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BACKGROUND: The decision to treat a suspected case of pertussis with antibiotics is usually based
on a clinical diagnosis rather than waiting for laboratory confirmation. The current guideline
focuses on making the clinical diagnosis of pertussis-associated cough in adults and children.

METHODS: The American College of Chest Physicians (CHEST) methodologic guidelines and the
Grading of Recommendations, Assessment, Development, and Evaluation framework were
used. The Expert Cough Panel based their recommendations on findings from a systematic
review that was recently published on the topic; final grading was reached by consensus ac-
cording to Delphi methodology. The systematic review was carried out to answer the Key Clinical
Question: In patients presenting with cough, how can we most accurately diagnose from clinical
features alone those who have pertussis-associated cough as opposed to other causes of cough?

RESULTS: In adults, after pre-specified meta-analysis exclusions, pooled estimates of sensi-
tivity and specificity were generated for only 4 clinical features: paroxysmal cough, post-
tussive vomiting, inspiratory whooping, and absence of fever. Both paroxysmal cough and
absence of fever had high sensitivity (93.2% [95% CI, 83.2-97.4] and 81.8% [95% CI, 72.2-
88.7], respectively) and low specificity (20.6% [95% CI, 14.7-28.1] and 18.8% [95% CI, 8.1-
37.9]). Inspiratory whooping and posttussive vomiting had a low sensitivity (32.5% [95% CI,
24.5-41.6] and 29.8% [95% CI, 18.0-45.2]) but high specificity (77.7% [95% CI, 73.1-81.7] and
79.5% [95% CI, 69.4-86.9]). In children, after pre-specified meta-analysis exclusions, pooled
estimates of sensitivity and specificity were generated for only 1 clinical feature in children (0-
18 years): posttussive vomiting. Posttussive vomiting in children was only moderately sen-
sitive (60.0% [95% CI, 40.3-77.0]) and specific (66.0% [95% CI, 52.5-77.3]).

concLusIons: In adults with acute (< 3 weeks) or subacute (3-8 weeks) cough, the presence
of whooping or posttussive vomiting should rule in a possible diagnosis of pertussis, whereas
the lack of a paroxysmal cough or the presence of fever should rule it out. In children with
acute (< 4 weeks) cough, posttussive vomiting is suggestive of pertussis but is much less
helpful as a clinical diagnostic test. Guideline suggestions are made based upon these findings

and conclusions. CHEST 2019; 155(1):147-154
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Summary of Recommendations:

1. For adult patients complaining of acute cough

(< 3 weeks in duration) or subacute cough (3-8 weeks),
we suggest that clinicians should specifically assess for
the 4 key characteristics of paroxysmal cough, post-
tussive vomiting, inspiratory whooping, and absence
of fever in ruling in or out a clinical diagnosis of
pertussis. (Grade 2C)

Remark: Paroxysmal cough is defined as recurrent
prolonged coughing episodes (ie, an expiratory phase
with multiple burst of outflow) with an inability to
breathe during spells. Posttussive vomiting is defined as
vomiting induced by coughing. Inspiratory whooping is
defined as a continuous inspiratory airway sound with a
whooping quality to it. Fever is defined as any body
temperature above the normal of 98.6°F (37°C).

2. For adult patients complaining of acute or subacute
cough, we suggest that clinicians consider that the
cough is unlikely to be due to pertussis if the patient
has a fever or the cough is not paroxysmal in nature.
(Grade 2C)

3. For adult patients complaining of acute or subacute
cough, we suggest that clinicians consider that the
cough is likely to be caused by pertussis if there is
posttussive vomiting or is associated with an
inspiratory whooping sound. (Grade 2C)

4. For children complaining of acute cough (< 4 weeks
in duration), we suggest that clinicians should
specifically assess for the 3 classical characteristics of
paroxysmal cough, posttussive vomiting, and
inspiratory whooping. (Ungraded consensus-based
statement)

5. For children complaining of acute cough, we
suggest that clinicians consider that the cough could
be caused by pertussis if there is posttussive vomiting.
(Grade 2C)

do not replace professional medical care and physician advice, which
always should be sought for any medical condition. The complete
disclaimer for this guideline can be accessed at http://www.chestnet.
org/Guidelines-and-Resources/Guidelines-and-Consensus-Statements/
CHEST-Guidelines.

CORRESPONDENCE TO: Abigail Moore, BM, BCh, Radcliffe Primary
Care Building, Radcliffe Observatory Quarter, Woodstock Rd, Oxford,
OX2 6GG, England; e-mail: abigail. moore@phc.ox.ac.uk

Copyright © 2018 American College of Chest Physicians. Published by
Elsevier Inc. All rights reserved.

DOT: https://doi.org/10.1016/j.chest.2018.09.027

148 Evidence-Based Medicine

6. For children complaining of acute cough, we
suggest that clinicians consider that the cough could
be caused by pertussis if there is paroxysmal cough or
inspiratory whooping. (Ungraded consensus-based
statement)

Introduction

Pertussis (whooping cough), caused by Bordetella
pertussis, is a highly contagious respiratory tract
infection that can be associated with significant
morbidity and mortality, particularly in young infants.

Pertussis causes an acute cough that can often become
persistent and is classically associated with paroxysms of
coughing, inspiratory whooping, and posttussive
vomiting. However, clinical judgment also plays an
important role in diagnosis. This is reflected in the
clinical definitions used by the World Health
Organization," Centers for Disease Control and
Prevention (CDC),> and Public Health England3

(Table 1).

There are several recognized laboratory methods to
confirm a diagnosis of pertussis; culture (100% specific),
polymerase chain reaction (88%-100% specific), serology
(72%-100% specific),”” and oral fluid testing (91%-
99% specific).” These are used variously by the different
health organizations (Table 2).°

The treatment of pertussis has been the subject of a
Cochrane systematic review.” There are several effective
antibiotics; these eliminate B pertussis but do not alter
the clinical course of the illness. However, treatment
should be initiated as soon as possible after onset of
illness to prevent spread of the disease.’ The decision to
treat with antibiotics is therefore frequently based on a
clinical diagnosis rather than waiting for laboratory
confirmation.

Because reviews of laboratory diagnosis and treatment
have recently been published” and diagnosis is usually
made clinically, the current guideline focuses on making
the clinical diagnosis of pertussis-associated cough in
adults and children.

Materials and Methods

The methodology of the CHEST Guideline Oversight Committee®’
was used to select the Expert Cough Panel Chair and the
international panel of experts to synthesize the evidence and to
develop the recommendations and suggestions that are contained
within this article. In addition to the quality of the evidence, the
recommendation/suggestion grading also includes a strength of
recommendation dimension, used for all CHEST Guidelines.”” In

[ 155#1 CHEST JANUARY 2019 |


http://www.chestnet.org/Guidelines-and-Resources/Guidelines-and-Consensus-Statements/CHEST-Guidelines
http://www.chestnet.org/Guidelines-and-Resources/Guidelines-and-Consensus-Statements/CHEST-Guidelines
http://www.chestnet.org/Guidelines-and-Resources/Guidelines-and-Consensus-Statements/CHEST-Guidelines
mailto:abigail.moore@phc.ox.ac.uk
https://doi.org/10.1016/j.chest.2018.09.027

chestjournal.org

v o
8 <
o
0w o © c
oo Q.= -5
ELPES OO
o o od
) s o0Eoc
O Q'-C."EOU’
3 EZTES S ©
c = c
S L owvcc
O B Oy © =
= 'Du)moq_c
o C:!_: o o
g aBEoth
3 ca3zx2 8o
= DB n h L
[0} mﬂ:%:ﬁwa
o o
=2 c 2L 0 >
a =) cC< O Cc O
L T 2 0 2+ = a
ggchxq_
0)4-1!:0.380
g-g’;wg;&
2cgszgé
gun.E.ﬂom
n
o
c 5 0w > g c a4
. £2%9558,0.9
@ 588 cLON¥ ol
a T cE> o0V cc
< 822G _~ BCB8S®
Es>6y S SEQE
00« V gmwo >E
< )
kS 0w _. o ) o ) o
n 2| En £ € £ € £
E_E mE < 0 < 0 c
an>‘ [o)] > [=)] > [o)]
S38a.8 B48  Bss
o Q L._‘l— l_“_ Lu_
S8 5& 060 5060 560
a- o o o
@
o S o o
2| e $55® ¢ c
5|l £0° B =]
=N = 2o E=
ElE © s c E £
2lo02>3% ¢ o o
=] s > >
) 5 38~
Z|lv=g o o (]
al2E=c 9o > 2
Sl@ocoTeE® @ 7]
= m><lJmL 1) 1)
2|2 5ESZE 2, 2w
o
O_J—JGJEO“J—' )
0 = 7] 0]
ov._uOoO OO
a o a
o o o
ro|lZE = =
S £ Q aQ aQ
= ) ) )
T o o o 9]
52|88« £24  E2«
| a a a
2=|a 2O o 20 o 20
— = = =
= =i =
£ X o (o))
g’;o sc mg
onN o 2z =2 c ©
x| 0o € o =)}
Zlegse 235 B2%
=
Nlcow . 82 «E .. L
/\ﬂ::m'gmg O] co'E ..
c|2®2ZE =NEE Og o O
o o= 0O = o DHQC
3 C@m—ou c Owe o (e} S s
aloc e a c 0O s} =
w = [S AN g
) 5 S = Do E (0] (<}
g w225 3acs L o=
a®2E5hH 0o n 2L c&l
< < <
©
-
ot € %gnc 9]
- & a0 Q
IS o <
O & o w < g u c ¥
o w ‘n 2]
8| 2| eds Leg_g 2S¢
© R == © > £ 55 9
o ] mgt‘>~ wmﬁg o a5
|l ® = 0L Swex 8 CAam
o) SEloT aa CO:U 2 o o
o Ol< S =
c
Ol s
— “ﬁ
- N~
~ o
wl=6&|2 @) T
J 182 a) T
g TS| = (@) o
'_

World Health Organization.

Centers for Disease Control and Prevention; PHE = Public Health England; WHO

CDC =

the context of practice recommendations, a grade 1 recommendation is
a strong recommendation and applies to almost all patients, whereas a
grade 2 recommendation is weak and conditional and only applies to
some patients. The strength of recommendation here is based on
consideration of three factors: balance of benefits to harms, patient
values and preferences, and resource considerations. Harms
incorporate risks and burdens to the patients that can include
convenience or lack of convenience, difficulty of administration, and
invasiveness. These, in turn, impact patient preferences. The resource
considerations go beyond economics and should also factor in time
and other indirect costs. The authors of these recommendations or
suggestions have considered these parameters in determining the
strength of the recommendations or suggestions and associated grades.

The findings of a systematic review and meta-analysis that was carried
out to be the basis of this guideline and has recently been published'’
were used to support the evidence graded recommendations or
suggestions. The first, second, and third authors of this current
guideline article were among the authors of the systematic review
and meta-analysis. The process of review of previous studies
identified in the systematic review included assessment using the
QUADAS-2 (a quality assessment tool for diagnostic accuracy
studies) in the domains of patient selection, index tests, reference
standard, and flow and timing.'' When the quality of studies
included in the systematic review'® were checked using DART
(Documentation and Appraisal Review Tool),'> similar quality
results were found. A highly structured consensus-based Delphi
approach was employed to provide expert advice on all guidance
statements. The total number of eligible voters for each guidance
statement did not vary because none was recused from voting on
any particular statements because of any potential conflicts of
interest. A lay person representing the interests of patients
participated in the process and voting. Transparency of process was
documented. Further details of the methods related to conflicts of
interests and transparency for all CHEST guidelines have been
published in e-Table 1 and elsewhere.>’

Based on the systematic review and meta-analysis'® and the Delphi
methodology described, the writing group developed guideline
recommendations or suggestions. These then underwent review and
consensus agreement through an online anonymous voting survey by
the full cough panel. For a recommendation or suggestion to be
accepted, it had to be voted upon by 75% of the eligible Cough
Panelists and achieve ratings of strongly agree or agree by 80% of
the voting panelists. Agreement was achieved by 87.24% to
95.75% of those voting on the current recommendations or
suggestions. No panelist was excluded from voting.

Because a paroxysmal cough figures heavily in making a clinical
diagnosis of a pertussis-associated cough, we have defined it as
recurrent prolonged coughing episodes (ie, an expiratory phase with
multiple burst of outflow) with an inability to breathe during spells.

Results

The recommendations that follow are based upon the
recently published high-quality systematic review'"
that included a comprehensive search of multiple
databases restricted to the English language. The
systematic review followed all the standards of the
National Academy of Medicine (previously referred to
as the Institute of Medicine).'” After generating the
key clinical question for the systematic review,
population, index test, reference test, and target
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TABLE 2 | Recognized Laboratory Methods to Confirm

a Case
Oral Fluid

Polymerase Testing for
Health Chain Anti-pertussis
Organization | Culture Reaction Serology Toxin IgG
WHO'! X X X
cDC? X X . .
PHE? X X X X

See Table 1 legend for expansion of abbreviations.

condition elements were derived to inform the
literature review (Table 3).'° The authors of the review
systematically searched the following databases:
CINAHL (EBSCHost from 1982 to 2016), Embase
(OvidSP from 1974 to 2016), Medline & Medline In-
Process (OvidSP from 1946 to 2016), and SCI-
EXPANDED/CPCI-S (Web of Science Core Collection
from 1945 to 2016). The search strategy combined
MeSH headings with free text search terms for
whooping cough and clinical symptoms. The search
was supplemented by review of reference lists of
included articles and relevant review articles as well as
by contacting authors of studies to request additional
relevant data where it was apparent that it was likely
to have been collected but not published. The full
search strategy can be found in e-Appendix 1 of the
systematic review.'’

After the initial screening of articles, full text review,
data extraction, and quality assessment, 53 articles were
identified for descriptive analysis and meta-analysis.'’
These articles included 23,796 subjects, of whom 4,149
(17.4%) had a laboratory diagnosis of pertussis. Thirty-
six of the 53 articles had a prospective design, 12 were
retrospective, and 5 were case-control. From these 53
studies, 41 clinical characteristics (ie, index tests) were
assessed for diagnostic accuracy, including 9 cough
characteristics as well as other clinical and demographic
features (Table 4)."° After excluding from the meta-
analysis studies at high risk of bias (28 studies), pooled
estimates of sensitivity and specificity were generated by

meta-analysis (Table 5)."%"**

Evidence and Recommendations

Key Clinical Question: In patients presenting with cough,
how can we most accurately diagnose from clinical
features alone those who have pertussis-associated cough
as opposed to other causes of cough?

Summary of the Evidence in Adults and
Interpretation: After pre-specified meta-analysis
exclusions, pooled estimates of sensitivity and specificity
were generated for only 4 clinical features in adult
patients: paroxysmal cough, posttussive vomiting,
inspiratory whooping, and absence of fever. Both
paroxysmal cough and absence of fever had high
sensitivity and low specificity (Table 5, e-Table 2)."” This
means that a patient without these features is unlikely to
have a diagnosis of pertussis (few false-negatives).
Inspiratory whoop and posttussive vomiting had a low
sensitivity but high specificity. This means that a
diagnosis of pertussis should be considered in a patient
with these features (few false-positives).

1. For adult patients complaining of acute cough

(< 3 weeks in duration) or subacute cough (3-8 weeks),
we suggest that clinicians should specifically assess for
the 4 key characteristics of paroxysmal cough, post-
tussive vomiting, inspiratory whooping, and absence
of fever in ruling in or out a clinical diagnosis of
pertussis. (Grade 2C)

Remark: Paroxysmal cough is defined as recurrent
prolonged coughing episodes (ie, an expiratory phase
with multiple burst of outflow) with an inability to
breathe during spells. Posttussive vomiting is defined as
vomiting induced by coughing. Inspiratory whooping is
defined as a continuous inspiratory airway sound with a
whooping quality to it. Fever is defined as any body
temperature above the normal of 98.6°F (37°C).

2. For adult patients complaining of acute or subacute
cough, we suggest that clinicians consider that the
cough is unlikely to be due to pertussis if the patient
has a fever or the cough is not paroxysmal in nature.
(Grade 2C)

TABLE 3 | Population, Index Test, Reference Test, and Target Condition Elements Derived to Inform the Literature

Review'®

Population

Index Test

Reference Test Target Condition

People of any age, sex, ethnicity, and
nationality attending either primary or
secondary care settings with cough

cough

Any presenting clinical
characteristic of
pertussis-associated

Laboratory diagnostic tests
for pertussis, including
culture, PCR, and
serology

Bordetella pertussis

PCR = polymerase chain reaction.
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TABLE 4 | Index Tests TABLE 4 | (Continued)
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Index Test No. of Studies Index Test No. of Studies
Cough characteristic Comorbidity 6
Paroxysmal cough 36 Smoking
Posttussive vomiting 36 Previous whooping cough 4
Whooping cough 28 This table includes clinical characteristics, examination findings and
Worse at night 16 patient demographic characteristics, and number of studies in which
Productive cough 12 these were recqrded.. Reprinted from Moore et al.'’ URTI = upper res-
piratory tract infection. See Table 1 legend for expansion of other
Wheeze 12 abbreviations.
Any cough
Cough duration 6 3. For adult patients complaining of acute or subacute
Stridor 3 cough, we suggest that clinicians consider that the
Other respiratory symptoms/findings cough is likely to be caused by pertussis if there is
Apnea 21 posttussive vomiting or is associated with an
Cyanosis 16 inspiratory whooping sound. (Grade 2C)
Rhinorrhea 10 Summary of the Evidence in Children and
Shortness of breath 9 Interpretation: After pre-specified meta-analysis
URTI symptoms 6 exclusions, pooled estimates of sensitivity and specificity
Respiratory distress/hypoxia 5 were generated for only one clinical feature in children:
Chest crackles 5 posttussive vomiting. Posttussive vomiting in children
Sore throat 5 (ages 0-18) was only moderately sensitive and specific
Sneezing 4 (Table 5, e-Table 2).10
Sinusipain 3 4. For children complaining of acute cough (< 4 weeks
Hoarseness 2 in duration), we suggest that clinicians should
Posttussive gagging 2 specifically assess for the 3 classical characteristics of
Other clinical features paroxysmal cough, posttussive vomiting, and
Fever 28 inspiratory whooping. (Ungraded consensus-based
Headache 5 statement)
ChesF pa|r-1 — > 5. For children complaining of acute cough, we
Feeding difficulties 4 suggest that clinicians consider that the cough could
CYRIRRCCYIRSLS 4 be caused by pertussis if there is posttussive vomiting.
Facial discoloration 3 (Grade 2C)
Myalgia 3 . .
Conjunctival changes 3 6. For Chlldreil- c.OTnplalnlng of acute cough, V}xlfe
P ——— 5 suggest that c| 1n1c1a1.15 'con51def' that the cough could
Fatigue ) be caused by pertussis if there is paroxysmal cough or
) inspiratory whooping. (Ungraded consensus-based
Sweating 2
statement)
Seizure 2
Posttussive syncope 2 . .
ez Discussion
Clinical judgment . . . .
o o The systematic review used to form the basis of this
Meets CDC/WHO clinical definition 8 Ly e . . . 10
o o guideline is the largest on this topic to date. ” The broad
Clinical suspicion . . . .
. inclusion criteria were designed to capture the full
Pati i . .
atient demographics spectrum of pertussis presentation but meant that there
Vaccinated 19 L A ..
was significant variation in included study
SIS e characteristics—including different study designs (case-
(Continued) control and retrospective/prospective cohort), those in
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TABLE 5 ] Meta-analysis: Pooled Estimates of Sensitivity and Specificity

Specificity
% (95% CI)

Positive Likelihood
Ratio (95% CI)

Negative Likelihood
Ratio (95% CI)

20.6 (14.7-28.1)

77.7 (73.1-81.7)

79.5 (69.4-86.9)

18.8 (8.1-37.9)

66.0 (52.5-77.3)

1.17 (1.10-1.25)

1.45 (1.19-1.79)

1.46 (1.07-1.97)

1.01 (0.86-1.18)

1.76 (1.26-2.48)

0.33 (0.15-0.71)

0.87 (0.79-0.96)

0.88 (0.77-1.00)

0.97 (0.49-1.90)

0.61 (0.40-0.91)

Clinical Feature on

Which Meta-analysis Age No. of Sensitivity

Performed Category Studies % (95% CI)

Paroxysmal Adults 7 93.2 (83.2-97.4)
cough**2°

Posttussive Adults 8 32.5 (24.5-41.6)
vomiting*#-2*

Inspiratory Adults 7 29.8 (18.0-45.2)
whooping*4-19:22

Absence of Adults 5 81.8 (72.2-88.7)
fever14-16,20,23

Posttussive Children 6 60.0 (40.3-77.0)
vomiting®* 29

Reprinted from Moore et al.'’

specialist populations (eg, outbreaks), and used different
reference standards. While the systematic review was
done according to rigorous methods, it did have
limitations. For example, while assessment of quality
meant that those at resultant high risk of bias were
excluded from meta-analysis, heterogeneity in the
remaining studies meant that only 4 characteristics
could be analyzed in this way. Because the review
excluded non-English studies, potentially relevant
studies may have been missed. In addition, the
systematic review was published in 2017, and it was
based upon a literature search that was last updated in
June of 2016, and studies published since this time have
not been taken into account. Although data were
analyzed separately for adults and children, it is
important to note that the “children” category includes
studies with both older children (up to 18) and young
infants who may also have very different presentations
of pertussis.

A second systematic review has been written on this
topic within the last year. Compared with the systematic
review used to compile this guideline, Ebell et al*’ used a
more restrictive search strategy in Medline only and
included only prospective cohort studies. Eight unique
references were included compared with the systematic
review used for this guideline. However, these references
were excluded from our systematic review for the
following reasons: 4 had no comparison group, 2
compared pertussis with parapertussis, 1 had no clinical
information, and 1 was not in English. In Ebell et al,”
meta-analysis was done for all index tests with no
comment on heterogeneity, and index tests were only
analyzed separately in adults and children for
paroxysmal cough, whooping cough, and posttussive

152 Evidence-Based Medicine

vomiting. For these reasons, it was felt that the findings
of Ebell et al should not be taken into account in
compiling this guideline.

The existing clinical criteria in use by multiple health
agencies (Table 1)' contain the index tests shown in
the meta-analysis to be useful in the diagnosis of
pertussis and recommended/suggested by this guideline.
The presence of whooping or posttussive vomiting is
common to the CDC, Public Health England, and
World Health Organization clinical criteria, whereas
paroxysms of coughing is included by just the CDC and
World Health Organization. Apnea and cyanosis are
mentioned in relation to infants aged < 1 year in the
CDC criteria and were shown in forest plots in the
systematic review (e-Appendix 2)'" to be moderately
sensitive and specific in children.

Areas for Future Research

To advance the field, a number of research endeavors to
address the gaps in knowledge should be undertaken.
These include conducting further large prospective
studies in primary care of patients presenting with acute
or subacute cough, particularly in infants and children.
To improve on the problems in study design identified
by the systematic review, the following would be needed:
detailed epidemiological/baseline characteristics of
included patients, time since symptom onset recorded
rather than acting as inclusion criteria, clear definitions
of clinical characteristics recorded, characteristics
recorded at presentation and ideally subsequently in a
symptom diary. It would also be helpful to assess clinical
judgment as part of this. Individual patient analysis
would help assess the diagnostic utility of different
symptoms in combination.

[ 155#1 CHEST JANUARY 2019 |



Conclusions

Cough due to pertussis in adults and children has been
the sole focus in this update, compared with one of
many causes of postinfectious cough in the 2006 CHEST
Cough Guidelines.”" This guideline focuses on how to
make the clinical diagnosis of pertussis because this is
how the decision to treat with antibiotics is usually
made. This guideline is based upon a high-quality
systematic review, and it identifies gaps in our
knowledge and areas for future research; we therefore
believe it advances the field.
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Endorsements: This guideline has been endorsed by the American
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Additional information: The e-Tables can be found in the
Supplemental Materials section of the online article.
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