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SUMMARY

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, proposed by the Global Pertussis Initiative (GPI)
for three age groups (0-3 months, four months to nine years, and > 10 years) was performed in Novi
Sad to evaluate the performance of the clinical case definition of pertussis. 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%) out 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 outpatients aged four months to nine years
(positive likelihood ratio (LR+) 11.6), while among inpatients of the same age group it was apnoea (LR+
13.5). The LR+ in outpatients aged >10 years for combinations of apnoea and post-tussive emesis, or a
combination of whooping and sweating episodes between paroxysms and 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

INTRODUCTION

Pertussis remains an important cause of mor-
bidity and mortality among infants and chil-
dren, even in countries with high vaccination
coverage rates. The World Health Organiza-
tion (WHO) estimates that 50 million cases
and 300,000 deaths occur every year because
of pertussis, and case-fatality rates of pertus-
sis in developing countries are estimated to be
as high as 4% in infants [1]. Consequently, es-
tablishing 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 the
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 defini-
tion 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 per-
tussis for three age groups, i.e. 0-3 months, four
months to nine years, and > 10 years old [7].

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

The aim of this study was to determine the
most predictive signs and symptoms of pertus-
sis, and to evaluate the diagnostic performance
of certain combinations of signs and symptoms
based on the case definitions of pertussis pro-
posed by the GPL

METHODS

Study design, specimen collection, and
laboratory testing

The recruitment period was from October 1,
2013 to September 30, 2014 (52 weeks). Ac-
cording to the GPI, methods have previously
been described in detail [7, 9]. Briefly, we
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simultaneously conducted prospective surveillance at both
primary (outpatients) and tertiary (inpatients) 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 entire Novi Sad area (341,624 inhabitants) was con-
ducted in two inpatient facilities: pulmonology clinic of
the Institute of Child and Youth Health Care of Vojvodina
(pediatric inpatient facility) and the Institute of Pulmo-
nary Diseases of Vojvodina (adult inpatient facility). We
only included patients who fulfilled one or more criteria of
clinical case definitions for three age groups (0-3 months,
four months to nine years, and > 10 years old) [7].

Patient data collection, sampling, and transport of pa-
tient 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” accord-
ing to their age, “partly vaccinated” (cases who had re-
ceived > 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 years were considered as participants with an un-
known vaccination status.

Verbal informed consent was obtained from patients
before swab taking in accordance with national regula-
tions and written consent from parents or guardians was
obtained.

Statistical analysis

Because we registered only five laboratory-confirmed per-
tussis cases in infants aged 0-3 months, we did not perform
a validation of certain sings and symptoms in this age group.
A two-tailed P value p < 0.05 was considered to indicate
statistical significance for all statistical tests. Data analysis
was performed using the SPSS for Windows, version 22.0
software (IBM Corp. NY, USA) and MedCalc for Windows,
version 12.3.0 (MedCalc Software, Mariakerke, Belgium).

RESULTS

During the study period, 319 participants with suspected
pertussis were enrolled, and 103 (32.3%) had laboratory-
confirmed pertussis by PCR or serology. Among the lab-
oratory-confirmed cases, 29, 71, and three patients were
positive by PCR and the enzyme-linked immunosorbent
assay (ELISA) respectively. B. parapertussis or B. bronchi-
septica 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 con-
firmation (p = 0.030), and the proportion of pertussis was
higher among hospitalized patients compared to outpa-
tients (p < 0.001), and higher among “unvaccinated” and
“partly vaccinated” children compared to those where “ful-
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ly vaccinated,” although the difference was not significant
(OR 1.87,95% CI 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 to nine years, and > 10 years old, respectively.

In infants 0-3 months of age, the mandatory signs and
symptoms (MSS) in combination with pneumonia (OR
6.75, 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 to nine 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-con-
firmed pertussis (p < 0.05). Among the participants aged
four months - nine years, only combination of MSS and
pneumonia was not associated with pertussis, and in the
> 10 years age group, only MSS accompanied by sweat-
ing episodes between paroxysms was not a predictor of
laboratory-confirmed pertussis (p > 0.05) (Table 1).

The diagnostic performance of the selected sign and
symptom combinations for pertussis in the participants
aged four months to nine years is shown in Table 2 and
for those > 10 years in Table 3.

Among the outpatients, the MSS of pertussis in the
age group from four months—nine years accompanied by
whoop, post-tussive emesis and worsening symptoms at
night had the highest diagnostic value of laboratory-con-
firmed pertussis (LR+ 11.6, 95% CI 2.6-51.8). A combina-
tion of the MSS and apnoea was the strongest predictor of
pertussis among inpatients (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 accompa-
nied by post-tussive emesis and contact were significantly
more specific among the outpatients than in the inpatients
(77.6% vs. 43.8%, p = 0.001 and 100% vs. 90.6%, p = 0.018,
respectively).

According to the values of LR+ for participants aged >
10 years, among the inpatients there was no combination
with LR+ greater than 2.3. In the outpatients, 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 surveil-
lance systems, including the MSS of pertussis, post-tussive
emesis was significantly more sensitive among the out-pa-
tients than in the in-patients (61.3% vs. 27.3%, p = 0.007, re-
spectively). 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
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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 signs Total Positive Negative | crude OR adjusted OR>®
and symptoms of pertussis (n=319) (n=103) (n=216) (95% Cl) P (95% Cl) P
1) 0-3 months (n=16) (n=15) (n=11) Ref
Cough and coryza with no or minimal fever plus: n (%) n (%) n (%) :
7 2 5 0.80
Whoop (43.8) (40) 455) | (0.09-685) | %83 ) )
Apnoea 3(18.8) 3(60) 0(-) NA ND - -
. . 7 1 6 0.21
Post-tussive emesis (43.8) (20) (54.5) (0.02-2.52) 0.217 - -
; 5 1 4 0.44
Cyanosis (313) 20) (364) | (0.04-540) | %°19 ) )
Seizure 1(6.3) 1(20) 0() NA ND - -
. 5 3 2 6.75
Pneumonia (313) (60) (182) | ©064-7118)| *112 ] ]
. 2 1 1 2.50
Contact (125) 20) ©1) |©12-5045| %% ] ]
2) four months to nine years (n=124) (n=34) (n=90) Ref
Paroxysmal cough with no or minimal fever plus: n (%) n (%) n (%) :
55 23 32 3.79 3.63
Whoop (44.4) (67.6) 356) | (164-876) | %992 | (148-800) | 0003
13 9 4 7.74 10.11
Apnoea (105 | (265) 4 |@20-2726)] %91 | (40-4263 | %002
. . 52 21 31 3.07 3.51
Post-tussive emesis @19 | (619 344) | (136-696) | %07 | (142857 | 0006
. . 58 21 37 231 3.29
Worsening of symptoms at night (46.8) 61.8) @1.1) (1.03-5.20) 0.042 (1.31-8.25) 0.011
. 8 1 7 0.36
Preumonia 6.5) 29) 78 | (004304 %3 - -
Seizure 0(-) 0(-) 0(-) NA ND NA ND
. 20 10 10 333 5.68
Contact 61 | (29.4) ary | (24-895 | %017 | (176-1835 | %004
3) 2 10 years _ _ _
Non-productive, paroxysmal cough of > 2 weeks (nn_(:/7)9) (r;_(of;l) (nn_(l]/1)5) Ref.
duration without fever plus: ° ° °
76 44 32 5.71 4.64
Whoop (42.5) (68.8) 278 |93-11.12)| <%0 | (529-947) |<0001
17 14 3 10.45 10.68
Apnoea 9.5) (21.9) 26) | (288-38) | <9001 | (374-4154 | 0001
. . 79 24 55 0.65
Sweating episodes between paroxysms (44.1) (37.5) (47.8) (0.35-1.22) 0.184 - -
. . 51 28 23 3.1 2.73
Post-tussive emesis (28.5) (43.8) (20) (1.59-6.10) 0.001 (132-5.67) 0.007
. . 105 47 58 2.72 3.66
Worsening of symptoms at night (58.7) (73.4) (504) | (140-528) | 9093 | (174769 | 0001

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

NA - not applicable; ND - not determined;

2adjusted 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;
bnot 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

significantly less specific (81.8% vs. 97.1%, p = 0.019, respec-
tively) in hospitalized than in outpatient 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
various combinations of signs and symptoms of the clinical
case definitions proposed by the GPI
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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 illness, regardless of the age of par-
ticipants), 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
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Table 2. Diagnostic accuracy of signs and symptoms and their combinations of proposed case definitions of patients aged four months to nine
years with suspected pertussis infection

Surveillance Mandatory sians and symptoms plus: Sensitivity % | Specificity % PPV % NPV % LR+ LR-
system ysig ymptoms plus: (95% Cl) 95%Cl) | (95%Cl) | (95%Cl) | (95%Cl) | (95%Cl)
Whoo 733 63.8 344 90.2 2 0.4
P (44.9-92.1) (50.1-76) (18.6-53.2) | (76.9-97.2) | (1.3-3.2) | (0.2-0.9)
Apnoea 6.7 94.8 25 79.7 13 1
p (1.1-32)° (85.6-98.9) (4.1-79.7) | (68.3-88.4) | (0.1-11.5) | (0.9-1.1)
Post-tussive emesis 60 77.6 40.9 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) (0.3-0.9)
Worsening of symptoms at night 66.7 352 278 86.5 15 0.6
g orsymp 9 (38.4-88.1) | (41.5-683) | (14.2-45.2) | (71.2-954) | (0.9-24) | (0.3-1.3)
. 0 914 779 1.1
= |Pneumonia 8 (81-97.1) NA T Tee-sry | NN o)
‘GC: Contact< 40 89.7 50 853 3.9 0.7
b= (16.4-67.7) (78.8-96.1) | (21.2-78.8) | (73.8-93) | (1.5-10.3) | (0.4-1)
o
5 Whoob + apnoea 6.7 94.8 25 79.7 1.3 1
e p+ap (1.1-32) | (85.6-98.9) | (4.1-79.7) | (68.3-88.4) | (0.1-11.5) | (0.9-1.1)
5 Whoop + post-tussive emesis 467 93.1 63.6 87.1 6.8 06
= p+p (21.3-734) | (833-98.1) | (30.9-88.9) | (76.1-94.2) | (2.3-20.1) | (0.4-0.9)
[
g Whoop + worsening of symptoms at night 40 828 375 84.2 23 0.7
3 P 9 of symp 9| (164-67.7) | (706-91.4) | (153-64.5) | (72.1-92.5) | (1-54) | (0.5-1.1)
= Whooo + contact: 333 96.6 714 84.9 97 07
% P (12-61.6) (88.1-99.5) | (29.3-95.5) | (73.9-92.5) | (2.1-45) (0.5-1)
2 Post-tussive emesis + worsening of 533 89.7 57.1 88.1 52 0.5
symptoms at night 26.7-78.7 78.8-96.1 28.9-82.2 77.1-95.1 2.1-12.6 0.3-0.9
igh ( ) ( ) | ( ) | ( ) | ( )| ( )
Post-tussive emesis + contact* @ 6328 1 1((;9 1((_))0 (728_29'?) 8) NA (O%?U
Worsening of symptoms at night 20 96.6 60 824 58 0.8
+ contact (4.6-48.1) (88.1-99.5) | (15.4-93.5) | (71.2-90.5) | (1.1-31.7) | (0.6-1.1)
Whoop + post-tussive emesis + worsening 40 96.6 75 86.2 11.6 0.6
of symptoms at night (16.4-67.7) (88.1-99.5) | (35.1-96.1) | (75.3-93.5) | (2.6-51.8) | (0.4-0.9)
Whoop + post-tussive emesis + worsening 133 98.3 66.7 81.4 7.7 0.9
of symptoms at night + contact® (2.1-40.5) (90.7-99.7) | (11.6-94.5) | (70.3-89.7) | (0.6-79.7) | (0.7-1.1)
Whoo 63.2 65.6 52.2 75 1.8 0.6
P (38.4-83.7) (46.8-81.4) | (30.6-73.2) | (55.1-89.3) (1-3.3) (0.3-1.1)
Apnoea 421 96.9 88.9 73.8 13.5 0.6
p (20.3-66.5)° (83.7-99.5) | (51.7-98.2) | (57.9-86.1) | (1.8-99.6) | (0.4-0.9)
Post-tussive emesis 63.2 43.8 40 66.7 1.1 0.8
(38.4-83.7) (26.4-62.3)* | (22.7-59.4) | (43-85.4) (0.7-1.8) | (0.4-1.7)
Worsening of symptoms at night 379 656 >0 724 17 0.6
(33.5-79.7) (46.8-81.4) | (28.3-71.8) | (52.8-87.2) | (0.9-3.1) | (0.4-1.2)
Pneumonia 53 93.8 333 62.5 0.8 1
. (0.9-26.1) (79.2-99.1) (5.5-88.5) (47.4-76) (0-8.7) (0.9-1.2)
‘g Contact< 21.1 87.5 50 65.1 1.7 0.9
= (6.2-45.6) (70.9-96.4) (16-83.9) | (49.1-78.9) | (0.5-5.9) | (0.7-1.2)
g Whoob + apnoea 316 96.9 857 705 10.1 07
3 p+ap (12.7-56.5) | (83.7-99.5) | (42.2-97.6) | (54.8-83.2) | (1.3-77.7) | (0.5-1)
§ Whoop + post-tussive emesis 368 81.3 239 684 2 o8
= p+p (16.4-61.6) | (63.6-92.8) | (25.2-80.7) | (51.4-82.5) | (0.8-5) | (0.5-1.1)
g Whoop + worsening of symptoms at night 316 844 346 675 2 08
% (12.7-56.5) (67.2-94.7) | (23.5-83.1) | (50.9-81.4) | (0.7-5.7) | (0.6-1.1)
'?‘1 . 10.5 93.8 50 63.8 1.7 1
3 Whoop + contact (16-332) | (792-99.1) | (83-917) | (485-77.3) | (03-11) | (08-1.1)
Post-tussive emesis + worsening of 36.8 78.1 50 67.6 1.7 0.8
symptoms at night (16.4-61.6) (60-90.7) (23.1-76.9) | (50.2-82) (0.7-4.1) | (0.6-1.2)
Post-tussive emesis + contact* 211 206 >71 6.9 23 09
(6.2-45.6) (75-97.9)° | (18.8-89.6) | (50.1-79.5) (0.6-9) (0.7-1.1)
Worsening of symptoms at night 15.8 96.9 75 66 5.1 0.9
+ contact¢ (3.6-39.6) (83.7-99.5) | (20.3-95.9) | (50.7-79.1) | (0.6-45.2) (0.7-1)
Whoop + post-tussive emesis + worsening 21.1 87.5 50 65.1 1.7 0.9
of symptoms at night (6.2-45.6) (71-96.4) (16-84) (49.1-79) (0.5-6.) (0.7-1.2)
Whoop + post-tussive emesis + worsening 10.5 100 100 65.3 0.9
NA
of symptoms at night + contact® (1.6-33.2) () () (50.4-78.3) (0.8-1)

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;
close exposure to an adolescent or adult (usually a family member) with a prolonged afebrile cough iliness

DOI: https://doi.org/10.2298/SARH180413022R

Srp Arh Celok Lek. 2019 Jul-Aug;147(7-8):443-449



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

Table 3. Diagnostic accuracy of signs and symptoms and their combinations of proposed case definitions of patients aged > 10 years with
suspected pertussis infection

Surveillance Mandatory sians and symotoms plus: Sensitivity % | Specificity % | PPV % NPV % LR+ LR-
system ysig ymptoms pius: (95% Cl) (95%Cl) | (95%Cl) | (95%Cl) | (95%Cl) | (95% Cl)
Whoo 71 74 449 89.5 2.7 0.4
P (52-85.8) (64.5-82.1) |(30.7-59.8) | (81.1-95.1) | (1.8-4.1) | (0.2-0.7)
Apnoea 16.1 97.1 62.5 79.5 5.6 0.9
P (5.5-33.7) (91.8-99.4) | (24.7-91) |(71.5-86.2) | (1.4-22.1) | (0.7-1)
Sweating episodes between paroxysms 355 >1.9 18 73 0.7 12
(19.3-54.6) | (41.9-61.8) (9.4-30) |(61.4-82.6)| (0.4-1.2) | (0.9-1.7)
Post-tussive emesis 61.3 81.7 50 87.6 34 0.5
= (42.2-78.1)2 (73-88.6) |(33.4-66.6) | (79.4-93.4)| (2.1-5.5) | (0.3-0.7)
-E’ Worsening of symptoms at night 613 > 271 815 13 0.8
g g ofsymp 9 (422-78.17 | (41-60.9) | (17.2-39.1) | (70-90.1) | (0.9-1.8) | (0.5-1.2)
g Whoob + apnoea 12.9 99 80 79.2 134 0.9
2 p+ap (3.7-29.9) | (94.7-99.8) | (28.8-96.7) | (71.2-85.8) | (16-1157) | (0.8-1)
g Whoop + post-tussive emesis 38.7 7.1 80 84.2 134 06
5 p+p (22-57.8) | (91.8-99.4) | (51.9-95.4) | (76.4-90.2) | (4-44.6) | (0.5-0.8)
qz) Post-tussive emesis + worsening of symptoms 323 90.4 50 81.7 34 0.8
a at night (16.7-51.4) (83-95.3) | (27.2-72.8) | (73.5-88.3) | (1.5-7.3) (0.6-1)
£ Apnoea + post-tussive emesis 161 i 83.3 798 168 09
:,E, P P (5.5-33.7) (94.7-99.8) |(36.1-97.2) | (71.9-86.4) | (2-138.3) (0.7-1)
n Whoop + sweating episodes between 9.7 95.2 375 78 2 1
paroxysms + worsening of symptoms at night (2-25.8) (89.1-98.4) | (8.5-75.5) | (69.7-84.8) | (0.5-8) (0.8-1.1)
Whoop + sweating episodes between 16.1 99 833 79.8 16.8 0.9
paroxysms + post-tussive emesis (5.5-33.7) (94.7-99.8) | (36.1-97.2) | (71.9-86.4) | (2-138.3) (0.7-1)
Whoop + worsening of symptoms at night + 19.4 98.1 75 80.3 10.1 0.8
post-tussive emesis (7.5-37.5) (93.2-99.7) | (35.1-96.1) | (72.3-86.8) | (2.1-47.4) | (0.7-1)
Apnoea + sweating episodes between 32 99 50 774 34 1
paroxysms + post-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)
Whoop 66.7 54.6 81.5 353 1.5 0.6
(48.2-82) (23.5-83.1) | (61.9-93.6) | (14.3-61.7) | (0.7-2.9) |(0.3-1.2.7)
Apnoea 27.3 100 100 314 NA 0.7
P (133-45.5) §) O |(169-493) (0.6-0.9)
Sweating episodes between paroxysms 394 246 722 231 0.9 1
(22.9-57.9) | (23.5-83.1) | (46.5-90.2) | (9-43.7) | (0.4-1.9) (0.6-2)
Post-tussive emesis 27.3 63.6 69.2 22.6 0.8 1.1
= (13.3-45.5)* | (30.9-88.9) | (38.6-90.7) | (9.6-41.1) | (0.3-2) (0.7-1.9)
§ Worsening of symptoms at night 84.9 364 80 444 13 04
2 (68.1-94.8)° | (11.2-69.1) | (63.1-91.5) | (14-78.6) | (0.8-2.1) | (0.1-1.3)
(o
: 21.2 100 100 29.7 0.8
c
£ |Whoop +apnoea (9-389) 0 O | asoan | NN | 07-09
Lé Whoop + post-tussive emesis 18.2 818 7> 25 ! !
% (7-35.5) (48.2-97.2)* | (35.1-96.1) | (12.2-42.2) | (0.2-4.3) | (0.7-1.4)
g Post-tussive emesis + worsening of symptoms 24.2 72.7 72.7 24.2 0.9 1
©w at night (11.1-42.3) | (39.1-93.7) | (39.1-93.7) | (11.1-42.3) | (0.3-2.8) | (0.7-1.6)
©
= . . 6.1 100 100 26.2 0.9
o3 .
2 Apnoea + post-tussive emesis (0.9-20.3) ) ) (13.9-42) NA 0.9-1)
T
Whoop + sweating episodes between 21.2 90.9 87.5 27.8 2.3 0.9
paroxysms + worsening of symptoms at night (9-38.9) (58.7-99.8) |(47.4-99.7) | (14.2-45.2) | (0.3-16.9) | (0.7-1.1)
Whoop + sweating episodes between 6.1 90.9 66.7 244 0.7 1
paroxysms + post-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 + 18.2 90.9 85.7 27 2 0.9
post-tussive emesis (7-35.5) (58.7-98.5) | (42.2-97.6) | (13.8-44.1) | (0.3-14.8) | (0.7-1.2)
Apnoea + sweating episodes between 0 100 NA 25 NA NA
paroxysms + post-tussive emesis -) (-) (13.2-40.3)

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

asensitivity significantly different between the two surveillance systems;
bspecificity significantly different between the two surveillance systems
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outbreaks in the population in the city of Novi Sad during
our study period [8, 9]. Because 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 the 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, or the European Centre for Disease
Prevention and Control. Unlike these commonly applied
case definitions, which include 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, which had a non-productive, paroxysmal
cough of that lasted two weeks or longer without fever.
Among the participants younger than 10 years, MSS were
paroxysmal cough with no or minimal fever (patients aged
four months to nine 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 ef-
ficiently in patients younger than 10 years old, in whom
coughing duration was shorter than two weeks.

The primary objective of our study was to estimate the
highest values both of sensitivity and specificity, compli-
mented by PPV and LR+ for a certain sign and symptom
combinations from the case definitions proposed by the GPL

We provided evidence that whoop in combination with
prerequisite signs and symptoms had the highest sensitiv-
ity of pertussis in the four months to nine 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 outpatients, 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 outpatients aged four months-nine
years with a combination of different symptoms which in-
cluded MSS, whoop and contact had a high number of true
positive pertussis cases (PPV > 71%). On the other hand,
the inpatients had a highest PPV for apnoea in combina-
tion 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 outpatients, whereas
the MSS in combination with worsening of symptoms at
night had the highest sensitivity and high PPV (85% and
80%, respectively) among inpatients. Apnoea in combina-

‘ DOI: https://doi.org/10.2298/SARH180413022R
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tion with MSS, or in combination with other signs and
symptoms had the highest specificity among the inpatients
and outpatients, and was exceeding the value of 97% in all
observed combinations.

Ghanaie et al. [4] reported that cough that lasted two
or more weeks, with whoop had a sensitivity of 71% and
a specificity of 46%, 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
outpatients between the ages of six and 14 years. We found
that the sensitivity and specificity of MSS combined with a
whoop among the outpatients were 73% vs. 64%, respec-
tively (four months to nine 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 inpatients
than in the outpatients aged four months to nine years,
possibly reflecting milder disease among the outpatients
registered at primary health care centers.

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 study that
should be addressed in future research.

Due to the limited number of participants, we could
not perform a validation of certain signs and 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, par-
ticipants with non-infectious and infectious causes which
are clinically similar to pertussis, should be excluded by
applying rigorous laboratory tests for diagnosing alterna-
tive cough etiologies.

CONCLUSION

The findings of our study pointed out that multiple sign
and symptom combinations of the GPI pertussis case defi-
nitions were good predictors for laboratory-confirmed per-
tussis. Since we have found that LR+ for many proposed
signs and symptoms of the GPI case definitions was above
two, 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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EBanyauuja gnjarHocTMuKe BpeAHOCTU HOBe AeduHULMje CayYaja BEANKOT Kall/ba
— UCKYCTBA U3 CEHTUHENHOT U XOCNMUTA/IHOT HAaA430pa HaZ BEIMKUM Kall/bem

Muosmy6 Prctih'2, BecHa [l. CrojaHoBUR'?, Bnagumup Metposuh'?, Ynpux XajHuHrep*
'YHuep3utet y Hosom Cagy, MeguunHcku dakyntet, Hosu Cag, Cpbuja;

2/HcTUTYT 3a jaBHO 3ApaBbe BojsoaunHe, Hosu Cag, Cpbuja;

SMIHCTUTYT 3a 30paBCTBEHY 3aWTUTY fieLie M omMnaguHe BojsoguHe, Hosu Cag, Cpbuja;

*YHnBep3uTeTCKa Aevja 6onHuua, basen, LLBajuapcka

CAMETAK

YBoa/Llumb Y Hag3opy Haf MepTycuMcOM y CBETY Ce KopucTe
pasnuuuTte geduHULIMje Cyyaja BENMKOT Kalusba.

Linmb paga je 6vo pa ce ogpene oHe KOM6MHaLWje 3HaKOBa 1
CMMMTOMA KOje AOMPUHOCE Haj60/bem Npeno3HaBakby BENVKOT
Kallba.

MeTope Y unby eBanyaLyje 3HaKoBa 1 CUMMTOMa 13 AeduHMLMja
Ciyyaja BENMKOT Kallsba NPeAnoXeHx of cTpaHe MmobanHe nep-
TycncHe nHuumjatvse (W) 3a Tpm y3pacHe rpyne (0-3 mecella,
Of YETVPV MeceLia A0 AEBET rofuHa v y3pacT = 10 roguHa), y Ho-
Bom Capy je cnpoBefieHa NPOCMeKTMBHA OncepBaLoHa CTyAmja
y Tpajarby of roauHy AaHa. Jlabopatopujcka notepga nHdexuyje
13a3BaHe 6akTepujom B. pertussis je fobujeHa ynotpebom meTofia
PCR vinn ceponowkum (ELISA) TectoBrMa.

Pesyntatu Y nepuogy og 1. oktobpa 2013. go 30. centembpa
2014, op yKkynHo 319 ncnutaHmnka ca CyMHOM Ha BEJMKN Kallarb,
Kog 103 (32,3%) 6onecHuKa je fobujeHa nabopatopujcka NoTep-
[a BeNMKor Kalba. KombrHaLwmja MHCNMpaTopHOr CTPHAopPa,
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nospaharba Nocne Kalusba v noropluarba CMnTomMa TOKoM Hohin
je nmana Hajsehu fnjarHOCTNYKI 3Hauaj (cTeneH BepoBaTHOhe
nosuTmBHor pesyntata (LR+) 11,6) y AoKasuBarby neprycuca y
CeHTVHeNHOM Haa3opy mely bonecHuumMMa y3pacTa of YeTBp-
TOr MeceLla 10 AeBET roAnHa, IOK je Mehy xocnuTann3oBaHnMa
UCTOT Y3pacTa Hajoorby NoKasaTesb MO3UTUBHOT pe3ysiTaTa buna
anHea (LR+ 13,5). Y y3pacty > 10 roguHa, LR+ 3a 6onecHuke
pernucTpoBaHe y CEHTUHETHOM HaA30pPyY Ca alHEOM YAPYKEHOM
ca noBpaharem noce Kallsba 1iv ca KOMOVMHALMjOM MHCM-
paToOpPHOr CTPUAOPA YAPYXKEHOT Ca Mpe3HojaBatbem n3mehy
napoKcr3ama n noBpahakbem nocne Kallsba 61o je 16,8, AoK je
MeBhy xocnuTanusoBaHUM 6onecHULMa OBOT y3pacTa LR+ 6uo
Matbi 0 2,3 3a CBe KOMOMHaLje 3HaKoBa/CMNTOMa.
3akmyuak [ledpuHuuyje cnyyaja M nmajy gujarHoCcTnyKky 3Ha-
Yaj y L1sby OTKprBara 060neBatba 0f BENVKOT Kallba 1 3aT0
Mory 6uTy KopucHe y Haa3opy Haga oBom bonewhy.

KrbyuHe peun: BeNvKY Kallasb; NepTycuc; MnobanHa nepry-
CMCHa UHULMjaTrBa; AedrHMLMja CrlyYaja; Haa30p
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