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Seroprevalence of pertussis in adult population

BaCTyrIJ'I)CHOCT AHTUTCJIa BCIMKOTI KalllJba KOJ O0APacCjaol’ CTAHOBHHUIIITBA

SUMMARY

Introduction/Objective =~ A seroepidemiological
studies are crucial for better understanding of
epidemiology of pertussis in population.

The aim of this study was to assess the seroprevalence
of anti-Bordetella pertussis toxin antibodies (anti-PT
IgG) in the adult population of Novi Sad, and to
evaluate differences by age and gender.

Methods A cross-sectional study was conducted in
468 healthy adults aged >20 years stratified into seven
age groups. The youngest of our participants received
the last dose of the vaccine at least 18 years ago.
Positive results of anti-PT IgG concentrations were
considered a consequence of natural pertussis
infection or reinfection. Commercial ELISA kit
(Euroimmun®, Germany), with anti-PT IgG with 4
calibrators 5 IU/mL, 25 TU/mL, 100 IU/mL, and 200
IU/mL was used.

Results Most of the subjects (53.8%) had anti-PT IgG
of >5 to <62.5 TU/mL. The proportion of females with
high concentrations (62.5 to <125 IU/mL) were
statistically significant higher than among males (5.4%
vs. 0.4%, p=0.002). The highest values of anti-PT IgG
were detected among subjects in the age group 20-24
years (17.5+22.2 IU/mL), and in the participants.>60
years of age (15.0+29.4 IU/mL). The percentage anti-
PT IgG concentration of >62.5 IU/mL was the highest
among subjects aged >60 years (6.6%), and among
those aged 20-24 years old (5.0%).

Conclusions The limited duration of vaccine induced
immunity with subsequent infection or. reinfection,
enables the circulation of pertussis in adult population
of Novi Sad that serve as the reservoirs of infection for
transmission to vulnerable persons.
Keywords: pertussis; antibodies;
adults

seroprevalence;

INTRODUCTION

CAXKETAK

Yeoa/Ilnbs  CepoenuaeMHuoNoOmKe CTyauje Cy Of
mpecyJHOr  3Hauaja 3a  Oojbe  pa3syMeBame
€MUIeMHUOJIOTHje IepTyCUca y MOIyJalijH.

Husm paga Ouo je Aa ce MpOIeHH cepolpeBalieHIn]a
aHtutena Ha Bordetella pertussis wHbexuujy (aHTn-
I[IT Wrl') xox oapacior CTaHOBHUIITBA U  YTBPIE
pa3iMKe y OJHOCY Ha y3pacT U IOJL

Mertone Crynuja mpeceka je chpoBeneHa Kom 468
3IpaBuX ofpaciux ocoba, crapujux ox 20 roauHa,
pacnopehennx y cexam yspacHux rpyna. Hajmiahu
YUECHHLIU CTyauje JOOMIU Cy HOCIeIby 03y BaKIU-
He mpe HajMame 18 roxuHa. ITo3uTUBHH pe3ynTaTH
koHneHTpamyja antu-I1T Url’ cmaTtpanu; cy mocuenu-
Llama NnpupojHe nHdpeKuuje Wi penHdekuuje. 3a ox-
pehuBame HuBoa aHtU-IIT Url kopumthen je komep-
uujanan ELISA xut (Euroimmun®, Hemauka) ca 4
kanubOparopa: 5 MIma, 25 Wi/ma, 100 UJ/mn n 200
WJ/mim.

Pesyaratu Kox Behune mcnurannka (53,8%) peruc-
TpoBaH/je HuBO aHTU-IIT Url y pacnony ox 5-62,5
WJ/ma.. CraTucTHuky 3HadajHO BehH IpoIleHAT >keHa
je-umao Bucoke 'KoHnenrpanuje antu-IIT Url" (62,5—
125 WJ/mn) y ognocy Ha mymkapue (5,4% Hacmpam
0,4%, p = 0,002). Hajsume Bpennoctu antu-I1T Url
perucTpoBaHe Cy KOJ HcCIMTaHHKa y3pacta 20—24 ro-
nune (17,5£22,2) u y3pacta >60 roguna (15,0+29,4).
Iponenar antu-IIT Url" konuenTparuja >62,5 UJ/mMn
Ono je HajBumIM Koja ocoba y3pacrta >60 roanHa
(6,6%) n 20-24 ronuse (5,0%).

3akbyyak OrpaHu4eHoO Tpajame  BaKIUHATHOT
UMYHUTETa U CIEACTBEHa IojaBa MH(EKIUja WIN
peuHdeknuja, omoryhaBa onpkaBame IepTycuca
Mel)y ojpacioM HOMyJanujoM, KOjU TPeICTaBIbajy
pesepBoape 3apaze 3a IMpeHolemne WH(peKIHuje Ha
oceOHO OCEeTJPUBE 0CO0E.
Kibyyne peum:  BeIHKH
CepompeBalIeHIH]ja; 0pacIH

KamaJb, AHTUTCIIA,

During thelast decades, the incidence of pertussis has increased worldwide probably because of

raised awareness, improvement in diagnostics, pathogen adaptation (a change in circulating Bordetella

pertussisystrains), and waning immunity after vaccination [1-3]. Available reports suggest that 16

million cases of pertussis occur annually worldwide, with 95% in low-income countries followed by

81,400 deaths [3, 4].

Substantial increase in pertussis incidence was registered among adolescents and young adults,

despite high vaccination coverage [1-3]. Adults are important reservoirs for transmission of pertussis
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to unvaccinated or partly immunised infants and children, who are at highest risk of severe disease
and death [5, 6].

Cross-sectional serological studies are crucial for better understanding of epidemiology of
pertussis in population. The IgG type pertussis toxin (PT) antibodies are specific for pertussis and do
not interact with other microorganisms and are therefore measured in the serological surveys [7,8]. In
countries with high immunization coverage, the high antibody levels are more likely to occur in older
age groups, while in countries with lower coverage, they are more frequently detected in younger age
groups [1,5,7,8]. Similar to the other parts of the world where immunization against pertussis of adults
is rare, anti-PT antibodies in our serological survey could be used in adults reliably, without
possibilities for detection of vaccine induced antibodies [7]. In Serbia, after primary series.of vaccines
(three doses during the first year of life), only one booster dose (during the second year of life)against
pertussis is mandatory [9].

The main aim of this study was to assess the seroprevalence of:anti-Bordetella pertussis (5.
pertussis) toxin antibodies (anti-PT IgG) in the adult population-of Novi Sad, and to evaluate

differences by age and gender.

METHODS

This epidemiological, cross-sectional study was conducted by the Centre for Diseases Control
and Prevention, and Centre for Microbiology of the Institute of Public Health of Vojvodina, Novi Sad.
The study has been approved by the Ethics Comitee of the Institute of Public Health of Vojvodina, on
14 of May 2015 under the number 01-79/7a, as a part of wider seroepidmiological research in
Vojvodina. The serum bank comprised residual sera samples of apparently healthy adults from Novi
Sad, with equal representation of males and females. These individuals were stratified into seven age
groups (20-24, 25-29, 30-34, 35-39, 40-49, 50-59 and >60 years). Serum samples from subjects were
collected between 20" January 2016 and 15" June 2017. The only information available was a
participant’s agerand gender. The size of the general population was obtained in accordance with
previously published methodology [7, 10]. Our study sample included 0.17% of the population >20
years.of age from Noyi Sad as well as 0.17% of each of the seven age groups, as described in Table 1.

Anti-PT IgG concentrations were measured using a commercial ELISA kit (Euroimmun®,
Germany), using anti-PT IgG with 4 calibrators 5 IU/mL, 25 IU/mL, 100 IU/mL and 200 IU/mL. The
results were interpreted according to the manufacturer’s recommendations.

The youngest of our participants received the last dose of the vaccine at least 18 years ago, and
therefore positive results of anti-PT IgG concentrations were considered only as a consequence of
natural pertussis infection or reinfection.

Statistical analysis

We classified findings into the following four groups according to the antibody levels: < 5

IU/mL, >5.0 to <62.5 IU/mL, >62.5 to <125 IU/mL, >125 TU/mL. As described in other studies [7,
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11, 12, 13], anti-PT IgG levels were interpreted: >125 IU/mL (very high) indicates active or recent (in last
6 month) pertussis infection; >62.5 to <125 IU/mL (high) suggests pertussis infection during the previous 12
months; >5 to <62.5 IU/mL suggests exposure to pertussis infection >12 months or that the participant has never
been exposed to or immunised against pertussis; <5 IU/mL considered as undetectable value indicating that the
participant has never been exposed to pertussis antigens.

Gender differences in serological profile were determined using the test of proportions.
Univariate analysis of variance (ANOVA) was used to explore the differences in average antibody

levels according to age groups and gender. Two tailed p-values less than 0.05 were considered

statistically significant.

Table 1. Blood sera samples according to age groups and gender and Anti-pertussis toxin IgG levels and pertussis
seroprevalence by age group; 2017 serosurvey in Novi Sad.

2024 22752 40 17.5422.2 20 17.7£18.1 20 17.2425.6
2529 28646 50 10.7+16.3 25 11.4+17.4 25 10.0+15.2

3034 29366 50 8.4+10.4 25 8.6:8.4 25 8.2+12.1

35-39 26299 46 6.6+7.0 23 85+75 (336 23 48459 (195
4049 46106 78 1274182 0080 39 9.4+11:4 39 15.9+22.7

50-59 47716 82 10.7+13 4 41 9.4£10.5 41 12.0415.7

60+ 70967 122 15.0+29.4 61 11.017.7 61 19.0+37.2

Total 271852 468 12.120.2 234 10.6+14.2 234 13.6+24.7

* _ Probability ANOVA

260 M) RESULTS
240
220
500 Total of 468 blood
E 180 sera from subjects >20
=140 ® years of age from Novi
£ 120 Sad were analysed. The
5100 ysed:
=0 28 average age of the
40 subjects was 46.4 years,
2 .
8 the median was 45 years
20 30 40 50 60 70 80 90 (IQR 32-60), and range
A
ge (Years) was 20 to 89 years. The
===<62.51U/mL <5 IU/mL
anti-PT IgG levels of the
Figure 1. Distribution of anti-pertussis toxin (PT) IgG levels by age, 2017 study sample ranged from

serosurvey in Novi Sad.
0 IU/mL to 250 IU/mL,

and the median value was 10 IU/mL (IQR 3-37). Most of the subjects had anti-PT IgG level of >5 to
<62.5 IU/mL (Figure 1).
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The mean antibody level was 12.1£20.2 IU/mL (IQR 2-14). Although the mean antibody levels
between the age groups were not significantly different, the highest values of anti-PT IgG were
detected among subjects in the age group 20-24 years (17.5 + 22.2 I[U/mL), and in the participants >60
years of age (15.0 + 29.4 IU/mL). Also, the mean anti-PT IgG levels were not significantly different
between age groups, according to gender (Table 1).

There were 200 subjects (42.7%) with levels of anti-PT IgG (5 IU/mL), 252 (53.8%) had mid-
range from 5.0 to <62.5 IU/mL, and 2.8% (13/468) had high levels (>62.5 to <125 IU/mL). Three of
the subjects (0.6%) had very high levels of =125 IU/mL. The proportion of females with high
concentrations (>62.5 to <125 IU/mL) was significantly higher than in males (5.4% vs. 0.4%,
p=0.002) (Figure 2).

The percentage

60 p=0.351
55 N anti-PT IgG concentration
50 ]
~15 p=1.000 of >62.5 IU/mL was the
O\ S
0 highest ' among elderly
535 :
‘30 population (6.6%), and
53(5) among’ those aged 20-24
215 years old (5.0%). The high
210 p=0.002 p=0.501 concentrations of anti-PT
&5 ]
0o = - —_ - —_——— IgG (2625 to <125
<5 TU/mL >5t0<62.5I1U/mL  >62.5to <125 IU/mL  >125 [U/mL )
IU/mL) were detected in
BMale OFemale ®Overall all age groups except in

Figure 2. Distribution of anti-PT IgG levels by age and overall, 2017

serosurvey in Novi Sad. subjects aged 30-39 years

old, while very high

100 ) N 4.0 ErE oA meEs B
90 ' : concentrations (=125
80 435 IU/mL) were registered
70 7 |s5.0] (390 56.0 59.0 54.9 s41| [33-8 only among participants
60 older than 60 years
=30 (Figure 3).
40
4 460 56.5 DISCUSSION
20 - 40.0 0| |44.0 372|439 |303| [427
10 This is the first
0 population based seropre-
20-24 25-29 30-3i 35-39 40-49 50-59 60+ Overall .
ge group (years) valence study of anti-PT
0<5IU/mL O0>5 to <62.5 IU/mL

IgG in our country,
Figure 3. Concentrations of anti-pertussis toxin IgG by age group for
participants aged 20 years and older (without vaccination records), 2017
serosurvey in Novi Sad. The results of our study

conducted among adults.
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highlight the presence of B. pertussis reservoirs in the adult population. We provided evidence that the
highest values of anti-PT IgG concentrations were detected among young adults (20-24 years old),
and among the elderly population (>60 years old). In addition, we provided evidence that high anti-PT
IgG concentrations were significantly higher among females than in males.

We used the commercial ELISA test (Euroimmun®) with specificity and sensitivity of 90% and
91%, respectively. The anti-PT is specific for confirmation of B. pertussis infection and therefore it is
appropriate for seroepidemiological studies. In addition, an increased level of anti-PT IgG may be a
specific marker for recent B. pertussis infection [7, 8, 10, 13]. Inconsistency with the results of other
similar studies may in general be influenced by the use of different methods, for specificity of
diagnostic cut-off values, as well as different epidemiological situation between countries.

In settings where pertussis vaccines that contain moderate to high amounts of pertussis toxin
are used, vaccine-induced IgG-PT antibody concentrations decline to barely detectable levels within
2-4 years [14]. Immunity against symptomatic disease induced by acellular pertussis vaccine lasts
from 4 to 7 years, and from 5 to 14 years when induced by whole cell pertussis vaccine. However,
immunity after natural pertussis infection may last from 3.5 to 30 years [15, 16]. In accordance with
this, the serological studies have shown a high prevalence of exposure to pertussis in adults in a
variety of settings [15].

Pertussis is resurgent, and it is one of the/leading cause of vaccine preventable deaths in
children under five years of age [1, 2, 3, 4, 6]. The determination of age associated antibody levels
against B. pertussis is important in deciding the target age group for booster vaccination as well as for
the study of disease epidemiology [15]. Our results suggest that recent pertussis infection or
reinfection after waning immunity exist among young or future parents as well as among other elderly
family members, similarly as other authors have found [7, 15, 17, 18]. In our research, we find that
anti-PT IgG levels >125 IU/mL were registered among three subjects (two men and one woman) aged
over 60 years. Consistent with the results of our study, in the last two confirmed deaths among infants
in Vojvodina, reported in the 1970 and 2015, the reservoirs of pertussis infection were grandparents of
sick children.[19, 20].

Overall,/53.8% of the adult population analysed in our study showed a detectable serological
response with values of anti-PT IgG levels from >5.0 to <62.5 IU/mL with additional 3.4% adults
whohad anti-PT IgG concentration of >62.5 IU/mL. Considering that youngest participants received
the last pertussis vaccine at least 18 years ago, we determined that most of the participants had a
natural pertussis infection more than 12 months before the start of the study indicating endemicity of
pertussis among adults. Nevertheless, the percentage of subjects that had a natural infection within the
previous 12 months is quite high. Overall, 42.7% of the participants were susceptible for pertussis
infection. Similar results have been registered among Estonian, Belgian and Danish adults [7, 21, 22].

Our findings are in agreement with previously published data that the mothers were more

frequently registered as a source of transmission to infants than fathers. A Danish study found that
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although the incidence in females was three times higher than in males in the 30-39 years age group,
difference of anti-PT IgG levels between genders was not significant. Gender difference in incidence
was explained by the fact that men seek medical care less frequently than women [22]. It is unclear
whether there is a true link between pertussis and gender. However, pertussis is considered more
common among females globally and whether this is due to higher immunogenicity of the female
population or higher exposure to disease is yet to be defined [23, 24, 25].

Our findings recognized adults as the reservoirs of infection for pertussis for transmission to
vulnerable infants, the new vaccination strategies in adults, such as the “cocooning strategy” and
maternal immunization during the last trimester of pregnancy or universal immunization may be

considered [18, 26-28].

CONCLUSION

The limited duration of vaccine induced immunity with subsequent infection or reinfection,
enables the circulation of pertussis in adult population of Novi Sad. that serve as the reservoir of
infection for transmission to vulnerable subjects.

The implementation of the new immunization strategies for adults in our settings may be the
proper and important approach to protect newborns, infants, and other susceptible persons from severe

course of illness.
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