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Abstract

Background: After the introduction of a vaccine against B. pertussis the seasonal pattern with the highest number
of infections in the spring to summer months changed. Recent studies from around the world suggest that B.
pertussis infections again follow a seasonal pattern with increased incidence in summer.The aim of this study was to
investigate whether respiratory infections caused by B. pertussis in the period from January 2008 to December 2018
also seasonally spread in Germany and if so, when the B. pertussis activity peaked.

Methods: We tested 19,031 samples, mainly from Southern Germany, collected in the period from January 2008 to
December 2018 using a Multiplex PCR assay. We assessed the number and proportion of samples positive for B.
pertussis, stratified by patient’s age and month. The seasonal distribution was investigated by plotting the average
proportion of positive samples for each month.

Results: We observed a B. pertussis seasonality with the highest number of positive samples in the months from
June until September. In contrast, testing of samples for B. pertussis was requested most frequently in the period
from October until March. The proportion of positive samples increased earlier in adolescents (age 10 to 19) than in
other age groups.

Conclusions: We found a seasonality of B. pertussis infections in Germany, which differs from the time when most
samples are sent in for testing of B. pertussis. Our study suggests that clinicians should be more aware of B. pertussis
infections in the months from June until September to prevent further transmission to vulnerable family members.
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Background
Whooping cough, also known as pertussis, is a respira-
tory disease that is predominantly caused by the gram-
negative bacterium Bordetella pertussis, which is found
only in humans [1]. For older children and adults the
disease is mostly mild, but infants younger than 6 month
of age risk severe complications and even deadly infec-
tions [2, 3]. Rarely, whooping cough can also be caused
by the gram-negative bacteria Bordetella parapertusis,
Bordetella holmesii, and Bordetella bronciseptica [4, 5).
In the pre-vaccine era whooping cough followed a sea-
sonal pattern with the highest number of cases in the
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spring [6] and/or summer months [7], however with the
introduction of a vaccine against B. pertussis this pattern
was less pronounced [6] or even absent [8].

In recent decades, the incidence of B. pertussis infec-
tions increased in countries with high vaccine coverage,
which could have been caused by 1) genetic changes 2)
decreased vaccine uptake or vaccine efficacy 3) waning
immunity after immunization 4) better surveillance 5)
new sensitive diagnostic tests or 6) age-structured contacts
[9, 10]. In Germany, the incidence of whooping cough in-
creased from 16.8% in 2016 to 20.5% in 2017 [11, 12].

Recently, several studies from around the world sug-
gest that B. pertussis infections again follow a pro-
nounced seasonal pattern. An American study found
that the proportion of B. pertussis positive samples was
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lowest in the months of October and February and high-
est in July and August. It peaked late in July, where it
was five times higher than in late February [13]. In
Europe, the highest number of cases was reported in
June and September and the lowest number in January
and February to the European Centre for Disease and
Control (ECDC) in 2016 [14]. In China, a study found
that the number of reported cases was highest in the
period from June until September [15]. Additionally, an
Australian study found that most cases of whooping
cough occurred in their summer months - between Oc-
tober and February (southern hemisphere), while the
highest number of tests were performed in their winter
and spring months [16]. However, a Danish study found
that whooping cough had a less pronounced seasonal
pattern with a higher number of infections in the
months from August to November and a lower number
between February and April [17].

The aim of this study was to investigate whether re-
spiratory infections caused by B. pertussis have also
shown a seasonal distribution in Germany in the period
from January 2008 to December 2018 and if so, when
the B. pertussis activity peaked. In addition, it was to be
assessed whether the number of samples sent to the la-
boratory for B. pertussis tests coincided with the season-
ality identified.

Methods

Design

The anonymised data in this retrospective study are
gathered from routine B. pertussis testing in our labora-
tory from January 2008 to December 2018.

Samples

Material was sent to our laboratory for routine B. pertus-
sis analysis. The origin of the study samples were in 7%
hospitals and in 89% private practices of pediatricians
and general practitioners in Southern Germany. In 4%
the origin of samples was not documented.

The clinical specimens comprised of 80% nasopharyn-
gal swabs (cat. No. 160c rayon mini tip, Copan 100
Diagnostics Inc., USA) and 20% less suitable materials
like sputum, gargle samples and gels swabs. Clinical
specimens were delivered to the laboratory within one
or 2 days after collection in 1 ml NaCl. Prior to DNA ex-
traction, bacteria were collected by centrifugation in a 1,
5 ml microfuge tube at 13000x g for 5 min. Pellets were
resuspended in 200 pul H,O and processed as described
below.

Automated nucleic acid isolation

DNA was prepared with the automated MagNA Pure in-
strument (Roche Diagnostics GmbH, Germany) by using
the MagNA Pure LC total nucleic acid isolation kit
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(Roche Diagnostics GmbH, Germany), the QIAcube™
(QIAGEN, Venlo, Netherlands) or the NUCLISENS®
easyMAG® (BioMérieux, Germany). Briefly, the input
sample volume was 200 pL and nucleic acids were eluted
in a volume of 50 pL. Purified DNA was stored at -
20°C. Genomic DNA of mouse cells used as internal
control for monitoring DNA extraction and PCR inhib-
ition was co-extracted with each sample [18].

PCR analysis

A real-time multiplex PCR assay targeting the insertion
sequence elements 1S481, 1S1002 [19], and the insertion
sequence 1S1001 [20], were used to detect Bordetella
spp. in respiratory specimens.

In addition, to improve the specificity of the IS 481-
based PCR assay, the hIS1001 target was included in
2016 in order to detect B. holmesii [21]. Table 1 shows
how the results from the real-time PCR multiplex assay
were interpreted.

TagMan probes for B. pertussis, B. parapertussis, B.
holmesii, Bordetella spp. and internal control were la-
belled with reporter dyes FAM™, JOE™, Cy5.5", ROX™,
and Cy5™ respectively. Master mixes were based on the
LightCycler FastStart DNA Master HybProbe kit (Roche
Applied Science, Germany). Each 20ul reaction con-
tained the following components: 4.5mM MgCl,,
primers of 15481, IS1001 and hIS1001 at a concentration
of 0.5 uM each, primers of IS1002 at a concentration of
0.75 uM each, primers for IC at a concentration of 0,
06 uM each, 2l of FastStart DNA Master HybProbe
(10x con.), 0.06 uM of each TagMan probe, and Uracil-
DNA Glycosylase (0.5U). Amplification conditions on
the Rotor-Gene 6000 (Qiagen, Germany) consisted of
three consecutive phases: (i) an initial denaturation step
in order to activate the FastStart Taq DNA Polymerase
(95 °C for 10 min), (ii) a touch-down profile for 10 cycles
(95°C for 1s, 68°C for 10s) lowering the annealing
temperature by 1°C every cycle, (ili) an amplification
step for 40 cycles (95 °C for 3s, and 58 °C for 10s). Data
were analyzed with the Rotor-Gene software 2.1.0 (Qia-
gen, Germany). For all real-time PCR assays, cycle
threshold (Ct) values <35 were considered positive. A
non-template PCR negative control (sterile nuclease-free
water) and positive template control were included in
each run.

Table 1 Identification of Bordetella species

Results of the real-time multiplex PCR assay Interpretation
1S481 1S1001 hIS1001 1S1002

Positive Negative Negative Positive B. pertussis
Negative Positive Negative Positive B. parapertussis
Positive Negative Positive Negative B. holmesii

Identification of the Bordetella species are based on results from the real-time
multiplex PCR assay testing four different target sites
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Statistical methods

To study the seasonal distribution of B. pertussis, the
average number, the average proportion, and the median
proportion of positive samples for each age group were
calculated and plotted on the vertical axis and months
on the horizontal axis. All calculations and visualizations
were performed using Microsoft Excel 2010 or Rstudio
[22]. Comparison of proportions was performed by using
the prop.test function in Rstudio. Calculated as 95%
exact Clopper-Pearson confidence intervals.

Ethics statement

Ethical approval was not required for this retrospective
study since all samples were sent to our laboratory for
routine laboratory B. pertussis analysis and they were
anonymised before statistical evaluation. The study was
carried out in compliance with the Helsinki Declaration.

Results
In the period from January 2008 to December 2018, the
laboratory received a total of 19,031 samples from 17,
962 patients for B. pertussis testing. 15% (n=2918) of
the samples were B. pertussis positive. Median age of all
patients was 6 years (IQR: 1-15) and median age for pa-
tients with positive samples was 8 years (IQR: 3—-12).

The highest number of positive samples (n = 408) was
observed among patients younger than 1 year of age, but
the highest proportions of positive samples were
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observed in patients between 5 and 17 years of age with
a peak (31%) around the 13th year of age (Fig. 1).

In the study period, the following average seasonal pat-
tern has emerged: the highest proportions of positive
samples were found in the period from June until Sep-
tember, peaking in July and August, and the lowest were
found in the months from October until April (p < 0.01)
(Fig. 2). The average proportion of positive samples was
more than two times higher in July and August (26%)
than in February (10%) (Fig. 2). However, as shown by
the black line in Fig. 2 the total sample numbers sent to
the laboratory for whooping cough diagnosis were high-
est (max. 2053) in the period from October until March
and lowest (min. 1141) between April and August, ex-
cept for a peak in July (1625) (Fig. 2).

As shown in Fig. 3, the average proportion of positive
samples vary from month to month in all age groups
(p <0.05). The median proportion of positive samples
were 11.1, 9.6, 20.1, 28.3, 20.3, and 6.6% in the age
groups “<1”, “1-47, “5-9”, “10-14", “15-19”, and “20+”,
respectively (Fig. 3).

The first age group to have proportions above its me-
dian proportion of positive samples (bold line) was the
age group” 15-19” from March until August, followed
by the age group “10-14" from April until August, the
age group “<1” from May until September, the age
group “1-4" from May until October, the age group “5—
9” from June until October, and the age group “20+”
from May until October (Fig. 3).
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Discussion

Our findings showed that B. pertussis infections indeed
can be observed throughout the year, but the proportion
of positive samples increased in the summer months
peaking in July and August. However, the number of
samples sent in for whooping cough testing in our la-
boratory followed a different pattern, as the number of
samples was higher in the autumn and winter months
than in the summer months (excluding July).

As a matter of fact, the number of positive samples
can be influenced by the number of samples tested,
which again can be influenced by the epidemiological
situation. However, our results showed a high number of
positive samples in months with a low number of tested
samples (data not shown), so we do not suspect the epi-
demiologic situation to have any relevant influence on
the interpretation of our results.

Additionally, our findings support the recently pub-
lished studies from the USA, Europe, Australia, and
Asia, which all found a higher proportion of positive
samples in the summer period than in the winter period
[13, 15, 16, 23, 24]. Bhatti et al. showed a 5-fold increase
in the proportion of positive samples in the USA, which
is even larger than the more than 2-fold rise found in
our study [13]. In 2016 the highest number of cases in
Europe were reported to the ECDC in June and Septem-
ber and the lowest number in January and February [14].
Also, an Australian study reported a higher proportion

of positive samples in their summer months (southern
hemisphere) between October and February (mean =
13.5%) than between March and September (mean =
6.9%) [16].

Other studies also reported that the number of re-
quested laboratory tests did not follow the same seasonal
pattern as whooping cough [13, 16, 24]. Bhatti et al. ob-
served a 2-fold rise in the number of samples tested for
B. pertussis in November (n=857) compared to July
(n=430) in the USA, which is even larger than the rise
observed in our study [13].

According to the guideline on whooping cough
from the Public Health Institute for Germany (Robert
Koch Institute) it is shown, that whooping cough is
found all throughout the year with slightly more in-
fections in fall and winter than in the rest of the year
[1]. However, 35% of whooping cough cases reported
to the Robert Koch Institute are not included in their
statistics since not all of the required information ac-
cording to the case definition are at hand, which may
underestimate the incidence of whooping cough in
their statistics [25, 26]. This corresponds to the re-
sults of an Australian study demonstrating that the
number of notifications for whooping cough followed
the overall trend for B. pertussis testing and that the
seasonality of whooping cough was less clear, when
statistics for whooping cough infections were based
on notifications [16].
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These discrepancies may be an indication that patients
with symptoms of whooping cough could be interpreted
differently, if presented to the clinician at another time
in the year other than the fall and winter period [13]. In
addition, Bhatti et al. indicate, that the true incidence of
whooping cough may be underestimated due to the un-
awareness of the seasonality of whooping cough amongst
the clinicians [13].

Additionally, the age groups “15 — 19”7 and “10 -
14” got infected earlier in the year compared to the
other age groups in this study. This is in contrast to
King et al. and de Cellés et al., who reported late au-
tumn seasonal peaks for this age group in Massachu-
setts [27, 28]. On the other hand, a Dutch study
described a peak in the age group “13-18” in summer
similar to our study and one in autumn such as in
the American studies [23]. In our study, the increase
of infections in the age groups “15-19” and “10-14”"
begins in March and April instead of May as in the
age group of <5years old children. This may indicate
differences in social interaction between the different
age groups [29], but could also be an indication of
different periods of increased transmission in the age
groups [23]. Greeff et al. hypothesized that this

difference in time of infection might be explained by
the fact that children attending school might get in-
fected after an exhaustative school year and then
afterwards infect their family in the summer break
[23]. Nevertheless, our study supports the suggestion
by King et al. that teenagers are a core transmission
group [27]. Moreover, the results of de Celles et al.
show that children and adolescents in particular may
play a more important role in the transmission of
whooping cough than adults, perhaps even a key role
due to the frequency of contacts and social interac-
tions in the respective age groups [28].

Conclusion

Our results showed a clear seasonal pattern with the
highest proportions of positive samples in Germany dur-
ing the summer months from January 2008 to December
2018. In adolescents (age 10 to 19) the proportion of
positive samples increased earlier than in other age
groups. Our study suggests that clinicians should be
more aware of B. pertussis infections in the summer
months, especially in vaccinated adolescents and adults
with less severe symptoms, to prevent further transmis-
sion to vulnerable family members.
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