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Summary The occurrence of the zoonotic pathogen Chlamydia (C.) psittaci in the common 
swift (Apus apus) with a high prevalence was reported in the literature. These 
long-distance migrant, which only consume aerial plankton, can reach high 
population densities in places with suitable breeding sites. Dedicated competent 
private individuals take part in the hand-rearing of juvenile common swifts in 
wildlife rescue centres, which unavoidably results in close contact with the avian 
patients. For this reason, we monitored the infectious agent C. psittaci in com-
mon swifts in the area of Hannover, Lower Saxony, Germany, from 2009 to 2018. 
Pooled organ samples (liver, spleen, kidney, lungs, trachea) of fatally injured swifts 
(n = 243) were examined using real-time PCR. In conclusion, specific sequences of 
C. psittaci (examined in the years 2009–2018) as well as Chlamydia spp. (examined 
in the years 2016–2018) could not be detected in any common swift within the 
investigation period and the studied area. These results show that the common 
swift is unlikely to be a reservoir for the zoonotic agent C. psittaci in the Hannover 
area.
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Zusammenfassung Das Vorkommen des Zoonoseerregers Chlamydia (C.) psittaci bei Mauerseglern 
(Apus apus) mit hoher Prävalenz ist in der Literatur beschrieben. Der Langstre-
ckenzieher Mauersegler, der sich ausschließlich von Luftplankton ernährt, kann in 
Gebieten mit geeigneten Brutplätzen hohe Bestandsdichten in Deutschland errei-
chen. In Wildvogelpflegestationen übernehmen auch engagierte, fachkundige 
Privatpersonen die Aufzucht juveniler Mauersegler mit einem unvermeidlichen 
engen Kontakt zum Pflegling.
Aus diesem Grund sollte das Vorkommen von C. psittaci bei Mauerseglern unter-
sucht werden. Hierfür wurden in den Jahren 2009 bis 2018 gepoolte Organpro-
ben (Leber, Milz, Niere, Lunge, Trachea) tödlich verunfallter Mauersegler (n = 243) 
aus dem Raum Hannover, Niedersachsen, mithilfe von real-time PCR untersucht. 
Im gesamten Untersuchungszeitraum konnten keine spezifischen Sequenzen 
von C. psittaci (untersucht in den Jahren 2009 bis 2018) sowie von Chlamydia spp. 
(untersucht in den Jahren 2016 bis 2018) bei Mauerseglern im Raum Hannover, 
Niedersachsen, nachgewiesen werden. Somit ist es unwahrscheinlich, dass der 
Mauersegler ein Reservoir für den Zoonoseerreger C. psittaci im Untersuchungs-
gebiet Hannover ist.
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Introduction

The common swift (Apus apus), a long-distance migrant, 
is the most frequently encountered species of the order 
Apodiformes in Germany. This swift has been known 
to travel across Europe to winter in sub-Saharan Africa 
from autumn to spring, and to spend over 10 months 
of the year flying (Åkesson et al. 2012, Hedenström et 
al. 2016, Holmgren 2004, Muijres et al. 2012, Rattenborg 
et al. 2016, Weitnauer and Scherner 1980, Wellbrock et 
al. 2017).

From April to September, swifts make up large popu-
lations in urban areas in Germany (Gedeon et al. 2014, 
Tigges 2006). In the region of Hannover, the population 
was estimated to consist of 700 to 900 breeding pairs 
in 2006 (Wendt 2006). The German population of com-
mon swifts is estimated at 215,000 to 395,000 breeding 
pairs (Gedeon et al. 2014). In extreme weather situa-
tions, such as hot spells or prolonged periods of cold, 
hundreds of swifts, especially juveniles, are submit-
ted to wildlife rescue centres for rehabilitation (Haupt 
2009). Dedicated competent private individuals take 
part in the hand-rearing of juvenile swifts, and close 
contact between the patient swifts and humans is 
unfortunately unavoidable (Haupt 2009, Matthes 2006). 

The specific role of common swifts as a source of 
zoonotic diseases remains unknown. Gerbermann et 
al. (1994) detected Chlamydia (C.) psittaci in 7 out of 28 
tested common swifts in Munich, Germany. In other 
studies, C. psittaci could not be detected in common 
swifts (Krawiec et al. 2015, Legler et al. 2011). This 
Gram-negative and obligate intracellular bacterium is 
the causative agent of chlamydiosis in birds and an 
important zoonotic agent (Rohde et al. 2010). 

C. psittaci can be detected in pet parrots, poultry and 
racing pigeons, as well as in different wild bird species 
(Andersen and Franson 2007, Beckmann et al. 2014, 
Kaleta and Taday 2003, Teske et al. 2013, Zweifel et al. 
2009). Chlamydiosis in birds can take markedly differ-
ent courses depending on the virulence of the C. psit-
taci strain and the immune status of the avian host. In 
wild birds, subclinical or inapparent courses are often 
described. However, acute to chronic respiratory and 
gastrointestinal diseases with spleno- and hepatomeg-
aly can also occur (Vanrompay et al. 1995). Transmission 
of C. psittaci from birds to humans takes place through 
contaminated excretions and secretions direct and indi-
rect in the form of aerosols (Balsamo et al. 2017). 
C. psittaci can cause in humans a disease known as 
ornithosis, psittacosis or parrot fever. The symptoms of 
ornithosis range from inapparent to systemic influenza-
like illness with severe pneumonia and nonrespiratory 
health problems. Rarely, ornithosis can result in death 
(Balsamo et al. 2017, Petrovay and Balla 2008, Rohde 
et al. 2010). The literature shows that in most cases in 
humans, contact with pet birds, wild birds or poultry 
is decisive for the outbreak of ornithosis (Branley et 
al. 2008, Dickx et al. 2010, Hafez 2011, Heddema et al. 
2006, Kalmar et al. 2014, Lagae et al. 2014, Petrovay and 
Balla 2008, Tiong et al. 2007, Van Droogenbroeck et al. 
2009). 

In this study, we monitored the occurrence of C. psit-
taci in injured adult and juvenile common swifts in the 
area of Hannover, Lower Saxony, Germany, over 9 years 
to provide more information about the infection status 
of swifts. 

Materials and Methods

Birds
From 2009 to 2018, a total of 243 common swifts from 
the Hannover area were sampled in the period from 
April to September for the detection of Chlamydiaceae 
(Table 1). The total number of examined swifts consisted 
of 123 adults (>2 years) and 120 juvenile or fledged swifts 
(<5 month; Table 1). The age of the swifts was ascertained 
from the typical colour and shape of the feathers and 
the moulting pattern, with a completed feather growth 
in adult birds (Weitnauer and Scherner 1980). Immature 
birds in the second year can be distinguished from adult 
birds by the shape and colour of the flight feathers and 
from fledglings in their first year by the colour of the flight 
feathers (bleached feathers in the second year). However, 
birds in their second year were not seen in this study.

All the swifts were handed in by concerned people at 
the Clinic for Small Mammals, Reptiles and Birds, Univer-
sity of Veterinary Medicine Hannover, Foundation, after 
they had been grounded and injured. The birds had to be 
euthanised after incurable injury, severe fractures in most 
cases, without the possibility of successful rehabilitation 
(Haupt 2009). 

Sampling
Each dead common swift was stored at –20°C and then 
thawed at room temperature for a full necropsy. Samples 
of lungs, trachea, kidney, liver and spleen, each approxi-
mately 20  mg, were taken from each bird using sterile 
equipment. The organs of each bird were pooled into a 
microtube with 0.05 mL 0.9% sodium chloride injection 
solution and frozen at –70°C until further examination. 

DNA extraction
Total DNA was obtained from the pooled organ samples 
using the illustra™ Tissue & Cells genomicPrep Mini Spin 
Kit (GE Healthcare Life Sciences, Freiburg, Germany) in 
the years 2009–2015 and the Kylt® RNA/DNA Purification 
Kit (AniCon Labor GmbH, Hoeltinghausen, Germany) 
in the years 2016–2018, following the manufacturer´s 
instructions. The DNA samples were stored at –20°C until 
further examination. 

TABLE 1: Number of common swifts sampled for the 
detection of C. psittaci between 2009 and 2018 listed by 
year and age category

Year

No. of sampled 
swifts per age 
category Total

Adult Juvenile

2009 12 6 18

2010 12 5 17

2011 9 10 19

2012 21 12 33

2013 12 20 32

2014 7 13 20

2015 8 14 22

2016 10 10 20

2017 11 16 27

2018 21 14 35

Total 123 120 243
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PCR in the years 2009–2015
The DNA samples were screened for C. psittaci by a spe-
cies-specific PCR. Previously published primers (CACTAT-
GTGGGAAGGTGCTTCA, CTGCGCGGATGCTAATGG) 
and probe (FAM-CGCTACTTGGTGTGAC-TAMRA; 
FAM: 6-carboxyfluorescein; TAMRA: carboxytetramethyl-
rhodamin) were used to detect the ompA gene of C. psittaci 
(Pantchev et al. 2009, 2010). The real-time PCR was mod-
ified by introducing a suitable internal control system by 
using a HEX-labelled probe (Hoffmann et al. 2006). The 
Ambion® Path-ID™ qPCR Master Mix (Life Technologies, 
Carlsbad, California, USA) was used with a final volume 
of 25 μL reaction mixture, containing 12.5 μL of reaction 
buffer (2X qPCR Master Mix), and 2 μL of template DNA. A 
concentration of 0.6 μM of forward primer, 1 μM of reverse 
primer and 0.3  μM of probe were used. Nuclease-free 
water was added to this mixture to reach the final volume. 
Additionally, a positive amplification control was included, 
containing 0.3  μM of each primer, 0.2  μM of probe and 
0.5  μL of internal control DNA (intype IC-DNA, QIA-
GEN Leipzig, Leipzig, Germany). Real-time PCR was con-
ducted using the Stratagene MX 3005P detection system 
(Stratagene, La Jolla, California, USA) with the following 
set-up: initial denaturation for 10 min at 95°C, followed by 
45 cycles of denaturation at 95°C for 15 sec, and annealing 
with elongation at 60°C for 1 min. A sample was consid-
ered positive for C. psittaci if the FAM-curve was positive 
(10  <  FAM-cycle threshold (CT)-value <35) independent 
of the HEX-curve; negative if the HEX-curve was positive 
(10 < HEX-CT-value ≤40) but the FAM-curve was negative, 
and inhibited if neither the FAM-curve nor the HEX-curve 
was positive (FAM-CT-value ≥35, HEX-CT-value >40). All 
samples were tested in duplicate.

PCR in the years 2016–2018
The samples in the years 2016–2018 were screened for C. 
spp. by the Kylt® Chlamydiaceae Screening Real-Time PCR 
Detection Kit (AniCon Labor GmbH, Hoeltinghausen, 
Germany). This PCR is family-specific and according to 
the manufacturer, detects C. psittaci, C. avium and C. gal-
linaceae, among others. A final volume of 20  μL reaction 
mixture, containing 16 μL of total Master-Mix (10 μL BCD 
2X qPCR-Mix, 6  μL Detection-Mix) and 4  μL of sample 
DNA (diluted DNA with DNase-free water; Fisher BioRea-
gents®) was used. This particular PCR assay was also run 
on the Stratagene MX 3005P detection system with initial 
denaturation for 10 min at 95°C, followed by 42 cycles of 
denaturation at 95°C for 15 sec and annealing with elonga-
tion at 60°C for 1 min. The target genes for Chlamydiaceae 
in the samples and the positive control included in the 
commercial kit were amplified and then detected via fluo-
rescently labelled probes (dyes FAM: Chlamydiaceae-spe-
cific status and HEX: hexachlorofluorescein: internal con-
trol). A sample was considered positive for Chlamydiaceae 
if the FAM-curve was positive (10  <  FAM-CT-value ≤42) 
independent of the HEX-curve; negative if the HEX-curve 
was positive (10 < HEX-CT-value ≤40) but the FAM-curve 
was negative; and inhibited if neither the FAM-curve nor 
the HEX-curve was positive (FAM-CT-value >42, HEX-CT-
value >40). All samples were tested in duplicate.

Results and Discussion

During the investigation period of 9  years, specific 
sequences of C. psittaci (2009–2018), as well as Chlamydia 

spp. (2016–2018), could not be detected in any common 
swift (0 out of 243 sampled swifts) in the described study 
area of Germany. Conjunctivitis, upper respiratory dis-
ease, hepatomegaly and splenomegaly, important find-
ings in chlamydiosis (Vanrompay et al. 1995), could not be 
detected in the pathological macroscopic examinations of 
the dissected swifts. 

A study of the prevalence of C. psittaci in wild birds in 
Poland supports our negative findings in common swifts 
(Krawiec et al. 2015). The negative results of our study on 
necropsied swifts are also supported by the examination 
of swift patients in surveys of different wildlife rehabilita-
tion centres in Hesse and Lower Saxony, Germany. Over 
a period of two years, specific sequences of C. psittaci 
were not detected in pooled choanal and cloacal swabs 
of clinical examined 74 swifts (5 adult; 69 juvenile) using 
PCR (Legler et al. 2011).

There is no information in the literature about C. psittaci 
infection with clinical symptoms in common swifts. The 
positively tested animals from the Munich area showed 
no signs of chlamydiosis in the clinical and pathological 
examination (Gerbermann et al. 1994). Subclinical cases 
can result in a particularly high risk for contact persons, 
since the risk of infection is not recognised. Shedding of 
chlamydiae occurs in diseased and asymptomatic infected 
birds and can be activated by stressful events such as cap-
tivity, handling or illness (Knitter and Sachse 2015).

A case report of chlamydia infection in a captive colony 
of Amazilia Emerald Hummingbirds (Amazilia amazilia) 
shows the susceptibility of birds of the family Trochilidae, 
near relatives of the swifts (Apodidae). In this report, 90% 
of the colony died from emaciation, hepatomegaly and 
splenomegaly (Meteryer et al. 1992). 

Possible contact between swifts and infected wild birds 
could occur during the nesting period, when swifts fight 
with European starlings or house sparrows for suitable 
breeding sites, and sometimes use the same nesting sites 
(Kruszewicz and Pasowska 1992). The experimental trans-
mission of C. psittaci from infected starlings to healthy 
turkeys was reported (Grimes et al. 1979). Surface water 
contaminated with faeces of infected birds and contami-
nated food animals could also be a source of infection 
(Thierry et al. 2016). Possible explanations as to why com-
mon swifts are mainly negative could be a pronounced 
and peracute or acute pathology of chlamydiosis in these 
birds, resulting in rapid death without clinical signs, and 
therefore missing any indication for a clinical admission. 
This assumption contradicts the results of Gerbermann 
et al. (1994), who did not detect pathomorphological 
findings of chlamydiosis in post-mortem examinations of 
chlamydia-positive swifts. However, an acute or chronic 
chlamydiosis with or without respiratory signs may be 
an important selection factor in a highly aerial bird and 
long-distance migrant in the wild. Chlamydial infections 
may act as a predisposing factor for secondary infections 
or may debilitate the organism too much to cope with 
migration. On the other hand, it is possible that swifts are 
not susceptible to infection with chlamydiae and, thus, do 
not develop clinical disease. 

For the detection of Chlamydia spp., various test 
methods with different advantages and disadvantages 
are available. Real-time PCR is recommended to con-
firme clinical cases and to investigate the prevalence 
of chlamydia infections (Sachse et al. 2009, Schnee et 
al. 2019). The real-time PCRs used in our study have 
already been successfully used to detect C. psittaci in 
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different birds (Pantchev et al. 2009, 2010). However, a 
recent study showed that the species-specific PCR did 
not detect all ompA genotypes found in bird species, and 
a family-specific PCR showed better results (Stalder et 
al. 2020). For further investigation of possible chlamydia 
infections in swifts, serological tests could also be help-
ful (Grimes 1989, Schnee et al. 2019, Vanrompay 2013). 

In conclusion, our study results indicate that the com-
mon swift is unlikely to be a reservoir for C. psittaci in 
the Hannover area. However, humans who have contact 
with wild birds, and thus have an increased risk of con-
tracting ornithosis, should protect themselves through 
appropriate measures.

Abbreviations

C. psittaci: Chlamydia psittaci; FAM: 6-carboxyfluores-
cein; HEX: hexachlorofluorescein; TAMRA: carboxyte-
tramethylrhodamin
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