 (23.0-40.2)°

Abbreviations: Cl, confidence interval; HIV, human immunodeficiency virus.

Incidence risk calculated for 2 sentinel sites only (Pietermaritzburg and Klerksdorp), for which population denominators were available.

®Adjusted for age.
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Clinically Suspected

Pertussis

No
No
No
No
Yes
No
Yes
No
No
No

Full Pertussis Vaccine
Coverage for Age®
Unknown

Unknown

Unknown

Yes (3 doses)

Yes (1 dose)

Too young for vaccination
Too young for vaccination
Yes (1 dose)

Yes (1 dose)

Too young for vaccination

Hospital Duration

(days)
Unknown

3
8
3
2
2
2

Unexposed-uninfected (HUU)
Unexposed-uninfected (HUU)
Exposed-uninfected (HEU)
Exposed-uninfected (HEU)

Unknown
Unexposed-uninfected (HUU)

Unexposed-uninfected (HUU)

HIV Status®
Positive
Negative
Positive

Underlying
lliness®
No

Yes

No

No

No

No

No

No

No

No

Duration (days)

Symptom
Unknown

46
49

Age
42y
62y
31y
4m
3w
7w
8w
4w

Gender
Male
Male
Female
Male
Male
Male
Female
Female
Female
Female

Month and Year
April 2013
August 2014
January 2015
March 2015
April 2015
June 2015
June 2015
August 2015
July 2018
August 2018

2Underlying iliness considered includes asthma, chronic lung diseases, cirrhosis/liver failure, chronic renal failure, heart failure, valvular heart disease, coronary heart disease, immunosuppressive therapy, splenectomy, diabetes, burns, kwashiorkor/ma-

rasmus, nephrotic syndrome, spinal cord injury, seizure disorder, emphysema, or cancer.

Table 3. Epidemiological and Clinical Characteristics of Hospitalized Patients With Pertussis Who Died, South Africa, 2013-2018 (N = 10)
Acellular pertussis vaccine given routinely as part of infant immunization schedule at 6, 10, 14 weeks, and 18 months of age. Information only collected for children <5 years of age.

Abbreviations: HEU, HIV exposed uninfected; HIV, human immunodeficiency virus; HUU, HIV unexposed uninfected; N/A, not applicable; y, years; m, months; w, weeks.

PHIV diagnosis at time of current admission, HIV exposure status considered for infants <6 months of age.

Case no.
10

A study performed at a South African children’s hospital [16]
found a higher B. pertussis detection rate of 7.0% compared to
1.7% among children aged <5 years in our study. Whereas our
study was conducted over a 6-year period with variations in in-
cidence over time, the previous study was performed over 1 year,
which may have been during a cyclical pertussis peak. Results
from the PERCH study conducted between 2011 and 2014 [35]
showed an overall pertussis detection rate of 1.3% among chil-
dren aged <5 years hospitalized with severe pneumonia in 7
developing countries. The detection rate of 2.5% at the South
African site is similar to the findings in our study. Similar to
the 1.7% detection rate in our study, the pertussis detection rate
was 2.3% among infants hospitalized at a Johannesburg hospital
with a respiratory illness during 2015 [29].

Pertussis is known to cause severe disease and death in in-
fants too young to have been immunized [35, 36]. In our study
the highest pertussis detection rate was observed in infants aged
<2 months (3.3%), followed by infants aged 2-5 months (2.3%)
and individuals aged 5-14 years (2.1%). The incidence risk of
hospitalized pertussis was highest in the <1 years” age group,
ranging from a low of 131 infants per 100 000 in 2014 to a high
of 430 infants per 100 000 in 2015. In addition, of the 10 deaths
among pertussis cases, 7 were in children aged <6 months. The
high burden of severe disease in young infants warrants the
consideration of maternal immunization introduction to the
vaccine schedule. Vaccination of pregnant women has been im-
plemented in a number of countries with resulting decreases in
severe disease and mortality in infants [37-39].

Our study was subject to a number of limitations. First, data
were collected from 5 sentinel sites and may not be representa-
tive of pertussis disease nationally. However, the data represent
urban, peri-urban, and rural settings and provide data across
all age groups and in a setting of high HIV prevalence. Second,
the number of surveillance sites increased over time, with 2 pe-
diatric hospitals included from July 2014 and February 2015,
respectively. Third, the data are likely an underestimation of
disease as they only represent hospitalized cases, whereas the
majority of pertussis cases are likely mild and therefore either
not treated or treated in the outpatient setting. However, hospi-
talized pertussis cases represent an important group as they are
the most severely affected by the disease. Fourth, as pertussis
disease was diagnosed by PCR performed on respiratory spe-
cimens, we cannot exclude the possibility that B. pertussis de-
tection reflected colonization and not disease. Previous studies
from these sites [23, 35] showed low pertussis detection rates
among asymptomatic controls, and we therefore believe the ma-
jority of cases to be true cases of pertussis disease. Lastly, we
do not have long-term baseline data prior to implementation
of the acellular vaccine to determine whether disease in recent
years represents the expected cyclical nature of pertussis disease
or could be a result of the change from whole-cell to acellular
vaccine.
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Pertussis continues to be a significant cause of illness and
hospitalization among infants in South Africa, despite the
availability of a vaccine with good coverage. As expected, in-
fants accounted for the highest incidence of disease; however,
HIV-infected adults were also identified as an important group
at risk of B. pertussis infection. The high burden of disease in
infants indicates that the introduction of maternal pertussis im-
munization may be beneficial in our setting. Continued surveil-
lance is necessary to identify whether the increase in disease
will be sustained and warrant the introduction of more regular
booster doses of the vaccine.

Supplementary Data

Supplementary materials are available at Clinical Infectious Diseases online.
Consisting of data provided by the authors to benefit the reader, the posted
materials are not copyedited and are the sole responsibility of the authors, so
questions or comments should be addressed to the corresponding author.
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