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This 

 

Journal

 

 feature begins with a case vignette highlighting a common clinical problem. 
Evidence supporting various strategies is then presented, followed by a review of formal guidelines, 

when they exist. The article ends with the authors’ clinical recommendations.
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Six weeks ago, a 45-year-old woman noticed a scratchy feeling in her throat that has
now progressed to more than 20 episodes of severe, spasmodic coughing per day. Her
coughing spells are worse at night and are sometimes associated with gagging and
vomiting. Her adolescent son and several of his friends, who received all of their child-
hood immunizations on schedule, had similar illnesses involving cough several weeks
before the onset of her symptoms, and they continue to cough. How should the pa-
tient be assessed for possible pertussis? Should she be treated and, if so, how? Could
this illness have been prevented?

 

Despite rates of immunization for pertussis of more than 80 percent among young
children, the number of cases of pertussis reported annually in the United States has
increased by a factor of six since 1980, with 11,647 cases reported in 2003 (Fig. 1). The
reported incidence rates probably substantially underestimate the true burden of dis-
ease because of incomplete reporting and a lack of recognition of the illness on the part
of physicians.

 

1-4

 

 The diagnosis of pertussis is frequently missed, often because of mis-
conceptions that whooping cough is solely a pediatric illness that has been controlled
by routine childhood immunizations and that immunity resulting from pertussis dis-
ease or immunization is lifelong. In addition, residual immunity from prior vaccina-
tion may modify the clinical presentation of pertussis in adolescents and adults and
make the diagnosis even more difficult.

 

clinical presentation and complications

 

Anyone who has heard the frightening paroxysmal cough of a child with classic pertus-
sis would question how the diagnosis of pertussis could be overlooked. The illness
begins, however, less dramatically, with the catarrhal phase, which consists of non-
specific symptoms such as coryza, conjunctival irritation, and, occasionally, a slight
cough, none of which suggest pertussis as the primary diagnosis. After 7 to 10 days,
the characteristic cough heralds the onset of the paroxysmal phase. After several
weeks, the intensity and frequency of the cough may begin to decrease, but the con-
valescent phase, which can include episodes of exacerbated paroxysmal coughing
brought on by unrelated upper airway infections, can last for weeks to months.

The typical paroxysmal cough in a child who is not immunized consists of a series
of rapid, forced expirations, followed by gasping inhalation, which can result in the
typical whooping sound. Post-tussive vomiting is common. These symptoms often oc-
cur in the absence of fever. Asymptomatic intervals occur between coughing spells.
Very young infants may present with apnea or cyanosis in the absence of cough and are
at greater risk than are older children for death or severe complications, including

the clinical problem
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pneumonia (

 

Bordetella pertussis

 

 infection or infec-
tion with another pathogen), pneumothorax, severe
pulmonary hypertension, seizures, or encephalop-
athy.

 

5-9

 

The current pertussis-related mortality rate
among infants in the United States is 2.4 deaths
per 1 million, and fatal cases in infants account for
more than 90 percent of all deaths from pertussis.
These numbers highlight the need for new ap-
proaches to protect infants, who are too young to
be immunized according to the current vaccination
schedule.

 

2,10,11

 

Among immunized patients, especially adoles-
cents and adults, a prolonged cough may be the only
manifestation of pertussis.

 

3

 

 A number of studies
have documented that between 13 and 32 percent
of adolescents and adults with an illness involving
a cough of six days’ duration or longer have sero-
logic evidence of infection with 

 

B. pertussis.

 

12-17

 

 The
symptoms and complications of pertussis infection
reported in these studies are often quite different
from those seen in children.

 

14-18

 

 For example,
scratchy throat and other pharyngeal symptoms oc-
cur in about one third of adults with pertussis, and
episodes of sweating are reported by 40 to 50 per-
cent of persons over the age of 30 years. Although

70 to 99 percent of adolescents and adults with per-
tussis are reported to have paroxysmal cough, the
reported frequencies of other symptoms are more
variable, with whoop in 8 to 82 percent and post-
tussive vomiting in 17 to 50 percent.

 

6

 

 Because ado-
lescents and adults often do not seek medical care
until several weeks after the onset of their illness,
the differential diagnosis includes other causes of
chronic cough, such as asthma, gastroesophageal
reflux disease, postviral bronchospasm, chronic si-
nusitis with postnasal drip, tuberculosis, chlamydia
or mycoplasma infections, other chronic lung dis-
eases, and malignant conditions. Almost 80 percent
of adults with confirmed pertussis have an illness
involving a cough of at least 3 weeks’ duration,
and 27 percent still had a cough after 90 days.

 

18,19

 

Complications of pertussis, which are similar in
adolescents and adults, include pneumonia (in 2.1
to 3.5 percent of patients), seizures (0.3 to 0.6 per-
cent), and encephalopathy (0.1 percent). Some
complications, such as cough-induced urinary in-
continence, increase with age. Unusual complica-
tions that have been reported anecdotally in older
patients include a herniated intervertebral disc,
the sudden onset of hearing loss, angina, and ca-
rotid-artery dissection.

 

6,18-24

 

Figure 1. Annual Reported Cases of Pertussis in the United States from 1922 through 2003.

 

The inset shows changes in the number of reported pertussis cases since 1980 according to age group (< seven months, 
< seven years, and all ages). DTP denotes diphtheria, tetanus toxoids, and pertussis vaccine. Unpublished data are from 
the Centers for Disease Control and Prevention, by permission of Dr. Trudy Murphy and Dr. Margaret Cortese.
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epidemiology, incidence, and burden 
of disease

 

Although multiple reports have highlighted the role
of pertussis as an important cause of persistent
cough in adolescents and adults, the actual bur-
den of disease in these groups is difficult to de-
termine.

 

4,6,12-25

 

 This seemingly simple task is
complicated by the biology of 

 

B. pertussis

 

 and the
difficulty in detecting the organism.

 

4

 

 Most patho-
gens of the respiratory tract have short incubation
periods, are easy to culture, cause illness for a
relatively short period, and are rapidly eliminated.

 

B. pertussis

 

 is different in that the incubation peri-
od is measured in days to weeks, the organism ex-
hibits fastidious behavior in culture, and it has the
ability to cause, as the Chinese term it, a “cough of
100 days.” The organism can be recovered from pa-
tients only during the first three to four weeks of ill-
ness and is particularly difficult to isolate in previ-
ously immunized persons.

 

25

 

 These factors result
in outbreaks that span months and that can be dif-
ficult to track epidemiologically.

 

26

 

Before vaccination was available, pertussis was
responsible for more than 270,000 cases of severe
illness involving cough and 10,000 deaths annually
in the United States.

 

27

 

 The introduction of whole-
cell pertussis vaccine into the general population
during the 1940s was associated with a 99 percent
reduction in the incidence of the disease, with a na-
dir of 1010 reported cases in 1976. Since that time,
the absolute number of reported cases has in-
creased, with the 11,647 cases in 2003 approach-
ing the highest total since 1964 (Fig. 1).

 

1

 

 The rou-
tine immunization of young children in the United
States according to the schedule shown in Table 1
has markedly reduced the rates of reported pertus-
sis in children. However, striking increases in rates
of disease have been seen among adolescents and
adults during the past 10 years (Fig. 1 and 2). In the
United States, from 1997 to 2000 there were 8273
cases of pertussis reported in patients 10 to 19
years of age and 5745 cases in those older than 19
years.

 

1

 

 There are probably multiple reasons for this
increase, and they include the increased recogni-
tion of the disease (with the use of serologic testing
for diagnosis) and the limited duration of protec-
tion from vaccine.

 

28

 

The critical elements involved in the diagnosis and
treatment of pertussis, as with other infectious dis-

eases, are its inclusion in the differential diagnosis,
the availability of reliable and rapid laboratory tests
for confirmation, and the prompt and appropriate
use of the resultant information.

 

diagnostic methods

 

Three laboratory tests have been used to detect 

 

B. per-
tussis

 

 or related bordetella species in the respiratory
secretions of patients suspected of having pertussis:
direct fluorescent antibody staining, bacterial cul-
ture, and polymerase chain reaction (PCR).

 

29

 

 Be-
cause the direct fluorescent antibody technique has
low sensitivity and specificity in comparison with
culture and PCR, this method is not currently rec-
ommended.

 

29,30

 

 A positive culture of nasopharyn-
geal secretions (preferably an aspirate) on selective
Regan–Lowe medium is the gold standard for the
diagnosis of pertussis. The sensitivity of culture is
limited by the fastidious nature of 

 

B. pertussis

 

 and
the loss of viability between the site of collection
and the clinical laboratory. The yield is lower from
dilute specimens, specimens from patients who
have had a long duration of illness, and specimens
obtained after antibiotic therapy. Nonetheless,
when carried out appropriately, culture continues
to be recommended in patients who present within
three weeks after the onset of cough. Although an-
tibiotic resistance is rare, isolation of the causative

strategies and evidence

 

* DTaP denotes diphtheria, tetanus toxoids, and acellular pertussis vaccine. 
There are multiple formulations of this vaccine, with each formulation con-
taining one to four antigens, and multiple manufacturers; therefore, no two 
vaccines are identical. Commonly recognized side effects include swelling, 
redness, and tenderness at the site of injection; fever; and secondary febrile 
convulsions.

† Canada, France, and Germany have initiated the use of a booster dose in 
adolescents at the ages indicated. In France, a DTaP booster is used after the 
primary series with DTP. In Canada and Germany, the adolescent booster is 
dTap, reflecting a reduced dose of diphtheria and acellular pertussis.

‡ DTP denotes diphtheria, tetanus toxoids, and pertussis vaccine. Side effects 
include anaphylaxis; swelling, redness, and tenderness at the site of injection; 

 

prolonged or inconsolable crying; fever; and secondary febrile convulsions.

 

Table 1. Recommended Immunization Schedules for Pertussis in Canada, 
France, Germany, and the United States.

Country
Type of

Vaccine*
Ages at

Vaccination Ages at Booster†

 

Canada DTaP† 2, 4, and 6 mo 18 mo; 4–6 and 14–16 yr

France DTP‡ 2, 3, and 4 mo

DTaP 16–18 mo; 11–13 yr

Germany DTaP 3, 4, and 5 mo 11–14 mo; 9–17 yr

United States DTaP 2, 4, and 6 mo 18 mo; 4–6 yr
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organism, as recommended by the Centers for Dis-
ease Control and Prevention (CDC), allows for char-
acterization of antigenic variation and antibiotic
sensitivity.

 

31

 

The use of PCR-based diagnostic assays with one
or more primers, available in many health depart-
ments and clinical laboratories, is an alternative ap-
proach. These assays have been reported to detect
fewer than 10 organisms, which do not need to be
viable to be detected, and thus the tests have signif-
icantly greater sensitivity than does culture.

 

29,32

 

 PCR
assays with multiple primers can be used to identify
and distinguish among several bordetella species
(i.e., 

 

B. pertussis

 

, 

 

B. parapertussis,

 

 and 

 

B. bronchisepti-

ca

 

).

 

29,33,34

 

 Although the period during which the
organism can be identified is longer with PCR than
for culture, false positive PCR results have been a
problem.

 

35

 

 For these reasons, the National Immu-
nization Program of the CDC recommends the use
of culture and PCR assays during the period in
which patients could be infectious — at least three
weeks after the onset of cough or four weeks after
the appearance of any symptoms.

 

36

 

 Standardized
procedures and reagents and rigid quality control
of PCR assays are needed to ensure accurate diag-
noses and to minimize false positive results.

 

35,37,38

 

An alternative method of diagnosing pertussis in
adolescents and adults is the measurement of anti-
body to specific components of 

 

B. pertussis

 

 with the
use of enzyme-linked immunosorbent assays. Since
the diagnosis of pertussis is often not considered
during the period when organisms can still be de-
tected, the demonstration of increased antibody ti-
ters between the acute phase of illness (i.e., in serum
obtained within the first week after the onset of
symptoms) and the convalescent phase (in serum
collected four to six weeks later) may be necessary.
Alternatively, a single serum antibody titer (that ex-
ceeds a diagnostic cutoff point for the level of IgG
against pertussis toxin or another antigen) obtained
at least three weeks into the illness may be required
to confirm the diagnosis.

 

29,38-40

 

 However, the lack
of a widely available serologic test with an estab-
lished cutoff point, the limited diagnostic value of
commercial tests, and the delay in obtaining results
limit the usefulness of serologic testing in prac-
tice.

 

6,41

 

 As a result, the CDC recommends that com-
binations of diagnostic tests be used to identify per-
sons with pertussis more effectively.

 

29,38

 

 Within the
first four weeks after the onset of symptoms (when
cough has been present for three weeks), the use of
culture and PCR is appropriate for diagnosis; when
cough has been present for three to four weeks, PCR
and serologic tests can both be used; and after four
weeks of cough, serologic tests alone are most like-
ly to provide a diagnosis.

 

treatment

 

Antibiotics should be administered to patients with
pertussis to hasten clearance of the organism and
to limit transmission to susceptible contacts. Al-
though controversial, it appears that treatment can
sometimes reduce the duration or severity of symp-
toms, or both, but a benefit is unlikely when treat-
ment is initiated after the first week of symptoms.

 

36

 

Adolescents and adults with sporadic cases fre-

 

Figure 2. Epidemiologic “Life Cycles” of 

 

B. pertussis

 

 before and after 
the Generalized Use of Pertussis Vaccine.

 

In the prevaccination era, the majority of pertussis cases occurred in children. 
Adults who had had pertussis as children had their acquired immunity boost-
ed by recurrent exposures in the population, and mothers then passed protec-
tion to infants through the placental transfer of antibodies. After the use of 
pertussis vaccine has been established in a population, the newly immunized 
pediatric group is protected; an increasing proportion of cases occur in ado-
lescents and adults, who have lost their vaccine-induced immunity, and in 
infants, who receive fewer passive antibodies than did infants in the prevacci-
nation era and who are too young to be immunized according to the current 
immunization schedule (Table 1).
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quently present during the paroxysmal phase, which
occurs at least a week after the onset of symptoms,
and in such cases, antibiotics rarely affect the course
of the disease. However, viable organisms can be
recovered from untreated patients for three weeks
after the onset of the cough. Thus, the routine ad-
ministration of antibiotics during the first four
weeks of illness is justified. For patients who are
likely to be in contact with high-risk persons, such
as infants, women in the third trimester of preg-
nancy (who might continue to be infectious after
delivery), and health care workers, treatment is rec-
ommended even six to eight weeks after the onset
of illness.

 

36

 

The National Immunization Program recom-
mends erythromycin for the treatment of pertus-
sis.

 

42

 

 However, the newer macrolides azithromycin
and clarithromycin have been demonstrated in
head-to-head trials to be similar in efficacy to eryth-
romycin, with fewer side effects and more conve-
nient administration.

 

43-45

 

 Dosages, common side
effects, and contraindications are summarized in
Table 2.

 

46,47

 

 An alternative treatment for patients
who cannot tolerate macrolides is trimethoprim–
sulfamethoxazole. Although 

 

B. pertussis

 

 strains are
sensitive in vitro to fluoroquinolones and ketolides,
there are no clinical data to support the use of these
agents.

 

48

 

Treatment also involves supportive care, which is
most important for infants and small children,
since they are vulnerable to dehydration and malnu-
trition from post-tussive vomiting and an inability
to eat. None of the pharmacologic or immunologic
interventions that have been tested, such as cortico-
steroids, salbutamol, diphenhydramine, and per-
tussis immune globulin, have been documented to
be effective in reducing the symptoms or control-
ling the cough of pertussis.

 

49

 

prophylaxis after exposure

 

The same agents and regimens used for the treat-
ment of patients with established pertussis are
recommended for chemoprophylaxis in contacts.
These modes of treatment are expected to be effec-
tive in the protection of persons exposed to pa-
tients with active pertussis, when administered be-
fore the onset of symptoms in the contact. Because
infectiousness declines with the increasing dura-
tion of illness, prophylaxis for contacts needs to be
initiated only if the interval since the onset of cough
in the index case is three weeks or less. Prophylaxis
is generally recommended only if the contact was

exposed within the previous three weeks,

 

50

 

 but for
persons at high risk or those who are likely to come
into contact with high-risk persons, prophylaxis
may be warranted for up to six to eight weeks after
exposure.

 

prevention

 

The mainstay for control of pertussis is vaccination,
and this is recommended routinely for infants and
young children according to the schedules shown
for several countries in Table 1. Whole-cell vaccines
consisting of killed organisms are highly effective
but have been associated with frequent local and
systemic reactions.

 

27

 

 In the 1980s and early 1990s,
new acellular vaccines, which contain one or more
purified pertussis components, were demonstrated
to be immunogenic, associated with fewer local and
systemic reactions than whole-cell vaccines, and ef-
ficacious in the prevention of culture-confirmed
pertussis disease in infants and young children.

 

51

 

These acellular vaccines have replaced whole-cell
vaccines in the United States and elsewhere.

Given the recognition that immunity wanes after
vaccination early in life, repeated vaccination in ad-
olescence or adulthood has been proposed. A large,
randomized clinical trial evaluated the efficacy of a
three-component acellular pertussis vaccine (con-
taining pertussis toxoids, filamentous hemaggluti-
nin, and pertactin) in nearly 3000 healthy subjects
15 to 65 years of age. Active surveillance for pertus-
sis was conducted every two weeks for two years.
With the use of culture or PCR and serologically
confirmed disease as end points, preliminary data
from this study indicated that there was a 92 per-
cent efficacy rate for the vaccine (95 percent confi-
dence interval, 32 to 99 percent).

 

52

 

A recently published cost-benefit analysis that
assumed that the incidence of pertussis was the
same as that observed in the above-mentioned trial
led to the conclusion that an additional booster
dose of pertussis vaccine would be cost-effective.

 

53

 

Of the scenarios considered in the analysis, vaccina-
tion of adolescents was considered to be the least ex-
pensive, the easiest to implement, and the most
acceptable. In light of the greater recognition of
disease in adolescents and adults, some countries,
such as Germany, France, and Canada, now recom-
mend the routine vaccination of adolescents with
acellular pertussis vaccine boosters (Table 1). Al-
though there are no formulations of pertussis vac-
cine currently licensed in the United States for use
in persons over the age of six years, advisory groups
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are considering the routine use of acellular vac-
cines in this population once vaccines are approved
and become available.

Despite extensive research on the toxins, adhesions,
and other factors related to the virulence of 

 

B. per-
tussis,

 

 little is known about the mechanisms by
which these factors cause the illness of pertussis.
For example, although it is clear that pertussis
toxin causes the characteristic lymphocytosis and
other abnormalities associated with the disease, the
mechanism responsible for the severe and pro-
longed cough remains unknown.

Vaccination of pregnant women has been pro-
posed as a strategy to protect infants from pertus-
sis passively before they receive active vaccination.
The potential for such a strategy to work is based on
observations that maternal antibody titers to per-
tussis antigens are low but that, when present, an-
tibodies are actively transported in cord blood.

 

55

 

However, data to support the safety and efficacy of
maternal vaccination are lacking. An alternative or
complementary approach would be the active im-
munization of newborns with acellular pertussis
vaccines; such approaches are being studied.

The CDC recommends that for all patients with
presumed pertussis, culture be performed to
identify the etiologic agent during the time when
patients are likely to be infectious, regardless of
which other diagnostic tests are used.

 

36

 

 The CDC
and the Food and Drug Administration are cur-
rently working on standardization of PCR and se-
rologic methods for the diagnosis of pertussis.
Patients seen early in the course of their illness
(i.e., during the first three weeks after cough be-
gins) should be evaluated with the use of culture
and PCR; PCR and serologic tests can be used when
cough has been present for three to four weeks;
and serologic tests should be used for patients who
present with cough that has persisted for longer
than four weeks.

The CDC also recommends the treatment of pre-
sumed or confirmed cases of pertussis with erythro-
mycin but acknowledges the limitations of this
treatment due to side effects. In cases in which the
patient presents after the onset of paroxysmal
cough, antibiotic treatment is unlikely to affect the
clinical course but will preclude transmission to sus-
ceptible hosts beginning five days after the onset of
therapy.

areas of uncertainty

guidelines

 

* A 7-day regimen has been shown to be similar in efficacy to a 14-day regimen.

 

54

 

† Trimethoprim–sulfamethoxazole should be prescribed as an alternative to the macrolides in patients who cannot tolerate them.

 

‡ The 

 

2003 Red Book

 

 recommendation is for 10 to 12 mg per kilogram per day once daily for five days.

 

Table 2. Choice of Antibiotic Agents for the Treatment of Pertussis.

Drug Dosage Regimen Side Effects Contraindications

 

Erythromycin Children, 40–50 mg/kg/day
Adults, 1–2 g/day

4 divided doses for 
14 days*

Gastrointestinal irritation, 
abdominal cramps, nau-
sea, vomiting; hypertro-
phic pyloric stenosis has 
been reported in infants

Known sensitivity to any macro-
lide antibiotic; should be used 
with caution in infants be-
cause of association with hy-
pertrophic pyloric stenosis

 

46

 

Azithromycin 10 mg/kg (maximum, 500 mg) as 
a single dose on day 1; 5 mg/kg 
(maximum, 250 mg) thereafter

 

43

 

‡

Lower dose once 
daily for 4 addi-
tional days

Allergic reaction and 
hepatic toxicity

Known sensitivity to any macro-
lide antibiotic

Clarithromycin 20 mg/kg/day (maximum, 1 g/day) Two divided doses 
daily for 7 days

Allergic reaction and 
hepatic toxicity

Known sensitivity to any macro-
lide antibiotic

Trimethoprim–
sulfameth-
oxazole†

Trimethoprim, 8 mg/kg/day
(maximum, 320 mg/day); 
sulfamethoxazole, 40 mg/kg/day
(maximum, 1600 mg/day)

Two divided doses 
daily for 7 days

Rash, kernicterus 
in newborns

Known allergy to sulfonamides 
or trimethoprim; should not 
be given to pregnant women 
shortly before delivery, breast-
feeding mothers, or infants 
<2 mo old, because of the risk 
of kernicterus
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For the patient described in the vignette, whose
symptoms started six weeks ago, single-sample se-
rologic testing is the only method that could yield
the diagnosis. Given the duration of the symp-
toms, treatment with antibiotics would not affect
the course of the patient’s illness, and we would
not recommend it at this point. If, however, the di-
agnosis of pertussis had been made two or more
weeks earlier, it would have been appropriate to
treat the patient in order to prevent further spread
of the infection. If pertussis had been documented
(by culture, PCR, or both) in the patient’s son dur-
ing the first three weeks of his illness, it would have
been appropriate to consider her a contact and to
treat her, whether or not she became symptomatic,
with either azithromycin or clarithromycin, ac-
cording to the regimen in Table 2. With this ap-

proach, even if her condition did progress to clini-
cal pertussis, the antibiotic treatment would have
the potential to reduce the duration and severity of
her illness.

Pertussis vaccines are highly efficacious, but in
many countries, including the United States, they
are administered only to a small subgroup of the
population — namely, children younger than six
years of age. The control of pertussis requires an
increase in the immunity of all age groups. We be-
lieve that the vaccination of adolescents (with a
suitable formulation of acellular pertussis vaccine)
should be added to the current immunization
schedule for pertussis in order to reduce the risk of
the disease later in life as well as the transmission
to infants.

 

We are indebted to Dr. Trudy Murphy and Dr. Margaret Cortese of
the National Immunization Program, CDC, for their review of the
manuscript; to Dr. Emily Wong and Mr. Alan Wong for their contri-
bution to Figure 2; and to Ms. Candace Green and Mrs. Sarah
Baugher for their assistance in the preparation of the manuscript.

conclusions

and recommendations

 

references

 

1.

 

Pertussis — United States, 1997–2000.
MMWR Morb Mortal Wkly Rep 2002;51:
73-6.

 

2.

 

Vitek CR, Pascual FB, Baughman AL,
Murphy TV. Increase in deaths from pertus-
sis among young infants in the United
States in the 1900s. Pediatr Infect Dis J 2003;
22:628-34.

 

3.

 

Deeks S, De Serres G, Boulianne N, et al.
Failure of physicians to consider the diagno-
sis of pertussis in children. Clin Infect Dis
1999;28:840-6.

 

4.

 

Crowcroft NS, Stein C, Duclos P, Bir-
mingham M. How best to estimate the glob-
al burden of pertussis? Lancet Infect Dis
2003;3:413-8.

 

5.

 

Casano P, Odena MP, Cambra FJ, Martin
JM, Palomeque A. 

 

Bordetella pertussis

 

 infec-
tion causing pulmonary hypertension. Arch
Dis Child 2002;86:453.

 

6.

 

von Konig CH, Halperin S, Riffelmann
M, Guiso N. Pertussis of adults and infants.
Lancet Infect Dis 2002;2:744-50.

 

7.

 

Smith C, Vyas H. Early infantile pertus-
sis: increasingly prevalent and potentially
fatal. Eur J Pediatr 2000;159:898-900.

 

8.

 

Goulin GD, Kaya KM, Bradley JS. Severe
pulmonary hypertension associated with
shock and death in infants infected with
Bordetella pertussis. Crit Care Med 1993;21:
1791-4.

 

9.

 

McEniery JD, Delbridge RG, Reith DM.
Infant pertussis deaths and the manage-
ment of cardiovascular compromise. J Pae-
diatr Child Health 2004;40:230-2.

 

10.

 

Edwards KM. Pertussis: an important
target for maternal immunization. Vaccine
2003;21:3483-6.

 

11.

 

Tanaka M, Vitek CR, Pascual FB, Bis-

gard KM, Tate JE, Murphy TV. Trends in per-
tussis among infants in the United States,
1980-1999. JAMA 2003;290:2968-75.

 

12.

 

Mink CM, Cherry JD, Christenson P, et
al. A search for Bordetella pertussis infec-
tion in university students. Clin Infect Dis
1992;14:464-71.

 

13.

 

Cattaneo LA, Reed GW, Haase DH,
Wills MJ, Edwards KM. The seroepidemi-
ology of Bordetella pertussis infections:
a study of persons ages 1-65 years. J Infect
Dis 1996;173:1256-9.

 

14.

 

Schmitt-Grohe S, Cherry JD, Heininger
U, Uberall MA, Pineda E, Stehr K. Pertussis
in German adults. Clin Infect Dis 1995;21:
860-6.

 

15.

 

Birkebaek NH, Kristiansen M, Seefeldt
T, et al. Bordetella pertussis and chronic
cough in adults. Clin Infect Dis 1999;29:
1239-42.

 

16.

 

Nennig ME, Shinefield HR, Edwards
KM, Black SB, Fireman BH. Prevalence and
incidence of adult pertussis in an urban pop-
ulation. JAMA 1996;275:1672-4.

 

17.

 

Wright SW, Edwards KM, Decker MD,
Zeldin MH. Pertussis infection in adults
with persistent cough. JAMA 1995;273:
1044-6.

 

18.

 

Postels-Multani S, Schmitt HJ, Wirsing
von Konig CH, Bock HL, Bogaerts H. Symp-
toms and complications of pertussis in
adults. Infection 1995;23:139-42.

 

19.

 

Thomas PF, McIntyre PB, Jalaludin BB.
Survey of pertussis morbidity in adults in
western Sydney. Med J Aust 2000;173:74-6.

 

20.

 

Trollfors B, Rabo E. Whooping cough in
adults. Br Med J (Clin Res Ed) 1981;283:
696-7.

 

21.

 

De Serres G, Shadmani R, Duval B, et al.

Morbidity of pertussis in adolescents and
adults. J Infect Dis 2000;182:174-9.

 

22.

 

Skowronski DM, De Serres G, Mac-
Donald D, et al. The changing age and sea-
sonal profile of pertussis in Canada. J Infect
Dis 2002;185:1448-53. [Erratum, J Infect
Dis 2002;185:1696.]

 

23.

 

Skowronski DM, Buxton JA, Hestrin M,
Keyes RD, Lynch K, Halperin SA. Carotid ar-
tery dissection as a possible severe compli-
cation of pertussis in an adult: clinical case
report and review. Clin Infect Dis 2003;36:
e1-e4.

 

24.

 

Halperin SA, Marrie TJ. Pertussis en-
cephalopathy in an adult: case report and re-
view. Rev Infect Dis 1991;13:1043-7.

 

25.

 

Strebel P, Nordin J, Edwards K, et al.
Population-based incidence of pertussis
among adolescents and adults, Minnesota,
1995-1996. J Infect Dis 2001;183:1353-9.

 

26.

 

Kurt TL, Yeager AS, Guenette S, Dunlop
S. Spread of pertussis by hospital staff.
JAMA 1972;221:264-7.

 

27.

 

Cherry JD, Brunell PA, Golden GS, Kar-
zon D. Report of the task force on pertussis
and pertussis vaccine. Pediatrics 1988;81:
Suppl:939-84.

 

28.

 

Cherry JD. The science and fiction of the
“resurgence” of pertussis. Pediatrics 2003;
112:405-6.

 

29.

 

Muller FM, Hoppe JE, Wirsing von
Konig CH. Laboratory diagnosis of pertus-
sis: state of the art in 1997. J Clin Microbiol
1997;35:2435-43.

 

30.

 

Ewanowich CA, Chui LWL, Paranchych
MG, Peppler MS, Marusyk RG, Albritton
WL. Major outbreak of pertussis in northern
Alberta, Canada: analysis of discrepant di-
rect fluorescent-antibody and culture results



 

n engl j med 

 

352;12

 

www.nejm.org march 

 

24

 

, 

 

2005

 

1222

 

clinical practice

 

by using polymerase chain reaction meth-
odology. J Clin Microbiol 1993;31:1715-25.

 

31.

 

Mastrantonio P, Spigaglia P, van Oir-
schot H, et al. Antigenic variants of 

 

Bordetella
pertussis

 

 strains isolated from vaccinated and
unvaccinated children. Microbiology 1999;
145:2069-75.

 

32.

 

Edelman K, Nikkari S, Ruuskanen O,
He Q, Viljanen M, Mertsola J. Detection of
Bordetella pertussis by polymerase chain re-
action and culture in the nasopharynx of
erythromycin-treated infants with pertussis.
Pediatr Infect Dis J 1996;15:54-7.

 

33.

 

Cloud JL, Hymas WC, Turlak A, et al.
Description of a multiplex 

 

Bordetella pertussis

 

and 

 

Bordetella parapertussis

 

 LightCycler PCR
assay with inhibition control. Diagn Micro-
biol Infect Dis 2003;46:189-95.

 

34.

 

Farrell DJ, McKeon M, Daggard G, Loef-
felholz MJ, Thompson CJ, Mukkur TK. Rap-
id-cycle PCR method to detect 

 

Bordetella
pertussis

 

 that fulfills all consensus recom-
mendations for use of PCR in diagnosis of
pertussis. J Clin Microbiol 2000;38:4499-
502.

 

35.

 

Lievano FA, Reynolds MA, Waring AL, et
al. Issues associated with and recommenda-
tions for using PCR to detect outbreaks of
pertussis. J Clin Microbiol 2002;40:2801-5.

 

36.

 

Guidelines for the control of pertussis
outbreaks. Atlanta: National Immunization
Program, 2000. (Accessed January 20, 2005,
at http://www.cdc.gov/nip/publications/
pertussis/guide.htm.)

 

37.

 

Meade BD, Bollen A. Recommenda-
tions for use of the polymerase chain reac-
tion in the diagnosis of Bordetella pertussis
infections. J Med Microbiol 1994;41:51-5.

 

38.

 

Fry NK, Tzivra O, Li YT, et al. Laboratory
diagnosis of pertussis infections: the role of
PCR and serology. J Med Microbiol 2004;53:
519-25.
39. Hallander HO. Microbiological and se-

rological diagnosis of pertussis. Clin Infect
Dis 1999;28:Suppl 2:S99-S106.
40. Heininger U, Schmidt-Schlapfer G,
Cherry JD, Stehr K. Clinical validation of
a polymerase chain reaction assay for the
diagnosis of pertussis by comparison with
serology, culture, and symptoms during
a large pertussis vaccine efficacy trial. Pedi-
atrics 2000;105(3):E31.
41. Kosters K, Riffelmann M, Dohrn B,
Konig CHW. Comparison of five commer-
cial enzyme-linked immunosorbent assays
for detection of antibodies to Bordetella pertus-
sis. Clin Diagn Lab Immunol 2000;7:422-6.
42. Bergquist SO, Bernander S, Dahnsjo H,
Sundelof B. Erythromycin in the treatment
of pertussis: a study of bacteriologic and
clinical effects. Pediatr Infect Dis J 1987;6:
458-61. [Erratum, Pediatr Infect Dis J 1987;
6:1035.]
43. Langley JM, Halperin SA, Boucher FD,
Smith B. Azithromycin is as effective as and
better tolerated than erythromycin estolate
for the treatment of pertussis. Pediatrics
2004;111:e96-e101.
44. Aoyama T, Sunakawa K, Iwata S, Takeu-
chi Y, Fujii R. Efficacy of short-term treat-
ment of pertussis with clarithromycin and
azithromycin. J Pediatr 1996;129:761-4.
45. Summaries of infectious diseases: per-
tussis. In: Pickering L, ed. 2003 Red book:
report of the Committee on Infectious Dis-
eases. 26th ed. Elk Grove Village, Ill.: Amer-
ican Academy of Pediatrics, 2003:472-86.
46. Mahon BE, Rosenman MB, Kleinman
MB. Maternal and infant use of erythromy-
cin and other macrolide antibiotics as risk
factors for infantile hypertrophic pyloric ste-
nosis. J Pediatr 2001;139:380-4.
47. Ray W, Murray K, Meredith S, Narasim-
hulu S, Hall K, Stein C. Oral erythromycin
and the risk of sudden death from cardiac
causes. N Engl J Med 2004;351:1089-96.

48. Hoppe JE, Bryskier A. In vitro suscepti-
bilities of Bordetella pertussis and Bordetella
parapertussis to two ketolides (HMR 3004
and HMR 3647), four macrolides (azithro-
mycin, clarithromycin, erythromycin A, and
roxithromycin), and two ansamycins (ri-
fampin and rifapentine). Antimicrob Agents
Chemother 1998;42:965-6.
49. Pillay V, Swingler G. Symptomatic treat-
ment of the cough in whooping cough. Coch-
rane Database Syst Rev 2003;4:CD003257.
50. Steketee RW, Wassilak SGF, Adkins WN
Jr, et al. Evidence for a high attack rate and
efficacy of erythromycin prophylaxis in a
pertussis outbreak in a facility for the devel-
opmentally disabled. J Infect Dis 1988;157:
434-40.
51. Edwards KM, Decker MD. Combination
vaccines. Infect Dis Clin North Am 2001;15:
209-30.
52. Ward J. Acellular pertussis vaccines in
adolescents and adults. In: Program and ab-
stracts of the 41st Interscience Conference
on Antimicrobial Agents and Chemothera-
py, Chicago, December 16–19, 2001. Wash-
ington, D.C.: American Society for Microbi-
ology, 2001:520. abstract.
53. Purdy KW, Hay JW, Botteman MF, Ward
JI. Evaluation of strategies for use of acellu-
lar pertussis vaccine in adolescents and
adults: a cost-benefit analysis. Clin Infect
Dis 2004;39:20-8.
54. Halperin SA, Bertolussi R, Langley JM,
Miller B, Eastwood BJ. Seven days of eryth-
romycin estolate is as effective as fourteen
days for the treatment of Bordetella pertussis
infections. Pediatrics 1997;100:65-71.
55. Healy CM, Munoz FM, Rench MA, Hala-
sa NB, Edwards KM, Baker CJ. Prevalence of
pertussis antibodies in maternal delivery,
cord, and infant serum. J Infect Dis 2004;
190:335-40.
Copyright © 2005 Massachusetts Medical Society.

powerpoint slides of journal figures and tables

At the Journal’s Web site, subscribers can automatically create PowerPoint slides 
of Journal figures and tables. Click on a figure or table in the full-text version 

of any article at www.nejm.org, and then click on PowerPoint Slide for Teaching. 
A PowerPoint slide containing the image, with its title and reference citation, 

can then be downloaded and saved.


