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CLINICAL SCENARIO
A 73-year-old man presents to the clinic
with a 3-week history of paroxysmal
cough. He denies fever, chills, head-
ache, myalgias, rhinorrhea, sore throat,
hemoptysis, chest pain, dyspnea, or-
thopnea, and paroxysmal nocturnal
dyspnea. He has no inspiratory whoop
but acknowledges 2 episodes of post-
tussive emesis. Physical examination
findings of his heart and lungs are nor-
mal, as is a plain chest radiograph re-
sult. How much do the clinical find-
ings change the likelihood that he has
pertussis?

WHY IS THE CLINICAL
EXAMINATION IMPORTANT?
Childhood vaccination for Bordetella
pertussis (the cause of whooping cough)
confers limited immunity that wanes af-
ter 5 to 10 years and rarely lasts more
than 12 years.1,2 Physicians often for-
get that a prolonged cough in an adult
or adolescent may be due to pertus-
sis.3,4 The severe cough of pertussis can
cause subconjunctival hemorrhage, rib

fractures, urinary incontinence, her-
nias, posttussive syncope, or even in-
tracranial hemorrhage and stroke from
vertebral artery dissection.5 Less dra-
matically, the cough keeps patients from
sleeping, isolates them, and may cause
concern about a serious undiagnosed
condition.5 Undiagnosed infected ado-
lescents and adults may spread the ill-
ness to inadequately immunized chil-
dren, in whom infection is more severe
and potentially fatal.

See also Patient Page.
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Context Pertussis is often overlooked as a cause of chronic cough, especially in ado-
lescents and adults. Several symptoms are classically thought to be suggestive of per-
tussis, but the diagnostic value of each of them is uncertain.

Objective To systematically review the evidence regarding the diagnostic value of
3 classically described symptoms of pertussis: paroxysmal cough, posttussive emesis,
and inspiratory whoop.

Data Sources, Study Selection, and Data Extraction We searched MEDLINE
(January 1966–April 2010), EMBASE (January 1969 to April 2010), and the bibliog-
raphies of pertinent articles to identify relevant English-language studies. Articles were
selected that included children older than 5 years, adolescents, or adults and con-
firmed the diagnosis of pertussis among patients with cough illness (of any duration)
with an a priori–defined accepted reference standard. Two authors independently ex-
tracted data from articles that met selection criteria and resolved any discrepancies by
consensus.

Data Synthesis Five prospective studies met inclusion criteria; 3 were used in the
analysis. Presence of posttussive emesis (summary likelihood ratio [LR], 1.8; 95% con-
fidence interval [CI], 1.4-2.2) or inspiratory whoop (summary LR, 1.9; 95% CI, 1.4-
2.6) increases the likelihood of pertussis. Absence of paroxysmal cough (summary LR,
0.52; 95% CI, 0.27-1.0) or posttussive emesis (summary LR, 0.58; 95% CI, 0.44-
0.77) reduced the likelihood. Absence of inspiratory whoop was less useful (summary
LR, 0.78; 95% CI, 0.66-0.93). No studies evaluated combinations of findings.

Conclusions In a nonoutbreak setting, data to determine the diagnostic usefulness
of symptoms classically associated with pertussis are limited and of relatively weak qual-
ity. The presence or absence of posttussive emesis or inspiratory whoop modestly change
the likelihood of pertussis; therefore, clinicians must use their overall clinical impres-
sion to decide about additional testing or empirical treatment.
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Approach to Patients With Cough
Patients with persistent cough often
contact their physician for advice.6 De-
termining the duration of cough is a
useful first step in narrowing the dif-
ferential diagnosis of possible causes.7

Recently developed guidelines clas-
sify cough as acute (�3 weeks), sub-
acute (3-8 weeks), or chronic (�8
weeks).8 Acute cough may be caused by
a serious condition (eg, pneumonia,
congestive heart failure, lung cancer, or
pulmonary embolism), but the most
common cause is a self-limited, viral up-
per respiratory tract infection (eg, the
common cold). Subacute cough often
represents persistence of an acute res-
piratory infection, eg, a viral or bacte-
rial upper airway infection or a lower
respiratory tract infection, and may
spontaneously resolve.9 If a respira-
tory infection did not precede the
cough, clinicians should proceed with
an evaluation for chronic cough.8

For persons who smoke or take an-
giotensin-converting enzyme inhibi-
tors, the first step is to stop them. If the
cough persists, it is most commonly
caused by gastroesophageal reflux dis-
ease, asthma, or postnasal drip/
chronic sinusitis (also known as up-
per airway cough syndrome).10 Another
recently identified common cause of
chronic cough is nonasthmatic eosino-
philic bronchitis, defined by cough ac-
companied by sputum showing eosin-
ophils and without dyspnea, wheezing,
airflow obstruction by spirometry, or
airway hyperreactivity by methacho-
line provocation testing.11,12 In addi-
tion to these well-recognized causes of
persistent cough, physicians should be
aware that pertussis also causes sub-
acute and chronic cough.

Classic Stages of Pertussis Infection

Infection with B pertussis in a person
without immunity is characterized by
3 phases: catarrhal, paroxysmal, and
convalescent. The catarrhal phase usu-
ally lasts 1 to 2 weeks, but diagnosis
during this stage is difficult. Symp-
toms are nonspecific and overlap with
more common viral upper respiratory
tract infections; eg, generalized mal-

aise, rhinorrhea, and mild cough. Pa-
tients may have low-grade tempera-
ture elevations, but significant fever is
atypical.13 Two early findings that may
be clinically useful are excessive lacri-
mation and conjunctival injection. An
important piece of historical informa-
tion for a patient presenting with a
cough illness is whether the patient had
recent sick contacts. The incubation pe-
riod for B pertussis is relatively long
(7-10 days) compared with most viral
upper respiratory tract infections (1-3
days). Although by no means diagnos-
tic, exposure to a person with a cough
illness 1 to 2 weeks prior to the devel-
opment of symptoms is more sugges-
tive of pertussis, particularly if that con-
tact belongs to a high-risk group for
pertussis (eg, works with young chil-
dren or lives in a community with low
vaccination rates).

The paroxysmal stage begins during
the second week of illness, with the hall-
mark symptom of coughing spells. A
paroxysm is a series of coughs during a
single expiration; these episodes often
occur in groups throughout the day and
night, with patients experiencing few
symptoms between paroxysms.13 A
cough paroxysm causes low lung vol-
umes, leading to a vigorous inspiration
that may result in a whoop, particu-
larly in infants and children, in whom
the caliber of the trachea is smaller. Once
seen or heard, this dramatic presenta-
tion is not soon forgotten. (See http:
//www.immunizationed.org/ for audio
and video of examples of infants and
children with pertussis infection.) Other
classic symptoms that have been de-
scribed at this stage are posttussive eme-
sis or syncope. After about 2 to 3
months, the paroxysmal phase is fol-
lowed by a gradual transition to the con-
valescent phase, characterized by a per-
sistent but decreased frequency and
severity of cough. Thus, the Chinese
name for the pertussis illness, “the 100-
day cough,” is apt.

Symptomsofpertussisinfectioninpre-
viously immunized or infected adoles-
centsandadults, incontrastwiththeclas-
sicsymptomsobservedinunimmunized
infants andchildren, arevariable andof-

ten atypical.4,14 The predominant symp-
tom may simply be a persistent cough.
However, clinicians frequently do not
consider pertussis infection in such
cases.3,4 Becauseof the relatively long in-
cubation period, frequent nonspecific
symptoms that overlap with other more
common respiratory illnesses (eg, viral
upper respiratory tract infections), and
thedifficultyculturingtheorganismcom-
binedwitha lackofanalternativewidely
availableandaccepteddiagnostictest, the
true prevalence of pertussis infection is
difficult to determine and subject to
debate.15

Several recent studies have shown
that pertussis is the cause of 12% to 32%
of prolonged cough illnesses in adoles-
cents and adults; for most patients, the
duration of the cough illness is more
than 3 weeks.14 This range of preva-
lence represents a reasonable pretest
probability estimate for pertussis as the
cause of prolonged cough illness. It is
unknown how frequently the classi-
cally described features of pertussis in-
fection (ie, paroxysmal cough, inspi-
ratory whoop, and posttussive emesis
or syncope) occur among adolescents
and adults.

Epidemiology of Pertussis Infection

Pertussis was a devastating illness with
relatively high mortality rates in in-
fants until a whole-cell vaccine was in-
troduced in the United States in the late
1940s. Widespread pertussis vaccina-
tion of children led to a dramatic de-
cline in disease incidence, from a peak
of more than 250 000 reported cases in
1934 to a nadir of 1010 cases in 1976.16

The incidence of the disease began to
steadily increase in the early 1980s,
however, with 11 647 cases reported in
2003.17 Increasing clinician awareness
and reporting of the disease with the use
of more sensitive diagnostic tech-
niques (especially polymerase chain re-
action [PCR] testing) may be at least
partly responsible for the increase in re-
ported cases. The incidence of pertus-
sis cases decreased in 2006,18 perhaps
suggesting that the cyclic epidemic
peaks and valleys that occurred ap-
proximately every 2 to 5 years in the
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prevaccine era are now recurring. The
recent decreased incidence is unlikely
to be attributable to use of the newly
available acellular booster pertussis vac-
cine (tetanus toxoid, reduced diphthe-
ria toxoid, and acellular pertussis vac-
cine, adsorbed [Tdap]) because the
Advisory Council on Immunization
Practices recommendations for booster
vaccinations of adolescents19 and
adults20 were not issued until 2006.

A substantial portion of the increas-
ing incidence in reported pertussis cases
over the past 3 decades is attributable
to increased rates of the disease in ado-
lescents and adults.17,21 In the prevac-
cine era, more than 90% of reported
cases of pertussis occurred in children
younger than 10 years old.21 Cur-
rently, about half of reported cases oc-
cur in adolescents and adults—
persons aged 10 to 19 years account for
33% of infections; persons aged 20 years
or older account for 23%.16 Impor-
tantly, adolescents and adults with un-
recognized pertussis are a reservoir of
infection for infants and children. In-
fants, especially those younger than 6
months, and young children who have
not been fully immunized are at the
highest risk of hospitalization and per-
tussis-related morbidity and mortal-
ity. In epidemiologic studies, most in-
fants acquire the infection from
adolescents and adults in the house-
hold.22 Among infants, increases oc-
curred in both the incidence of re-
ported cases23 and of deaths24 caused by
pertussis between 1980 and 1999.

Laboratory Diagnosis of Pertussis

Bordetella pertussis is a gram-negative
coccobacillus readily transmitted via res-
piratory secretions. Laboratory diagnos-
tic tests for B pertussis infection include
culturing a properly obtained nasopha-
ryngeal specimen,performingdirect fluo-
rescent antibody staining or a PCR test,
and testing for serum antibodies by en-
zyme-linked immunosorbent assays or
Western blot.25,26 The Centers for Dis-
ease Control and Prevention (CDC) en-
dorses only the culture and PCR meth-
ods for diagnosis in community practice
settings.20 Specimens must be collected

from the ciliated respiratory epithelium
of the posterior nasopharynx where B
pertussis preferentially resides,not thean-
terior nares or throat.27 It is best to ob-
tain the specimen using a Dacron rather
than a cotton swab, as the latter is toxic
to B pertussis organisms. Calcium algi-
nate swabs may also be used, but they
interfere with the PCR assay. Nasopha-
ryngeal secretions may also be obtained
by intranares aspiration,28 but few clini-
cians (especially nonpediatricians) have
the necessary supplies at hand. Impor-
tantly, the sensitivities of PCR, sero-
logic testing, and,particularly, culturede-
crease with the duration of illness. Thus,
in adolescents and adults, who gener-
ally present to medical care only after sev-
eral weeks of coughing, the sensitivity of
the available diagnostic tests is likely to
be reduced.

Because of its high specificity, cul-
ture of the organism from nasopharyn-
geal secretions is the criterion stan-
dard for diagnosis. However, the
sensitivity of culture in clinical prac-
tice is only 30% to 60%29 because of the
fastidious nature of the B pertussis or-
ganism and the often prolonged dura-
tion of illness at the time of specimen
collection. Other factors that may cause
false-negative cultures include pro-
longed transport time of the specimen
to the laboratory, delayed plating of the
specimen after it arrives in the labora-
tory, and recent antibiotic treat-
ment.13 Growth of B pertussis requires
special culture media and typically takes
7 to 10 days.

There are several methods for rap-
idly detecting pertussis antigens. Di-
rect fluorescent antibody testing is in-
expensive and provides rapid results but
is no longer recommended because of
its poor sensitivity and specificity. Poly-
merase chain reaction testing is being
used more frequently because it offers
increased sensitivity and specificity, de-
tects even small numbers of organ-
isms, is unaffected by recent use of an-
tibiotics, and typically provides results
within 1 to 2 days. However, PCR re-
mains relatively costly, is not avail-
able in many settings, and can pro-
duce false-positive results.30 Currently,

there is no US Food and Drug Admin-
istration (FDA)–approved PCR kit for
pertussis, nor is there a standardized
protocol for its use.

Serologic testing usually involves
comparing the levels of pertussis anti-
bodies in acute and convalescent (�4
weeks after the acute sample is ob-
tained) serum samples; a substantial
change in the titers (typically a 2- or
4-fold increase) suggests infection. Al-
ternatively, a single sample with a level
above a designated threshold or a sub-
stantial decrease in titer is sometimes
considered diagnostic. Serologic test-
ing is frequently used for epidemio-
logic or research purposes, but it is nei-
ther widely available nor standardized
and no FDA-approved test exists.

Treatment of Pertussis

The CDC recommends that the thresh-
olds for initiating testing and treat-
ment be the same because of the
contagiousness and public health
implications of pertussis.31,32 Antibi-
otic treatment during the catarrhal
phase may decrease the duration and
severity of cough, but the diagnosis is
rarely considered during this early
phase in adolescents and adults. Ad-
ministering antibiotics later in the
course of disease probably does not
affect the course of symptoms but is rec-
ommended to help reduce spread of the
infection. Persons with pertussis may
remain contagious for a month or
longer; most will eventually recover
without antibiotic therapy.13,32 The rec-
ommended antibiotic regimens are
identical for treatment and postexpo-
sure prophylaxis (for close contacts of
persons d iagnosed as hav ing
pertussis).32 Macrolide agents are pre-
ferred and typically eradicate B pertus-
sis within 5 days.13 Erythromycin has
been the antibiotic of choice for de-
cades; while it is inexpensive, the rela-
tively frequent dosing (4 times daily)
and high rate of adverse effects (most
notably gastrointestinal distress) limit
patient adherence. Available data sug-
gest that azithromycin and clarithro-
mycin, while more expensive, have
comparable efficacy with and are bet-
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ter tolerated than erythromycin, and
these agents are increasingly used.33-36

Trimethoprim-sulfamethoxazole is an
alternative treatment for persons who
are unable to tolerate macrolides.

Case Definition of Pertussis Infection

The CDC clinical case definition for en-
demic or sporadic cases of pertussis is
a cough illness lasting 2 weeks or longer
without other apparent cause with 1 or
more of the following: paroxysms of
coughing, inspiratory whoop, or post-
tussive vomiting.37 We sought to esti-
mate the accuracy of the classic symp-
toms for diagnosing pertussis infection
in adolescents and adults in nonout-
break settings.

METHODS
Literature Search Strategy

We searched MEDLINE (January 1966–
April 2010; English-language articles
only) using 3 strategies: (1) key words
pertussis AND cough AND duration; (2)
Medical Subject Heading (MeSH) term
whooping cough/epidemiology; and (3)
MeSHtermwhooping cough/diagnosisand
EMBASE (January 1969–April 2010)
using the search strategy specificity AND
(pertussis/exp or pertussis), limited to hu-
man studies. Additional articles were
identified from searching the bibliogra-
phies of retrieved articles. We reviewed
the titles and abstracts of the identified
articles for relevance and selected only
articles that included children older than
5 years (expected to have completed pri-
mary vaccination), adolescents, or adult
patients and that confirmed the diagno-
sis of pertussis among patients with
cough illness (of any duration) with an
accepted reference standard that we de-
fined a priori (ie, culture, PCR, sero-
logic testing, or clinical diagnosis based
on definite clinical exposure).

Study Selection and Data Analysis

We excluded studies of outbreaks or ac-
tive surveillance. Although the dis-
ease itself should not be different in an
outbreak compared with patients that
a typical clinician encounters in usual
clinical practice, the threshold for seek-
ing treatment and the reported clini-

cal characteristics may be different be-
cause of spectrum bias.38 Recent reports
suggest that many patients initially pre-
sumed to have pertussis in outbreaks
are actually false-positive cases,39 rais-
ing further questions about the valid-
ity of clinical characteristics derived
from these studies. The laboratory tests
for the diagnosis of pertussis that we ac-
cepted as reference standards were cul-
ture, PCR, and pertussis toxin sero-
logic testing (see “Laboratory Diagnosis
of Pertussis” section above). We ex-
cluded studies that used only culture
for laboratory diagnosis because of its
low sensitivity. Although serologic test-
ing is not currently recommended for
clinical use, it is an important tool for
research purposes. Serum antibodies to
a variety of pertussis antigens, includ-
ing pertussis toxin, filamentous hemag-
glutinin, pertactin, and fimbriae 2 and
3, or preparations of the whole organ-
ism may be measured. Because sensi-
tivity and specificity are best for mea-
surement of anti–pertussis toxin
antibodies,13 we included only studies
that serologically diagnosed pertussis
using this method.

We calculated sensitivity, specific-
ity, summary likelihood ratios (LRs), and
tests of heterogeneity for the classic
symptoms of pertussis (paroxysmal
cough, posttussive emesis, posttussive
syncope, and inspiratory whoop). Be-
cause random-effects bivariate sum-
mary measures would not converge on
a solution,40 we used random-effects uni-
variate summary measures. Data analy-
ses were performed using Comprehen-
sive Meta-analysis, version 2 (Biostat Inc,
Englewood, New Jersey). For LR hetero-
geneity, we used the I2 statistic, for which
threshold values are qualitatively de-
scribed as follows: less than 25% sug-
gests homogeneity; 25% to 50%, low
heterogeneity; 51% to 74%, moderate
heterogeneity; and 75% or more, high
heterogeneity.41

RESULTS
Study Characteristics

The MEDLINE literature search (eFig-
ure; available at http://www.jama
.com) yielded 2124 unique citations, of

which we selected 52 for full-text re-
view; from these articles, 5 met our pre-
specified inclusion criteria. The
EMBASE literature search yielded 416
citations; 19 were selected for full-text
review, but none met our inclusion cri-
teria. Two of the 5 articles meeting in-
clusion criteria were subsequently ex-
cluded because of methodological
limitations (eAppendix), leaving 3 ar-
ticles42-44 for data extraction. Most stud-
ies were excluded because they were
conducted in an outbreak setting, did
not use one of the diagnostic tests that
we specified a priori, or did not con-
tain extractable data. The number of
participants in the included studies
were large (n=102-212), which yielded
reasonably narrow 95% confidence
intervals (CIs) for the LRs; all studies
were conducted in outpatient settings
(TABLE 1). Two studies included pri-
marily adults with some adoles-
cents,43,44 while 1 study included only
children and adolescents.42

The studies were carried out in 3 dif-
ferent countries: South Korea, United
Kingdom, and United States. Vaccina-
tion coverage for children in the United
States45 and the United Kingdom46 are
high; vaccine coverage information for
South Korea is not available.

Duration of Cough

Using current guidelines for classify-
ing cough,8 1 study had a median cough
duration that fulfilled criteria for acute
cough at presentation,43 and 2 had me-
dian durations of subacute cough.42,44

However, the total range for cough du-
ration included patients across the span
from acute to chronic.

Accuracy of Classic Symptoms
in Diagnosis of Pertussis

All 3 studies included data on parox-
ysmal cough, posttussive emesis, and
inspiratory whoop; none reported on
posttussive syncope (TABLE 2). Among
adolescent and adult patients with per-
tussis, paroxysmal cough is common,
but the specificity of this finding is low.
Posttussive emesis and whoop are less
common, but both show greater speci-
ficity for pertussis infection.
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In the pooled analyses, the positive
LRs for the presence of posttussive eme-
sis (LR, 1.8; 95% CI, 1.4-2.2) and in-
spiratory whoop (LR, 1.9; 95% CI,
1.4-2.6) are similar (Table 2). While sta-
tistically significant, the positive LR for
paroxysmal cough is only slightly
greater than 1. The pooled negative LRs
for the 3 symptoms are similar: parox-

ysmal cough (LR, 0.52; 95% CI, 0.27-
1.0), posttussive emesis (LR, 0.58; 95%
CI, 0.44-0.77), and inspiratory whoop
(LR, 0.78; 95% CI, 0.66-0.93). In the
study that included only children and
adolescents (aged 5-16 years),42 the
positive and negative LRs for all symp-
toms are similar to the pooled positive
and negative LRs.

Limitations
No study reported the performance
characteristics for combinations of find-
ings (eg, inspiratory whoop together
with posttussive emesis) and none
evaluated the independence of combi-
nations of findings. Thus, we can only
infer that physician clinical impres-
sion is affected by presence or absence

Table 1. Study Characteristics

Source Inclusion Criteria/Setting
No. of

Participants

Age,
Median
(Range),

y

Cough Duration
at Presentation,
Median (Range),

d Reference Standard

Pertussis
Prevalence, No.

(%) [No. Positive by
Each Reference

Standard]
Level of

Evidence47,a

Strebel
et al,44

2001

Cough 7-34 d; age 10-49 y
10 outpatient clinics (large

health maintenance
organization), St
Paul–Minneapolis,
Minnesota

212 35 (10-49) 36 (4-77) (1) NP specimen using
rayon-tipped swab for
PCR and culture; (2)
�2-fold increase in
convalescent anti-PT
IgG or IgA titers vs acute
(antibody ELISA level
�20 units/mL); (3) single
serum anti-PT IgG �3
SD above mean for
age-matched controls

27 (13) [culture = 8;
PCR = 13; acute
vs convalescent
anti-PT
titers = 13; single
high anti-PT
titer = 18]

III

Park et al,43

2005
Cough 1-12 weeks; age

�16 y
2 outpatient clinics, Seoul,

South Korea

102 30 (19-83) 15 (6-80) Throat swab specimens
using Dacron-tipped
swab for PCR and
culture

3 (2.9) [culture = 0;
PCR = 3]

Indeterminate

Harnden
et al,42

2006

Cough �14 d; age 5-16 y
General practitioners’

clinics, Oxfordshire,
England

172 9 (5-16) Positive serology:
mean = 45;
negative
serology:
mean = 44b

(1) �4-fold change in acute
and convalescent serum
anti-PT IgG titers

(2) anti-PT IgG titers �100
ELISA units/mL

64 (37) [not provided] I

Abbreviations: ELISA, enzyme-linked immunosorbent assay; NP, nasopharyngeal; PCR, polymerase chain reaction; PT, pertussis toxin.
aLevels of evidence: I=highest quality; an independent, blind comparison of a test (pertussis-related symptom) to a validated criterion reference standard in a sufficiently large number of

consecutive patients; II=similar to level I (ie, an independent, blind comparison of a test to a validated criterion reference standard) but with a smaller number of patients; III=also
independently compared the test with a validated reference standard, but enrolled nonconsecutive patients.

bMedian and range not reported.

Table 2. Sensitivity, Specificity, and Likelihood Ratios of Classically Described Symptoms in Diagnosing Pertussis

Source

No. (%)
Positive LR

(95% CI) [Range]
Negative LR

(95% CI) [Range]Sensitivity Specificity

Paroxysmal cough
Harnden et al,42 2006 55/64 (86) 26/108 (24) 1.1 (0.98-1.3) 0.58 (0.29-1.2)

Park et al,43 2005 3/3 (100) 35/99 (35) 1.4 (0.91-2.0) 0.35 (0.03-4.8)

Strebel et al,44 2001 27/27 (100) 23/185 (12) 1.1 (1.0-1.2) 0.14 (0.01-2.3)

Summary 1.1 (1.1-1.2) [1.1-1.4]a 0.52 (0.27-1.0) [0.14-0.58]a

Posttussive emesis
Harnden et al,42 2006 45/64 (70) 66/108 (61) 1.8 (1.4-2.4) 0.49 (0.32-0.73)

Park et al,43 2005 1/3 (33) 82/99 (83) 1.9 (0.37-10) 0.80 (0.36-1.8)

Strebel et al,44 2001 15/27 (56) 126/185 (68) 1.7 (1.2-2.6) 0.65 (0.42-1.0)

Summary 1.8 (1.4-2.2) [1.7-1.9]a 0.58 (0.44-0.77) [0.49-0.80]a

Inspiratory whoop
Harnden et al,42 2006 32/64 (50) 78/107 (73) 1.8 (1.2-2.7) 0.69 (0.52-0.90)

Park et al,43 2005 2/3 (67) 71/99 (72) 2.4 (1.0-5.6) 0.46 (0.09-2.3)

Strebel et al,44 2001 7/27 (26) 158/185 (85) 1.8 (0.86-3.7) 0.87 (0.69-1.1)

Summary 1.9 (1.4-2.6) [1.8-2.4]a 0.78 (0.66-0.93) [0.46-0.87]a

Abbreviations: CI, confidence interval; LR, likelihood ratio.
a I2 is a test for heterogeneity; less than 25% suggests homogeneity; 25% to 50%, low heterogeneity; 51% to 74%, moderate heterogeneity; and 75% or more, high heterogeneity.41

For all summary LRs, I2=0% except negative LR for inspiratory whoop (I2=4%).
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of both posttussive emesis and inspi-
ratory whoop in patients with parox-
ysmal cough.

Our study’s findings must be inter-
preted in the context of the quality of
the included studies, and several points
merit consideration. Only 5 studies met
our inclusion criteria, and 2 of these
were excluded because of methodologi-
cal limitations. Only 1 of the 3 in-
cluded studies42 contained level I evi-
dence47; the 3 studies had a total of 94
cases of pertussis. One study44 met level
III evidence criteria because of non-
consecutive enrollment and inclusion
of a small percentage of eligible pa-
tients (2%). The evidence level for the
remaining study43 could not be deter-
mined from the article, although that
study included only 3 patients with per-
tussis and, thus, had little effect on the
summary measures. Because of the
heterogeneity in the patient popula-
tions (eg, age ranges of patients, coun-
tries of origin) and reference stan-
dards used, combining the results of the
studies may not be appropriate. De-
spite these differences in the studies, the
quantitative assessments suggested little
heterogeneity in the results and the
summary measures provide relatively
narrow 95% CIs.

Misclassification bias may have af-
fected the performance characteristics
we measured. No studies described the
use of explicit and reproducible defi-
nitions for each symptom. In 1 study,42

the authors reported that half of pa-
tients with a positive serologic test re-
sult for pertussis had inspiratory
whoop, but they subsequently indi-
cated that few had “classical whoop.”
For the symptom of paroxysmal cough,
it is possible that eliciting a history of
coughing fits in a single expiration fol-
lowed by deep inspiration, rather than
undefined “paroxysmal cough,” could
have resulted in a higher positive LR.

An inclusion criterion for 1 study44

was paroxysmal cough, which was also
one of the findings reported in the
study—this represents verification
bias.38 Additionally, patients in this
study who were subsequently diag-
nosed as having pneumonia or sinus-

itis (numbers not given) were ex-
cluded from analysis rather than being
counted in the nonpertussis group. Both
of these factors may falsely increase sen-
sitivity and decrease specificity.

Finally, the limitations of available
diagnostic tests (ie, our chosen refer-
ence standards) continue to make the
diagnosis of pertussis challenging. The
sensitivity of these diagnostic tests de-
creases with increased duration of
cough and, as noted, adolescents and
adults often do not seek medical atten-
tion until they have been coughing for
several weeks. This problem with the
reference standard may in turn affect
our assessment of the diagnostic util-
ity of the classic symptoms.

SCENARIO RESOLUTION
A nasopharyngeal swab specimen was
collected from the patient and sent for
testing. The estimated pretest probabil-
ity of pertussis for an adult with a pro-
longed cough is 10% to 30%. The pres-
ence of posttussive emesis (LR, 1.8)
modestly increases the posttest prob-
ability. For this patient, the direct fluo-
rescent antibody test result was nega-
tive, but B pertussis was isolated from
culture 1 week later. Four weeks after
the onset of illness, when the culture
result was reported, treatment with
oral erythromycin was started. The pa-
tient’s cough gradually resolved over the
next 3 months. Because of her frequent
and prolonged exposure to the patient,
his wife was given postexposure antibi-
otic prophylaxis; she did not develop
symptoms of pertussis infection.

CLINICAL BOTTOM LINE
In the prevaccine era, 4 symptoms were
classically associated with pertussis in-
fection: paroxysmal cough, posttus-
sive emesis, posttussive syncope, and
inspiratory whoop. Although a pro-
longed duration of cough illness is also
characteristic of pertussis, we were un-
able to find any studies with extract-
able data to assess this. Our system-
atic review of the literature included 3
nonoutbreak studies in the postvac-
cine era of patients seeking care for
cough that included data on paroxys-

mal cough, posttussive emesis, and in-
spiratory whoop; no study reported on
posttussive syncope. Paroxysmal cough
is a very common symptom in pertus-
sis infection, but it appears to be non-
specific (ie, paroxysmal cough may also
commonly occur in other respiratory
illnesses). The presence of posttussive
emesis and inspiratory whoop mod-
estly increase the likelihood of pertus-
sis infection, but additional informa-
tion should influence the decision to
test and empirically treat for pertus-
sis. This should include recent expo-
sure to known or suspected cases of per-
tussis and subsequent exposure to
vulnerable populations (eg, infants).
Importantly, our data do not apply to
an outbreak setting in which the pre-
test probability of pertussis for a pa-
tient with a cough illness may be sub-
stantially higher and the thresholds to
test and empirically treat for pertussis
may be lower.

Given the substantial limitations of
currently available diagnostic tests, an
important finding in this study is that
the absence of classic symptoms of per-
tussis may not have sufficiently low LRs
to exclude the diagnosis of pertussis,
and the presence of classic symptoms
is common in patients who do not have
evidence of pertussis infection. This in-
creases the importance of the pretest
probability of infection and suggests
that additional testing and treatment de-
cisions in a patient with prolonged
cough should be based on the overall
clinical impression, independent of
these classic clinical features of pertus-
sis. Studies including adolescents and
adults with cough illnesses lasting 1
week or longer in nonoutbreak set-
tings indicate that pertussis is respon-
sible for 12% to 32% of cases; the over-
whelming majority of patients actually
had a substantially longer duration of
illness (�3 weeks).14 We suspect that
most experts consider the combina-
tion of a whooping cough and posttus-
sive emesis more suggestive of the di-
agnosis than either finding alone.
Future investigations that provide data
on the combinations of findings may be
useful.
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