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Abstract

Background

In an effort to improve the pertussis diagnosis, the Global Pertussis Initiative (GPI) proposed
an algorithm of the signs/symptoms of pertussis for three age groups: 0—3 months, 4 months
to 9 years, and >10 years of age.

Methods

We evaluated the accuracy of the clinical case definitions for pertussis proposed by the GPI
using laboratory-confirmed pertussis as a reference standard for four groups: clinically sus-
pected pertussis without comorbidity; asthma exacerbation; allergic constitution, and other
diagnoses (bronchitis, bronchiolitis, laryngitis, and tracheitis). We included only patients
who fulfilled one or more criteria of clinical case definitions for the age groups (0—3 months,
4 months—9 years, and >10 years of age).

The data for this prospective epidemiological study were collected between 1% January
2013-31°' December 2016 at the outpatients and inpatients health care settings in the
South Backa District of Autonomous Province of Vojvodina, Serbia. We evaluated accuracy
of the certain sign and symptom combinations of GPI case definitions based on their sensi-
tivity, specificity, and likelihood ratios.

Results

A total of 1043 participants were included, with 306 (29.3%) laboratory-confirmed pertussis
cases. In patients aged 0—3 months, whoop and apnoea associated with laboratory confir-
mation of pertussis. In patients aged 4 months-9 years with a pertussis suspicion infection
or with one of the other diagnoses, the highest accuracy was found for whoop combined
with apnoea or post-tussive emesis. In patients aged 10 years and older, several different
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sign and symptom combinations were associated with an increased risk of pertussis among
all enrolment diagnoses. There were fewer hospitalizations among the fully vaccinated chil-
dren than in partly or unvaccinated children aged 4 months to 6 years (20.7% vs. 60.0%,
p=0.017).

Conclusions

The numerous sign and symptom combinations in the observed case definitions were good
predictors for laboratory-confirmed pertussis among all enrolment diagnoses, therefore sug-
gesting the necessity for increased awareness of possibility for pertussis in patients with cer-
tain pertussis-like medical conditions.

Introduction

Pertussis is a highly contagious respiratory illness and a major cause of infant morbidity and
mortality worldwide [1, 2]. Due to many different existing case definitions throughout the
world, heterogeneity of clinical manifestations, the change of clinical features induced by
immunization, and mixed infections, pertussis still represent an under-estimated disease
worldwide [3-5].

Many medical conditions (non-infectious diseases or various infections) can resemble per-
tussis. Among the common causes of prolonged cough are asthma, gastroesophageal reflux
disease, and the allergies (atopic constitution). The paroxysmal cough in the laboratory-con-
firmed pertussis can appear more severe than expected in a patient with one of the above men-
tioned medical conditions. Furthermore, subacute cough is a common sign/symptom of upper
and lower respiratory tract infection [6].

With the aim of unifying surveillance of pertussis, the Global Pertussis Initiative (GPI) pro-
posed an algorithm for the signs and symptoms of pertussis in three age groups: 0-3 months, 4
months to 9 years, and >10 years of age [5].

The surveillance of pertussis has been conducted in the Autonomous Province of Vojvo-
dina (APV)—the northern region of Serbia with a population of 1,931,809—since 1948. How-
ever, until September 15th, 2012, pertussis in our region was only reported according to the
clinical diagnosis, without a specific clinical case definition or laboratory confirmation [7, 8].

In Serbia, the routine vaccination against pertussis with whole cell pertussis vaccine
(DTwP) started in 1960, and in 2015, the DTwP vaccine has been replaced by the DTaP-IPV-
Hib (combined diphtheria—tetanus—pertussis—polio—Hib vaccine). Since 2004, a portion of
children population were vaccinated by the DTaP-IPV-Hib, available in private markets [9].

The aim of the present study was to evaluate the diagnostic value of certain sign and symp-
tom combinations from case definitions of pertussis proposed by the GPI among patients
with clinically suspected pertussis without comorbidity, or with suspected pertussis infection
accompanied by the one of the following diagnoses (exacerbation of asthma, allergic constitu-
tion, bronchitis, bronchiolitis, laryngitis, and tracheitis). Additionally, we determined the fre-
quency of certain sign and symptom combinations and risk of hospitalization according to the
documented vaccination status of the participants.

The findings of this study provide an insight into usefulness of the case definition proposed
by the GPI and point to the necessity of raising awareness among clinicians, especially during
examination of pertussis-like medical conditions.
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Materials and methods
Study design

A retrospective analysis of prospectively collected data, at the primary (outpatients) and sec-
ondary or/and tertiary (inpatients) health care settings in the South Bac¢ka District (SBD) of
the APV, was conducted. The SBD is one of seven administrative districts of the APV. Accord-
ing to the 2011 census results, it has a population of 615.371 inhabitants, which represents 32%
of the total APV population.

The participants were enrolled by 11 Health Centres (primary health care level) of SBD and
by Clinical Centre of Vojvodina, Novi Sad, Department of Pulmology, Institute for Child and
Youth Health Care of Vojvodina, Institute of Pulmonary Diseases of Vojvodina and the Gen-
eral Hospital of Vrbas (inpatients facilities), from the 1 * January, 2013 to the 31 * December,
2016. The education about pertussis disease, the proposed case definitions of pertussis, as well
as the adequate sampling and the samples handling procedures of the all included physicians
and nurses was conducted before starting of the research and lasted one month.

Inclusion/Exclusion criteria

Participants included in this study were selected and sampled by the physicians in the two
health care levels as a part of the daily routine. The study design is presented on Fig 1.

We included only patients who fulfilled one or more criteria of clinical case definitions for
the age groups (0-3 months, 4 months-9 years, and >10 years of age). Patients were excluded
if they did not fulfil any of proposed clinical criteria given by GPI case definition of pertussis
for the mentioned age groups. Furthermore, based on the clinical data, subjects with suspected
pertussis were classified into four medical conditions as enrolment diagnosis: patients with
suspected pertussis only (without any other known medical conditions previously); persons
with recent exacerbation of asthma; respondents with previously confirmed allergic constitu-
tion and with symptoms of respiratory infection during admission, and patients who had one
or more of the following diagnoses: bronchitis, bronchiolitis, laryngitis, tracheitis, at the first
medical visit. Participants with all enrolment diagnoses were grouped according to the diagno-
ses given by physicians included in the research.

All the subjects, who visited one of the outpatients or inpatients health care settings, and
who met one or more criteria of proposed clinical case definition of pertussis according to the
age were interviewed by physicians at the admission.

Information about the suspicious pertussis cases were collected through face-to-face struc-
tured interviews. The questionnaire was comprised of questions about on sociodemographic
features and vaccination against pertussis, as well as of questions related to the date of onset of
the cough and questions about all clinical signs and symptoms of pertussis divided in the three
age groups and enrolment diagnoses (Fig 1, S1 Questionnaire).

Physicians, who interviewed participants, gave additional explanation for the questions that
could have been misunderstood.

Specimen collection and laboratory testing

The transport of clinical samples from physicians to the laboratory of the Institute of Public
Health of Vojvodina was organized on a daily basis in a hand refrigerator (at +2- +8 °C),
together with the previously completed questionnaires. Diagnosis of pertussis was performed
using real-time polymerase chain reaction (RT-PCR) and ELISA antibody tests. Posterior
nasopharyngeal (PNP) swabs, for RT-PCR and whole blood (WB) samples, for ELISA assays,
were collected by trained study physicians (PNP) and nurses (WB). Nasopharyngeal swabs
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-posttussive emesis or signs/symptoms:
-cyanosis or one of the following -posttussive emesis
signs/symptoms: -seizure
-seizure -worsening of symptoms at night
-pneumonia -pneumonia
-close exposure to an adolescent or adult -close exposure to an adolescent or adult
(usualy a family member) with a (usualy a family member) with a

Nonproductive, paroxysmal cough of >2
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-whoop or
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-sweating episodes between paroxysms
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Final classification according to the
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Fig 1. Algorithm for the surveillance and laboratory diagnosis of pertussis. * Clinical case definition and procedures for laboratory confirmation in accordance

with the recommendations of the Global Pertussis Initiative (GPI) (Cherry at all, Clinical Definitions of Pertussis: Summary of a Global Pertussis Initiative

Roundtable Meeting, February 2011. Clinical Infectious Diseases Advance Access published May 4, 2012); ® Other diagnoses included bronchitis, bronchiolitis,
laryngitis or tracheitis. PCR: polymerase chain reaction; IgG: immunoglobin G; PT: pertussis toxin.

https://doi.org/10.1371/journal.pone.0204103.g001
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and single-serum from patients were analysed at the Centre for Microbiology of Institute

of Public Health of Vojvodina, Novi Sad. According to the pertussis case definition of

the GPI [5], the type of laboratory method (RT-PCR or serology tests) depended on the
duration of coughing and on the age of the suspected case (Fig 1). Extraction of DNA and
RT-PCR analysis from PNP specimens was performed using Bordetella R-geneTM commer-
cial kit (ARGENE, BioMerieux, France), by targeting a high copy of number specific 15481
sequence, present in B.pertusis, B.holmesii and B.bronchiseptica genomes. Positive samples
were further analysed using B.pertussis/B. parapertussis/B. bronchiseptica RealTM commer-
cial kit (Sacace, Italy) for detection of conservative region of single copy number target ptxA
gene that codes pertussis toxin located in B.pertussis, B. parapertussis and B.bronchiseptica
genomes, as well as for detection of specific regions in genomes of B.pertusis and B.bronchi-
septica. RT-PCR analyses were performed on Applied Biosystems 7500 (Applied Biosystems,
USA) and SaCycler-96 system (Sacace, Italy). The results were interpreted following the
manufacturer’s instructions.

The laboratory confirmation of pertussis by serology tests was performed by ELISA IgA
and IgG tests with the following commercial kits: Anti-Bordetella pertussis toxin ELISA (IgG)
with 4 calibrators 5 IU/ml, 25 IU/ml, 100 IU/ml and 200 IU/ml; Anti-Bordetella pertussis
toxin ELISA (IgA) with 4 calibrators 2 IU/ml, 10 IU/ml, 25 IU/ml and 50 IU/ml (Euroimmun,
Germany).

Laboratory classification

All participants with laboratory confirmation of pertussis (RT-PCR-positive for B. pertussis or
anti-PT IgG antibody titers >100 IU/ml) were considered as confirmed cases (positive). Par-
ticipants with RT-PCR negative results and with anti-PT IgG antibody titers < 40 IU/ml were
considered negative. Among all participants with ELISA IgG test values between 40 to < 100
IU/ml, the additional serology IgA ELISA test was used in order to classify the case. According
to the age-dependent reference ranges for groups (ADR), the age-specific cut-off values for lab-
oratory confirmation of anti-PT IgA (measured in ELISA international units per millilitre—
IU/ml) by the age group were: 2 IU/ml for 0-4 year olds; 6 IU/ml for 5-10 year olds; 12 IU/ml
for those older than 11 years old.

Immediately after testing was finished, the results were sent by messaging system through a
special communication network to all the participants of our surveillance study.

Final classification of participants

Confirmed pertussis cases (positive) were defined as those patients who fulfilled one or more
criteria of clinical case definitions for the age groups (0-3 months, 4 months-9 years, and >10
years of age), accompanied by the laboratory confirmation (RT-PCR or single-serum serol-
ogy). Participants without laboratory confirmation of B. pertussis infection by RT-PCR or sin-
gle-serologic tests were considered negative.

According to the vaccination status, we classified respondents as fully vaccinated according
to their age, partly vaccinated (cases who received some but not all the vaccination doses
required for their age), and unvaccinated. Due to waning of pertussis vaccine-induced immu-
nity over time, vaccination status was only recorded for participants younger than 19.

Pertussis vaccination schedule in Serbia includes the first series of vaccine at the age of 2-6
months, and one toddler booster dose one year after the third primary dose. If for any reason
immunization has not been completed in this time frame, it should be completed by the age of
5[10].
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Data analysis

Parametric and non-parametric, correlative, linear and nonlinear regressive analyses were per-
formed using SPSS software tool (version 22) MedCalc for Windows, version 12.3.0 (MedCalc
Software, Mariakerke, Belgium). Different statistical analyses were performed for different var-
iables, as appropriate: t-test and ANOVA-Kruskal-Wallis H-test for continuous variables, and
Fisher exact test or chi-square for categorical data. The diagnostic value of clinical features was
measured using sensitivity, specificity, positive likelihood ratio (LR+), negative likelihood ratio
(LR-), accuracy (S1 Table), and 95% CI for the certain sign and symptom combinations of the
GPL

Tests of proportion were performed in order to compare sensitivities and specificities
between patients with pertussis without comorbidity and three other enrolment diagnoses.
Values of OR>1.1 and LR+ > 2 for the certain sign and symptom combinations were consid-
ered as thresholds for the increased probability of disease. A test with an accuracy value above
0.71 was considered of useful diagnostic value [11]. Statistical significance was set at the value
of p<0.05.

Since only 10 laboratory-confirmed pertussis cases were registered among the infants (aged
0-3 months), a validation of certain symptoms in this age group was not performed.

Ethical considerations

A study was conducted as a part of the daily clinical routine practice. Oral informed consent
was obtained from patients at the moment of swab taking in accordance with national regula-
tions. In accordance with applicable laws and regulations, no clearance by an Ethics Commit-
tee for the retrospective analysis of anonymized data is required in Serbia. No authors of this
study treated the patients included in the analysis, and the data were anonymized before the
authors accessed it.

Results

A total of 1043 participant were enrolled in this study between 1% January 2013 and 31*
December 2016. Out of those patients, 306 (29.3%) were tested positive for pertussis. B. para-
pertussis or B. bronchiseptica were not detected in our patients. Furthermore, there were no
participants with suspected pertussis, who were vaccinated against pertussis in the period of 12
months before included in the study. There were no deaths recorded.

Out of all confirmed cases, there were 203 (66.4%) patients with clinically suspected pertus-
sis without comorbidity as enrolment diagnosis, while 103 (33.7%) participants were classified
as suspected pertussis infection in combination with asthma, allergic constitution or other
diagnoses similar to pertussis. Furthermore, 200 (65.4%) cases were registered at the primary
health care level, while 106 (34.6%) patients were identified as inpatients.

Regarding the prevalence of all confirmed cases, participants with asthma exacerbation had
the highest prevalence of laboratory confirmation (24 of 67, 35.8%), followed by participants
with allergic constitution (23 of 66, 34.8%). Stratified by three age groups, prevalence of labora-
tory-confirmed pertussis was the highest in the patients aged 4 months to 9 years old who
had pertussis without comorbidity or asthma or allergic constitution, while in the participants
with other diagnoses the highest prevalence of pertussis was detected among infants aged 0-3
months.

Comparing the prevalence of laboratory-confirmation of pertussis among participants with
suspected pertussis without comorbidity, it was significantly higher inpatients (67 of 157,
42.7%) than outpatients (136 of 505, 26.9%) (p<<0.001). Furthermore, prevalence of labora-
tory-confirmation in inpatients (41 of 95, 43.2%) aged 10 years old and older with suspected
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Table 1. Diagnosis at enrollment of the 1043 patients tested for Bordetella pertussis.

Diagnosis at enrolment Total(n = 1043) Outpatients(n = 775) Inpatients(n = 268) p value®
Positive | Negative Prevalence of Positive | Negative Prevalence of Positive | Negative Prevalence of
(n=306) | (n=737) conﬁrr(l:/e)d cases | (4 — 200) | (n = 575) conﬁrr(t;/e)d cases | (4 _106) | (n = 162) conﬁrr(t;/e)d cases
b b b

n (%) n (%) n (%) n (%) n (%) n (%)
All clinically suspected 203(66.4) | 459(62.3) 30.7 136(68.0) | 369(64.2) 26.9 67(63.2) | 90(55.6) 42.7 <0.001
pertussis without 1 (%) 1 (%) 1 (%) 1 (%) 1 (%) 1 (%)
comorbidity
0-3 months 5(2.5) 12(2.6) 29.4 1(0.7) 4(1.1) 20.0 4(6.0) 8(8.9) 33.3 1.000°
4m-9 years 81(39.9) | 167(36.4) 32.7 59(43.4) | 139(37.7) 29.8 22(32.8) | 28(31.1) 44.0 0.056
10 years and older 117(57.6) | 280(61.0) 29.5 76(55.9) | 226(61.2) 25.2 41(61.2) | 54(60.0) 43.2 <0.001
All suspected pertussis 24(7.8) | 43(5.8) 35.8 13(6.5) | 29(5.0) 31.0 11(10.4) | 14(8.6) 44.0 0.281
and confirmed asthma n (%) n (%) n (%) n (%) n (%) n (%)
0-3 months 0(-) 0(-) - - - - - - - -
4m-9 years 9(37.5) | 6(14.0) 60.0 5(38.5) | 3(10.3) 62.5 4(36.4) | 3(21.4) 57.1 1.000®
10 years and older 15(62.5) | 37(86.0) 28.8 8(61.5) | 26(89.7) 235 7(63.6) | 11(78.6) 38.8 0.245
All suspected pertussis 23(7.5) | 43(5.8) 348 15(7.5) | 31(5.4) 326 8(7.5) | 12(7.4) 40.0 0.563
and cpnﬁrmed allergic n (%) 1 (%) n (%) n (%) n (%) n (%)
constitution
0-3 months 0(-) 0(-) - - - - - - - -
4m-9 years 6(26.1) 9(20.9) 40.0 5(33.3) 4(12.9) 55.6 1(12.5) 5(41.7) 16.7 0.287°
10 years and older 17(73.9) | 34(79.1) 333 10(66.7) | 27(87.1) 27.0 7(87.5) 7(58.3) 50.0 0.120
All suspected pertussis 56(18.3) | 192(26.1) 22.6 36(18.0) | 146(25.4) 19.8 20(18.9) | 46(28.4) 30.3 0.080
with other diagnoses © n (%) n (%) n (%) n (%) n (%) n (%)
0-3 months 58.9) | 11(5.7) 313 2(5.6) 6(4.1) 25.0 3(15.0) | 5(10.9) 37.5 0.641°
4m-9 years 21(37.5) | 75(39.1) 219 11(30.6) | 49(33.6) 183 10(50.0) | 26(56.5) 27.8 0.279
10 years and older 30(53.6) | 106(55.2) 2.1 23(63.8) | 91(62.3) 20.2 7(35.0) | 15(32.6) 31.8 0.228

Values that differ significantly (p<0.05) between hospitalized and outpatients cases are marked in bold.
? Differences between distribution of positive and negative pertussis cases in the outpatient and inpatients (Chi-square test).
® Two-tailed Fisher’s exact test.

© Other diagnoses included bronchitis, bronchiolitis, laryngitis, tracheitis.

https://doi.org/10.1371/journal.pone.0204103.t001

pertussis without any comorbidity was significantly higher than among outpatients (76 of 302,
25.2%) (p<0.001). Although the prevalence of confirmed pertussis cases in the respondents
with other three enrolment diagnoses was higher in inpatients than outpatients, the differences
were not statistically significant (p>0.05) (Table 1).

Observed all participants, regardless of enrolment diagnosis, there were no significant dif-
ferences in gender, living area and the average duration of cough between participants with
positive and negative laboratory tests for pertussis (p>0.05). However, patients with positive
pertussis tests were significantly younger than the group they were compared with (16.1+15.7
years vs. 22.5+22.2 years, p<0.001). Among participants with laboratory-confirmed pertussis,
respondents with asthma exacerbation or those with allergic constitution had a longer dura-
tion of cough (41.5+29.7 days and 35.6+25.8 days) than the participants who had pertussis
without comorbidity (29.6+19.3 days), or those with other diagnoses (26.8+18.1 days), and the
differences were statistically significant (p = 0.016). These differences in duration of cough
were registered among participants aged 10 years and older. Observing three common signs
and symptoms for three age groups, we revealed that patients with laboratory-confirmed per-
tussis were more likely to have whoop, apnoea, and post-tussive emesis, and they were more
frequently detected in the hospital facilities (p<0.05). Regarding the four enrolment diagnoses,
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there were no significant differences in frequency of post-tussive emesis, and in the probability
of hospitalization among pertussis positive subjects (p>0.05). Whoop was more frequently
registered (p = 0.001) among patients with pertussis positive test accompanied with allergic
constitution or other diagnoses (78.3% and 73.2%), than among participants who had pertussis
without any comorbidity (48.8%) or in respondents with exacerbation of asthma (45.8%).
Apnoea was more frequently registered (p = 0.003) among patients with other diagnoses
(30.4%), compared to other three enrolment clinical diagnoses (10.3%, 12.5% and 17.4%)
(Table 2).

In the age group of 0 to 3 months, pertussis was laboratory-confirmed in 5 patients with
clinically suspected pertussis without comorbidity, as enrolment diagnosis, and among 5
participants with other diagnoses. In this age group, the mandatory sign/symptom (MSS) in
combination with whoop or apnoea was associated with laboratory confirmation of pertussis
among patients with clinically suspected pertussis without comorbidity as an enrolment diag-
nosis (p = 0.003). As expected for this age group, there were no patients with asthma or allergic
constitution.

In the participants 4 months to 9 years old, according to the univariate and multivariate
logistic regression analyses, the MSS in combination of whoop, apnoea or post-tussive emesis
was strongly associated with laboratory-confirmed pertussis in patients with clinically sus-
pected pertussis without comorbidity enrolment diagnosis and in those with other diagnoses
(p<0.05). Furthermore, among respondents with clinically suspected pertussis without comor-
bidity, as an enrolment diagnosis, the MSS combined with a close exposure to an adolescent or
an adult with a prolonged afebrile cough illness (contact) was associated with having a labora-
tory-confirmed pertussis (p<0.05).

Among participants aged 10 years and older, the combination of MSS and post-tussive
emesis was a good predictor of laboratory-confirmed pertussis in all four clinical diagnoses
(p<0.05). Beside participants who had asthma exacerbation, the MSS in combination with
whoop in this age group had a strong association with pertussis in three other diagnoses
(p<0.05). Patients aged 10 years and older with other diagnoses (bronchitis, bronchiolitis, lar-
yngitis, tracheitis) and MSS combined with apnoea were eight times more likely to have labo-
ratory-confirmed pertussis than those without MSS and apnoea (p = 0.002).

According to the results of the univariable or a multivariable logistic regression analyses,
differences among all other observed sign and symptom combinations in patients with and
without pertussis infection stratified by age and clinical diagnoses, were not statistically signifi-
cant (p>0.05) (S2 Table).

The diagnostic value of the selected sign and symptom combinations for pertussis in the
participants aged 4 months and older, stratified in two age groups and by four enrolment diag-
noses is shown in Table 3.

A combination of MSS along with the worsening of the symptoms at night had the high-
est sensitivity in participants with clinically suspected pertussis without comorbidity (aged 4
month-9 year and > 10 year olds), and in the age group 4 months to 9 years with asthma
exacerbation (63%, 59.8% and 66.7%, respectively). Observed by two age groups (4 months
to 9 years and 10 years and older), the MSS in combination with whoop had the highest
sensitivity in participants with allergic constitution (66.7% and 82.4%, respectively) and
other diagnoses (76.2% and 73.3%, respectively). Combination of MSS along with apnoea in
two age groups had the highest specificity in almost all of the enrolment diagnoses. For the
participants with clinically suspected pertussis without comorbidity as an enrolment diag-
nosis, aged 4 monts-9 years, only MSS along with pneumonia (98.2%) and MSS combined
with seizure (95.8%) had higher specificity values than a combination of MSS along with
apnoea.
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Table 2. Demographic and clinical characteristics of participants.

Characteristics Pertussis in 1043 patients Four clinical diagnoses in 306 patients with laboratory evidence of pertussis
Pertussis Pertussis | P value Clinically suspected Asthma and | Allergic constitution | Other diagnoses a | p value b
positive negative pertussis without pertussis and pertussis and pertussis
comorbidity
(n=306) | (n=737) (n =203) (n=24) (n=23) (n=56)
n/N n/N n/N n/N n/N n/N
(%) (%) (%) (%) (%) (%)
Age (years) 16.1+15.7 22.5422.0 | <0.001 ¢ 15.6+14.3 18.0+19.2 15.7+13.2 16.9£19.0 0.868 ¢
Female 166 429 0.239 116 11 8 31 0.179
(54.2) (58.2) (57.1) (45.8) (34.8) (55.4)
Male 140 308 87 13 15 25
(45.8) (41.8) (42.9) (54.2) (65.2) (44.6)
Urban area 226 564 0.360 150 18 16 42 0.964
(73.9) (76.5) (73.9) (75.0) (69.6) (75.0)
Rural area 80 173 53 6 7 14
(26.1) (23.5) (26.1) (25.0) (30.4) (25.0)
Total average duration 30.4+20.9 32.6+29.5 0.236 ¢ 29.6£19.3 41.5+£29.7 35.6+25.8 26.8+18.1 0.016 ¢
of cough (days)
0-3 months 13.3+8.6 10.3+7.6 0.320 ¢ 14.0+5.8 - - 12.6+9.8 0.790 ¢
4m-9 years 25.8+17.6 27.7+28.1 0.501 ¢ 25.8+17.9 22.6x17.1 21.7£6.5 28.5+18.1 0.771°¢
10 years and older 34.4+22.3 36.7+30.9 0.365 4 32.9+19.6 52.9+29.9 40.5+28.1 27.9+18.1 0.001 ©
Total whoop 169/306 170/737 <0.001 99/203 11/24 18/23 41/56 0.001
(55.2) (23.1) (48.8) (45.8) (78.3) (73.2)
n/N n/N n/ N n/N n/N n/N
(%) (%) (%) (%) (%) (%)
0-3 months 8/10 5/23 0.005 5/5 0/0 0/0 3/5 0.444
(80.0) (21.7) (100.0) (-) (-) (60.0)
4m-9 years 67/117 72/257 <0.001 42/81 5/9 4/6 16/21 0.225
(57.3) (28.0) (51.9) (55.6) (66.7) (76.2)
10 years and older 94/179 93/457 <0.001 52/117 6/15 14/17 22/30 0.001
(52.5) (20.4) (44.4) (40.0) (82.4) (73.3)
Total apnoea 45/306 28/737 <0.001 21/203 3/24 4/23 17/56 0.003
(14.7) (3.8) (10.3) (12.5) (17.4) (30.4)
n/N n/N n/ N n/ N n/N n/N
(%) (%) (%) (%) (%) (%)
0-3 months 8/10 6/23 0.007 5/5 0/0 0/0 3/5 0.444
(80.0) (26.1) (100.0) (-) (-) (60.0)
4m-9 years 24/117 17/257 <0.001 14/81 1/9 2/6 7/21 0.260
(20.5) (6.6) (17.3) (11.1) (33.3) (33.3)
10 years and older 13/179 5/457 <0.001 2/117 2/15 2/17 7/30 <0.001
(7.3) (1.1) (1.7) (13.3) (11.8) (23.3)
Total post-tussive 166/306 167/737 <0.001 108/203 14/24 13/23 31/56 0.955
emesis (542) (22.7) (532) (58.3) (56.5) (55.4)
n/N n/ N n/ N n/N n/ N n/N
(%) (%) (%) (%) (%) (%)
0-3 months 6/10 8/23 0.257 3/5 0/0 0/0 3/5 1.000
(60.0) (34.8) (60.0) (-) (-) (60.0)
4m-9 years 61/117 77/257 <0.001 37/81 5/9 4/6 15/21 0.169
(52.1) (30.0) (45.7) (55.6) (66.7) (71.4)
(Continued)
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Table 2. (Continued)

Characteristics Pertussis in 1043 patients Four clinical diagnoses in 306 patients with laboratory evidence of pertussis
Pertussis Pertussis P value Clinically suspected Asthma and | Allergic constitution | Other diagnoses a | p value b
positive negative pertussis without pertussis and pertussis and pertussis
comorbidity
(n =306) (n=737) (n =203) (n=24) (n=23) (n =56)
n/N n/N n/N n/N n/N n/N
(%) (%) (%) (%) (%) (%)
10 years and older 99/179 82/457 <0.001 68/117 9/15 9/17 13/30 0.515
(55.3) (17.9) (58.1) (60.0) (52.9) (43.3)
Total hospitalized 106/306 162/737 <0.001 67/203 11/24 8/23 20/56 0.660
(34.6) (22.0) (33.0) (45.8) (34.8) (35.7)
n/ N n/ N n/ N n/ N n/ N n/ N
(%) (%) (%) (%) (%) (%)
0-3 months 7/10 13/23 0.701 4/5 0/0 0/0 3/5 0.583
(70.0) (56.5) (80.0) ) ) (60.0)
4m-9 years 37/117 62/257 0.127 22/81 4/9 1/6 10/21 0.212
(31.6) (24.1) (27.2) (44.4) (16.7) (47.6)
10 years and older 62/179 87/457 <0.001 41/117 7/15 7/17 7/30 0.394
(34.6) (19.0) (35.0) (46.7) (41.2) (23.3)

n/N: number cases/total of cases in certain age groups. NA: not applicable. Values that differ significantly between positive and negative pertussis cases are marked in

bold.

? Other diagnoses included bronchitis, bronchiolitis, laryngitis, tracheitis.

® P values are based on the Fisher exact or chi-square tests, as appropriate.

© expressed as mean + SD.
4 Student’s t test.

¢ ANOVA analysis of variance/Kruskal-Wallis H test.

https://doi.org/10.1371/journal.pone.0204103.t002

In participants aged 4 months-9 years, following combinations were most strongly associ-
ated with laboratory-confirmed pertussis: MSS with seizure (Positive likelihood ratio [LR+]
2.7,95% CI 1.0-6.9) in patients with clinically suspected pertussis without comorbidity, MSS
with contact (LR+ 2.7, 95% CI 0.4-18.4) in persons with asthma exacerbation, MSS with
whoop or post-tussive emesis (LR+ 3.0, 95% CI 0.8-11.5) in subjects with allergic constitution,
and MSS with apnoea (LR+ 4.2, 95% CI 1.6-11.1) for those with one or more of the following
diagnoses: bronchitis, bronchiolitis, laryngitis, tracheitis. In patients aged 10 years and older,
the combinations with the highest diagnostic accuracy were MSS with post-tussive emesis for
the participants with clinically suspected pertussis without comorbidity, and asthma exacerba-
tion (LR+ 3.3, 95% CI 2.5-4.5, and LR+ 4.4, 95% CI 1.8-11.1, respectively), combination of
MSS along with apnoea for the participants with allergic constitution, and those with the other
diagnoses (LR+ 4.0, 95% CI 0.4-41.1, and LR+ 6.2, 95% CI 1.9-19.7, respectively), while MSS
with whoop had LR+ more than 2 in three enrolment clinical diagnoses (pertussis only, allergic
constitution and other diagnoses). Regarding sensitivity and specificity in participants with
clinically suspected pertussis without comorbidity compared with those in other three diagno-
ses, in age group 4 months to 9 years, MSS in combination with worsening of the symptoms at
night was significantly more sensitive in patients with clinically suspected pertussis without
comorbidity than in participants with other diagnoses (63% vs. 38.1%, p = 0.040), while MSS
in combination with post-tussive emesis was significantly more sensitive in participants with
other diagnoses than in patients with clinically suspected pertussis without comorbidity as

PLOS ONE | https://doi.org/10.1371/journal.pone.0204103 September 20, 2018 10/20


https://doi.org/10.1371/journal.pone.0204103.t002
https://doi.org/10.1371/journal.pone.0204103

IS

f pertuss

INItion O

Case defi

PLOS | o

€00¥€017020'8uod [euinol/L2¢1°01/B10"10p//:sdpy

*dnoid o3 sures oy ur suonejuasaxd [esrurd 2211y Iayj0 2y} 03 paredwos A[uo sissnyrad wsamiaq JusIapIp ApuedyTudis AoYHads pue ATANISUSS |

ssau[[t y8nod d[Liqaje paguofod e yyim (1oquonr A[rue € AJ[ensn) Jpe 10 JUIISI[OPE UE 0} 21sodxd 350

*STITAYDET) ‘SISUATE] ‘STI[OIYOUOIQ ‘STITYOUOI] PIPN[IUT $3s0uerp 10710

"P[Oq UT pay[Tew axe (7<) +3'T JO Sanfea Jueoyrusig

(€1 | @1 61 | @ 61 | @ o1 | (51 WS
-§0) | =80) | (LT19-0TH) | (§7L-¥LE) | ~90) | =§°0) | (9°L9-¥TE) | (I'TL-0°€T) | ~L'0) | ~F0) | (I'89-FF€) | (££9-€9T) | ~9'0) | —0°T) | (0'95-0%%) | (8'89-7'0S) | 1o swoyduuhs
80 Tl 61 L'9S 01 60 0°0S 'Ly 1 80 vIS 0°0% 80 1 0°0S 865 Jo Suruasiopm
o1 (9°¢ o1 (12 (60 | (I'T1 9o | (s¥
=5'0) | ~TT) | (5°98-€0L) | (9T9-5ST) | —€0) | —€T) | (T€6-5'S9) | (0£L=8'LT) | —€0) | —8'T) | (§S6-TTL) | (L'€8-€TE) | —F0) | —§°T) | (8'98-G'LL) | (TLI-9'8F) SIsowa
L0 |84 €6L [ 90 0'¢ v'T8 6TS S0 (47 598 009 S0 €€ S'T8 1'8S SAISST-}50
swisAxored
(@r | (61 w1 | (€c (€1 | (6 (Tr | (€1 wamiaq
F0) | -0T) | (929-6Th) | (1'08-6'€) | ~¥°0) | —8°0) | (8°TL=6'LE) | (918-6CE) | —50) | —L0) | (0T8-T0S) | (F€L-€TT) | —80) | —8°0) | (079-005) | (I'€S-S¥€) soposida
L0 €1 8'S €69 L0 €1 9'gg 885 80 71 9'L9 L'9¥ 01 0T 195 9'¢h Suneamg
o1 | (61 , (066 (Tt | (rmw > (666 (Tt (0001 ot 5 (0001
-£0) | —6T) -9'06) ,(€T¥-6'6) | -80) | —¥0) -L'¥8) > F9€-ST) | -L0) -5'06) 5 (§07-LT) | -60) -£'86) 5 (09-70)
80 | 9 79 €T 60 | o¥ T'L6 81 60 | VN 0°00T €€l 01 | YN 0001 L1 esoudy isnid 1243f notpiim
UoNeIND SHIM 7L
(o | (6¢ > (6708 58 (o | (s > (T96 (€1 | (8¢ (80 | (8¢ >(LL8 > (67¢s 70 yBnoo [ewsixored
-70) | -81) -1°€9) -1'%S) -10) | =41 | (1'£8-959) -9'95) =60) | —£'0) | (T88-8'8S) | (L£9-€91) | -9°0) | —6'T) -L'8L) -€'6€) ‘aanpnporduon
¥0 LT 9L X7 0 r'e SeL ¥'C8 80 91 LSL 0°0% L0 LT 9'¢8 44 dooym 13p[o pue s1ea4 O]
(Tt Ly @1 | (961 (€1 | (781 o1 9
-£0) | -S°0) | F¥6-¥'8L) | (6TF-5S) | —90) | ~10) | (L66-8'1S) | (I'¥9-¥0) | —€0) | -¥0) | (966-6'S€) | (8'8L-L€) | —9°0) | —TT) | (¥'€8-1°0L) | (0'1S-8'87)
60 91 0'88 061 60 ST 6'88 L91 L0 VA4 €€ a4 80 L1 €LL S'6€ q1PEIu0D
(Tt (T8 (At €1 | 011 ot (69
-80) | —9°0) | (8L6-1'¢8) | (€9¢-1€) | -60) (L°66-8'15) -9'0) | —T0) | (966-6'SE) | (009-87) | -6°0) | —0T) | (€86-9'16) | (I'0T-T'S)
60 | &4 £€6 41 T'1 VN 6'88 VN 60 €1 €€8 T 60 LT 856 r'IL aanziag
(Tt | (6¢ 5 (96 o1 5 (966
-6'0) | -1°0) -L'18) (8'€2-1°0) -6°0) -8%6) Q]
0T S0 L06 8¥ - - - - - - - - 0T YN 86 0 BIUOWNAU
1 | (st > (919 e | (c¢ (€7 | ¢ @1 | @1 > (FeL WS
-80) | =§°0) | (T99-8'Ch) -1'81) -€0) | ~¥'0) | (€98-T'17) | (T'88-8'T1) | -T°0) | -50) | (T'88-8'11) | (§T6-6'67) | —9'0) | —6'0) | (1'CS-99¢€) -S'19) 1e swoyduAs
't 80 L¥S '8¢ 60 Il 9'ss 0°0S L0 €1 0°0S £99 80 't %47 0°€9 Jo Buruasiop
(60 | (1€ ,(L88 &1 | (ST1 9 | (o€ (60 | (€7 > (128
-T0) | V1) | (094-5°€9) -8'L¥) -10) | -8°0) | (TL6-00¥) | (£L'S6-€TT) | —€°0) | ~¥0) | (T88-8°T1) | (€98-TT2) | —9'0) | —T'T) | (1'64-0'59) -97€) SISaW
¥0 |54 €69 VL ¥0 0'€ 8'LL £99 60 't 0°0S 9'sS 80 L1 ST LSy SAISSN}-350
o1 | (Irtr (Tt (0001 (Tt (0001 o1 (s's
-50) | -9T) | (0£6-%€8) | (0£5-9F1) | —#°0) -$'99) (LLL-€%) | -L0) -T'%S) (€'8%-€0) | -80) | —€T1) | (£96-588) | (€LT-8°6)
L0 (44 0'T6 %3 L0 VN 0°00T %3 60 VN 0°00T 11 60 9T 7'¢6 €L1 eaoudy snd
(80 | (9¢ F1 | (ST11 9t | (o€ (80 (8¢ >(1€9 10A9) [EWIIUTUI 10 OU
-T0) | -91) | (€8£-T9S) | (8'16-8TS) | ~T°0) | -80) | (TL6-00%) | (£'S6-€TT) | —€0) | ~¥'0) | (T'88-8'T1) | (€'98-T'1T) | -S0) | —¥'1) | (L08-6'99) -5°0%) ym y8noo [ewsxoreq
¥0 j&4 0'89 9L ¥0 (1X3 8'LL £'99 60 Il 005 9'6s L0 0T €L 61 dooym s1eaf 6-ury
(o | @ (o | @ (o | @ (o | (M
%S6) | %S6) | (ID%S6) | (ID%S6) | %S6) | %S6) | (ID%S6) | (IO %S6) | %S6) | %S6) | (ID %S6) | (IO %S6) | %S6) | %S6) | (ID%S6) | (ID %S6)
% % % % % % % %
A1 | +4T | Apgpads | Luapisusg | 9T | +YT | Adgoadg | Aanisusg | -y | +9T | Aipgpads | Aapisueg | T | +YT | Aipgoadg | Aanisusg
Ayprqiourod sissnyaad yo swojduwfs pue suSis

sissmaad pue , sasouSerp YO

sissniad pue wonn)Isuod Sy

sissniad pue ewry)sy

moy)im sissmyaad paydadsns Afpestur)

13130 pue Lrojepuew ypm dnois a8y

"uor}dYUI

sissnyaad pajdadsns [iim  uey)) 1apjo sjusnyed Jo suonruryap ases pasodoid jo swoyduis pue suSts Jo oner pooyrYI[ 2aneSau pue ‘onjex pooyrYI] aanisod Kypyads “AJIAnIsSusg *¢ d[qe],

11/20

//doi.org/10.1371/journal.pone.0204103 September 20, 2018

PLOS ONE | https


https://doi.org/10.1371/journal.pone.0204103.t003
https://doi.org/10.1371/journal.pone.0204103

@° PLOS | ONE

Case definition of pertussis

enrolment diagnosis (71.4% vs. 45.7%, p = 0.037). Pneumonia in combination with MSS was
registered only in two diagnoses (suspected pertussis without comorbidity and other diagno-
ses) in age group 4 months-9 years, and this combination was significantly more specific in
patients with pertussis without comorbidity than in the patients with other diagnoses (98.2%
vs. 90.7%, p = 0.007).

Among participants 10 years old and older, MSS combined with whoop had a significantly
higher sensitivity in patients with allergic constitution and other diagnoses in comparison to
respondents who were enrolled as suspected pertussis without comorbidity (82.4% vs. 44.4%,
p =0.004 and 73.3% vs. 44.4%, p = 0.005, respectively). Furthermore, due to the low sensitivity
for MSS combined with apnoea in subjects with suspected pertussis only (without comorbid-
ity) (1.7%), all other diagnoses had significantly higher sensitivity than suspected pertussis
only as an enrolment diagnosis (p<0.05). The combination of MSS along with whoop had sig-
nificantly higher specificity in patients with suspected pertussis without comorbidity than in
participants with other diagnoses who had laboratory-confirmed pertussis (83.6% vs. 72.6%,

p = 0.015) and MSS combined with apnoea had significantly higher specificity for participants
with clinically suspected pertussis compared to those with allergic constitution (100% vs.
97.1%, p = 0.004), or compared to other diagnoses (100% vs. 96.2%, p = 0.001). There was no
significant difference in sensitivity or specificity between participants with clinically suspected
pertussis without comorbidity and other three enrolment diagnoses (p>0.05), after testing for
other sign and symptom combinations in those two age groups.

We calculated accuracy for the four enrolment diagnoses of pertussis according to certain
sign and symptom combinations of case definition for pertussis in children aged 4 months to 9
years and in participants aged 10 years and older (Table 4).

In the respondents aged 4 months to 9 years, with clinically suspected pertussis without
comorbidity, the highest accuracy values were observed for combination of MSS with whoop
and contact (0.73, 95% CI 0.70-0.76), for combination of MSS with whoop and apnoea (0.71,
95% CI 0.68-0.73), and for combination of MSS accompanied by whoop and post-tussive eme-
sis (0.71, 95% CI 0.67-0.75). Among patients with allergic constitution, the highest accuracy
was registered for combination of MSS combined with whoop and post-tussive emesis (0.87,
95% CI 0.58-0.87). However, the other three sign and symptom combinations also had high
accuracy in patients with allergic constitution, greater than 0.71 (MSS with whoop or apnoea
or post-tussive emesis). In the respondents with other diagnoses, only three combinations
(MSS with whoop or with post-tussive emesis or with worsening of symptoms at night) had
poor diagnostic values (accuracy <0.71), while all other sign and symptom combinations
had high diagnostic accuracy with the highest one observed for combination of MSS accompa-
nied with apnoea and post-tussive emesis (0.84, 95% CI 0.78-0.86). Among participants with
asthma exacerbation, the accuracy was poor for all of observed sign and symptom combina-
tions in patients aged 4 months to 9 years.

In patients 10 years old and older, the following seven clinical sign and symptom combina-
tions of pertussis (including mandatory sign/symptom in this age group) presented with good
balance between sensitivity and specificity, and accuracy above 0.71: post-tussive emesis, whop
and apnoea, whoop and sweating episodes between paroxysms, whoop and post-tussive eme-
sis, whoop and worsening of the symptoms at night, sweating episodes between paroxysms
and post-tussive emesis, and combination of whoop with post-tussive emesis and worsening of
the symptoms at night. MSS along with worsening of symptoms at night showed poor diagnos-
tic value for all the enrolment diagnoses.

Signs and symptoms of pertussis according to the GPI case definition and hospitalization
data according to the age groups and vaccination status (fully vaccinated vs. partly or unvacci-
nated) are presented in S3 Table.
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Table 4. Accuracy of certain sign/symptom combinations of GPI case definitions of pertussis in two age groups and different enrollment diagnoses.

Age group with mandatory and other signs and symptoms of pertussis Clinically suspected Asthma and | Allergic constitutionand | Other diagnoses *
pertussis without pertussis pertussis Accuracy and pertussis
comorbidity Accuracy Accuracy (95% CI) Accuracy
(95% CI) (95% CI) (95% CI)
4m-9 years Paroxysmal cough with | Whoop 0.67 0.53 0.73 0.70
1o or minimal fever plus: (0.61-0.73) (0.27-0.80) (0.43-0.93) (0.61-0.76)
Apnoea 0.69 0.47 0.73 0.79
(0.65-0.72) (0.34-0.47) (0.52-0.73) (0.72-0.86)
Post-tussive emesis 0.64 0.53 0.73 0.67
(0.58-0.70) (0.27-0.80) (0.43-0.93) (0.57-0.74)
Worsening of symptoms at night 0.50 0.60 0.53 0.51
(0.44-0.56) (0.33-0.85) (0.27-0.80) (0.43-0.60)
Seizure 0.68 0.47 - 0.76
(0.65-0.71) (0.26-0.59) (0.72-0.82)
Contact® 0.65 0.60 0.60 0.73
(0.59-0.71) (0.31-0.73) (0.47-0.73) (0.68-0.80)
Whoop + apnoea 0.71 0.47 0.67 0.82
(0.68-0.73) (0.34-0.47) (0.54-0.67) (0.77-0.84)
Whoop + post-tussive emesis 0.71 0.33 0.87 0.83
(0.67-0.75) (0.21-0.55) (0.58-0.87) (0.75-0.90)
Whoop + worsening of symptoms 0.69 0.53 0.67 0.80
at night (0.64-0.74) (0.27-0.67) (0.54-0.67) (0.73-0.86)
Whoop + seizure 0.68 0.40 - 0.79
(0.67-0.68) (0.27-0.53) (0.77-0.79)
Whoop + contact ® 0.73 0.47 0.67 0.79
(0.70-0.76) (0.26-0.59) (0.54-0.67) (0.76-0.81)
Apnoea + post-tussive emesis 0.67 - - 0.84
(0.65-0.70) (0.78-0.86)
Post-tussive emesis + worsening of 0.68 0.67 - 0.79
symptoms at night (0.63-0.73) (0.38-0.67) (0.73-0.85)
Post-tussive emesis + seizure 0.69 0.40 - 0.78
(0.67-0.70) (0.27-0.53) (0.74-0.83)
Seizure + contact ® 0.69 0.47 - 0.76
(0.67-0.72) (0.26-0.59) (0.72-0.82)
Whoop + apnoea + post-tussive 0.69 - 0.67 0.83
emesis (0.67-0.70) (0.54-0.67) (0.78-0.83)
Apnoea + post-tussive emesis 0.68 - 0.67 0.80
+ worsening of symptoms at night (0.66-0.70) (0.54-0.67) (0.77-0.80)
Post-tussive emesis + worsening of 0.69 0.53 - -
symptoms at night + contact b (0.67—0.69) (0.32-0. 53)
Whoop + post-tussive emesis 0.70 0.47 0.67 0.82
+ worsening of symptoms at night (0.66-0.73) (0.34-0.47) (0.54-0.67) (0.77-0.82)
Whoop + apnoea + post-tussive 0.69 - 0.69 0.80
emesis + worsening of symptoms (0.67-0.69) (0.67-0.69) (0.77-0.80)
at night
(Continued)
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Table 4. (Continued)

Age group with mandatory and other signs and symptoms of pertussis Clinically suspected Asthma and | Allergic constitutionand | Other diagnoses *
pertussis without pertussis pertussis Accuracy and pertussis
comorbidity Accuracy Accuracy (95% CI) Accuracy
(95% CI) (95% CI) (95% CI)
10 years and older Nonproductive, Whoop 0.72 0.65 0.77 0.73
paroxysmal cough of >2 weeks (0.68-0.76) (0.53-0.78) (0.62-0.85) (0.65-0.79)
duration without fever plus:
Apnoea 0.71 0.75 0.69 0.80
(0.70-0.71) (0.69-0.75) (0.62-0.72) (0.75-0.84)
Sweating episodes between 0.52 0.62 0.57 0.55
paroxysms (0.48-0.57) (0.49-0.75) (0.42-0.70) (0.48-0.62)
Post-tussive emesis 0.75 0.79 0.73 0.71
(0.71-0.79) (0.66-0.89) (0.59-0.84) (0.64-0.78)
Worsening of symptoms at night 0.53 0.48 0.49 0.53
(0.48-0.57) (0.36-0.62) (0.35-0.63) (0.45-0.60)
Whoop + apnoea 0.71 0.73 0.71 0.81
(0.70-0.71) (0.69-0.73) (0.64-0.71) (0.77-0.82)
Whoop + sweating episodes 0.72 0.73 0.80 0.81
between paroxysms (0.69-0.74) (0.67-0.77) (0.67-0.87) (0.75-0.86)
Whoop + post-tussive emesis 0.75 0.77 0.78 0.82
(0.72-0.77) (0.69-0.77) (0.68-0.78) (0.77-0.86)
Whoop + worsening of symptoms 0.75 0.71 0.77 0.77
at night (0.71-0.77) (0.68-0.75) (0.64-0.85) (0.70-0.83)
Sweating episodes between 0.76 0.79 0.71 0.79
paroxysms + post-tussive emesis (0.73-0.79) (0.69-0.83) (0.60-0.79) (0.73-0.84)
Sweating episodes between 0.69 0.69 0.65 0.75
paroxysms + worsening of (0.66-0.73) (0.63-0.77) (0.55-0.76) (0.68-0.82)
symptoms at night
Post-tussive emesis + worsening of 0.77 0.75 0.69 0.76
symptoms at night (0.74-0.80) (0.67-0.79) (0.62-0.72) (0.71-0.82)
Whoop + apnoea + sweating 0.71 - 0.69 0.79
episodes between paroxysms (0.70-0.71) (0.65-0.69) (0.77-0.79)
Whoop + apnoea + post-tussive 0.71 - 0.69 0.79
emesis (0.70-0.71) (0.65-0.69) (0.77-0.79)
Whoop + apnoea + worsening of 0.71 0.73 0.69 0.79
symptoms at night (0.70-0.71) (0.69-0.73) (0.65-0.69) (0.76-0.80)
Whoop + post-tussive emesis 0.73 0.73 0.71 0.79
+ worsening of symptoms at night (0.71-0.74) (0.69-0.73) (0.64-0.71) (0.75-0.82)
Sweating episodes between 0.75 0.73 - 0.79
paroxysms + post-tussive emesis (0.73-0.76) (0.69-0.73) (0.75-0.83)

+ worsening of symptoms at night

? Other diagnoses included bronchitis, bronchiolitis, laryngitis, tracheitis.

® Close exposure to an adolescent or adult (usually a family member) with a prolonged afebrile cough illness.

https://doi.org/10.1371/journal.pone.0204103.t004

Discussion

To the best of our knowledge, this is the first prospective, multicentre study that assessed the
association of the certain sign and symptom combinations of GPI case definition in different

age groups and certain pertussis-like illness.

Recognition of pertussis infection in the primary or inpatients health care facilities can be
difficult, especially in patients with clinical signs and symptoms that are similar to pertussis.

PLOS ONE | https://doi.org/10.1371/journal.pone.0204103 September 20, 2018

14/20


https://doi.org/10.1371/journal.pone.0204103.t004
https://doi.org/10.1371/journal.pone.0204103

@° PLOS | ONE

Case definition of pertussis

The main goal of our study was to evaluate prediction values of various sign and symptom
combinations of GPI case definition in the patients with suspected pertussis infection in four
different enrolment diagnoses. Among children, the most common causes of acute cough are
respiratory tract infections [12], while recurrent infection is the most frequent cause of pro-
longed (subacute or chronic) cough [13]. In addition, exposures to allergens (allergic constitu-
tion) may cause coughing, too [14]. Although the cough can be a symptom in various medical
conditions, the acute onset of paroxysms and severity of the coughing episodes increase the
probability of laboratory-confirmed pertussis [6, 15]. Our results showed that 36% of patients
with exacerbation of asthma who fulfilled proposed criteria of case definition of pertussis had a
laboratory confirmation of pertussis, with the highest prevalence among the enrolment diag-
noses. Furthermore, in patients with allergic constitution, the prevalence of confirmed pertus-
sis was high (35%), while every third patient with pertussis suspected without comorbidity had
a laboratory confirmation of pertussis.

Recently published data showed that prevalence of asthma in all patients with suspicion of
pertussis ranged from 33% to 38% [16-18].

We found that the duration of cough was longer among participants with laboratory-con-
firmed pertussis who had asthma exacerbation or allergic constitution, than in subjects with
pertussis without comorbidity or in those with one of the following enrolment diagnoses:
bronchitis, bronchiolitis, laryngitis, tracheitis. We believe this is due to the fact that patients
with asthma or allergic constitution delayed the visit to physician or due to physicians’ failure
to recognize the worsening of cough indicating pertussis. Contrary to the clinical case defini-
tions of pertussis recommended by the World Health Organization (WHO), the US Centers
for Disease Control Prevention (CDC) or the European Centre for Disease Prevention and
Control (ECDC), requiring the duration of cough for at least 2 weeks for all ages, in the clinical
case definitions of pertussis proposed by the GPI, cough duration is dependent on the age of
patient [5]. Thus, we believe that clinical case definitions proposed by the GPI are more useful
for detection of pertussis, especially among participants younger than 10 years, in whom the
inclusion criterion is cough of any duration. According to this, the administration of macro-
lides during the early stage of illness (duration of cough less than 14 days) can reduce duration
and severity of symptoms and shorten the period of communicability [19]. Previous studies
have reported that whoop [3], whoop or post-tussive emesis [4], whoop or post-tussive emesis
or apnoea [18], post-tussive emesis or apnoea [20], whoop or post-tussive emesis or dyspnoea
or cyanosis [21], were predictive signs and symptoms of laboratory-confirmed pertussis,
while the results of other authors showed that the frequency of following signs and symptoms:
whoop, post-tussive emesis, cyanosis, increased coughing at night, and contact with the con-
firmed pertussis case was similar in patients with and without established pertussis diagnosis
[16].

Our findings indicate that whoop, apnoea, post-tussive emesis and worsening of symptoms
at night in combination with MSS in certain age groups are associated with an increased risk
of pertussis in all participants. In this study, several signs and symptoms were associated with
an increased risk of pertussis, and remained significant after adjusting for potential covariates
and confounders.

In the 0-3 months participants, cough and coryza with no or minimal fever (the mandatory
symptom for this age group) in combination with whoop or apnoea were strongly associated
with laboratory-confirmed pertussis. In the age group of 4 months to 9 years, MSS in combina-
tion with whoop or apnoea or post-tussive emesis increased the probability of laboratory-con-
firmed pertussis in respondents with clinically suspected pertussis without comorbidity or in
those with other diagnoses (bronchitis, bronchiolitis, laryngitis, tracheitis). For participants
aged 10 years and older, MSS combined with post-tussive emesis was a strong predictor of
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pertussis infection in all four enrolment diagnoses, while MSS with whoop was not a signifi-
cant predictor of laboratory-confirmed pertussis only in those who had asthma exacerbation
as enrolment diagnosis. A possible explanation for this may lie in the fact that certain physi-
cians underrecognized whoop in patients presenting with an asthma attack. Our results
strongly suggest that several sign and symptom combinations in two age groups (aged 4
month-9 year and > 10 year olds) had different sensitivity and specificity values. Surprisingly,
MSS along with post-tussive emesis in the patients aged 4 months to 9 years had higher sensi-
tivity in participants with other diagnoses (bronchitis, bronchiolitis, laryngitis, tracheitis) than
in those who had pertussis without comorbidity as an enrolment diagnosis. It is a common
knowledge that the catarrhal stage of pertussis is similar to the common cold or to one of the
above mentioned diagnoses [2]. Due to the fact that many of physicians failed to recognize this
stage of illness, we believe that some of respondents ended up misclassified as other diagnoses
(bronchitis, bronchiolitis, laryngitis, tracheitis) instead of clinically suspected pertussis without
comorbidity. Additionally, the proposed GPI case definition for participants aged 4 months to
9 years requires paroxysmal cough with no or minimal fever, which is a commonly registered
clinical feature in other above listed diagnoses. Nevertheless, it is important to emphasize that
the combination of MSS along with whoop in patients aged 10 years and older had higher sen-
sitivity in those with allergic constitution and with other diagnoses than in those with pertussis
suspected without comorbidity as an enrolment diagnosis. The explanation for this remains
unclear and should be addressed in the future research.

One of the main goals of this study was to identify the specific sign and symptom combina-
tions of the GPI case definitions with high diagnostic value among four enrolment diagnoses.
According to our results of accuracy, it was obvious that the worsening of symptoms at night
in combination with MSS in the age groups 4 months to 9 years and 10 years and older was
not associated with the increased risk of pertussis among all enrolment diagnoses. In addition,
the MSS with sweating episodes between paroxysms in patients aged 10 years and older did
not have high diagnostic value for laboratory-confirmed pertussis in all four diagnoses. How-
ever, it is noteworthy that the mentioned combinations with poor diagnostic values can be
very useful when combined with other signs and symptoms from the proposed case defini-
tions. In support of this, we observed that worsening of symptoms at night in combination
with MSS and whoop or post-tussive emesis or apnoea in the age group of 4 months to 9 years,
had high diagnostic value in patients with other diagnoses. Additionally, worsening of symp-
toms at night in combination with MSS, whoop and post-tussive emesis in the age group of 10
years and older had high predicting value in all four enrolment diagnoses.

It is a known fact that pertussis is frequently unrecognized in adults [1-3]. Several different
sign and symptom combinations from the proposed case definition in patients aged 10 years
and older improved the diagnostic utility for laboratory-confirmed pertussis. Capili CR. at al.
[17] reported a potential epidemiologic association between asthma and risk of pertussis in the
paediatric population. According to our results, the proposed clinical case definition of pertus-
sis in respondents with asthma exacerbation aged 4 months to 9 years had a poor diagnostic
value, but it was a good predictor of pertussis in participants aged 10 years and older, leading
to the better recognition of pertussis among elderly with asthma.

Although our results showed that apnoea or post-tussive emesis in combination with MSS
in a certain age group were more frequently registered in partly or unvaccinated participants
younger than 19, numerous observed signs and symptoms had a similar distribution among
the fully vs. partly or unvaccinated participants. Therefore, our results are in a good agreement
with the fact that protection after the natural disease or due to vaccine-induced immunity
to pertussis waned over time [22-26]. A Swiss study [21] that evaluated certain signs and
symptoms proposed by WHO case definition of pertussis, and found that only 23% of the
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participants aged 3 months to 19 years with a known vaccination status were fully vaccinated
(with 4 or 5 doses of the vaccine) against pertussis. The authors of this study did not determine
statistically significant difference between the participants with post-tussive emesis who were
unvaccinated or vaccinated with one or more dose pertussis vaccine in four age groups (>1
years, 1-4 years, 5-19 years and >20 years old). Our results showed that MSS with post-tussive
emesis was less frequently registered in participants aged 10-14 years who were fully vacci-
nated (4 doses of the pertussis vaccine). Possible reasons for observed differences may be due
to different inclusion and exclusion criteria, the type of diagnostic tests for laboratory confir-
mation, as well as due to different immunization schedules. In addition, we found that partly
or unvaccinated children aged 4 months to 6 years had a greater chance of hospitalization
compared with the fully vaccinated children in the same age group. Previous study [27], in
which all hospitalized pertussis cases were younger than 5 years, reported that fully vaccinated
pertussis cases were more rarely hospitalized than the unvaccinated ones, and partly vacci-
nated cases had fewer hospitalizations than unvaccinated patients. Furthermore, we registered
hospitalized pertussis cases in all age groups of participants younger than 19 years. Due to the
waning of vaccine-induced immunity, many participants aged 10-14 and 15-19 years were
hospitalized. A possible explanation for the obvious high hospitalization rate in two mentioned
age groups could lie in the fact that majority of participants were temporarily hospitalized in
order to prevent spreading of the infection (chemoprophylaxis), and rarely due to complica-
tions of pertussis. Surprisingly, the MSS accompanied with worsening of symptoms at night in
the youngest age group (4 months-6 years) was more frequently registered in fully vaccinated
children. This unclear association could be due to the fact that some of the patients in this age
group had an attack of asthma exacerbation accompanied with the worsening of symptoms at
night [12, 13] as well as due to the lack of consistency among the parents for subjective symp-
toms of this sign/symptom.

Our study had some limitations. First, the study population involved only patients who ful-
filled one or more clinical criteria for the GPI case definitions according to the age groups. Sec-
ond, due to a limited number of cases who were 0-3 months old, we were unable to evaluate
the performance of pertussis case definition in this age group. Third, due to the lack of consis-
tency among the parents, some of the symptoms, such as whoop, apnoea, sweating episodes
between the paroxysms, worsening of symptoms at night in children, could have biased the
results of the study. Finally, since this was the first prospective study conducted in our region,
it can be presumed that certain patients with suspected pertussis remained unidentified. Our
questionnaire did not predict collection of the data about coverage of the patients who were
previously vaccinated with whole or acellular pertussis vaccines, so this should also be taken
into account when interpreting the study. Due to the limited capability, we were unable to pro-
vide further laboratory testing in the detection of aetiology (viral or bacterial) in patients with
other diagnoses. Further research could provide the evaluation of the accuracy of the GPI clini-
cal case definitions of pertussis in subjects with other medical conditions that predominantly
present as a persistent cough.

In conclusion, this study demonstrates that the accuracy of clinical case definitions of per-
tussis in patients with suspected pertussis or in those with certain pertussis-like medical condi-
tions varies with patient’s age and certain sign and symptom combinations. With regard to
certain specificities, the proposed case definitions should be primarily used for screening pur-
poses. The proposed case definition is especially useful for laboratory-confirmed pertussis
in patients aged 10 years and older for all observed diagnoses, but not in the age group of 4
months to 9 years with asthma exacerbation. Using the proposed case definition of pertussis
in different medical conditions may contribute to the early detection of pertussis cases and
the immediate introduction of chemoprophylaxis that considerably influences the disease
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transmission among close contacts. In patients younger than 19 years, numerous clinical signs
and symptoms from GPI were equally registered in patients who were fully vaccinated and
those who were partly or unvaccinated against pertussis. Vaccination reduces complications
such as apnoea in three age groups (4months-6 years, 10-14 years and 15-19 years old), and
hospitalizations in children aged 4 months to 6 years.
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