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Evaluation of the diagnostic utility of the new clinical case definition
of pertussis — experience from sentinel and hospital-based
pertussis surveillance

EBanyariyja nujarHocTUUKe BPETHOCTH HOBE JepUHUIM]E clTydaja BeTUKOT

KalllJba — UCKYCTBA U3 CCHTHUHCIIHOT U XOCIIUTAJIHOT

HA/130pa HaJI IEPTYCHCOM

SUMMARY

Introduction/Objective Introduction/Objective
Global surveillance systems use different clinical case
definitions of pertussis.

The aim of this study was to identify sign and
symptom combinations with best relation with
laboratory-confirmed pertussis.

Methods A one-year prospective observational study
to evaluate the performance of the clinical case
definition of pertussis proposed by the Global
Pertussis Initiative (GPI) for three age groups (0-3
months, four months-9 years and > 10 years) was
performed in Novi Sad. Laboratory confirmation of B.
pertussis infection was obtained using the DNA
polymerase chain reaction (PCR) or ELISA serology
tests.

Results From October 1, 2013 to September 30, 2014,
103 (32.3%) of 319 participants with suspected
pertussis  had  laboratory-confirmed  pertussis.
Combined whooping, post-tussive emesis, and
worsening of symptoms at night was the best predictor
of pertussis in out-patients aged 4.months-9 years
(positive likelihood ratio LR+, 11.6), while among in-
patients of the same age group it was apnoea (LR+
13.5). The LR+ in out-patients-aged >10 years for
combinations of apnoea #+ post-tussive emesis or
combination of whoop + sweating episodes between
paroxysms + post-tussive emesis was 16.8, while
among in-patients. LR+ was < 2.3 for all combinations
in the same age group.

Conclusions-The GPI case definitions for pertussis are
good predictors for laboratory-confirmed pertussis and
are useful for the purpose of pertussis surveillance.
Keywords: pertussis (whooping cough); Global
Pertussis Initiative; case definition; surveillance
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CAXKETAK

Yeoa/LHusb Yeoa/llnms Y Hag30py Hal MEPTYCUCOM Y
CBETY C€ KOpPHUCTE paziuuure AchuHHIUje Clydaja
BEJIMKOT Kallljba.

Hup pama O6uo je ga ce ofpene OHE KOMOHHaIHje
3HaKOBa M CHMIITOMAa KOjH JONPHHOCE Haj00JbeM
NPEro3HaBaky BEJIUKOD Kalljba.

Mertoae paga VY by cBamyalmje 3HaKOBa U
cuMIToMa U3 JeUHHUIOHja CITydaja BEJIHKOT Kallba
NpeIUIOKEHUX <01 ~cTpaHe. [obanHe mepTycucHe
ununmjaruse | ([IIA) 3a Ttpu. y3pacue rpyme (0-3
Mecena, 4etupd Mecena-9 romuna. u y3pact ox 10
roauHa W Ccrapujux),-y Hosom Cany je cmpoBeneHa
MPOCIIEKTHBHA OINCEPBALMOHA CTYAMja y Tpajamy O
jenue roauue. JlabopaTtopujcka moTBpaa HHGMEKIHjE
u3asBaHe Oaktepujom B. pertussis je moGujena
ynorpedom PCR metona wnu ceposomkum (ELISA)
TECTOBHMA.

Pesyatatun YV nepuony oxn 1. okrobpa 2013. romune
no 30. cemremOpa 2014. romgmue, ox ykymHo 319
HCTIHTAaHUKA ca CYME-OM Ha BEJHKH Kamals, kox 103
(32,3%) mnauujenta je nobujeHa sabopaTropujcka
NOTBpJa BEJIUKOT Kallljba. Komb6uHnaimja
MHCIIUPATOPHOT CTpUIO0pa, noBpahama HAKOH Kallljba
U TOropllamka CUMITOMa TOKOM HohM je umana
Hajsehu mujarHOCTHYKM 3Ha4aj (CTemeH BepoBaTHOhe
nosutuHor pesynrata (LR+) 11,6), y nokasuBamy
meprycuca y  CEHTHHENHOM  Ham3opy  Meby
maryjeHTuMa y3pacra o1 4 mecena g0 9 roamHa, TOK
je mehy xocnurann3zoBaHMMa HCTOT y3pacTa HajOOJbH
NPEeTUKTOp MO3UTHUBHOI pe3yirara Omia amuea (LR+
13,5). V yspacry 10 rommna u crapujux, LR+ 3a
MalMjeHTe PEruCTPOBaHE y CEHTHHEIHOM Ha/l30py ca
MPUCYTHOM aIlHEeOM YApYXXeHoM ca mnoBpahamem
HaKOH KalllJba MM ca KOMOWHAIIMjOM WHCITHPATOPHOT
CTpUIOpa YAPYKEHOT ca Tpe3HOjaBameM wu3Mehy
mapokcu3ama M moBpalieleM HakoH Kalba je Omia
16,8, nmok je Meljy XocmHMTAIM30BaHMM MAllMjeHTUMA
oBor y3pacra LR+ ©Omo mawmm om 2,3 3a cBe
KOMOHWHAIHje 3HaKOBa/CUMITTOMA.

3akipyuak Jlepununmje cinydaja I'TIM nmajy mobap
JIMjarHOCTHYKY 3Ha4ya] Y IMJbY OTKPHBama 000JeBamba
Ol BEJMKOI KalllJba M 3aTO MOTYy OWTH KOPHUCHE Yy
HaJ30py HajJ oBoM Oosemthy.

Kiby4yHe peun: Benuku kamass (neprycuc); ['obanna
MepTyCUCHA WHUIMjaTHBa; JAcPUHHUIMjA CITydaja;
HaJ30p
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|
INTRODUCTION

Pertussis remains an important cause of morbidity and mortality among infants and
children, even in countries with high vaccination coverage rates. The World Health
Organization (WHO) estimates that 50 million cases and 300,000 deaths occur every year
because of pertussis, and case-fatality rates of pertussis in developing countries are estimated
to be as high as 4% in infants [1]. Consequently, establishing a reliable diagnosis of pertussis

has become increasingly important [2, 3].

Because of the heterogeneity in clinical manifestations of pertussis, lack of general
availability of laboratory confirmation of disease, mixed infections, and a low index of
suspicion among many physicians, pertussis is under-recognized 'worldwide. In addition, the
absence of a sensitive clinical case definition of pertussis has contributed to missed or

misdiagnosed pertussis cases [4, 5, 6].

Existing clinical case definitions of pertussis are based on clinical presentation in
infants and children, but they are also used for adolescents and adults who may manifest
distinct signs and symptoms. Therefore, in.an effort to improve the diagnosis of pertussis, the
Global Pertussis Initiative (GPI) proposed an algorithm based on the most common signs and
symptoms of pertussis for three age groups, i.e. 0—3 months, four months—nine years, and >10
years old [7].

The epidemiology of pertussis in Novi Sad has not been well-described until 2012
when an improved surveillance method for pertussis was introduced following the
recommendations. of GPI [7]. We then determined that pertussis was widespread in our
population affecting patients at any age [8, 9].

The aim.of the present study was to determine the most predictive signs and symptoms
of pertussis and to evaluate the diagnostic performance of certain combinations of signs and

symptoms based on the case definitions of pertussis proposed by the GPI.
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METHODS
Study design, specimen collection and laboratory testing

The recruitment period was from October 1, 2013 to September 30, 2014 (52 weeks).
According to the GPI [7], methods have been described in detail before [9]. Briefly, we
simultaneously conducted prospective surveillance at both primary (out-patients) and tertiary
(in-patients) health care levels in the city of Novi Sad. Participants were identified and
sampled by the physicians in the two health care levels as a part of their daily routine.
Hospital surveillance for the whole territory of the city of Novi Sad (341,624 inhabitants) was
conducted in two in-patient facilities: pulmonology clinic of Institute of Child. and Youth
Health Care of Vojvodina (paediatric in-patient facility) and Institute of Pulmonary Diseases
of VVojvodina (adult in-patient facility). We included only patients who fulfilled one or more
criteria of clinical case definitions for the age groups (0—3.months, four months—nine years,
and >10 years old) [7].

Patient data collection, sampling and transport of patient material as well as the
laboratory testing of samples and interpretation of results was performed according to the
previously used methodology [7, 9].

We classified participants as “fully vaccinated” according to their age, “partly
vaccinated” (cases who had received >1 but not all the vaccinations required for their age),
and “unvaccinated”. Due-to waning immunity after vaccination against pertussis, only
vaccination status for participants <18 years was recorded. All participants aged >18 were

considered as participants with an unknown vaccination status.

Verbal informed consent was obtained from patients before swab taking in accordance

with national regulations.and written consent from parents or guardians was obtained.

Statistical analysis

Because we registered only five laboratory-confirmed pertussis cases in infants aged 0—
3 months, we did not perform a validation of certain symptoms in this age group. A two-

tailed P value p<0.05 was considered to indicate statistical significance for all statistical tests.
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Data analysis was performed using the SPSS version 22 software and MedCalc for Windows,

version 12.3.0 (MedCalc Software, Mariakerke, Belgium).

RESULTS

During the study period, a total of 319 participants with suspected pertussis were
enrolled, and 103 (32.3%) had laboratory-confirmed pertussis by PCR or serology. Among
the laboratory-confirmed cases, 29, 71 and 3 patients were positive by PCR, ELISA and both
tests, respectively. B. parapertussis or B. bronchiseptica infections were: not detected. No
participant with suspected pertussis had been, vaccinated against pertussis during the 12
months before inclusion into the study, and there were no deaths. Patients with laboratory-
confirmed pertussis were younger than those without laboratory confirmation (p = 0.030),
and the proportion of pertussis was higher among hospitalized patients. compared to out-
patients (p<0.001), and higher among ‘“unvaccinated” and “pattly vaccinated” children
compared to those where “fully vaccinated”, although the difference was not significant (OR
1.87, 95% CI1 0.97-3.60, p = 0.062) (data not shown).

Pertussis was confirmed in 31:3% (5/16), 27.4% (34/124) and 35.8% (64/179) in

individuals 0—3 months, four months-9 years, and >10 years old, respectively.

In infants 0-3 months of age, the mandatory signs and symptoms (MSS) in
combination with pneumonia (OR 675, 95% CI 0.64—71.18) and close exposure to a person
with a prolonged.afebrile cough illness (contact) (OR 2.50, CI 0.12-50.45) had a strong
association with pertussis, but due to a limited number of participants, differences between

positive and negative cases were not statistically significant (p>0.05)

In the four months-9 years and >10 years age groups, the MSS accompanied by whoop
or apnoea or post-tussive emesis or worsening of the symptoms at night were significantly
associated with having a laboratory-confirmed pertussis (p<0.05). Among the participants
aged four months-9 years, only combination of MSS and pneumonia was not associated with
pertussis, and in the >10 years age group, only MSS accompanied by sweating episodes

between paroxysms was not a predictor of laboratory-confirmed pertussis (p>0.05) (Table 1).
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The diagnostic performance of the selected sign and symptom combinations for
pertussis in the participants aged four months-9 years is shown in Table 2 and for those >10

years in Table 3.

Among the out-patients, the MSS of pertussis in the four months-9 years age group
accompanied by whoop, post-tussive emesis and worsening symptoms at night-had the
highest diagnostic value of laboratory-confirmed pertussis (LR+ 11.6, 95% CI 2.6-51.8),
while a combination of the MSS and apnoea was the strongest predictor of pertussis among
the in-patients (LR+ 13.5, 95% CI 1.8-99.6). When stratified by the surveillance sites, the
MSS along with apnoea was significantly more sensitive in the hospital than in‘the sentinel
sites (42.1% vs. 6.7%, p = 0.022). The MSS in combination with post-tussive emesis or
accompanied by post-tussive emesis and contact were significantly more specific among the
out-patients than in the in-patients (77.6% vs. 43.8%, p =0.001 and 100.0% vs. 90.6%,
p = 0.018, respectively).

According to the values of LR+ for participants aged >10 years, among the in-patients
there was no combination with LR+ greater than 2.3. In the out-patients, including the MSS
in combination with one or more signs and symptoms through sentinel surveillance, we have
determined that five different combinations from the proposed case definition were the

strongest predictors of pertussis in the >10 years age group (LR+ above 10).

Compared to the values of sensitivities and specificities among the participants aged
>10 years in the two /surveillance systems, including the MSS of pertussis, post-tussive
emesis was significantly more sensitive among the out-patients than in the in-patients (61.3%
vs. 27.3%, p =0.007, respectively). The combination of MSS along with worsening of
symptoms.at night was significantly more sensitive (84.9% vs. 61.3%, p=0.034,
respectively), and the combination of MSS accompanied by whoop and post-tussive emesis
was significantly less specific (81.8% vs. 97.1%, p = 0.019, respectively) in hospitalized than

in out-patient cases.

DISCUSSION

The main aim of the study was to validate the pertussis case definitions of the GPI. A
very important aspect of our study was the estimation of the sensitivity and specificity of
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various combinations of signs and symptoms of the clinical case definitions proposed by the
GPI.

One of the first published studies, in which certain signs and symptoms of pertussis
case definition were evaluated, was conducted during two community outbreak years in
Wisconsin and Delaware (in 1985 and 1986) [10]. In this study, participants were enrolled in
the outbreak settings with wide inclusion criteria (one or more symptoms of acute respiratory
iliness, regardless of the age of participants), and a total of 50% of patients had laboratory
evidence of pertussis, while the prevalence of laboratory-confirmed pertussis-in-our study
was 32.3%. Except for the pertussis outbreak in the families, there were no registered
outbreaks in the population in the city of Novi Sad during our study period [8, 9]. Due to the
fact that participants in our study were enrolled during an epidemic free year and because we
included only those who fulfilled the required signs and symptoms for three age groups, we
are convinced that mentioned differences would have contributed to the discrepancy of the
results in the cited study [10].

Surveillance of pertussis in many countries across the world is based on the clinical
case definitions of pertussis recommended by the WHO, the US Centers for Disease Control
Prevention (CDC) or the European Centre for Disease Prevention and Control (ECDC).
Unlike these commonly applied case definitions, which include a cough duration of two
weeks or longer for all age groups, in the clinical case definitions of pertussis proposed by the
GPI, cough duration depends on the age of the patients [7]. Thus, we included all patients
aged >10 years, who had a non-productive, paroxysmal cough of >2 weeks duration without
fever. Among the participants-younger than 10 years, MSS were paroxysmal cough with no
or minimal fever (patients aged 4 months-9 years), and cough and coryza with no or minimal
fever (patients 0—3 months of age), regardless of the duration of cough. The differences
between case definitions did not allow us to compare our results with the published studies by
other investigators. Certain clinical criteria of the GPI case definitions helped us to detect
pertussis more efficiently in patients younger than 10 years old, in whom coughing duration

was <2 weeks.

The primary objective of our study was to estimate the highest values both of
sensitivity and specificity, complimented by PPV and LR+ for certain sign and symptom

combinations from the case definitions proposed by the GPI.
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We provided evidence that whoop in combination with prerequisite signs and
symptoms had the highest sensitivity of pertussis in the four months-9 years age group who
have visited the primary or tertiary health care levels (73% vs. 63%, respectively).
Nonetheless, among the in-patients, post-tussive emesis had the same sensitivity as a whoop.
Among the out-patients, seven different sign and symptom combinations had specificities of
95% or more, while in the in-patients four different combinations had specificities above
96%.

As is known, the significance of a high PPV is helpful for clinical case management to
maximize the detection of laboratory-confirmed cases among the tested, participants [11]. We
found that the out-patients aged four months-9 years with a combination of different
symptoms which obligatory included MSS, whoop and contact had a high number of true
positive pertussis cases (PPV >71%), while the in-patients had a highest PPV for apnoea in
combination with MSS (89%) and for MSS combined with-whoop, post-tussive emesis,

worsening of the symptoms at night and contact (PPV.= 100%).

For the participants aged >10 years, MSS combined with whoop had the highest
sensitivity and a moderate PPV (71% and 45%, respectively) in the out-patients, whereas the
MSS in combination with worsening of symptoms at night had the highest sensitivity and
high PPV (85% and 80%, respectively) among in-patients. Apnoea in combination with MSS
or in combination with other.signs and symptoms had the highest specificity among the in-
patients and out-patients and was exceeding the value of 97% in all observed combinations.

After examining the performance of the WHO pertussis case definition (cough >14
days with either paroxysmal cough, inspiratory whoop, or post-tussive emesis without other
apparent causes) among the out-patients between the ages of six and 14 years, Ghanaie RM et
al. [4] reported that cough > 2 weeks with whoop had a sensitivity of 71% and a specificity of
46%. We found that the sensitivity and specificity of MSS combined with a whoop among
the out-patients were 73% vs. 64%, respectively (four months-9 years age group) and 71%

vs. 74%; respectively (>10 years age group).

Our results showed that MSS combined with apnoea was a better predictor of pertussis
among the in-patients than in the out-patients aged four months-9 years, possibly reflecting
milder disease among the out-patients registered at primary health care centres.
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Although the existing GPI case definition includes minimal fever or absence of fever
depending on the age, many medical conditions can still resemble pertussis [12]. The
differences in awareness and subjectivity of some signs and symptoms could influence the
defined differences of sensitivity and specificity between the two surveillance systems and

two studied age groups.

We recognize certain limitations of our investigations that should be addressed in future

research.

Due to the limited number of participants, we could not perform a validation of certain
symptoms in the 0-3 months age group. Further and more extensive prospective studies

would be required to elucidate the GPI case definition for this age group.

For better evaluation of sensitivity and specificity, participants with non-infectious and
infectious causes which are clinically similar to pertussis, should be excluded by applying

rigorous laboratory tests for diagnosing alternative cough aetiologies.

CONCLUSION

The findings of our study pointed out that multiple sign and symptom combinations of
the GPI pertussis case definitions were good predictors for laboratory-confirmed pertussis.
Since we have found that LR+ for many proposed signs and symptoms of the GPI case
definitions was above 2; it is reasonable to consider the usefulness of these signs and
symptoms to predict a diagnosis of pertussis. The addition of one or more signs and
symptoms from the proposed case definition reduced the sensitivity but improved the
specificity. Our study supported the fact that the choice of case definition in the recognition

of pertussis should take into account the patient’s age.

Further studies with larger samples to assess the validation of the GPI case definition

for pertussis in other regions in various epidemiologic contexts are imperative.
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Table 1. Signs and symptoms associated with laboratory confirmed pertussis infections in the sentinel and

hospital surveillance of pertussis by age group
Age group with mandatory and other Total Positive | Negative crude OR adjusted OR™"
signs and symptoms of pertussis m=319) | m=103) | @m=216) | (95%CI) p value (95%CI) p value
Couglll)and 2:)3;2‘;0‘1;:‘; no or minimal fever (Irll ?% )6 ) (rrll (=° A)S)) (I:l To/}) ; ) Ref.
plus:
Whoop (437.8) (43.0) (455.5) (0.0%52.85) 0-839 - -
Apnoea (1;.8) (63.0) ((_)) NA ND - -
Post-tussive emesis (437.8) (2&0) (52‘5) (0.02321.52) 0.217 - -
Cyanosis 3 : 3) (23.0) 3 g.4) (o.ogég 40) 0.519 ; y
Seizure ( 6%3) @ é 0) ((_)) NA ND - -
Pneumonia & 15 3) (63.0) (12?.2) (0.64?27751.18) 0.113 i i
Contact” (122.5) (2(}.0) (9?1) (©. 12222%.45) 0:530 ) )

2) 4 months-9 years _ _ _
Ef&s:xysmal cough with no or minimal fever (nn (01/02)4) (rrll (0/30 ;‘) (Irll (0/2 ;)) Ref.
Whoop (4354) (627?6) (335%6) (1 ofs 76y | 0002 (1 P 90) 0.005
Apnoea (1})%5) (22.5) (4‘.‘4) (2.2527245.26) y-o0 (2.41)(321.63) 0.002
Post-tussive emesis (451%9) (621 %8) (3?4) (1.3%@067.96) 0.007 (1.43581 57) 0.006
Worsening of symptoms at night (456§8) (621%8) (43171) (1‘0%'_3;.20) 0.042 a .331'35.25) 0.011
Pneumonia (6?5) (2?9) (7?8) (0.0(4)1336 04) 0.347 - -
Seizure ((_)) ((_)) ((_)) NA ND NA ND
Contact” (126(.)1 ) (219(.)4) (111(.)1) (a .231!3;.95) 0.017 {a .76526188.35) 0.004
Nonpfczducﬁxllg,)l;eaargiysmal cough of >2 (n= 01 79) (n = 64) (n=115) Ref.
weeks duration without fever plus: n (%) n (%) n (%)
Whoop (47;5) (6?;.‘8) (237%8) (2.93527111.12) <0.001 (2.2226;.41) <000
Apnoea (91.75) (211‘.‘9) (2%6) (2.818(1;‘ 5.00) <0001 (2.7110#? sq | o0
Sweating episodes between paroxysms ( 4231) (327‘.‘5) ( 457§S) (0. 3(;55 22) 0.184 - -
Post-tussive emesis (2?;5) (42;.38) (2%)%0) (a v 10) 0.001 (a 5 67) 0.007
Worsening of symptoms.at night (513.57) (7‘;?4) (5%?4) a .4%).—752.28) 0.003 a .71'_676.69) 0.001

Values that differ significantly between positive and negative pertussis cases are marked in bold;

NA — not applicable; ND — not determined,
*Adjusted for the following variables: Age, gender, duration of cough and vaccination status (fully vaccinated

persons compared with unvaccinated, partly vaccinated, and persons with unknown vaccination status together)

for characteristics with significance difference according to univariate analysis;

®Not calculable and omitted in logistic regression analyses in the 0—3 months age group;

“Close exposure to an adolescent or adult (usually a family member) with a prolonged afebrile cough illness
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Table 2. Diagnostic accuracy of signs and symptoms and their combinations of proposed case definitions of
patients aged 4 months — 9 years with suspected pertussis infection
Surveillance Mandatory signs and symptoms plus: Sensitivity % | Specificity % PPV % NPV % LR+ LR-
system : 95 % CI) 95 % CI) 95 % CI) 95 % CI 95 % CI 95 % CI)
Whoop 73.3 63.8 344 90.2 2.0 0.4
(44.9-92.1) (50.1-76.0) | (18.6-532) | (76.9-972) | (13-32) | (0.2-0.9)
Apnoea 6.7 94.8 25.0 79.7 1.3 1.0
(1.1-32.0) ® (85.6-989) | (4.1-79.7) | (683-884) | (0.1-11.5) | (0.9-1.1)
Post-tussive emesis 60.0 77.6 . 409 88.2 2.7 0.5
(32.3-83.6) | (64.7-87.5) (20.8-63.6) | (76.1-95.5) | (1.4-5.0) (0.3-0.9)
Worsening of symptoms at night 66.7 352 2738 86.5 IS 0.6
(38.4-88.1) (41.5-683) | (142-452) | (71.2-954) | [(0.9-2.4) (0.3-1.3)
. 0.0 91.4 77.9 1.1
Pneumonia o (81.0-97.1) NA (66.2-87.1) NA (1.0-12)
Contact® 40.0 89.7 50.0 853 39 0.7
(16.4-67.7) (78.8-96.1) | (212-78.8) | (73.8.93.0) | (1.5-103) | (0.4-1.0)
Whoop + apnoca 6.7 94.8 25.0 79.7 1.3 1.0
Sentinel (1.1-32.0) (85.698.9) | (4.1-79.7) | (68.3-88.4) | (01-11.5) | (0.9-1.1)
surveillance Whoop + post-tussive emesis 467 3.1 63.6 87.1 6.8 0.6
(out-patients) (21.3-73.4) (83.3-98.1) (30.9-88.9) (76.1-94.2) (2.3-20.1) (0.4-0.9)
Whoop + worsening of symptoms at night 400 828 375 , 2.3 0.7
(16.4-67.7) (70.6-91.4) | (153-64.5) | (72.1°92.5) | (1.0-5.) (0.5-1.1)
Whoop + Contact® 333 96.6 71.4 84.9 9.7 0.7
(12.0-61.6) (88.1-99.5) | (29.32955) | (73.9-92.5) | (2.145.0) | (0.5-1.0)
Post-tussive emesis + worsening of symptoms at night 333 89.7 . 88.1 32 0.5
(26.7-78.7) (78.8-96.1) | (28.9-822) " (77.1-95.1) | (2.1-12.6) | (0.3-0.9)
Post-tussive emesis + Contact ® ( 4.62?4'108‘1) ]8 ;).bO “2?)'0 (72.?)2—.990.8) NA (O.gfi 0)
. . ¢ 20.0 96.6 60.0 82.4 5.8 0.8
Worsening of symptoms at night + Contact (4.6-48.1) (88.1-99.5) | (15.4-935) | (712-90.5) | (1.131.7) | (0.6-1.1)
Whoop + post-tussive emesis + worsening of symptoms at 40.0 96.6 75.0 86.2 11.6 0.6
night (16.4-6727) (88.1-99.5) | (35.1-96.1) | (753-93.5) | (2.6-51.8) | (0.4-0.9)
‘Whoop + post-tussive emesis + worsening of symptoms at 133 98.3 66.7 81.4 7.7 0.9
night + Contact (2.1-40.5) (90.7-99.7) | (11.6-94.5) | (703-89.7) | (0.6-79.7) | (0.7-1.1)
Whoop 63.2 65.6 522 75.0 1.8 0.6
(38.4-83:7) (46.8-81.4) | (30.6-732) | (55.1-89.3) | (1.0-3.3) (0.3-1.1)
Apnoea 42.1 96.9 88.9 73.8 13.5 0.6
(203-66.5)" | (83.7-99.5) | (51.7-982) | (57.9-86.1) | (1.8-99.6) | (0.4-0.9)
Post-tussive emesis 014 438 b 400 667 11 0.8
(38.4-837) | (26.4-62.3) (22.7-59.4) | (43.0-85.4) | (0.7-1.8) (0.4-1.7)
Worsening of symptoms at night 9 63.6 30.0 724 1.7 0.6
(33.5-79.7) (46.8-81.4) | (283-71.8) | (52.8-87.2) | (0.9-3.1) (0.4-12)
Pneumonia 53 93.8 333 62.5 0.8 1.0
(0.9-26.1) (792-99.1) | (5.5-88.5) | (47.4-76.0) | (0.0-8.7) (0.9-1.2)
Contact® 21.1 87.5 50.0 65.1 1.7 0.9
(6.2-45.6) (70.9-96.4) | (16.0-83.9) | (49.1-78.9) | (0.5-5.9) (0.7-12)
Whoop + apnoea 31.6 96.9 85.7 70.5 10.1 0.7
Hospital (12.7-56.5) (83.7-99.5) | (422-97.6) | (54.8-832) | (13-77.7) | (0.5-1.0)
surveillance ‘Whoop + post-tussive emesis 368 81.3 339 68.4 20 08
nrver” (16.4-61.6) (63.6-92.8) | (25.2-80.7) | (51.4-82.5) | (0.8-5.0) (0.5-1.1)
(in-patients) . . 316 844 546 675 2.0 0.8
‘Whoop + worsening of symptoms at night (12.7-56.5) (67.2-94.7) (23.5-83.1) | (50.9-81.4) (0.7-5.7) (0.6-1.1)
N 10.5 93.8 50.0 63.8 1.7 1.0
Whoop JfContaig (1.6-33.2) (79.2-99.1) (83-91.7) | (48.5-773) | (03-11.0) | (0.8-1.1)
Post-tussive emesis + worsening of symptoms at night 368 78.1 300 676 1.7 0.8
(16.4-61.6) (60.0-90.7) | (23.1-76.9) | (50.2-82.0) | (0.7-4.1) (0.6-1.2)
Post-tussive emesis + Contact 211 90.6 b 371 65.9 23 0.9
(6.2-45.6) (75.0-97.9) (18.8-89.6) | (50.1-79.5) | (0.6-9.0) (0.7-1.1)
. . ¢ 15.8 96.9 75.0 66.0 5.1 0.9
Waorsening of symptoms at night + Contact (3.6-39.6) (83.7-99.5) | (20.3-95.9) | (50.7-79.1) | (0.6452) | (0.7-1.0)
‘Whoop + post-tussive emesis + worsening of symptoms at 21.1 87.5 50.0 65.1 1.7 0.9
night (6.2-45.6) (71.0-96.4) | (16.0-84.0) | (49.1-79.0) | (0.5-6.0) (0.7-1.2)
‘Whoop + post-tussive emesis + worsening of symptoms at 10.5 100.0 100.0 65.3 NA 0.9
night + Contact ® (1.6-33.2) ) ) (50.4-78.3) (0.8-1.0)

NA — not applicable; PPV — positive predictive value; NPV — negative predictive value; LR+ — positive
likelihood ratio; LR- —negative likelihood ratio;

*Sensitivity significantly different between the two surveillance systems;
"Specificity significantly different between the two surveillance systems;
“Close exposure to an adolescent or adult (usually a family member) with a prolonged afebrile cough illness
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Table 3. Diagnostic accuracy of signs and symptoms and their combinations of proposed case definitions of

patients aged > 10 with suspected pertussis infection

Surveillance Mandatory signs and symptoms plus: Sensitivity % Specificity % PPV % NPV % LR+ LR-
system : (95 % CI) (95 % CI) (95 % CI) (95 % CI) (95 % CI) (95 % CI)
Whoop 71.0 74.0 44.9 89.5 2.7 0.4
(52.0-85.8) (64.5-82.1) (30.7-59.8) | (81.1-95.1) (1.84.1) (0.2-0.7)
Apnoea 16.1 97.1 62.5 79.5 5.6 0.9
(5.5-33.7) (91.8-99.4) (24.7-91.0) | (71.5-86.2) (1.4-22.1) (0.7-1.0)
Sweating episodes between paroxysms 353 319 180 730 R 1.2
(19.3-54.6) (41.9- 61.8) (9.4-30.0) (61.4-82.6) (0.4-1.2) (0.9-1.7)
Post-tussive emesis 61.3 81.7 50.0 87.6 34 0.5
(42.2-78.1)* (73.0-88.6) (33.4-66.6) | (79.4-93.4) (2.1-5.5) (0.3-0.7)
Worsening of symptoms at night 613 a 31.0 271 81.5 13 08
(42.2-78.1) (41.0-60.9) (17.2-39.1) | (70.0-90.1) (0.9-1.8) (0.5-1.2)
Whoop + apnoea 12.9 99.0 80.0 792 13.4 0.9
Sentinel (3.7-29.9) (94.7-99.8) (28.8-96.7) | (71.2-85.8) | (1.6-115.7) (0.8-1.0)
. . . 38.7 97.1 80.0 84.2 13.4 0.6
surveillance | Whoop + post-tussive emesis (22.0-57.8) (91.8-99.4)° | (51.9-954) | (76.4-90:2) | (40-44.6) | (0.5-0.8)
(out-patients) = ) - o - 323 90.4 500 817 34 08
ost-tussive emests + worsening of symptoms at night (16.7-51.4) (83.0-953) | (272-72.8) | (13:5-883) | (15-73) | (0.6-1.0)
Apnoea + post-tussive emesis 16.1 990 =5 & 16.8 0.9
(5.5-33.7) (94.7-99.8) (36.1-97.2) | (71.9-86.4) | (2.0-138.3) (0.7-1.0)
Whoop + sweating episodes between paroxysms + 9.7 952 375 78.0 2.0 1.0
worsening of symptoms at night (2.0-25.8) (89.1-98.4) (8.5-75.5) (69.7-84.8) (0.5-8.0) (0.8-1.1)
Whoop + sweating episodes between paroxysms + post- 16.1 99.0 833 79.8 16.8 0.9
tussive emesis (5.5-33.7) (94.7-99.8) (36.1-97.2) | (71.9-86.4) | (2.0-138.3) (0.7-1.0)
‘Whoop + worsening of symptoms at night + post-tussive 19.4 98.1 75.0 80.3 10.1 0.8
emesis (7.5-37.5) (93:2-99.7) (35.1-96.1) | (72:3-86.8) (2.1-47.4) (0.7-1.0)
Apnoea + sweating episodes between paroxysms + post- 32 99.0 50.0 77.4 34 1.0
tussive emesis (0.1-16.7) (94.8-99.9) (1.3-98.7) (69.4-84.2) (0.2-52.1) (0.9-1.0)
Whoop 66.7 54.6 81.5 353 1.5 0.6
(48.2-82:0) (23.5-83.1) (61.9-93.6) | (143-61.7) (0.7-2.9) (0.3-1.2.7)
Apnoca 273 100.0 100.0 314 NA 0.7
(13.3:45.5) () () (16.9-49.3) (0.6-0.9)
Sweating episodes between paroxysms 399 346 722 231 0.9 11
(22.9-57.9) (23.5-83.1) (46.5-90.2) (9.0-43.7) (0.4-1.9) (0.6-2.0)
Post-tussive emesis 27.3 63.6 69.2 22.6 0.8 1.1
(13.345.5)° (30.9-88.9) (38.6-90.7) (9.641.1) (0.3-2.0) (0.7-1.9)
Worsening of symptoms at night 841 36.4 80.0 444 13 0.4
(68.1-94.8)° (11.2-69.1) (63.1-91.5) | (14.0-78.6) (0.8-2.1) (0.1-1.3)
21.2 100.0 100.0 29.7 0.8
Hospital Whoop + apnoca (9.0-38.9) - ) (15.9-47.0) NA (0.7-0.9)
ill ‘Whoop + post-tussive emesis 182 81.8 750 250 1.0 1.0
surveriance P post-tussiv (7.0-35.5) 482-972)" | (35.1-96.1) | (122-422) | (02-43) | (0.7-1.4)
(in-patients) =" . 9 B 242 727 727 242 09 10
ost-tussive emesis + worsening of symptoms at nigh (11.1-42.3) (39.1-93.7) | (39.1-93.7) | (11.1-423) | (0.3-2.8) (0.7-1.6)
Apnoea + post-tussive emesis (0.961‘21 0.3) l(gf)).O l(gf)).O (13.29(:%2. 0) NA (0.8;91 0)
Whoop + sweating episodes between paroxysms + 212 90.9 87.5 27.8 23 0.9
worsening of symptoms at night (9.0-38.9) (58.7-99.8) (47.4-99.7) (14.245.2) (0.3-16.9) (0.7-1.1)
Whoop + sweating episodes between paroxysms + post- 6.1 90.9 66.7 244 0.7 1.0
tussive emesis (0.9-20.3) (58.7-98.5) (11.6-94.5) | (12.4-40.3) | (0.1-6.7) (0.8-1.3)
Whoop +worsening of symptoms at night + post-tussive 18.2 90.9 85.7 27.0 2.0 0.9
emesis (7.0-35.5) (58.7-98.5) (422-97.6) | (13.8-44.1) | (03-14.8) 0.7-1.2)
Apnoea + sweating episodes between paroxysms + post- 0.0 100.0 25.0
tussive emesis (-) () NA (13.2-40.3) NA NA

NA —not applicable; PPV — positive predictive value; NPV — negative predictive value; LR+ — positive

likelihood ratio; LR- — negative likelihood ratio;

*Sensitivity significantly different between the two surveillance systems;
bSpeciﬁcity significantly different between the two surveillance systems
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