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1.1 Common swift (Apus apus) 

1.1.1 Taxonomy 

 

Figure 1. Phylogenic tree of common swift (Apus apus); from top to bottom of the diagram illustrates, The 

order: Apodiformes (Peters, 1940). The families: Aegothelidae (Bonaparte, 1853), Apodidae (Olphe-

Galliard, 1887), Hemiprocnidae (Oberholser 1906) and Trochilidae (Vigors, 1825). The subfamilies: 

Apodinae (Olphe-Galliard, 1887) and Crypseloidinae (Brooke, 1970). The tribes: Apodini (Olphe-Galliard, 

1887), Chaeturini (Bonaparte, 1857) and Collocalini (Bonaparte, 1853). The genus: Apus (Scopoli, 1777). 

subspecies: A. a. apus (Linnaeus, 1758) and A. a. pekinensis (Swinhoe, 1870).  

(reference: John H. Boyd III 2019, Taxonomy in Flux: Version 3.10, accessed 6 February 2020,< 

http://jboyd.net/Taxo/List6.html>) 
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The common swift (Apus apus), is the long-distance migratory bird of the order 

Apodiformes that has been observed and assumed from aerial activities to be the rarely 

roosting migrant (LOCKLEY 1969). The common swift has an average lifespan of around 

7 years, there has been a report of a ringed common swift that reached the age of 21 

(http://www.commonswift.org/swift_english.html). 

The order Apodiformes is divided into four families; Aegothelidae, Apodidae, 

Hemiprocnidae and Trochilidae. In the family Apodidae; there are related members, such 

as swifts, swiftlets and needletails (Figure 1). As far as the research is concerned, only 2 

subspecies of swift Apus apus have been documented: Apus apus apus and Apus apus 

pekinensis which lives separately on the west or east side of the breeding area 

respectively (Figure 2). 

 

1.1.2 Characteristics 

The common swift is characterised by its colour, shade of completely dark plumage 

and a noticeable white patch on its throat, which is identical in both female and male. Two 

subspecies are similar and difficult to distinguish, the light’s effect on feathers can be 

confusing when they are in the sky. Apus apus pekinensis has dark brown plumage and 

a bigger paler throat, while Apus apus apus has black or darker feathers with a smaller 

white throat patch. Juvenile birds can be differentiated from adults by their plumage. The 

outer edge of feathers in young birds remains pale, while the white colour in the throat 

area is prominent and covers thoroughly to the forehead (ZIMMERMAN et al. 2005; 

AHMED and ADRIAENS 2010; AYÉ et al. 2012).  

The swifts normally started moulting their body feathers, lesser and median 

coverts, tail feathers and secondaries when they reached their wintering grounds for the 

first time (CRAMP et al. 1985). Hence, 1-year-old common swifts in a breeding season 

can be distinguished from adults (>2 years) by having more worn primary feathers, greater 

and primary coverts that are contrasting with fresh lesser and median coverts (JUKEMA 
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et al. 2015). The flight feathers (primaries and secondaries) of most juveniles will be 

completely replaced in the second winter (AHMED and ADRIAENS 2010). 

The grown common swift has the average weight between 36-52 g and the body 

length is approximately 16-17 cm (GRZIMEK 2002). The wingspan is around 38-40 cm 

(SVENSSON et al. 2009). 

 

1.1.3 Breeding and nesting 

The common swift is a socially monogamous bird. It was believed to stay in the air 

for three years after it left the nest for its first migration (HUME 2002) and it can begin to 

breed at around the age of two (LACK and LACK 1952; SIBLEY et al. 2001). A document 

from the past observation of common swift colonies in Kronsberg, Germany shows that 

an average age of reproduction for common swifts is between 3 to 5 years  (KAISER 1992; 

TARBURTON and KAISER 2001). The potentially reproductive age of at least four was 

mentioned (PERRINS 1971). However, the latest study of common swifts in eastern 

Germany revealed evidence that they are capable of the first breeding at the age of one 

year old, although their recorded numbers were far less than those at the age of two to 

three years (OTTO et al. 2016). 

The common swift Apus apus has a wide breeding range. It covers all areas in 

Europe from northern Scandinavian countries through Ireland, UK and northern Africa and 

expands to eastern Asia including northern Siberia and central China (GRZIMEK 2002). 

This wide territory would be visited by swifts every summer of each year (Figure 2). In 

Germany, the birds appear in the late of April and stay until the beginning of August. The 

mating pairs of common swifts spend around 109 days in the breeding sites (95 days are 

consumed by nesting activities) before leaving for autumn. Swifts lay 2-3 eggs and the 

eggs hatch about 19 days after laying. The swift chicks needed around 41.5 days of 

development until their first departure to their own annual migration routes (TIGGES 

2006). Although both parent birds will take care of their nestlings, the female common 

swift will attend and feed the chicks more often than male, especially those in the smaller 
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brood and as the chicks are getting older (CARERE and ALLEVA 1998). The behaviour 

of parent birds eating their nestlings’ faeces also occurs in common swift, because it is 

the quickest source of energy that the parents can get during brooding of their chicks 

(DELL’OMO et al. 1998). 

Apart from nesting in burrows of trees and cliffs, swifts have long been known to 

adapt building nests on buildings and houses in cities (WEITNAUER and SCHERNER 

1980; GRZIMEK 2002; HUME 2002; SVENSSON et al. 2009).  

 

1.1.4 Food  

The common swifts’ prey consists of a wide variety of insects and arachnids, which 

are known as aerial plankton (WEITNAUER and SCHERNER 1980). As insectivorous, 

they gather arthropods while gliding through the swarms of insects that they prey on in the 

air. Swifts can produce glue-like fluid to form a bolus of eaten invertebrates to feed their 

nestlings. An average of 300-500 insects has been estimated per bolus, but numbers may 

vary depending on the abundance of prey. The commonly consumed insects are aphids, 

wasps, bees, ants, beetles, and flies (SIBLEY et al. 2001; GRZIMEK 2002; CHANTLER 

2010). 

 

1.1.5 Common swifts’ relation to human 

The common swifts may offer a slight benefit to humans by consuming pest insects 

around urban residences or communities. In farmland recorded data of insectivorous 

birds, common swifts could feed on large numbers of aerial insects and would possibly 

help to reduce the plant damage from insects in agriculture in the rural areas of Europe 

(ORLOWSKI et al. 2014). Moreover, common swifts are suggested and used as sentinels, 

monitors, or indicators for the monitoring of environmental pollution (MINIERO et al. 2008; 

CARERE et al. 2010). 
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In every summer, common swifts were brought or delivered to veterinary clinics 

and animal rescue centres because of adverse events or accidents. They are usually 

treated and rehabilitated so they can move on into a routine breeding season (HAUPT 

2001; MATTHES 2006; HAUPT 2009; FUSTÉ et al. 2013). Hand-rearing, and close 

contact with birds, zoonoses may be involved. For example, common swifts are assumed 

as carriers of a Salmonella sp. (BORRELLI et al. 2013). 

As a synanthropic bird that relies on human landscapes, the common swift’s 

population has continuously declined in the past decades due to human activity 

(GRÜNEBERG et al. 2015; STANEVA and BURFIELD 2017; NABU-BUNDESVERBAND 

2019). The loss of bird habitats is likely to be the main cause for those decreased 

population, as a result of the urbanisation, house renovation, and the growing of cities 

(NEWTON 2004; GEDEON et al. 2014; MASSA and BORG 2018).  

Today, the conservation of the common swift habitat and population is presently a 

concern of city residents and common swift organisations in many European countries 

(TIGGES and MAYER 2012). The information on nest boxes for common swifts and 

instructions for conservation are widely available online. Many projects concerning nest 

boxes and nesting are also performed variously (SCHAUB et al. 2016; NEWELL 2019; 

WEBER 2019; HAHN and YOSEF 2020). 

 

1.1.6 Migration route 

Studies on migratory birds successfully revealed the looping life or migration 

patterns of the common swift. After breeding, they spend time during late summer and 

autumn making their long flight to Africa and live there in winter. They leave the wintering 

grounds in spring and arrive at their nests in the early beginning of summer. Current 

research and equipment enable us to understand the physical performance and how long-

distance migratory birds live on their wings and achieve their extreme flights.  

 The electroencephalogram has proofed the strategy of migratory birds. They can 

sleep during their long-distance travel across the sky. This study supports the earlier 
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assumption of nonstop flying activities of long-flight migrants like common swifts 

(RATTENBORG et al. 2016). Common swifts also use the strategy of fly-and-forage 

migration in order to gain energy during the flight (STRANDBERG and ALERSTAM 2007; 

ÅKESSON et al. 2012). The flap-glide flying pattern together with their adapted body 

structure may prove the effective flight method which allows them to use lower energy for 

a long journey (MUIJRES et al. 2012). Wind direction and the number of insects may play 

an important role during migration (ÅKESSON et al. 2016).  Common swifts are known as 

non-stop migrants except during breeding season. The longest record, with evidence from 

micro data logger equipped birds showed that some of the non-breeding common swifts 

spent 99% of a 10-month period flying (HEDENSTRÖM et al. 2016). Occasionally, they 

happen to roost on trees or elements of buildings in order to survive in scarce or acute 

crisis situations, e.g., bad weather conditions, young exhausted birds in their first migration 

(HOLMGREN 2004), and birds hiding from hunters (OLOŚ 2017). 

The recording of migration routes and periods was shown in recent studies in which 

they equipped small light-level geolocators on swifts, in order to locate places where swifts 

travel. These studies allowed us to access the information on their migratory strategies 

and behaviours. The Chinese common swifts (Apus apus pekinensis) were reported to fly 

from Beijing through Mongolia, Iran and the Arabian Peninsula to their destination in 

southern Africa (Namibia and Western Cape) for their annual migration (TOWNSHEND 

2015). Recently, Apus apus pekinensis was spotted in Sri Lanka in 2020 for the first time, 

however, this observed location is out of the abovementioned migration route of Chinese 

swifts (KANNAN and SARANGA 2020). This could be the beginning of a new route or just 

an abnormal behaviour that may be influenced by many factors. Therefore, more studies 

and information on these factors are needed. 

The common swifts (Apus apus apus) found within our study area are western 

Palaearctic migrants and have been known to travel across Europe and winter in sub-

Saharan Africa. The recorded migration route of individual swifts in Sweden illustrates 

these birds flying from the breeding sites in Sweden to the wintering areas of Africa (sub-

Saharan), through the Gulf of Guinea for stopover before they continue to the Congo Basin 
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in central Africa as their destination. Most of the birds used a similar route back to their 

base, except one bird that did not fly west but upward north directly to its base. The 

average duration of migration for Swedish swifts is 30 days in autumn and 21 days in 

spring. Birds stay at the wintering ground for around 198 days. Thus, approximately 116 

days would be used in the breeding area (ÅKESSON et al. 2012). A similar migration 

pattern was demonstrated by the study of common swifts in the Netherlands; however, 

the Dutch swifts do not only stay in Congo but also wander to in Malawi and Mozambique 

during the winter period. The average duration of migration in autumn for Dutch swifts is 

45 days and spring is 30 days. The wintering duration is 214 days (KLAASSEN et al. 

2014). The migration data of common swifts in Germany supports the above-mentioned 

pattern that they also have the same migration style from Germany to Africa. It reveals 

that common swifts depart from the same breeding site, but their destinations are yearly 

different (WELLBROCK et al. 2017). Common swifts use different stopover and wintering 

sites which depends on individuals, for instance some common swifts use Spain and 

north-western Africa as stopover sites before traveling to west or central Africa. They may 

spend an entire winter in west or central Africa or in both locations, and some of them also 

travel to east during that time, as the study of JACOBSEN et al. (2017) revealed. The 

migration route of common swifts is shown in Figure 2. Moreover, the latest study of 

common swifts shows the evolution of a chain migration pattern, where in the swifts from 

the southern breeding areas of Europe winter to the furthest south of Africa and the 

northern breeding common swifts migrate to the northern part of the wintering ground 

(ÅKESSON et al. 2020). 
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Figure 2. Diagram of the common swift (Apus apus) migration. The red colour on Eurasia represents the 

breeding sites, whereas the blue colour on Africa is stopover and wintering sites. Birds on the red 

background are in summer period, birds on the blue background are in winter and the *arrows between 

these different coloured areas show the direction of spring (upwards) and autumn (downwards) migration, 

while an arrow between blue areas is a movement during migration or a roaming in wintertime. The bird with 

marked star represents Chinese common swift (Apus apus pekinensis) which breeds on the western part of 

the breeding zone. 

Migration was referred from references in this study. 

*The arrows illustrate only the migratory directions and not the exact location of movements. 
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1.2 Migratory birds and the zoonoses 

Migratory birds have the high potential for the zoonotic diseases transmission, for 

example, the global broadly spread of avian influenza virus in poultry industry when wild 

migratory birds were involved as one of the important factors of infection, and there were 

also the similarly events for Chlamydia and Salmonella (DHAMA et al. 2008).  Therefore, 

appropriate preventive measures and disease survey studies of birds in each area can be 

helpful in dealing with the future incidents (REED et al. 2003; GEORGOPOULOU and 

TSIOURIS 2008). Many studies in Europe showed the relationship of migratory birds and 

their travel route with detected pathogenic bacteria. These migrants can carry the 

pathogens across the world, for instance many bird species that have breeding and 

resident grounds in the west part of Palearctic ecozone are found as carriers of a deadly 

zoonotic disease (Crimean-Congo hemorrhagic fever) (LEBLEBICIOGLU et al. 2014). 

Their patterns of migration showed the possibility of the transmission in the regions of 

European countries. Moreover, these seasonal migrants are seemed to be the potential 

reservoirs for zoonoses in Europe. Migratory birds are detected with around 180 

Enterobacteriaceae stains during the migration through Italy on the long distance to Africa 

(FOTI et al. 2011). Likewise, over three years of birds migrating across Bulgaria (as a 

transit country from Africa, Asia and Europe) showed that large number of birds was 

reservoirs for many enterobacteria, including Salmonella spp. (NAJDENSKI et al. 2018). 

Chlamydia psittaci was detected in migratory birds that made a stopover during an autumn 

migration in Slovakia (SCHWARZOVA et al. 2006).  

In this study, we monitored zoonoses in the common swift in the region of 

Hannover, as it was not yet cleared whether this migratory species is a reservoir for 

Chlamydia spp. or Salmonella spp. A retrospective study of avian-bacterial associations 

for a five-year period found that about 50% of all bacteria had the pathogenicity causing 

diseases in human, which most of them came from migratory birds (CHUNG et al. 2018). 

Common swifts were found as Salmonella enterica serovar Infantis (S. Infantis) 

carriers in Italy (BORRELLI et al. 2013). It was suggested that they possibly were involved 

in the zoonotic infection process. This suspicious event led us to our interest in the 
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investigation of salmonellosis in common swifts in Hanover area. In addition, S. Infantis is 

one of the most widespread S. serovars isolated from cases of human salmonellosis and 

the most identified serovar from animal and food sources in Europe (EFSA 2017). Also, 

there are wide outbreaks in sub-Saharan Africa (FEASEY et al. 2012; TACK et al. 2020). 

Besides Salmonella spp., common swifts also show the positive results of 

Chlamydia psittaci infection. Even though, a small number was detected in the report, it 

can still be assumed that this long-distance migrant might be a reservoir of this pathogen. 

An infected swift (1/9) in Poland reacted Chlamydia-positive in pooled organ samples 

(lungs, liver, and spleen tissues) but showed no pathological changes of organ tissue 

(KRAWIEC et al. 2015). In Munich, Germany, an incidence of Chlamydia psittaci was 

reported in 7 out of 28 tested common swifts, but the gross lesions and clinical signs were 

also not presented (GERBERMANN et al. 1994).  

 

1.3 Migratory birds and the persistent organic pollutants (POPs)  

Persistent organic pollutants (POPs) are still detectable in animals as residues, 

although a restricted use which reduces pollutant emission is accepted under the 

agreement of Stockholm Convention for over decades (BEYER and MEADOR 2011). 

Substances of POPs including organochlorine pesticides (OCPs) and polychlorinated 

biphenyls (PCBs) were partially began to be restricted in 1970s and mostly banned  later 

in 2004 without exceptions in Germany (BANDOW et al. 2020). These persistent 

chemicals lower the reproductive performance in birds and cause negative effects on their 

eggs and offspring, especially those species at the top of a food chain. Neurological 

disorders and endocrine disruptions have been considered to be the reason for the 

dropped breeding performance in birds (PEAKALL 1970; COLBORN et al. 1993; FRY 

1995; VOS et al. 2000). OCPs, insecticides may also indirectly affect some insect-eating 

birds by cutting down the insect number (BOATMAN et al. 2004; NEWTON 2004). As the 

result, the avian population decline is globally concerned about the impact of 

environmental contaminants. Incidences in the past that obviously happened to predatory 
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birds (GRASMAN et al. 1998) and seabirds (STIENEN and BRENNINKMEIJER 1992), 

had brought researchers attention with ultimately led to a variety of studies. 

Birds are widely used as monitoring models for pollutants and residues in many 

areas. They were examined as indicators of remaining chemicals in their habitats, for 

instance the nestlings of great tit (Parus major) from different study locations represented 

different organochlorine levels in each of the investigated region (DAUWE et al. 2003). 

Resident birds can indicate contaminants well in their residence, on the other hand, 

migratory birds are possibly associated with an exposure to those toxic substances not 

only in the annual breeding and wintering sites but also during their migration and 

stopover. Thus, migratory birds with a specific route of migration and stopover can 

practically be used for the comparison of POPs with the residents which is important for 

solving future problems of pollution management and awareness of bird populations 

(KUNISUE et al. 2003; HONG et al. 2014). Migratory birds, e.g., common swift (Apus 

apus), black-headed gull (Larus ridibundus), quail (Coturnix coturnix) and tree swallow 

(Tachycineta bicolor) are recommended to be used as sentinels for POPs by their features 

(CARERE et al. 2010). In some abovementioned migrant, an interesting feature found is 

the synanthropic behaviour of birds, they live and have relationships with human buildings, 

settlements, and landscapes. The synanthropic bird may demonstrate the outcome of 

POPs exposure in the similar way to human, who shares the same ecology. 
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In the warm months of spring and summer, during April to September, many of 

common swifts appear in city area, also in Hannover for the annual breeding season. This 

long-distance migratory bird is a synanthropic bird, that lives in niche/cavity of buildings in 

human communities. In the past decades the numbers of common swifts in Germany are 

declining (GRÜNEBERG et al. 2015; STANEVA and BURFIELD 2017; NABU-

BUNDESVERBAND 2019), which is believed to be caused by the habitat loss (NEWTON 

2004; MASSA and BORG 2018), and the dramatically decline of insects around Europe 

(VOGEL 2017; HABEL et al. 2019). 

Fortunately, we have had the opportunities to obtain common swifts in three 

continuous years, from 2016 to 2018. Sick common swifts were brought as patients to the 

Clinic for Small Mammals, Reptiles and Birds, University of Veterinary Medicine Hannover 

by the concerning citizens. We collected birds’ droppings and dead birds as specimens 

which allowed us to operate studies involved with the persistent organic pollutants (POPs), 

along with Chlamydia and Salmonella monitoring. In the meantime, besides specimens 

from the clinic, we also obtained some swab samples from animal rescue centres to 

enhance the number of specimens of our study of Salmonella. 

 

2.1 Monitoring of environmental chemicals in common swifts (Apus apus) 

There are many studies that have successfully documented the use of wild birds 

as a natural indicator of the environment pollution in many areas. In particular, the criteria 

and reasons of using birds to monitor chemicals are also created (BECKER 2003; 

CARERE et al. 2010). Birds are used for monitoring which provide several different 

definitions depend on study methods, e.g., monitors, biomonitors, indicators, 

bioindicators, and sentinels. Samples of blood, feathers, eggs, or tissue of birds were  

usually used for contamination analysis (SHLOSBERG et al. 2011). Resident birds that 

live in a small bound of habitat, were studied for organochlorine chemical exposure and 

resulted being useful for the evaluation of the local contamination levels (SCHILDERMAN 

et al. 1997; DAUWE et al. 2003; VAN DEN STEEN et al. 2008; VAN DEN STEEN et al. 
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2009; DHANANJAYAN et al. 2011; NOSSEN et al. 2016; PEI et al. 2017; GONZÁLEZ-

GÓMEZ et al. 2020). Long-distance migratory birds are known to be exposed to a wider 

range of pollutants in the breeding area, the migration routes, and the wintering ground 

(HENNY et al. 1982; KUNISUE et al. 2003; NEWTON 2004; COLABUONO et al. 2012).  

The common swift (Apus apus) is the interested long-distance migrant of our study. 

To the best of our knowledge, valuable studies of the health burden of pesticides or POPs 

are scarce. In Italy, this species once was indicated as a suitable bioindicator (MINIERO 

et al. 2008).  

From our perspective, the following questions should then be solved: 

- What are the detected chemicals found in common swifts in Hannover region? 

- What level of concentration can be determined and will this level be harmful based 

on data form the former literatures  

- Finding the solution if the detected chemical compounds in common swifts are 

different among adult and juvenile birds in Hannover region?  

 

 

2.2 Monitoring of Chlamydia spp. and Salmonella spp. in common swifts 

Wild birds, including common swifts, may act as long-distance vectors for zoonotic 

agents transmitted to humans. During the breeding season in summer, the common swift 

can reach a high population in Germany, especially in urban areas with suitable breeding 

sites (TIGGES 2006; GEDEON et al. 2014). In the period of extreme weather situations, 

such as heatwaves or cold weather periods, successful breeding of swifts could be difficult 

(RAJCHARD et al. 2006). In these extreme weather situations, hundreds of juvenile swifts 

can be delivered to wildlife rescue centres and animal shelters for rehabilitation. Dedicated 

competent private staffs undertake the hand rearing of these juvenile swifts, and close 
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contact between these birds and humans is unfortunately unavoidable (MATTHES 2006; 

HAUPT 2009). 

The studies of Chlamydia spp. and Salmonella spp. in migratory birds inspired us 

for achieving our goal in monitoring these zoonoses in common swifts, with the following 

ideas: 

- Are there Chlamydia spp. and Salmonella spp. in common swift (Apus apus) in 

the area of Hannover, Germany?  

- Is there a relation between infected birds and their age groups (adult and juvenile 

birds) and the prevalence of those zoonotic pathogens from each year of detection. 
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Chapter 3: Publication I 

 

TIYAWATTANAROJ, W., S. WITTE, M. FEHR and M. LEGLER (2021): Monitoring of 

organochlorine pesticide and polychlorinated biphenyl residues in common swifts 

(Apus apus) in the region of Hannover, Lower Saxony, Germany. Vet. Sci. 8, 87 

[https://doi.org/10.3390/vetsci8050087] 

 

 From 2016 to 2018, common swifts (Apus apus) from the region of Hannover are 

monitored for 50 persistent organic pollutants by gas chromatography (GC-TOF/MS). 

There are 8 residues found in bird organs which are 4,4’-DDE, dieldrin, HCB, lindane, 

PCB101, PCB138, PCB153, and PCB180. The adult birds significantly had higher mean 

concentration of 4,4’-DDE and dieldrin than juvenile birds. The explanation of this 

difference in chemical levels between age groups is likely to be that adults have higher 

chance to expose to pollutants during migration, while juveniles are only presented with 

residues in their nesting area. Other detected pollutants show no significant differences 

between these two groups as both are possibly exposed to the similar location. However, 

the average of detected concentrations in this study is far lower than the available data in 

former literatures known to cause death in birds. 
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Abstract: The use of pesticides is associated with the decline of several avian species. In this study,
we monitored the organochlorine contaminants in common swifts (Apus apus) in the years 2016 to
2018. These long-distance migrants breed in Europe and winter in Africa. Their only feeding source
is aerial plankton. Pooled organ samples of 42 adult and 40 juvenile swifts were tested with the multi-
residue method by gas chromatography-mass spectrometry (GC-TOF/MS). Predominantly, 4,4′-DDE,
dieldrin, hexachlorobenzene (HCB), lindane and polychlorinated biphenyls (PCBs) were found in
most of these common swifts. Only 4,4′-DDE (adult: 83 ± 70 µg/kg, juvenile: 17 ± 39 µg/kg) and
dieldrin (adult: 2 ± 3 µg/kg, juvenile: 0.3 ± 1 µg/kg) concentrations were significantly different
between adult and juvenile birds. All detected concentrations in our study were far lower than
the previously recorded pesticide concentrations of common swifts in Italy and those which are
known to cause toxicity and death in birds.

Keywords: Apodidae; DDE; migratory bird; OCP; PCB; wild birds; common swift

1. Introduction

The globally declining population of many avian species has various causes,
including habitat loss, climatic change and environmental pollutants [1–4]. Pollutants such
as persistent pesticides not only have a long-term impact on the environment but are also
accumulated in the different bird species [5–8]. An illustrative example of a study on a pesti-
cide that affected birds showed that the dichlorodiphenyltrichloroethane (DDT) metabolite,
dichlorodiphenyldichloroethylene (DDE) was a cause of eggshell thinning, with a major
effect on reproduction and hatching success [9,10]. For that reason, many organochlo-
rine pesticides (OCPs), including DDT have been prohibited in most countries since
the early 1970s [7,11]. A recent study of contamination in the blood of migratory birds
such as kittiwakes (Rissa tridactyla) has shown that they can ingest food contaminated with
OCPs, including DDE even though it is located in the high Arctic Ocean of Norway [12].
This indicates that these long-term residual chemicals have remained across the world.
Long-distance migrants may have a higher chance of being exposed to large-scale pol-
lution, which could be from the breeding area, the migration route and the wintering
ground [2,8,13]. The World Health Organization has found that OCPs continue to be used
as indoor residual spraying agents for malaria vector prevention in 80 malaria-endemic
countries, particularly in Africa between 2010 to 2018, including in the Congo region [14,15].
The use of these products has become commonplace in developing regions [16]. The biggest
potential for the disastrous effects of pesticides is through contamination of the hydrological
system, which supports human life, the aquatic ecosystem, and related food chains [17].
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The common swift (Apus apus) is an insectivorous migratory bird and the most fre-
quently encountered species of the order Apodiformes, which breeds through Europe and
winters in Sub-Saharan Africa, mainly in the Congo region [18,19]. Recording the migration
routes and migration periods of these particular birds showed that they spend most of their
time flying [20]. Their prey consists of a wide variety of insects and arachnids, which are
known as aerial plankton [21]. Common swifts have suffered the largest decline among
50 species of birds found in gardens that are observed by birdwatchers from all regions in
Germany. Their population declined 6.7% annually on average from 2006 to 2018 [22].

Common swifts were once used as a bioindicator in Rome, Italy, to study persistent
micro-organic contaminants such as polychlorinated biphenyls (PCBs), polychlorodibenzo-
p-dioxins (PCDDs), polychlorodibenzofurans (PCDFs) as well as the chlorinated pesticides
DDE, DDT and hexachlorobenzene (HCB), which were analysed in the organ tissue of adult
swifts. The results suggested that this species was a suitable biomonitor for evaluating
air pollution [23,24].

In this study, we monitored the organochlorine pesticide and polychlorinated biphenyl
residues in common swifts in the area of Hannover, Lower Saxony, Germany, and evaluated
our assumption that there were significant differences in chemical levels between adult
and juvenile swifts.

2. Materials and Methods
2.1. Birds and Ethical Statement

From April to September from 2016 to 2018, 42 fatally injured grounded adult and
40 juvenile common swifts were brought by locals to the Clinic for Small Mammals,
Reptiles and Birds, University of Veterinary Medicine Hannover, Foundation Germany.
The age of the swifts was ascertained from the typical colour, the shape of the feathers and
the moulting pattern [21]. The nestlings from different development stages, which had
not yet completed the growth of the primary flight feathers, were categorised as juvenile
birds in this study. All birds died or were euthanised due to the poor prognosis, from both
clinical examination and radiographic findings, meaning severe fractures, which could not
be rehabilitated successfully according to the guideline of Haupt (2001) [25]. The birds
were stored at −20 ◦C awaiting further investigation.

The Ethics Committee of the University of Veterinary Medicine of Hannover,
Foundation approved all procedures of obtaining samples for analysis used in this study
(ethic code: TVO-2018-V-18). The use of death animals complied with German animal
welfare laws, guidelines, and policies; the study did not involve living animals.

2.2. Samples

Within 2 months of storage, the birds were then thawed at room temperature for
a full necropsy. Pooled organ samples of each bird (breast muscle, fat tissue, liver,
kidney, lungs and brain) were taken immediately in order to minimise the microbiological
degradation and prevent the analytes loss, using sterile equipment and refrozen at −20 ◦C
until the analysis for different chemical residues.

Due to the insufficient organ volumes in each bird, one sample in each test consisted
of pooled organ samples from two birds, which were matched to achieve the minimum
volume of 4 g for analysis under the same conditions of age and the year of collection
(41 paired samples from 82 birds) over 3 years.

2.3. Chemical Analysis

The pooled samples were analysed for 44 selected OCPs and 6 PCBs by the Chemisches
Labor Dr. Wirts + Partner Sachverständigen GmbH in Hannover, after a maximum of
1-week storage. The quantification limits of the OCPs and PCBs are shown in Table 1.
The analysis of residues in the sample was performed on gas chromatography with time-
of-flight and mass spectrometer (GC-TOF/MS) by the multi-residue method (MRM) ASU
§ 64 LFBG, according to S19 of DFG pesticide commission.
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Table 1. The quantification limits of the analysed organochlorine pesticides (OCPs) and polychlori-
nated biphenyls (PCBs) in the used detection method, GC-TOF/MS (ASU § 64 LFBG/DFG S19).

List of Analysed Chemicals Quantification Limits (mg/kg)

2,4′-DDE 0.005
2,4′-DDT 0.005
2,4′-DDD 0.005
4,4′-DDE 0.005
4,4′-DDT 0.005
4,4′-DDD 0.005
Alachlor 0.010
Aldrin 0.005

Alpha-Endosulfan 0.005
Beta-Endosulfan 0.005

Beta-Hexachlorocyclohexane 0.005
Bromophos-ethyl 0.010

Bromophos-methyl 0.010
Bromopropylate 0.010

Buprofezin 0.010
Chlorobenzilate 0.010

Chlorfenson 0.010
Chloroneb 0.010

Chlorpyrifos-ethyl 0.010
Chlorpyrifos-methyl 0.010
Chlorthal-dimethyl 0.010

Chlorothalonil 0.010
Chlorthion 0.010

Delta-Hexachlorocyclohexane 0.005
Dicofol 0.010
Dieldrin 0.005

Endosulfan sulfate 0.005
Endrin 0.005

Epsilon-Hexachlorocyclohexane 0.010
Fenson 0.010

Gamma-Chlordane 0.005
Heptachlor 0.005

Heptachlorepoxide-cris 0.005
Heptachlorepoxide-trans 0.005

Hexachlorobenzene (HCB) 0.005
Isodrin 0.005

Jodfenphos 0.010
Lindane (Gamma-Hexachlorocyclohexane) 0.005

Methoxychlor 0.005
Mirex 0.005

Nitrofen 0.010
Parathion-ethyl 0.010

Parathion-methyl 0.010
Pentachloroaniline 0.010
PCB IUPAC-Nr.28 0.005
PCB IUPAC-Nr.52 0.005

PCB IUPAC-Nr.101 0.005
PCB IUPAC-Nr.138 0.005
PCB IUPAC-Nr.153 0.005
PCB IUPAC-Nr.180 0.005

2.4. Statistical Analysis

The statistical analysis of the results was performed with the software package IBM
SPSS Statistics 26. After running Kolmogorov–Smirnov test, it was shown that the pesticide
concentrations were non-parametric distribution. On this basis, the Mann–Whitney U test
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was chosen to compare the concentration of pesticides between the adult and juvenile
common swifts. A significance level p ≤ 0.05 was chosen.

3. Results

In the pooled organ samples of the examined swifts, 4 OCPs were detected in the area
of Hannover, Germany from 2016 to 2018, which include: 4,4′-DDE, dieldrin, HCB and
lindane (Figure 1). The results are shown separately by year in Table 2. The 4,4′-DDE
were detected in all the pooled samples of the adult birds and in 85% of the juvenile bird
samples, followed by HCB (adult: 76.2%, juvenile: 65%), lindane (adult: 38% and juvenile:
15%), and dieldrin (adult: 33.3%, juvenile: 5%).
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Figure 1. Concentrations of pesticide in organs of common swifts detected in 2016–2018 in µg/kg
wet weight. The box plot shows the median (horizontal line in centre), the 25th percentile (box border
at bottom) and the 75th percentile (box border at top). The upper and lower ends of the whisker
show the maximum and minimum values. The single data points are outliers. The asterisks are
extreme outliers.

Table 2. Concentrations of organochlorine pesticides and polychlorinated biphenyls in pooled organ samples of adult and
juvenile common swifts detected in each year from 2016 to 2018 in µg/kg wet weight (ww): Mean ± SD a (Median; Xmin
b–Xmax c).

Compounds

2016 2017 2018

Adult Swifts
(n d = 5)

Juvenile
Swifts

(n d = 5)

Adult Swifts
(n d = 5)

Juvenile
Swifts

(n d = 8)

Adult Swifts
(n d = 11)

Juvenile
Swifts

(n d = 7)

4,4′-DDE
10 ± 6 6 ± 4 59 ± 85 7 ± 6 126 ± 41 34 ± 64

(10; 5–20) (5; 0–10) (5; 5–200) (5; 0–20) (124; 60–216) (14; 0–179)
5/5 4/5 5/5 7/8 11/11 6/7

Dieldrin
2 ± 4.5 0.6 ± 2 3 ± 3

(0; 0–10) (0; 0–5) (5; 0–5)
0/5 0/5 1/5 1/8 6/11 0/7

HCB
2 ± 4 2 ± 4 10 ± 12 3 ± 3 5 ± 1.5 5 ± 0

(0; 0–10) (0; 0–10) (5; 0–30) (5; 0–5) (5; 5–10) (5; 5–5)
1/5 1/5 4/5 5/8 11/11 7/7

Lindane
1 ± 2 1 ± 2 1 ± 2 3 ± 2.5

(0; 0–5) (0; 0–5) (0; 0–5) (5; 0–5)
0/5 1/5 1/5 2/8 7/11 0/7
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Table 2. Cont.

Compounds

2016 2017 2018

Adult Swifts
(n d = 5)

Juvenile
Swifts

(n d = 5)

Adult Swifts
(n d = 5)

Juvenile
Swifts

(n d = 8)

Adult Swifts
(n d = 11)

Juvenile
Swifts

(n d = 7)

PCB138
5 ± 0 10 ± 17 37 ± 48 28 ± 28 18 ± 18 17 ± 7

(5; 5–5) (5; 0–40) (25; 5–120) (20; 0–72) (11; 5–63) (16; 9–28)
5/5 3/5 5/5 7/8 11/11 7/7

PCB153
6 ± 2 4 ± 4 118 ± 141 60 ± 59 47 ± 36 32 ± 19

(5; 5–10) (5; 0–10) (62; 24–360) (42; 0–167) (39; 14–134) (23; 14–67)
5/5 3/5 5/5 7/8 11/11 7/7

PCB180
5 ± 0 10 ± 17 74 ± 90 25 ± 25 31 ± 17 17 ± 17

(5; 5–5) (5; 0–40) (47; 10–230) (15; 0–72) (28; 8–55) (11; 5–53)
5/5 3/5 5/5 7/8 11/11 7/7

PCB101
10

0/5 0/5 0/5 1/8 0/11 0/7
a Standard deviation. b Minimum concentration. c Maximum concentration. d Paired samples.

The concentrations of 4,4′-DDE (p = 0.002; Mann–Whitney U test) and dieldrin
(p = 0.023; Mann–Whitney U test) in the organs of adults were significantly higher than in
juvenile swifts (Table 3).

Table 3. Different concentrations of organochlorine pesticides and polychlorinated biphenyls between
pooled organ samples of adult and juvenile common swifts detected in 2016–2018 in µg/kg ww:
Mean ± SD a (Median; Xmin b–Xmax c).

Compounds Adult Swifts (n d = 21) Juvenile Swifts (n d = 20) p e

4,4′-DDE 83 ± 70 (97; 5–216) 17 ± 39 (5; 0–179) 0.002
Dieldrin 2 ± 3 (0; 0–10) 0.3 ± 1 (0; 0–5) 0.023

HCB 6 ± 6 (5; 0–30) 3 ± 2 (5; 0–10) 0.086
Lindane 2 ± 3 (0; 0–5) 0.8 ± 2 (0; 0–5) 0.099
PCB138 20 ± 30 (9; 5–120) 20 ± 20 (13; 0–70) 0.771
PCB153 50 ± 80 (30; 5–360) 40 ± 50 (20; 0–170) 0.417
PCB180 35 ± 50 (19; 5–230) 18 ± 20 (10; 0–72) 0.128
PCB101 - 10 -

a Standard deviation. b Minimum concentration. c Maximum concentration. d Paired samples. e Asymptomatic
significance (2-tailed), p-value.

Furthermore, 4 PCBs were found in the pooled samples of adult and juvenile com-mon
swifts. The results are shown in Table 2, Table 3 and Figure 2. There were no significant
differences between the PCB concentrations of adult and juvenile swifts. PCB138, PCB153,
and PCB180 were found in 100% of adult birds and 85% of juvenile birds, whereas PCB101
was only found in one sample of the juvenile swifts in this study.
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Figure 2. Concentrations of polychlorinated biphenyls in organs of common swifts detected in
2016–2018 in µg/kg wet weight. The box plot shows median (horizontal line in centre), the 25th
percentile (box border at bottom) and the 75th percentile (box border at top). The upper and lower
ends of the whisker show the maximum and minimum values. The single data points are outliers.
The asterisks are extreme outliers.

4. Discussion

The presented data reveal different residues of organochlorine pesticides and poly-
chlorinated biphenyls in the pooled organs of common swifts in the area of Hannover,
the swifts’ breeding site. The results of this study show the persistence of long-ago-banned
pesticides and their metabolites in birds specialised in the hunting of aerial plankton [26].

The 4,4′-DDE concentrations of adult and juvenile birds in 2018 were markedly risen,
although the population of the common swift in Germany had no significant change from
2014 to 2018 [22] and no updated reports of pesticides in migratory birds during these
periods. The cause of the increase remains questionable due to the limited availability of
specific literatures of this migratory bird.

The mean concentration of residues in swifts from the area in Hannover are lower
than the averages of the previously investigated swifts from Rome, Italy, when compared
to the lowest mean concentration of their organ samples [23]. Unlike the Italian study,
DDT was not detected in any of our specimens. Only its prominent metabolite, 4,4′-DDE is
presented. Thus, it is assumable that our birds were exposed to 4,4′-DDE from the historical
application of parent DDT, or the exposed DDT residues were already metabolised to
4,4′-DDE in birds in four months prior to the investigation [27]. The body elimination
of 4,4′-DDE is relatively slower than other pesticides—its half-life is 229 and 250 days
in the studies of grackles [28] and pigeons [29], respectively. Other bird families with
different dietary habits show higher contamination levels, for example, predatory birds
in Spain [30] were found with higher concentration in liver; which liver sample likely
represents the median concentration between fat and muscle samples in regular pesticide-
fed birds [27]. Seabird species in Chile also possessed higher pesticide concentrations than
the swifts in our study [31]; when referred to the ratio in experimental studies that pesticide
residues could be around three times higher in bird’s tissues than in its eggs [27,32].
For the birds with similar dietary habits, the detected 4,4′-DDE levels of insectivorous
passerines (carcass concentration) in North America are close to our results [33]. To our
knowledge, there is no specific study that shows how common swift are affected by
pesticides. Although the average of detected pesticide concentrations is far lower than
the available data known to cause fatal effects in birds [11], pesticides cause neurological
disorders in birds and endocrine disruption through their influence on the thyroid and
steroid hormones. These endocrine disruptions have been considered to be the reason for
the lower breeding performance in birds [6,34,35]. An experiment in barn owls shows that
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the accumulation of residues is more likely to be found in bodies than in eggs [32], which is
even more obvious in the feeding experiment of laying hens [27]. Thus, the 4,4′-DDE
concentrations in our investigations (0–216 µg/kg ww, in pooled organs) were not high
enough to cause eggshell thinning. The record for the lowest concentration that caused
eggshell thinning was found in the golden eagle (Aquila chrysaetos), which had at least
100 µg/kg ww of DDE residue in eggs. These determined concentrations would reduce
the eggshell thickness by around 3% [36], based on the Radcliffe thickness index [37].
However, the higher percentage of eggshell thickness loss may not impact hatchability or
juvenile development of some bird species, e.g., the common kestrel [10].

The detected concentrations of PCB in our investigations ranged from 0 to 360 µg/kg
ww, which seem to be relatively low [11]. However, the adverse effects of PCB contamina-
tion on birds may depend on the susceptibility of the species. It can cause their behavioural
and reproductive changes in other bird species, for example, the reduced nest site atten-
tiveness of the glaucous gull (Larus hyperboreus) when the PCBs are above 50 µg/kg ww
in the blood [38], and at 200 µg/kg ww in the egg; it will extend the incubation time of
the zebra finch (Taeniopygia guttata) [39]. However, the result of pesticide concentrations
found in this study may have been underestimated in an individual bird, because each
sample was analysed from the pooled organs of two common swifts. As the physically
healthy common swifts were not included in this study at all, it could also lead to a biased
result since the samples were only taken from injured birds, and the sample numbers
are limited to conclude for the whole healthy population. At this moment, we could not
identify that pesticides are the underlying cause of the accident of common swifts brought
to the clinic.

It can be assumed that the food of the swifts, aerial insects, is the main source of
contamination because these birds can only catch their prey in the air [21,40,41]. Residues in
commercial edible insects for human consumption were studied previously [42]. As far as
we could find, no similar study of sufficient samples within related locations has yet been
conducted with prey insects of insectivorous birds. The transmission of chemical residues
to insects is possible during the arthropod lifecycle, which is associated with the ground
soil and sediment [43]. From the covered study area, the monitoring of ground residues
in 1994–2004 showed that DDTs (DDT, DDE and DDD), PCBs (28, 52, 101, 138, 153 and
180), HCB and lindane could be found in 80 to 100% of samples from the soil observation
areas in the forest of Lower Saxony [44,45]. Moreover, OCPs and PCBs were detected
in fish from the rivers (Aller, Elbe, Ems, Oste and Weser) in Lower Saxony. DDT and
its breakdown products were found in 98.8%, followed by HCB in 85.8%, dieldrin in
27.8% and lindane in 24.3% of the fish samples in these rivers. In addition, PCBs were
found in 100% of the PCB-analysed fish samples [46]. This indicates that the water is
contaminated by environmental wastes washed down into the ground and ultimately into
rivers [17]. The intestinal parasites of swifts, trematodes and cestodes, are likely derived
from emergent aquatic insects from the ecosystems where the swifts hunt for their prey [47].
Besides organochlorines, mercury was also found in common swifts in the area of Hannover,
Germany [48]. Mercury is one of the heavy metals of global concern that have been found
in the aquatic ecosystem over many decades [49]. Those common swifts may expose to
mercury through consuming emergent aquatic insects and contaminated arachnids [50].

The significant differences between the 4,4′-DDE concentrations of adult and juvenile
swifts can be explained by long-term storage in adults and/or a higher environmental im-
pact in the wintering areas in Africa, where DDT is still used for malaria prophylaxis [14,15].
The young common swifts have less chance of exposure to residues than the adults,
who may be exposed to contaminants during the over six months of migration on their
travel routes, stopover sites and wintering ground in Africa [20,51]. Adult common swifts
are documented to spend their breeding time in the urban areas of Europe for around
15.6 weeks, whereas the juveniles leave these after 6 weeks for Africa [52]. Some of
the organochlorines may also have been transferred from the adult swifts to the juve-
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niles. A feeding experiment in chickens demonstrated DDT transfer from DDT-fed hens to
their chicks [53].

The results of this study can be applied to other bird species with similar diets,
for example, swallows. Moreover, other pesticides were not discussed in this study,
which should also be considered for further evaluation.

5. Conclusions

In the present study, different organochlorine pesticide and polychlorinated biphenyl
residues (4,4′-DDE, dieldrin, HCB, lindane, PCB101, PCB138, PCB153, and PCB180) were
found in common swifts, although the use of these compounds was prohibited in Europe
many years ago. Adult swifts have significantly higher levels of 4,4′-DDE and dieldrin than
juveniles, which could be partially explained by their having more chance of exposure to
more polluted areas during their long-distance migration, e.g., travel routes, stopover sites
and wintering in Africa, while juvenile common swifts displayed persistent residues taken
conceivably from the urban area where their nests are located. However, the average of
detected concentrations in our study was far lower than those available data known to
cause fatal effects in birds [11].
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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.

Keywords: Apodidae, zoonosis, chlamydiosis, wild birds

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.

Schlüsselwörter: Apodidae, Zoonose, Chlamydiose, Wildvögel
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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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 The common swifts in the area of Hannover were investigated for Salmonella spp. 

in 2014 and 2019. The swab samples were taken for salmonella isolation (ISO 6579; 

Annex D), additionally, agglutination test and API 20E system were used to confirm the 

final result. Salmonella spp. were not detected in any samples of common swifts in our 

study.  
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ZUSAMMENFASSUNG

Gegenstand und Ziel In der verfügbaren Literatur finden sich 
Angaben zu Infektionen mit Salmonella (S.) enterica serovar 
Infantis bei Mauerseglern (Apus apus) mit hoher Prävalenz. 
Der Mauersegler ernährt sich von Luftplankton, überwintert 
als Langstreckenzieher in Zentralafrika und kann in Abhängig-
keit von den vorhandenen Brutmöglichkeiten hohe Bestands-
dichten erreichen. Engagierte fachkundige Privatpersonen 
übernehmen die Pflege und Handaufzucht von verunfallten

 juvenilen Mauerseglern. Dies führt unweigerlich zu einem en-
gen Kontakt zu diesen Vögeln. Mit diesem Hintergrund sollte 
bei Mauerseglern die Ausscheidung von Salmonella spp. unter-
sucht werden.
Material und Methoden In den Jahren 2014 und 2019 wur-
den Darmabstriche oder frische Kotproben von Mauerseglern 
(2014: n = 54; 2019: n = 62) aus dem Raum Hannover, Nieder-
sachsen, Deutschland, mikrobiologisch (DIN EN ISO 6579; An-
hang D) auf das Vorkommen von Salmonella spp. untersucht.
Ergebnisse In beiden Untersuchungszeiträumen konnten bei 
keinem der untersuchten Mauersegler Salmonella spp. nach-
gewiesen werden.
Schlussfolgerung und klinische Relevanz Der Mauersegler 
stellt mit hoher Wahrscheinlichkeit kein natürliches Reservoir 
für Salmonellen dar. Bei der Übertragung von Salmonellen durch 
Mauersegler scheinen die lokalen Gegebenheiten mit der ent-
sprechenden Kontamination der Umwelt eine wichtige Rolle zu 
spielen und sollten in eine Risikobeurteilung einbezogen werden.

ABSTR ACT

Objective The available literature indicates a high prevalence 
of the zoonotic pathogen Salmonella (S.) enterica serovar Infantis 
in the common swift (Apus apus). This long-distance migrant, 
which only consumes aerial plankton, can reach high population 
densities in places with suitable breeding sites. Dedicated com-
petent private persons take part in the hand rearing of juvenile 
common swifts in wildlife rescue centres, which unavoidably re-
sults in close contact with these avian patients. For this reason, 
we examined common swifts for shedding of Salmonella spp.
Material and methods In the years 2014 and 2019, intestinal 
swabs or fresh faeces of common swifts (2014: n = 54; 2019: 
n = 62) were examined microbiologically (DIN EN ISO 6579; An-
nex D) in the area of Hannover, Lower Saxony, Germany.
Results Salmonella spp. could not be detected in any of the 
examined common swifts within the investigation period and 
the studied area in 2014 and 2019.
Conclusion and clinical relevance The results illustrate that 
the common swift is unlikely to be a natural reservoir of Salmo-
nella spp. For the transmission of salmonella by swifts the local 
conditions with the corresponding environmental impact seem 
to play a significant role, and the risk of transmission should be 
assessed according to the region to be examined.
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Introduction
The common swift (Apus apus), a long-distance migrant which win-
ters in sub-Saharan Africa, is the most commonly encountered spe-
cies of the order Apodiformes in Germany. The recording of the 
migration routes and migration periods of these specialised birds 
shows that they spend most of their time flying, and their prey con-
sists of a wide variety of insects and arachnids, which are known 
as aerial plankton [1][2][3][4][5][6][7][8][9]. During the breeding 
season from April to August, the common swift can reach a high 
population also in Germany, especially in urban areas with suitable 
breeding sites [10]. In the period of extreme weather situations, 
such as heatwaves or cold weather periods, successful breeding of 
swifts may be difficult [11]. In conditions of bad weather, hundreds 
of juvenile swifts can be delivered to wildlife rescue centres for reha-
bilitation [12]. Dedicated competent private persons undertake the 
hand rearing of these juvenile swifts, and close contact between 
these birds and humans is unfortunately unavoidable [12][13].

The importance of the common swift as a source of zoonotic 
diseases is still unknown [14]. Borrelli et al. [15] detected Salmo-
nella (S.) enterica serovar Infantis in 8 swifts out of 40 samples in 
Naples, Italy. S. enterica serovar Infantis is a major cause of illness 
in humans worldwide [15][16][17][18][19].

Thus, in this present study, we examined adult and juvenile com-
mon swifts for shedding of Samonella spp. in the area of Hannover, 
Lower Saxony, Germany, in the years 2014 and 2019.

Materials and methods
Birds
During the breeding period in 2014 (April to September) a total 
number of 54 common swifts were examined for Salmonella spp. 
The examined swifts consisted of 11 adults (> 2 years) and 43 juve-
nile or fledged swifts. The age of the swifts was ascertained from 
the typical colour and shape of the feathers and their moulting pat-
tern, with a completed feather growth in adult birds [2]. Immature 
birds in the second year were separated from adult birds by the 
shape and colour of the cover and flight feathers, and from fledg-
lings in their first year, by the colour of the flight feathers (bleached 
feathers in the second year) [2]. However, birds in their second year 
were not seen in this study. From the total number of sampled 
swifts, 38 were in good body condition, with several fat depositions 
and round pectoral muscle, and 16 showed a moderate to bad nu-
tritional status, with some loss of muscular mass.

During the breeding season 2019, samples from 62 common 
swifts (adult: n = 10; juvenile: n = 52) were collected in 2 private res-
cue centres and delivered to the laboratory for bacteriological ex-
amination. Of these samples, 35 birds were in a good body condi-
tion, and 27 birds had a moderate to bad nutritional status.

Sampling
In 2014, 16 common swifts were euthanised after incurable inju-
ries, which were caused by severe fractures in most cases, without 
the possibility of a successful rehabilitation [12]. These dissected 
birds were sampled by swabbing (transystem®, Hain Lifescience 
GmbH, Nahren, Germany) of the jejunoileum and cloaca. Addition-
ally, swabs of fresh faeces (transystem®, Hain Lifescience GmbH, 
Nahren, Germany) were obtained from 38 hospitalised swifts. The 

samples were taken from 25 swifts on the first day after their admis-
sion to the clinic, and from 13 swifts that had been kept for several 
weeks in private rescue centres, where they had contact with other 
common swifts from the area of Hannover. In 2019, fresh faeces of 
62 common swifts were swabbed and examined in the same way. 
These birds were kept up to 3 weeks in 2 private rescue centres.

Isolation of salmonella
The isolation of Salmonella spp. in both years was performed accor-
ding to DIN EN ISO 6579 (Annex D). Briefly, swabs of the jejunoileum/
cloaca and the faeces were pre-enriched at a ratio of 1:10 in buffe-
red peptone water (Merck, Darmstadt, Germany). After around 18 
(± 2) hours at 37 °C in aerobic conditions, 3 drops with a total amount 
of 100 μl were placed on modified semi-solid Rappaport-Vassiliadis 
(MSRV) agar (Oxoid Ltd, Basingstoke, UK) for selective enrichment. 
The plates were incubated aerobically for 48 hours at 41.5 °C. The 
enriched samples were plated on xylose-lysine-desoxycholate (XLD) 
agar (Oxoid Ltd) and brilliant-green phenol-red lactose sucrose (BGA) 
agar (Oxoid Ltd). After incubation for 24 hours at 37 °C under aero-
bic conditions, plates were screened for colonies with morphological 
characteristics of Salmonella spp. serovars. In 2019, characteristics of 
Salmonella spp. appeared on XLD agar of 3 samples. Although only 
one of them was found positive by doing an agglutination omniva-
lent salmonella-serum test (SIFIN Institut für Immunpräparate und 
Nährmedien GmbH Berlin, Berlin, Germany). These 3 samples were 
sub-cultured on cystine-lactose-electrolyte deficient (CLED) agar 
(Oxoid Ltd). The yield of CLED agar from one sample with different 
colony appearances was ruled out and later identified as Proteus sp. 
on blood agar. The remaining 2 suspected samples were repeated by 
culturing on XLD and CLED agars. Then, the recovered colonies were 
biochemically confirmed as false-positives of Salmonella spp. by API 
20E system (API®, bioMérieux Inc., USA), and later appeared to be 2 
species of Citrobacter spp. (Citrobacter koseri and Citrobacter youngae).

Results and discussion

During the investigation periods in the described study areas of 
Germany, Salmonella spp. could not be detected in the common 
swift. The macroscopic examination of the organs of the dissected 
swifts revealed no evidence of systemic bacterial infection.

These results lead to the conclusion that the common swift is 
unlikely to be a reservoir for zoonotic and economically significant 
salmonellosis in the area of Hannover. However, Salmonella infec-
tions in swifts in Naples, Italy, are described in the literature, and 
these common swifts seemed to be correlated with local infections 
[15]. A possible explanation of these Salmonella cases in swifts in 
this area of Italy was the waste management crisis, resulting in lack 
of hygiene and waste collection in this urban area during the in-
vestigation period [20]. A transmission of avian pathogens via in-
sects is well described. Olsen and Hammack [21] found S. Infantis 
in houseflies and dump flies, which are the natural prey of swifts. In 
this context, the common swift is discussed as a transient or a lon-
ger-term carrier, because a manifest salmonellosis with diarrhoea 
has not been found in swifts so far [15]. According to our investi-
gation, there was no indication of swifts being long-term carriers 
of Salmonella spp., especially considering that salmonella is also 
one of the main causes of human food-borne illness in Central and 
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South Africa [16][17][18][19], the wintering area of common swifts 
[1]. However, more adult swifts should be examined to verify long-
term transmission of Salmonella spp. by swifts. Additionally, sero-
logical examinations could also help to identify possible infections.

Other wild birds such as waterfowl (Anseriformes), seabirds 
(Charadriiformes) or passerines (Passeriformes) have been de-
scribed as being an important source of these zoonotic pathogens 
[22][23][24]. A possible direct contact between swifts and these 
infected wild birds could take place during the nesting period, when 
swifts use the same nesting sites as, for example, house sparrows 
[23]. Moreover, common swifts often choose aquatic habitats, e. g. 
lakes or riversides, to hunt for insects and to drink. In these habi-
tats, the contact of common swifts with the excreta of wild aquat-
ic birds seems possible [2].

Several studies show that detection and isolation of Salmonel-
la colonies on selective agars could be challenging due to its typ-
ical appearance, as some other Enterobacteriaceae also have the 
same biochemical response in those agars. These confusions could 
lead to misdiagnosis [25][26][27]. In our examinations, a Proteus 
sp. and 2 Citrobacter spp. led to further investigations to exclude a 
Salmonella infection [26].

However, too little is known about infectious diseases of swifts, 
and therefore more research in this field is needed. The present 
study can help to better assess the studies already published in 
the literature.

CONCLUSION FOR PR ACTICE
The common swift is unlikely to be a natural reservoir of Sal-
monella spp. In the transmission of salmonella by swifts, local 
conditions with environmental contamination seem to be an 
important factor and should be included in a risk assessment.
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Chapter 6: General discussion 
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The former academic journal evidence of organochlorine residues and infectious 

diseases in wild birds have triggered our interest in finding out about these data for the 

common swift in the area of Hannover. As the previous studies of this long-distance 

migratory bird that has high potential of exposing residues and carrying diseases seem to 

be conducting to a limited scope (GERBERMANN et al. 1994, MINIERO et al. 2008, 

KRAWIEC et al. 2015). A result of monitoring study can only process unique data from 

the collection area for bird samples. However, using birds as sentinels has revealed that 

the effects of human activities on the environment are ultimately linked to birds (SALDIVA 

and BÖHM 1998; CARERE et al. 2010; SANDERFOOT and HOLLOWAY 2017). Wild 

birds, especially migratory birds are long known being carriers of infectious diseases to 

human and poultry farming (DHAMA et al. 2008). Also, the outbreak reports depended on 

the region (TELFER et al. 2005; HILBERT et al. 2012). Birds that flock to an area may 

reflect either the chemical residues in a particular habitat or the pathogen they carried 

from another location and may excrete in that area.  

The common swifts (Apus apus) are long-distance migrants that live mostly in the 

air and migrate across the continents through many countries every year. They seasonally 

breed in the human habitat (see Chapter 1.1.5 and 1.1.6). We evaluated whether they are 

exposed to pollutants and possibly infected with zoonotic pathogens in this study. The 

common swift was successfully used as a bioindicator for monitoring of chemical residues 

(MINIERO et al. 2008). As a synanthropic bird that relies on human landscapes, they may 

be able to present the environmental pollutants as much as the people can get in that 

area. There was also a criteria supported using them as a sentinel (CARERE et al. 2010). 

Moreover, some sick/injured common swifts are delivered to the animal rescue centres 

and veterinarians in their breeding time (HAUPT 2001; MATTHES 2006; HAUPT 2009; 

FUSTÉ et al. 2013). The event of zoonosis, e.g., hand feeding or close contact between 

man and birds is also concerned. In this chapter, we would like to further discuss regarding 

following points, 
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6.1 Animal specimens 

The specimens used in this study were collected from Clinic for Small Mammals, 

Reptiles and Birds, University of Veterinary Medicine Hannover and private rescue 

centres. Due to the data obtained from Clinic for Small Mammals, Reptiles and Birds, 

University of Veterinary Medicine Hannover 2016-2018, the common swifts in Hannover 

region were brought by well-intentioned men to the clinic between May to late August 

yearly. The most cases were found on the ground with both good and bad conditions. 

There are various factors that caused common swifts to be found on the ground, for 

examples, young birds fall from the nests, window collision birds, injured birds that were 

hunted by their natural predators, birds that were caught by cats, etc. (HAUPT 2001). All 

birds were treated by clinical routine for instance, general examination and taking 

radiography to inspect the fractures and assess the chance of survival. The swifts with 

positive health status were admitted as patients in the clinic for further management to 

keep them healthy. The healthy birds would later be set free in the nature or sent to animal 

shelters or recue centres. 62 samples of common swifts of our study (Chapter 5) were 

collected from animal rescue centers. Most subjects of the study (Chapter 3 and 4) were 

severely injured common swifts which could hardly survive in the wild because of incurable 

fractures/luxation (clavicular fracture, coracoid fracture, elbow luxation, hand fracture, 

humerus fracture, luxation and fracture of the digits, luxation of the sternocoracoidal joint, 

scapular fracture, shoulder luxation, wrist luxation, neurological disorder and blinded 

birds) (HAUPT 2001).  They will be then euthanised for being subjects of the studies 

(Chapter 3 and 4). 

The common swifts in private rescue centres are taken care by experienced staffs, 

mainly for nursery and rehabilitation before release. However, It is necessary in both clinic 

and rescue centers to be in close contact with the bird during the treatment process. 

Therefore, the monitoring of zoonosis should be conducted.   

The common swifts are sexually monomorphic species, the sex determination in 

general is extremely difficult. The colour and the the overall appearances are identical in 
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both genders. To determine the sex of birds, we were able to examine the genital organs 

once the birds were dissected. It revealed that the obtained specimens for our studies of 

pesticide and Chlamydia spp. were 53 females and 28 males (Chapter 10: Table 1). The 

genders distribution was not considered in our studies because they are likely to have the 

same risk of illness and exposure to pollutants, only the age groups and organ volume 

were used to match samples in our study (Chapter 3). 

The categorisation of common swift age was only to distinguish between juvenile 

and adult from its appearances in our study. The juvenile can be specified by the plumage, 

e.g., the naked hatchling with closed eyes is under 10 days old, and the fully feather 

growth (ready to fly) fledglings is about 42 days old (http://www.commonswift.org). At the 

age with fully feather growth, the juveniles’ plumage color is still remaining lighter at the 

feather edges of body, wing, tail, and head. Although, common swifts can breed at the 

first year of age (OTTO et al. 2016), they are believed to reach fully adult stage at least 2 

years old (third calendar year) due to the previous reports of recorded breeding pairs in 

the observed common swift colonies. Also, the general appearances that referred to the 

moulting in wintering grounds wherein the flight feathers will be completely replaced in the 

second winter (Chapter 1). None of the birds in their second calendar year (JUKEMA et 

al. 2015) is found in our study. 

The recorded weight of common swifts shown in Chapter 10: Table 1 was 

measured from dead specimens before the animal dissection and sample collection, in 

the monitoring studies of pesticide and Chlamydia spp. Birds with different body conditions 

are accounted in our studies. Their weight ranged from 19.10-48.58 g (32.17 g in average); 

the lightest common swift was a female juvenile bird measured in 2018 with a very bad 

body condition score (1/5) while the heaviest bird was also a female juvenile in 2018 

observed with an extreme obesity (5/5). In order to achieve the minimal volume of 

chemical analysis, the internal organs; breast muscle and fat from all birds with different 

body condition were also weighted and then taken as subjects for the awaiting 

examination.  
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6.2 Pesticide and PCBs 

 82 common swifts were paired into 41 pooled samples (as described in Chapter 3) 

for the chemical analysis, and 4,4’-DDE, PCB138, PCB153, and PCB180 were the most 

detected compounds (38/41 samples) found in the study (Chapter 10: Table 2). Overall 

chemicals were more often verified in adult birds, except for the PCB101 which was only 

found once in one juvenile bird pooled sample. In our study we detected two pesticides, 

4,4’-DDE and dieldrin in adult common swifts with significantly (p ≤ 0.05) higher 

concentration content when compared with those in juvenile birds. This can be explained 

by the exposure to these pesticides during the long-distance migration while the juvenile 

birds may only be exposed to these chemicals within their breeding colonies. All in all, a 

comparison of contaminants (HCB, lindane, PCB138, PCB153, and PCB180) did not 

reveal striking differences in both bird groups which might be explained by the breeding 

situation and the nearby location of their nests within Hannover area.  

 According to our findings of detected PCBs, the compounds of PCB138, PCB153, 

and PCB180 are also most commonly found in samples from wildlife and plants (SAFE 

1994). The greatest levels of PCBs were markedly detected in a single juvenile pooled 

sample in 2017 (PCB138: 0.072, PCB153: 0.167, PCB180: 0.072 mg/kg bw). Also, only 

one pooled sample of juvenile common swifts in 2017 was found being contaminated by 

dieldrin in this study (Chapter 10: Table 3.1-3.3). A pooled sample of juvenile birds with 

the markedly high contamination may not only be explained by the vertical transmission 

of higher contaminated parent birds (DRIVER et al. 1976; ACKERMAN et al. 2016),  but 

maybe also be due to the exposure of anthropogenic material. For instance, many bird 

species use the debris of human waste as nesting materials (JAGIELLO et al. 2019). 

Furthermore, they are living in niches of human buildings or house structures in cities 

(SVENSSON et al. 2009). These could be  the causes of direct ingestion or indirect contact 

with the residues of nestlings (ROUX and MARRA 2007). On the contrary, because 

common swifts build their nests of air-borne material captured during their flight 
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(HEDENSTRÖM et al. 2016), this presumption might be irrelevant. An adult common swift 

pooled sample in 2018 showed the highest concentration of 4,4’-DDE (0.216 mg/kg ww), 

while an adult bird pooled sample in 2017 outstandingly had the highest PCBs 

concentration (PCB138: 0.120, PCB153: 0.360, PCB180: 0.230 mg/kg ww) detected in 

our study (Chapter 10: Table 3.4-3.6). However, the mean concentration found in our 

study seems to have low risk compared to the previous literature (Chapter 3). 

 

6.3 Identification of the infectious agents 

 The reason that Chlamydia sp. and Salmonella sp. were not detected in specimens 

of our study material may not be related to the used technical method. Our Salmonella 

study was conducted according to ISO 6579:2002 (Annex D), which is one of the 

European Union (EU) approved methods for detection of Salmonella (CARRIQUE-MAS 

and DAVIES 2008). The laboratory procedures consist of the buffered peptone water as 

pre-enrichment media, modified semi-solid Rappaport-Vassiliadis (MSRV) as selective 

enrichment media, and the isolation on xylose-lysine-desoxycholate agar (XLD) and 

brilliant green agar (BGA) (INTERNATIONAL ORGANIZATION FOR 

STANDARDIZATION 2007; OIE 2018b). Although XLD and BGA are the most commonly 

used selective plating media, a comparison study of plating media using ISO 6579:2002 

(Annex D) showed that combining an optional plating media such as Rambach for this 

method may increase the accuracy of Salmonella serovars detection (CARRIQUE‐MAS 

et al. 2009).  Even the process of above mentioned method takes up to 5 days (BELL et 

al. 2016), identification of Salmonella by bacterial culture is more sensitive than 

commercial PCR (BAX method), commercial ELISA (Bioline Selecta, Bioline Optima and 

Vidas) and NMKL (Nordic Committee on Food Analysis) (ERIKSSON and ASPAN 2007). 

However, a false positive result that led to the misdiagnosis of Salmonella spp. can occur 

on a culture (TATE et al. 1990; BENNETT et al. 1999; PARK et al. 2012). After the suspect 

colonies appeared, subculture is suggested, as well as agglutination test (Chapter 10: 

Figure 2) and the biochemical test to confirm the presence of bacteria of the genus 
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Salmonella (OIE 2018b). Earlier studies of Salmonella using the similar method to identify 

infected birds demonstrate this well (HERNANDEZ et al. 2003; MARIN et al. 2014; 

BOONYARITTICHAIKIJ et al. 2017). It is sceptical about Salmonella-infection in common 

swifts that they die before they reach the breeding ground, compared to other bird species 

(e.g., Finches) which are susceptible to some Salmonella spp. and have this fatally 

infection (REFSUM et al. 2003). In our study, recovered colonies were finally tested by 

the API 20E biochemical system (API®, bioMérieux Inc., USA), which later revealed two 

species of Citrobacter spp. (Citrobacter koseri and Citrobacter youngae) (Chapter 10: 

Figure 1). 

  Citrobacter sp. is a member of the family Enterobacteriaceae similar to 

Salmonella sp.. It can commonly be found in general environment (soil, water, etc.) and 

in gastrointestinal organs of both animals and humans. Citrobacter spp. unlikely are the 

causative pathogens of human infections but there are still ongoing outbreaks and case 

reports in neonates and patients with impaired or weakened immune system, particularly 

involved by Citrobacter koseri (DORAN 1999; MURRAY et al. 2010; LIN et al. 2011; 

KWAEES et al. 2016; REYES et al. 2017). Scientific papers of Citrobacter spp. infections 

in human due to bird contact are rare. Subsequently, we assume that it has some potential 

as other low virulent coliforms. Presumably, some birds are asymptomatic carriers. 

Citrobacter sp. was found in pellets (regurgitated indigested mass) from birds of prey in 

southern Italy, for example in Falco tinnunculus, Falco peregrinus, Buteo buteo, Accipiter 

nisus, Tyto alba, Strix aluco, Bubo bubo, Asio flammeus, and Circaetus gallicus 

(DIPINETO et al. 2015).  

 In our Chlamydia study from 2009-2018, we detected a negative result of 

Chlamydia identification in common swift in Hannover, Germany. This is surprising, 

however, even though infection of birds with Chlamydia psittaci is common all over the 

world (KALETA and TADAY 2003) and Chlamydia avium and Chlamydia gallinacea are 

also recently reported in birds (SACHSE et al. 2014). Our diagnostic method for 

Chlamydia was a real-time PCR, including Chlamydiaceae-specific screening PCR based 

on sequences of 23S-rRNA (EVERETT et al. 1999; DEGRAVES et al. 2003; EHRICHT et 
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al. 2006) and Chlamydia psittaci-specific PCR based on sequences of outer membrane 

protein (ompA) (PANTCHEV et al. 2009). The reason of using both family- and species-

specific PCR in our study was that the species-specific PCR has the limitation in detecting 

of some ompA genotypes (e.g., C. psittaci M56, 1V, D, and 6N) of chlamydiae (KONICEK 

et al. 2016; STALDER et al. 2020). However, real-time PCR is the most preferred and 

recommended method, which is quicker; more sensitive; and gives more specific result, 

compared to other techniques such as isolation in cell culture or embryonated eggs, 

cytological staining, Immunohistochemical staining, ELISA, or other serological tests (OIE 

2018a).  

 Salmonella and Chlamydia are economically important zoonotic diseases in 

humans. These pathogens, for example, can be spread to people through contact with 

infected birds. They are notifiable diseases and there are still reports of infections in 

Germany (ROBERTKOCH-INSTITUT 2020). Although our swifts revealed no incidence of 

Salmonella spp. and Chlamydia spp. infection, we suggest further studies with longer 

period, larger sample number, and sample collection from different regions. Also, there is 

too little knowledge of infection diseases in common swifts, therefore more research in 

this field is needed. Wild birds are known to be part of the potential transmission for those 

zoonotic diseases for humans, poultry industry and domestic animal (ALLEY et al. 2002; 

KALETA and TADAY 2003; TIZARD 2004; ZWEIFEL et al. 2009; ANDRÉS et al. 2013; 

BORRELLI et al. 2013; BECKMANN et al. 2014; WEI et al. 2020). Other pathogens that 

were not accounted in this study would also be worthy for a future study.  Moreover, 

veterinarians and individuals who are working with seasonal wild birds can be exposed to 

these infectious diseases. A close contact with live or dead birds in the routine tasks can 

hardly be avoided (HAUPT 2001; MATTHES 2006; HAUPT 2009; FUSTÉ et al. 2013; 

KALMAR et al. 2014). To prevent the occurrence of infections, the biosafety and 

biosecurity measures in veterinary diagnostic and animal facilities should be concerned, 

as well as health surveillance by an occupational physician is recommended. 
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6.4 The relevance of pesticides and zoonoses 

 There is no relevant results between Chlamydia, Salmonella, and pesticides of 

common swifts in our study. The obtained data from the birds together with the results of 

our works cannot be concluded for the mutual findings. Although pesticides were detected 

in common swifts in Hannover area, this verification cannot be an explanation for the 

detection of Chlamydia and Salmonella in these birds. 
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Chapter 7: Summary 
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Summary 

Warakorn Tiyawattanaroj 

 

Monitoring of organochlorine pesticide and polychlorinated biphenyl residues in 

common swifts (Apus apus) in the region of Hannover, Lower Saxony, Germany.  

 The prohibition of using and producing of organochlorine pesticides (OCPs) was 

correspondingly agreed in the convention in most countries around the world because of 

their unfavorable impacts. These chemicals are ingrained in the environment and effect 

the population number of avian species. A pesticide (e.g., DDE) can cause the 

reproduction failure in birds for example, the thinner eggshell and the lower hatching 

survival rate.  Migratory birds suffered with significantly decline of population over the past 

several decades, these migrants may expose to larger scale of toxic substances on their 

migration route for instance, the breeding area, the stopover area, and the wintering 

ground. 

 Common swifts (Apus apus) are known as the insectivorous migratory birds that 

have the largest decline from all regions in Germany, the population declined 6.7% yearly 

from 2006 to 2018 in average. This bird was suggested as a suitable bioindicator for 

evaluating the air pollution in Italy.  In this study, we monitored the pesticide residues and 

evaluated our assumption if there were significant differences in chemical levels between 

adult and juvenile common swifts. 

 Overall, the accumulation of organochlorine contaminants in organs of the adult 

and juvenile common swifts (n = 82) from 2016-2018 was analysed, pooled organ samples 

of birds (breast muscle, fat tissue, liver, kidney, lungs, and brain) were tested according 

to multi-residue analysis ASU § 64 LFBG (based upon DFG pesticide commission S19) 

by gas chromatography with time-of-flight and mass spectrometer (GC-TOF/MS).  

 The mean concentrations of the 4,4’-DDE and dieldrin are significantly higher in 

adult birds than in juveniles (p-values = 0.002 and 0.023, respectively). Other detected 
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organochlorines such as, hexachlorobenzene, lindane, PCB138, PCB153, and PCB180 

are also higher in adults but show no significances. The different chemical concentration 

between adult and juvenile swifts are likely to be explained by long-term storage or a 

higher load of adult common swifts that have more chance of exposure to more polluted 

areas during their long-distance migration, while juvenile common swifts displayed 

persistent residues taken conceivably from the urban area where their nests are located. 

However, the average of detected concentrations in our study is far lower than those 

available data which are known to cause fatal effects in birds. 

 

Monitoring of the Chlamydia and Salmonella in common swifts (Apus apus) in the 

area of Hannover, Lower Saxony, Germany. 

 The common swift as a seasonal migratory bird arrived at the urban areas of 

Germany in summer to produce the offspring. From April to September, this bird is 

increased in number and some injured bird was accidentally brought to veterinary hospital, 

animal shelter, and wildlife rescue centre every year (HAUPT 2009). These avian patients 

were taken care closely by veterinarian, volunteer, and staff, which had the unavoidably 

close contact between bird and man.  

 Chlamydial infection was rarely reported in a common swift (Apus apus), few 

numbers were detected with positive in the earlier studies. To uncover this, we monitored 

Chlamydia spp. in common swifts (n=243) by real-time PCR technique from 2009 to 2018. 

To conclude, the specific sequence of Chlamydiaceae and Chlamydia spp. could not be 

detected in any common swift within the investigation period.  

 The report of common swifts as Salmonella enterica serovar Infantis (S. Infantis) 

carriers is seemed to involve with zoonotic infection in Italy. In addition, S. Infantis is one 

of the most widespread Salmonella serovars isolated from cases of human salmonellosis 

and the most identified serovar from animal and food sources in Europe and there are 

widely ongoing outbreaks in Africa. Thus, we examined Salmonella infections in common 
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swifts (n=116) from two different periods, 2014 and 2019 respectively. The identification 

of Salmonella was performed with a standard method (ISO 6579:2002, Annex D), followed 

by, agglutination test, and API 20E system to finalise the Salmonella colonies. Eventually, 

none of the samples in both years was Salmonella spp. positive.  

 The infection of Chlamydia and Salmonella in common swifts of the earlier 

literatures could be geographically depended. The rapid death of infected birds can also 

be assumed that they did not appear at the first place and were not collected for the study. 

In conclusion, Chlamydia and Salmonella are not detected in the study. However, the 

migratory birds have high potential for carrying zoonotic diseases. And the contact of 

swifts with infected birds is still possible, e.g., during the nesting, and foraging around the 

aquatic ecosystem. Therefore, zoonosis should be taken into consideration for people who 

works closely with wild birds. 
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Chapter 8: Zusammenfassung 
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Zusammenfassung 

Warakorn Tiyawattanaroj 

 

Überwachung der Rückstände von Organochlorpestiziden und polychlorierten 

Biphenylen bei Mauerseglern (Apus apus) in der Region Hannover, Niedersachsen, 

Deutschland. 

 Das Verbot der Verwendung und Herstellung von chlororganischen Pestiziden 

(OCPs) wurde entsprechend in der Konvention in den meisten Ländern der Welt wegen 

ihrer nachteiligen Auswirkungen festgeschrieben. Diese Chemikalien sind in der Umwelt 

fest verankert und können die Populationszahl von Vogelarten beeinflussen. So kann 

beispielsweise ein Pestizid (z.B. DDE) bei Vögeln Reproduktionsstörungen, dünnere 

Eierschalen und geringere Überlebensraten beim Schlüpfen verursachen. Zugvögel litten 

in den letzten Jahrzehnten unter einem deutlichen Populationsrückgang. Auf ihrer 

Migrationsroute können sie in größerem Umfang toxischen Substanzen ausgesetzt sein, 

beispielsweise im Brutgebiet, auf dem Zugweg und im Überwinterungsgebiet. 

 Mauersegler (Apus apus) gehören zu den insektenfressenden Zugvögeln, die in 

allen Regionen Deutschlands den größten Rückgang erleiden. So nahm die Population 

von 2006 bis 2018 im Durchschnitt um 6,7 % pro Jahr ab. Diese Vogelart wurde deshalb 

als geeigneter Bioindikator für die Bewertung der Luftverschmutzung in Italien 

vorgeschlagen. In der eigenen Studie kontrollierten wir Pestizidrückstände und 

untersuchten, ob dazu auffällige Unterschiede in den Chemikalienkonzentrationen 

zwischen adulten und juvenilen Mauerseglern auftreten. 

 Insgesamt wurde die Akkumulation von chlororganischen Schadstoffen in Organen 

von adulten und juvenilen Mauerseglern (n = 82) aus den Jahren 2016-2018 analysiert. 

Gepoolte Organproben der Vögel (Brustmuskel, Fettgewebe, Leber, Niere, Lunge und 

Gehirn) wurden nach der Multi-Residue-Analyse ASU § 64 LFBG (in Anlehnung an DFG-
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Pestizidkommission S19) mittels Gaschromatographie mit Time-of-Flight und 

Massenspektrometer (GC-TOF/MS) untersucht.  

 Die mittleren Konzentrationen von 4,4'-DDE und Dieldrin lag bei den adulten 

Vögeln signifikant höher als bei Jungtieren (p-Wert = 0,002 bzw. 0,023). Andere 

nachgewiesene chlororganische Substanzen wie Hexachlorbenzol, Lindan, PCB138, 

PCB153 und PCB180 wurden ebenfalls bei adulten Tieren in höherer Konzentration 

gemessen, allerdings ohne Signifikanz. Diese Unterschiede zwischen Adulten und 

Juvenilen Mauerseglern lassen sich möglicherweise durch die langfristige Speicherung 

oder durch eine höhere Belastung der adulten Mauersegler erklären. So haben diese eine 

größere Chance, auf ihrem Langstreckenflug mit stärker belasteten Gebieten in Kontakt 

zu kommen, während juvenile Mauersegler Rückstände aufwiesen, die ausschließlich aus 

der Region in Nistnähe stammen können. 

 Im Mittelliegen die nachgewiesenen Konzentrationen jedoch weit unter den 

Konzentrationen, die laut zugänglicher Literatur schädigende Wirkungen auf Vögel haben. 

Allerdings gibt es für Mauersegler hierzu keine Untersuchungen. 

 

Überwachung von Chlamydien und Salmonellen bei Mauerseglern (Apus apus) in 

der Region Hannover, Niedersachsen, Deutschland. 

 Der Mauersegler als saisonaler Zugvogel erreicht die städtischen Gebiete 

Deutschlands im Sommer, um den Nachwuchs zu produzieren. Von April bis September 

nimmt die Zahl dieser Vögel zu, und jedes Jahr werden einige verletzte Vögel in 

Tierkliniken, Tierheime und Rettungszentren für Wildtiere eingeliefert. Diese 

Vogelpatienten werden von Tierarzt, Freiwilligen und Personal sorgfältig betreut, wodurch 

ein unvermeidlich enger Kontakt zwischen Vogel und Mensch entsteht.  

 Über Chlamydieninfektionen wurde beim Mauersegler (Apus apus) selten 

berichtet, in früheren Studien wurden nur wenige positive Fälle festgestellt. 

Untersuchungen aus dem Raum Hannover liegen nicht vor. Aus diesen Gründen haben 
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wir von 2009 bis 2018 bei Mauerseglern (n= 243) untersucht, ob sich Chlamydia spp. 

Infektionen  mittels Real-Time-PCR-Technik nachweisen lassen. Fazit: Eine spezifische 

Sequenz von Chlamydiaceae und Chlamydia spp. konnte im Untersuchungszeitraum bei 

keinem Mauersegler nachgewiesen werden. 

  Ein Hinweis über einen Mauersegler als Überträger von einem Salmonella enterica 

Serovar Infantis (S. Infantis) im Rahmen einer Zoonotise liegt aus Italien vor. S. Infantis 

ist eines der am weitesten verbreiteten Serotypen von Salmonellen, die in Fällen einer 

Salmonellose beim Menschen isoliert wurde. Auch ist er der am häufigsten identifizierte 

Serotyp aus Tier- und Lebensmittelquellen in Europa, zudem sind Ausbrüche in Afrika 

weit verbreitet. Wir untersuchten deshalb Salmonellen-Infektionen bei Mauerseglern 

(n=116) der Jahre 2014 bzw. 2019. Die Identifizierung der Salmonellen erfolgte mit einer 

Standardmethode (ISO 6579:2002, Anhang D), gefolgt von einem Agglutinationstest und 

dem API 20E System, um die Salmonellenkolonien endgültig zu bestimmen. Letztendlich 

war keine der Proben in beiden Jahren Salmonella spp. positiv. 

 Die Infektion von Mauerseglern mit Chlamydien und Salmonellen in den früheren 

Literaturquellen könnte geografisch bedingt sein. Der rapide Tod infizierter Vögel lässt 

auch vermuten, dass sie nicht am Todesort aufgefunden wurden und deshalb nicht in die 

Untersuchung eingegangen sind. Zusammenfassend lässt sich sagen, dass Chlamydien 

und Salmonellen in der Studie nicht nachgewiesen wurden. Allerdings weisen Zugvögel 

ein hohes Potenzial für die Übertragung von Zoonosen auf. Da der Kontakt von 

Mauerseglern mit infizierten Vögeln oder Insekten ist, z. B. während der Brutzeit und bei 

der Nahrungssuche im aquatischen Ökosystem, weiterhin möglich. Aus diesem Grund 

sollten Zoonosen für Menschen, die in engem Kontakt mit Wildvögeln arbeiten, besonders 

beachtet werden. 

  

 

  



 

56 
 

Chapter 9: References 

  



 

57 
 

ACKERMAN, J. T., C. A. EAGLES-SMITH, M. P. HERZOG and C. A. HARTMAN (2016): 

Maternal transfer of contaminants in birds: mercury and selenium concentrations in 

parents and their eggs. 

Environ. Pollut. 210, 145-154 

 

AHMED, R. and P. ADRIAENS (2010): 

Common, Asian common and pallid swifts: colour nomenclature, moult and identification. 

Dutch Birding 32, 97-105 

 

ÅKESSON, S., P. W. ATKINSON, A. BERMEJO, J. DE LA PUENTE, M. FERRI, C. M. 

HEWSON, J. HOLMGREN, E. KAISER, L. KEARSLEY and R. H. KLAASSEN (2020): 

Evolution of chain migration in an aerial insectivorous bird, the common swift Apus apus. 

Evolution 74, 2377-2391 

 

ÅKESSON, S., G. BIANCO and A. HEDENSTRÖM (2016): 

Negotiating an ecological barrier: crossing the Sahara in relation to winds by common 

swifts.  

Philos. Trans. R. Soc. Lond. B. Biol. Sci. 371, 1-15 

  

ÅKESSON, S., R. KLAASSEN, J. HOLMGREN, J. W. FOX and A. HEDENSTRÖM 

(2012): 

Migration routes and strategies in a highly aerial migrant, the common swift Apus apus, 

revealed by light-level geolocators. 

PLoS One 7, e41195 

 

ALLEY, M., J. CONNOLLY, S. FENWICK, G. MACKERETH, M. LEYLAND, L. ROGERS, 

M. HAYCOCK, C. NICOL and C. REED (2002): 

An epidemic of salmonellosis caused by Salmonella Typhimurium DT160 in wild birds 

and humans in New Zealand. 



 

58 
 

N. Z. Vet. J. 50, 170-176 

 

ANDRÉS, S., J. P. VICO, V. GARRIDO, M. J. GRILLÓ, S. SAMPER, P. GAVÍN, S. 

HERRERA‐LEÓN and R. C. MAINAR‐JAIME (2013): 

Epidemiology of subclinical salmonellosis in wild birds from an area of high prevalence 

of pig salmonellosis: phenotypic and genetic profiles of Salmonella isolates. 

Zoonoses Public Health 60, 355-365 

 

AYÉ, R., M. SCHWEIZER and T. ROTH (2012): 

Birds of Central Asia. 

Bloomsbury Publishing, London 

 

BANDOW, N., A. CONRAD, M. KOLOSSA-GEHRING, A. MURAWSKI and G. SAWAL 

(2020): 

Polychlorinated biphenyls (PCB) and organochlorine pesticides (OCP) in blood plasma–

Results of the German environmental survey for children and adolescents 2014–2017 

(GerES V). 

Int. J. Hyg. Environ. Health 224, 113426 

 

BECKER, P. H. (2003): 

Biomonitoring with birds. 

In: Trace metals and other contaminants in the Environment. 

Elsevier, S. 677-736 

 

BECKMANN, K. M., N. BOREL, A. M. POCKNELL, M. P. DAGLEISH, K. SACHSE, S. K. 

JOHN, A. POSPISCHIL, A. A. CUNNINGHAM and B. LAWSON (2014): 

Chlamydiosis in British Garden Birds (2005-2011): retrospective diagnosis and 

Chlamydia psittaci genotype determination. 

EcoHealth 11, 544-563 



 

59 
 

 

BELL, R. L., K. G. JARVIS, A. R. OTTESEN, M. A. MCFARLAND and E. W. BROWN 

(2016): 

Recent and emerging innovations in Salmonella detection: a food and environmental 

perspective. 

Microb. Biotechnol. 9, 279-292 

 

BENNETT, A., S. MACPHEE, R. BETTS and D. POST (1999): 

Use of pyrrolidonyl peptidase to distinguish Citrobacter from Salmonella. 

Letters in applied microbiology 28, 175-178 

 

BEYER, W. N. and J. P. MEADOR (2011): 

Environmental contaminants in biota: interpreting tissue concentrations. 

CRC Press, Boca Raton, FL, USA 

 

STANEVA, A. and I. BURFIELD (2017): 

European birds of conservation concern: populations, trends and national 

responsibilities. 

BirdLife international, Cambridge, UK 

 

BOATMAN, N. D., N. W. BRICKLE, J. D. HART, T. P. MILSOM, A. J. MORRIS, A. W. 

MURRAY, K. A. MURRAY and P. A. ROBERTSON (2004): 

Evidence for the indirect effects of pesticides on farmland birds. 

Ibis 146, 131-143 

 

BOONYARITTICHAIKIJ, R., E. VERBRUGGHE, D. DEKEUKELEIRE, R. DE BEELDE, 

L. ROUFFAER, R. HAESENDONCK, D. STRUBBE, W. MATTHEUS, S. BERTRAND 

and F. PASMANS (2017): 



 

60 
 

Salmonella Typhimurium DT193 and DT99 are present in great and blue tits in Flanders, 

Belgium. 

PloS one 12, e0187640 

 

BORRELLI, L., A. FIORETTI, T. P. RUSSO, L. BARCO, P. RAIA, L. M. DE LUCA 

BOSSA, M. SENSALE, L. F. MENNA and L. DIPINETO (2013): 

First report of Salmonella enterica serovar Infantis in common swifts (Apus apus). 

Avian Pathol. 42, 323-326 

 

BUCK, A., J. CARRILLO-HIDALGO, P. R. CAMARERO and R. MATEO (2020): 

Organochlorine pesticides and polychlorinated biphenyls in common kestrel eggs from 

the Canary Islands: Spatiotemporal variations and effects on eggshell and reproduction. 

Chemosphere 261, 127722 

 

CARERE, C. and E. ALLEVA (1998): 

Sex differences in parental care in the common swift (Apus apus): effect of brood size 

and nestling age. 

Can. J. Zool. 76, 1382-1387 

 

CARERE, C., D. COSTANTINI, A. SORACE, D. SANTUCCI and E. ALLEVA (2010): 

Bird populations as sentinels of endocrine disrupting chemicals. 

Ann. Ist. Super. Sanita 46, 81-88 

 

CARRIQUE-MAS, J. and R. DAVIES (2008): 

Sampling and bacteriological detection of Salmonella in poultry and poultry premises: a 

review. 

Rev. - Off. Int. Epizoot. 27, 665-677 

 

CARRIQUE‐MAS, J., S. BARNES, I. MCLAREN and R. DAVIES (2009): 



 

61 
 

Comparison of three plating media for the isolation of Salmonella from poultry 

environmental samples in Great Britain using ISO 6579: 2002 (Annex D). 

J. Appl. Microbiol. 107, 1976-1983 

 

CHANTLER, P. (2010): 

Swifts: a guide to the swifts and treeswifts of the world. 

Christopher Helms Publishers, London, UK 

 

CHEN, D. and R. C. HALE (2010): 

A global review of polybrominated diphenyl ether flame retardant contamination in birds. 

Environ. Int. 36, 800-811 

 

CHUNG, D. M., E. FERREE, D. M. SIMON and P. J. YEH (2018): 

Patterns of Bird-Bacteria Associations. 

EcoHealth 15, 627-641 

 

COLABUONO, F. I., S. TANIGUCHI and R. C. MONTONE (2012): 

Organochlorine contaminants in albatrosses and petrels during migration in South 

Atlantic Ocean. 

Chemosphere 86, 701-708 

 

COLBORN, T., F. S. VOM SAAL and A. M. SOTO (1993): 

Developmental effects of endocrine-disrupting chemicals in wildlife and humans. 

Environ. Health Perspect. 101, 378-384 

 

CRAMP, S., D. J. BROOKS, E. DUNN, R. GILLMOR, P. A. D. HOLLOM, R. HUDSON, 

E. M. NICHOLSON, M. A. OGILVIE, P. J. S. OLNEY, C. S. ROSELAAR, K. E. L. 

SIMMONS, K. H. VOOUS, D. I. M. WALLACE, J. WATTEL and M. G. WILSON (1985): 



 

62 
 

Handbook of the birds of Europe, the Middle East and North Africa: The birds of the 

Western Palearctic. Volume IV. Terns to Woodpeckers. 

Oxford University Press, Oxford, UK 

 

DAUWE, T., S. G. CHU, A. COVACI, P. SCHEPENS and M. EENS (2003): 

Great tit (Parus major) nestlings as biomonitors of organochlorine pollution. 

Arch. Environ. Contam. Toxicol. 44, 89-96 

 

DEGRAAF, R. M. and J. H. RAPPOLE (1995): 

Neotropical migratory birds: natural history, distribution, and population change. 

Cornell University Press, London, UK 

 

DEGRAVES, F. J., D. GAO and B. KALTENBOECK (2003): 

High-sensitivity quantitative PCR platform. 

Biotechniques 34, 106-115 

 

DELL’OMO, G., E. ALLEVA and C. CARERE (1998): 

Parental recycling of nestling faeces in the common swift. 

Anim. Behav. 56, 631-637 

 

DHAMA, K., M. MAHENDRAN and S. TOMAR (2008): 

Pathogens Transmitted by Migratory Birds: Threat Perceptions to Poultry Health and 

Production. 

Int. J. Poult. Sci. 7, 516-525 

 

DHANANJAYAN, V., S. MURALIDHARAN and S. RANAPRATAP (2011): 

Organochlorine pesticide residues in eggs and tissues of house sparrow, Passer 

domesticus, from Tamil Nadu, India. 

Bull. Environ. Contam. Toxicol. 87, 684-688 



 

63 
 

 

DIPINETO, L., L. M. D. L. BOSSA, A. PACE, T. P. RUSSO, A. GARGIULO, F. 

CICCARELLI, P. RAIA, V. CAPUTO and A. FIORETTI (2015): 

Microbiological survey of birds of prey pellets. 

Comp. Immunol. Microbiol. Infect. Dis. 41, 49-53 

 

DORAN, T. I. (1999): 

The role of Citrobacter in clinical disease of children. 

Arch. Clin. Infect. Dis. 28, 384-394 

 

DRIVER, D., R. N. BREWER and G. J. COTTIER (1976): 

Pesticide residues in eggs and chicks from laying hens fed low levels of several 

chlorinated hydrocarbon pesticides. 

Poult. Sci. 55, 1544-1549 

 

EFSA (2017): 

The European Union summary report on trends and sources of zoonoses, zoonotic 

agents and food‐borne outbreaks in 2016. 

EFSA J. 15, e05077 

 

EHRICHT, R., P. SLICKERS, S. GOELLNER, H. HOTZEL and K. SACHSE (2006): 

Optimized DNA microarray assay allows detection and genotyping of single PCR-

amplifiable target copies. 

Mol. Cell. Probes 20, 60-63 

 

ERIKSSON, E. and A. ASPAN (2007): 

Comparison of culture, ELISA and PCR techniques for Salmonella detection in faecal 

samples for cattle, pig and poultry. 

BMC Vet. Res. 3, 1-19 



 

64 
 

 

EVERETT, K. D., L. J. HORNUNG and A. A. ANDERSEN (1999): 

Rapid detection of the Chlamydiaceae and other families in the order Chlamydiales: 

three PCR tests. 

J. Clin. Microbiol. 37, 575-580 

 

FEASEY, N. A., G. DOUGAN, R. A. KINGSLEY, R. S. HEYDERMAN and M. A. 

GORDON (2012): 

Invasive non-typhoidal Salmonella disease: an emerging and neglected tropical disease 

in Africa. 

The Lancet 379, 2489-2499 

 

FOTI, M., D. RINALDO, A. GUERCIO, C. GIACOPELLO, A. ALEO, F. DE LEO, V. 

FISICHELLA and C. MAMMINA (2011): 

Pathogenic microorganisms carried by migratory birds passing through the territory of 

the island of Ustica, Sicily (Italy). 

Avian Pathol. 40, 405-409 

 

FRY, D. M. (1995): 

Reproductive effects in birds exposed to pesticides and industrial chemicals. 

Environ. Health Perspect. 103, 165-171 

 

FUSTÉ, E., E. OBON and L. OLID (2013): 

Hand-reared common swifts (Apus apus) in a wildlife rehabilitation centre: assessment 

of growth rates using different diets. 

J. Zoo. Aquar. Res. 1, 61-68 

 

GEDEON, K., C. GRÜNEBERG, A. MITSCHKE, C. SUDFELDT, W. EIKHORST, S. 

FISCHER, M. FLADE, S. FRICK, I. GEIERSBERGER, B. KOOP, M. KRAMER, T. 



 

65 
 

KRÜGER, N. ROTH, T. RYSLAVY, S. STÜBING, S. R. SUDMANN, R. STEFFENS, F. 

VÖKLER, K. WITT and P. DOUGALIS (2014): 

Atlas Deutscher Brutvogelarten. 

Stiftung Vogelmonitoring Deutschland, Münster, Germany 

 

GEORGOPOULOU, I. and V. TSIOURIS (2008): 

The potential role of migratory birds in the transmission of zoonoses. 

Vet. Ital. 44, 671-677 

 

GERBERMANN, H., R. KORBEL and J. KOSTERS (1994): 

Zum Vorkommen von Chlamydia psittaci—Infektionen bei verschiedenen einheimischen 

Wildvogeln. 

IX. Tagung über Vogelkrankheiten, München 130-142 

 

GONZÁLEZ-GÓMEZ, X., J. SIMAL-GÁNDARA, L. E. F. ALVAREZ, A. M. LÓPEZ-

BECEIRO, M. PÉREZ-LÓPEZ and E. MARTÍNEZ-CARBALLO (2020): 

Non-invasive biomonitoring of organic pollutants using feather samples in feral pigeons 

(Columba livia domestica). 

Environ. Pollut. 267, 115672 

 

GRASMAN, K. A., P. F. SCANLON and G. A. FOX (1998): 

Reproductive and physiological effects of environmental contaminants in fish-eating 

birds of the Great Lakes: a review of historical trends. 

Environ. Monit. Assess. 53, 117-145 

 

GRÜNEBERG, C., H.-G. BAUER, H. HAUPT, O. HÜPPOP, T. RYSLAVY and P. 

SÜDBECK (2015): 

Rote Liste der Brutvögel Deutschlands. 5. 

Fassung 30, 19-67 



 

66 
 

 

GRZIMEK, B. (2002): 

Grzimek’s Animal Life Encyclopedia Birds II. 

Gale Group, Farmington Hills, MI, USA 

 

HABEL, J. C., M. J. SAMWAYS and T. SCHMITT (2019): 

Mitigating the precipitous decline of terrestrial European insects: Requirements for a 

new strategy. 

Biodivers. Conserv. 28, 1343-1360 

 

HAHN, A. and R. YOSEF (2020): 

Induced alloparental care in Common Swifts (Apus apus). 

Eur. J. Ecol. 6, 18-22 

 

HAUPT, C. (2001): 

Mauersegler in Menschenhand: Erste Hilfe – Aufzucht und Pflege – Tierärztliche 

Versorgung. 

Deutsche Gesellschaft für Mauersegler e.V., Frankfurt am Main, Germany 

 

HAUPT, C. (2009) 

Radiologische Diagnostik am Mauersegler Apus apus (Linnaeus 1758): Anatomie und 

Pathologie des Skeletts und ein Beitrag zur tierärztlichen Therapie und Prognose. 

Giessen, Germany, Justus-Liebig-Universität Giessen, Faculty of Veterinary Medicine, 

Giessen, Diss. 

 

HEDENSTRÖM, A., G. NOREVIK, K. WARFVINGE, A. ANDERSSON, J. BÄCKMAN 

and S. ÅKESSON (2016): 

Annual 10-Month Aerial Life Phase in the Common Swift Apus apus. 

Curr. Biol. 26, 3066-3070 



 

67 
 

 

HENNY, C. J., F. P. WARD, K. RIDDLE and R. M. PROUTY (1982): 

Migratory peregrine falcons, Falco peregrinus, accumulate pesticides in Latin America 

during winter. 

Can. Field-Nat. 96, 333-338 

 

HERNANDEZ, J., J. BONNEDAHL, J. WALDENSTRÖM, H. PALMGREN and B. OLSEN 

(2003): 

Salmonella in birds migrating through Sweden. 

Emerg. Infect. Dis. 9, 753 

 

HILBERT, F., F. SMULDERS, R. CHOPRA-DEWASTHALY and P. PAULSEN (2012): 

Salmonella in the wildlife-human interface. 

Food Res. Int. 45, 603-608 

 

HOLMGREN, J. (2004): 

Roosting in tree foliage by Common Swifts Apus apus. 

Ibis 146, 404-416 

 

HONG, S. H., W. J. SHIM, G. M. HAN, S. Y. HA, M. JANG, M. RANI, S. HONG and G. 

Y. YEO (2014): 

Levels and profiles of persistent organic pollutants in resident and migratory birds from 

an urbanized coastal region of South Korea. 

Sci. Total. Environ. 470, 1463-1470 

 

HUME, R. (2002): 

RSPB complete birds of Britain and Europe. 

Dorling Kindersley Ltd, London. UK 

 



 

68 
 

INTERNATIONAL ORGANIZATION FOR STANDARDIZATION (2007): 

ISO 6579:2002/Amd 1:2007 (Annex D). Detection of Salmonella spp. in animal faeces 

and in samples of the primary production stage – Horizontal method for the detection of 

Salmonella spp. 

International Organization for Standardization, Geneva 

 

JACOBSEN, L. B., N. O. JENSEN, M. WILLEMOES, L. HANSEN, M. DESHOLM, A. D. 

FOX, A. P. TØTTRUP and K. THORUP (2017): 

Annual spatiotemporal migration schedules in three larger insectivorous birds: European 

nightjar, common swift and common cuckoo. 

Anim. Biotelemetry 5, 1-11 

 

JAGIELLO, Z., Ł. DYLEWSKI, M. TOBOLKA and J. I. AGUIRRE (2019): 

Life in a polluted world: A global review of anthropogenic materials in bird nests. 

Environ. Pollut. 251, 717-722 

 

JONES, K. C. and P. DE VOOGT (1999): 

Persistent organic pollutants (POPs): state of the science. 

Environ. Pollut. 100, 209-221 

 

JUKEMA, J., H. VAN DE WETERING and R. H. KLAASSEN (2015): 

Primary moult in non-breeding second-calendar-year Swifts Apus apus during summer 

in Europe. 

Ringing Migr. 30, 1-6 

 

KAISER, E. (1992): 

Populationsdynamik einer Mauersegler–Apus apus Kolonie unter besonderer 

Berücksichtigung der Nichtbrüter. 



 

69 
 

Vogelwelt 113, 71-81 

 

KALETA, E. F. and E. M. TADAY (2003): 

Avian host range of Chlamydophila spp. based on isolation, antigen detection and 

serology. 

Avian. Pathol. 32, 435-461 

 

KALMAR, I. D., V. DICXK, L. DOSSCHE and D. VANROMPAY (2014): 

Zoonotic infection with Chlamydia psittaci at an avian refuge centre. 

Vet. J. 199, 300-302 

 

KANNAN, R. and B. G. P. T. SARANGA (2020): 

The Common Swift Apus apus—a new bird for Sri Lanka, and the need for a re-

evaluation of the species in the Maldives. 

Indian Birds 16, 195-198 

 

KLAASSEN, R., H. KLAASSEN, A. BERGHUIS, M. BERGHUIS, K. SCHREVEN and Y. 

HORST (2014): 

Trekroutes en overwinteringsgebieden van Nederlandse Gierzwaluwen ontrafeld met 

geolocators. 

Limosa 87, 173-181 

 

KONICEK, C., P. VODRÁŽKA, P. BARTÁK, Z. KNOTEK, C. HESS, K. RAČKA, M. 

HESS and S. TROXLER (2016): 

Detection of zoonotic pathogens in wild birds in the cross-border region Austria–Czech 

Republic. 

J. Wildl. Dis. 52, 850-861 

 

KRAWIEC, M., T. PIASECKI and A. WIELICZKO (2015): 



 

70 
 

Prevalence of Chlamydia psittaci and Other Chlamydia Species in Wild Birds in Poland. 

Vector Borne Zoonotic Dis. 15, 652-655 

 

KRUSZEWICZ, A. and K. PASZOWSKA (1992): 

Occurrence of Chlamydia psittaci in house sparrows (Passer domesticus). 

VIII. Tagung der Fachgruppe Geflügelkrankheiten, München 1992, 124-129 

 

KUNISUE, T., M. WATANABE, A. SUBRAMANIAN, A. SETHURAMAN, A. M. TITENKO, 

V. QUI, M. PRUDENTE and S. TANABE (2003): 

Accumulation features of persistent organochlorines in resident and migratory birds from 

Asia. 

Environ. Pollut. 125, 157-172 

 

KWAEES, T., Z. HAKIM, C. WEERASINGHE and P. DUNKOW (2016): 

Musculoskeletal infections associated with Citrobacter koseri. 

Ann. R. Coll. Surg. Engl. 98, 446-449 

 

LACK, D. and E. LACK (1952): 

The breeding behaviour of the swift. 

British Birds 45, 186-215 

 

LEBLEBICIOGLU, H., C. EROGLU, K. ERCIYAS-YAVUZ, M. HOKELEK, M. ACICI and 

H. YILMAZ (2014): 

Role of migratory birds in spreading Crimean-Congo hemorrhagic fever, Turkey. 

Emerg. Infect. Dis. 20, 1331-1334 

 

LIN, S.-Y., M.-W. HO, Y.-F. YANG, J.-H. LIU, I.-K. WANG, S.-H. LIN and C.-C. HUANG 

(2011): 



 

71 
 

Abscess caused by Citrobacter koseri infection: three case reports and a literature 

review. 

J. Intern. Med. 50, 1333-1337 

 

LOCKLEY, R. (1969): 

Non-stop flight and migration in the common swift Apus apus. 

Ostrich 40, 265-269 

 

MARIN, C., M.-D. PALOMEQUE, F. MARCO-JIMENEZ and S. VEGA (2014): 

Wild griffon vultures (Gyps fulvus) as a source of Salmonella and Campylobacter in 

eastern Spain. 

PLoS One 9, e94191 

 

MASSA, B. and J. J. BORG (2018): 

European Birds of Conservation Concern: some constructive comments. 

Avocetta 42, 75-84 

 

MATTHES, H. (2006): 

Recovery of a hand-reared Common Swift (Apus apus). 

APUSlife no. 3124  

 

MINIERO, R., C. CARERE, E. F. DE, N. IACOVELLA, F. RODRIGUEZ, E. ALLEVA and 

A. D. DI (2008): 

The use of common swift (Apus apus), an aerial feeder bird, as a bioindicator of 

persistent organic microcontaminants. 

Ann. Ist. Super. Sanita 44, 187-194 

 

MUIJRES, F. T., P. HENNINGSSON, M. STUIVER and A. HEDENSTROM (2012): 

Aerodynamic flight performance in flap-gliding birds and bats. 



 

72 
 

J. Theor. Biol. 306, 120-128 

 

MURRAY, P. R., B. HOLMES and H. M. AUCKEN (2010): 

Citrobacter, Enterobacter, Klebsiella, Plesiomonas, Serratia, and other members of the 

Enterobacteriaceae. 

Topley & Wilson's Microbiology and Microbial Infections 2, 1-33 

 

NABU-BUNDESVERBAND (2019): 

15 Jahre Vogelzählung und Citizen Science im NABU, Ergebnisse der „Stunde der 

Gartenvögel“ und der „Stunde der Wintervögel“. 

Eversfrank, Berlin, Germany 

 

NAJDENSKI, H., T. DIMOVA, M. M. ZAHARIEVA, B. NIKOLOV, G. PETROVA-

DINKOVA, S. DALAKCHIEVA, K. POPOV, I. HRISTOVA-NIKOLOVA, P. ZEHTINDJIEV 

and S. PEEV (2018): 

Migratory birds along the Mediterranean–Black Sea Flyway as carriers of zoonotic 

pathogens. 

Can. J. Microbiol. 64, 915-924 

 

NEWELL, D. (2019): 

A test of the use of artificial nest forms in common swift Apus apus nest boxes in 

southern England. 

Conserv. Evid. 16, 24-26 

 

NEWTON, I. (2004): 

Population limitation in migrants. 

Ibis 146, 197-226 

 



 

73 
 

NOSSEN, I., T. M. CIESIELSKI, M. V. DIMMEN, H. JENSEN, T. H. RINGSBY, A. 

POLDER, B. RØNNING, B. M. JENSSEN and B. STYRISHAVE (2016): 

Steroids in house sparrows (Passer domesticus): effects of POPs and male quality 

signalling. 

Sci. Total Environ. 547, 295-304 

 

OIE (2018a): 

Avian Chlamydiosis. 

In: OIE (World Organization for Animal Health)Terrestrial Manual 

S. 783-795 

 

OIE (2018b): 

Salmonellosis. 

In: OIE (World Organization for Animal Health)Terrestrial Manual 

S. 1735-1752 

 

OLOŚ, G. (2017): 

Is" banging" an antipredator behavior in Common Swift (Apus apus)? 

Ornis Fennica 94, 45-52 

 

ORLOWSKI, G., J. KARG and G. KARG (2014): 

Functional invertebrate prey groups reflect dietary responses to phenology and farming 

activity and pest control services in three sympatric species of aerially foraging 

insectivorous birds. 

PLoS One 9, e114906 

 

OTTO, W., R. FLATH and M. HUPFER (2016): 

Geschlechtsreife, Erstbrutalter und Ansiedlungsverhalten ostdeut-scher Mauersegler 

Apus apus. 



 

74 
 

Vogelwarte 54, 83–89 

 

PANTCHEV, A., R. STING, R. BAUERFEIND, J. TYCZKA and K. SACHSE (2009): 

New real-time PCR tests for species-specific detection of Chlamydophila psittaci and 

Chlamydophila abortus from tissue samples. 

Vet. J. 181, 145-150 

 

PARK, S.-H., S. RYU and D.-H. KANG (2012): 

Development of an improved selective and differential medium for isolation of 

Salmonella spp. 

J. Clin. Microbiol. 50, 3222-3226 

 

PEAKALL, D. B. (1970): 

Pesticides and the reproduction of birds. 

Sci. Am. 222, 72-83 

 

PEAKALL, D. B. (1993): 

DDE-induced eggshell thinning: an environmental detective story. 

Environ. Rev. 1, 13-20 

 

PEI, Y., R. S. HALBROOK, H. LI and J. YOU (2017): 

Homing pigeons as a biomonitor for atmospheric PAHs and PCBs in Guangzhou, a 

megacity in South China. 

Mar. Pollut. Bull. 124, 1048-1054 

 

PERRINS, C. (1971): 

Age of first breeding and adult survival rates in the swift. 

Bird Study 18, 61-70 

 



 

75 
 

RAJCHARD, J., J. PROCHÁZKA and P. KINDLMANN (2006): 

Long-term decline in Common Swift Apus apus annual breeding success may be related 

to weather conditions. 

Ornis Fennica 83, 66 

 

RATTENBORG, N. C., B. VOIRIN, S. M. CRUZ, R. TISDALE, G. DELL'OMO, H. P. 

LIPP, M. WIKELSKI and A. L. VYSSOTSKI (2016): 

Evidence that birds sleep in mid-flight. 

Nat. Commun. 7, 12468 

 

REED, K. D., J. K. MEECE, J. S. HENKEL and S. K. SHUKLA (2003): 

Birds, migration and emerging zoonoses: West Nile virus, Lyme disease, influenza A 

and enteropathogens. 

Clin. Med. Res. 1, 5-12 

 

REFSUM, T., T. VIKØREN, K. HANDELAND, G. KAPPERUD and G. HOLSTAD (2003): 

Epidemiologic and pathologic aspects of Salmonella typhimurium infection in passerine 

birds in Norway. 

J. Wildl. Dis. 39, 64-72 

 

REYES, F., N. SINGH, N. ANJUMAN-KHURRAM, J. LEE and L. CHOW (2017): 

Strongyloides Hyperinfection Syndrome causing fatal meningitis and septicemia by 

Citrobacter koseri. 

IDCases 10, 102-104 

 

ROBERTKOCH-INSTITUT (2020): 

Infektionsepidemiologisches Jahrbuch meldepflichtiger Krankheiten für 2019. 

ruksaldruck, Berlin, Germany 

 



 

76 
 

ROUX, K. E. and P. P. MARRA (2007): 

The presence and impact of environmental lead in passerine birds along an urban to 

rural land use gradient. 

Arch. Environ. Contam. Toxicol. 53, 261-268 

 

SACHSE, K., K. LAROUCAU, K. RIEGE, S. WEHNER, M. DILCHER, H. H. CREASY, 

M. WEIDMANN, G. MYERS, F. VORIMORE, N. VICARI, S. MAGNINO, E. LIEBLER-

TENORIO, A. RUETTGER, P. M. BAVOIL, F. T. HUFERT, R. ROSSELLO-MORA and 

M. MARZ (2014): 

Evidence for the existence of two new members of the family Chlamydiaceae and 

proposal of Chlamydia avium sp. nov. and Chlamydia gallinacea sp. nov. 

Syst. Appl. Microbiol. 37, 79-88 

 

SAFE, S. H. (1994): 

Polychlorinated biphenyls (PCBs): environmental impact, biochemical and toxic 

responses, and implications for risk assessment. 

Crit. Rev. Toxicol. 24, 87-149 

 

SALDIVA, P. H. N. and G. M. BÖHM (1998): 

Animal indicators of adverse effects associated with air pollution. 

Ecosyst. Health 4, 230-235 

 

SANDERFOOT, O. V. and T. HOLLOWAY (2017): 

Air pollution impacts on avian species via inhalation exposure and associated outcomes. 

Environ. Res. Lett. 12, 083002 

 

SCHAUB, T., P. J. MEFFERT and G. KERTH (2016): 

Nest-boxes for Common Swifts Apus apus as compensatory measures in the context of 

building renovation: efficacy and predictors of occupancy. 



 

77 
 

Bird Conserv. Int. 26, 164 

 

SCHILDERMAN, P., J. A. HOOGEWERFF, F.-J. VAN SCHOOTEN, L. M. MAAS, E. 

MOONEN, B. VAN OS, J. H. VAN WIJNEN and J. KLEINJANS (1997): 

Possible relevance of pigeons as an indicator species for monitoring air pollution. 

Environ. Health Perspect. 105, 322-330 

 

SCHWARZOVA, K., T. BETAKOVA, J. NEMETH and A. MIZAKOVA (2006): 

Detection of Borrelia burgdorferi sensu lato and Chlamydophila psittaci in throat and 

cloacal swabs from birds migrating through Slovakia. 

Folia Microbiol. (Praha) 51, 653-658 

 

SHLOSBERG, A., W. K. RUMBEIHA, A. LUBLIN and K. KANNAN (2011): 

A database of avian blood spot examinations for exposure of wild birds to environmental 

toxicants: the DABSE biomonitoring project. 

J. Environ. Monit. 13, 1547-1558 

 

SIBLEY, D., C. ELPHICK and J. B. DUNNING (2001): 

The Sibley guide to bird life & behavior. 

Alfred A. Knopf, New York, USA 

 

Stalder S, Marti H, Borel N, Sachse K, Albini S, Vogler BR (2020):  

Occurrence of Chlamydiaceae in Raptors and Crows in Switzerland.  

Pathogens 9, 724. 

 

STRANDBERG, R. and T. ALERSTAM (2007): 

The strategy of fly-and-forage migration, illustrated for the osprey (Pandion haliaetus). 

Behav. Ecol. Sociobiol. 61, 1865-1875 

 



 

78 
 

SVENSSON, L., K. MULLARNEY, D. ZETTERSTROM and P. GRANT (2009): 

Collins Bird Guide: the most Complete Field Guide to the Birds of Britain and Europe. 

London: HarperCollins 194, 195 

 

TACK, B., J. VANAENRODE, J. Y. VERBAKEL, J. TOELEN and J. JACOBS (2020): 

Invasive non-typhoidal Salmonella infections in sub-Saharan Africa: a systematic review 

on antimicrobial resistance and treatment. 

BMC Med. 18, 1-22 

 

TARBURTON, M. K. and E. KAISER (2001): 

Do fledgling and pre‐breeding Common Swifts Apus apus take part in aerial roosting? 

An answer from a radiotracking experiment. 

Ibis 143, 255-263 

 

TATE, C., R. MILLER, E. MALLINSON, L. DOUGLASS and R. JOHNSTON (1990): 

The isolation of salmonellae from poultry environmental samples by several enrichment 

procedures using plating media with and without novobiocin. 

Poult. Sci. J. 69, 721-726 

 

TELFER, B. L., S. A. MOBERLEY, K. P. HORT, J. M. BRANLEY, D. E. DWYER, D. J. 

MUSCATELLO, P. K. CORRELL, J. ENGLAND and J. M. MCANULTY (2005): 

Probable psittacosis outbreak linked to wild birds. 

Emerg. Infect. Dis. 11, 391 

 

TIGGES, U. (2006): 

The Breeding Cycle in calendar form of the Common Swift Apus apus across its 

Eurasian breeding range–A testable hypothesis. 

Podoces 1, 27-33 



 

79 
 

 

TIZARD, I. (2004): 

Salmonellosis in wild birds. 

Seminars in avian and exotic pet medicine 13, 50-66 

 

VAN DEN STEEN, E., V. L. JASPERS, A. COVACI, T. DAUWE, R. PINXTEN, H. 

NEELS and M. EENS (2008): 

Variation, levels and profiles of organochlorines and brominated flame retardants in 

great tit (Parus major) eggs from different types of sampling locations in Flanders 

(Belgium). 

Environ. Int. 34, 155-161 

 

VAN DEN STEEN, E., R. PINXTEN, V. L. JASPERS, A. COVACI, E. BARBA, C. 

CARERE, M. CICHOŃ, A. DUBIEC, T. EEVA and P. HEEB (2009): 

Brominated flame retardants and organochlorines in the European environment using 

great tit eggs as a biomonitoring tool. 

Environ. Int. 35, 310-317 

 

VOGEL, G. (2017): 

Where Have All the Insects Gone? 

Science 356, 576-579 

 

VOS, J. G., E. DYBING, H. A. GREIM, O. LADEFOGED, C. LAMBRÉ, J. V. 

TARAZONA, I. BRANDT and A. D. VETHAAK (2000): 

Health effects of endocrine-disrupting chemicals on wildlife, with special reference to the 

European situation. 

Crit. Rev. Toxicol. 30, 71-133 

 

WEBER, M. (2019): 



 

80 
 

Erfolgreiche Ansiedlung von Mauerseglern (Apus apus) mit Hilfe einer Klangattrappe. 

Naturschutz am südlichen Oberrhein 10, 48-52 

 

WEI, B., K. SHANG, S.-Y. CHA, J.-F. ZHANG, M. KANG and H.-K. JANG (2020): 

Prevalence and potential risk of Salmonella enterica in migratory birds from South 

Korea. 

Vet. Microbiol. 249, 108829 

 

WEITNAUER, E. and E. R. SCHERNER (1980): 

Mauersegler. 

In: Handbuch der Vögel Mitteleuropas 

Akademische Verlagsgesellschaft, Wiesbaden, Germany, S. 669-712 

 

WELLBROCK, A. H. J., C. BAUCH, J. ROZMAN and K. WITTE (2017): 

‘Same procedure as last year?‘ Repeatedly tracked swifts show individual consistency in 

migration pattern in successive years. 

J. Avian Biol. 48, 897-903 

 

ZIMMERMAN, D., D. TURNER and D. PEARSON (2005): 

Birds of Kenya and northern Tanzania, Revised edition. 

Christopher Helm Publishers, London, UK  

 

ZWEIFEL, D., R. HOOP, K. SACHSE, A. POSPISCHIL and N. BOREL (2009): 

Prevalence of Chlamydophila psittaci in wild birds—potential risk for domestic poultry, 

pet birds, and public health? 

Eur. J. Wildl. Res. 55, 575-581 

 

  



 

81 
 

Chapter 10: Annexes 

  



 

82 
 

Table 1. The record of common swift (Apus apus) sample collecting in the period of 2016, 

2017 and 2018. 

Table 1.1. 2016 

Common 
Swifts 

Age Sex 
Weight 

(g) 
BCS 

Spleen 
(cm) 

Breast  
muscle 

(g) 

Heart 
(g) 

Liver 
(g) 

Lungs 
(g) 

Kidneys 
(g) 

Brain 
(g) 

Fat 
(g) 

255/16 ad m 35.19 3.0 0.70 5.88 0.76 1.25 0.72 0.44 0.54 0.45 

258/16 ad f 32.80 3.0 0.50 6.22 0.52 0.76 0.64 0.51 0.52 0.64 

287/16 ad f 33.25 2.0 0.60 5.87 0.76 1.42 0.66 0.52 0.48  

368/16 juv m 27.35 2.0 0.50 5.10 0.38 0.89 0.46 0.38 0.53  

398/16 ad f 26.40 2.0 0.50 4.03 0.32 0.66 0.51 0.36 0.50  

528/16 ad f 36.70 2.0 0.50 7.37 0.82 1.05 0.74 0.48 0.54 0.28 

552/16 ad m 28.90 2.0 0.50 5.89 0.58 0.94 0.72 0.44 0.64 0.18 

566/16 ad f 30.71 3.0 0.55 5.87 0.65 0.97 0.72 0.48 0.55  

571/16 juv f 20.80 2.0 0.45 2.70 0.41 0.72 0.32 0.25 0.35 0.50 

603/16 ad f 40.75 4.0 0.60 7.66 0.79 1.39 1.02 0.50 0.48 1.77 

605/16 juv f 32.03 2.0 0.75 5.86 0.76 1.22 0.64 0.44 0.57 0.32 

607/16 juv m 29.31 3.0 0.70 5.95 0.66 1.05 0.64 0.49 0.51  

614/16 juv f 23.92 2.0 0.60 3.70 0.43 0.80 0.61 0.39 0.49  

615/16 ad f 42.00 4.0 0.60 8.63 0.67 1.32 0.86 0.56 0.59 1.35 

640/16 ad m 25.60 2.0 0.50 4.94 0.51 0.70 0.52 0.39 0.58  

647/16 juv f 35.70 3.0 0.50 6.18 0.59 0.94 0.66 0.39 0.47 1.92 

652/16 juv f 28.40 3.0 0.60 5.18 0.61 0.92 0.51 0.37 0.54 0.53 

653/16 juv f 20.20 1.0 0.50 1.71 0.32 0.59 0.39 0.33 0.39  

723/16 ad f 36.16 2.0 0.80 5.18 0.57 1.14 0.60 0.51 0.45  

734/16 ad f 41.88 3.0 0.60 9.09 0.79 1.51 1.24 0.63 0.52 1.42 

749/16 juv f 20.97 2.0 0.60 3.88 0.34 0.55 0.40 0.32 0.51  

761/16 juv f 21.59 1.0 0.60 1.92 0.22 0.67 0.38 0.31 0.36  

All birds were dissected with the objective to collect organ samples for investigation in this study. 

ad = adult bird, juv = juvenile bird, BCS = body condition score (1-5), blank = not able to extract or data loss. 
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Table 1.2. 2017 

All birds were dissected with the objective to collect organ samples for investigation in this study. 

ad = adult bird, juv = juvenile bird, BCS = body condition score (1-5), blank = not able to extract or data loss. 

 

  

Common 
Swifts 

Age Sex 
Weight 

(g) 
BCS 

Spleen 
(cm) 

Breast  
muscle 

(g) 

Heart 
(g) 

Liver 
(g) 

Lungs 
(g) 

Kidneys 
(g) 

Brain 
(g) 

Fat 
(g) 

432/17 ad m 36.29 2.0 0.40 7.72 0.54 1.12 0.74 0.56 0.53  

606(1)/17 ad f 39.20 3.0 0.70 6.46 0.77 1.85 0.70 0.47 0.42 0.57 

606(2)/17 ad f 43.82 3.0 0.70 7.35 0.66 1.62 0.77 0.63 0.52 0.43 

624/17 juv f 38.31 2.0 0.80 4.49 0.59 1.34 0.78 0.53 0.51 3.23 

664/17 juv f 22.00 1.0 0.80 2.19 0.32 0.48 0.44 0.30 0.32  

669/17 juv f 46.60 5.0 0.60 7.66 0.55 1.26 0.66 0.45 0.48 6.84 

698/17 juv f 29.40 1.5 0.60 3.10 0.45 1.40 0.52 0.58 0.43  

700/17 juv f 31.87 3.0 0.60 4.78 0.37 1.11 0.45 0.51 0.52 0.74 

708/17 ad f 27.80 2.0 0.50 5.42 0.35 0.62 0.51 0.46 0.58  

709/17 ad m 37.80 3.0 0.70 8.28 0.89 1.38 0.75 0.48 0.45 0.46 

744/17 juv f 25.27 2.5 0.40 2.99 0.44 1.15 0.60 0.39 0.36  

750/17 juv m 30.04 4.0 0.40 6.54 0.67 0.91 0.32 0.39 0.24  

770/17 juv m 25.60 2.0 0.60 4.63 0.61 1.01 0.86 0.39 0.35  

782/17 juv f 33.22 2.0 0.60 5.06 0.55 0.93 0.99 0.32 0.36  

783/17 juv f 20.00 1.0 0.45 1.59 0.27 0.43 0.42 0.21 0.35  

786/17 juv f 21.48 1.0 0.70 1.52 0.35 0.64 0.43 0.34 0.50  

803/17 juv f 36.62 4.0 0.70 6.80 0.69 0.76 0.78 0.31 0.42 3.27 

813/17 ad f 44.00  1.50 5.46 0.71 3.55 0.35 0.40 0.36  

829/17 juv m 25.31 1.5 0.60 2.92 0.38 0.56 0.57 0.32 0.45  

834/17 juv f 39.63 2.0 0.70 2.86 0.43 2.77 0.65 0.50 0.51 1.78 

911/17 ad m 37.74 3.0 0.60 7.17 0.54 1.18 0.62 0.57 0.48 0.29 

960/17 juv f 20.99 1.5 0.70 2.37 0.34 0.69 0.46 0.28 0.43  

1206/17 ad f 31.20 1.5 0.60 4.02 0.76 1.21 0.62 0.58 0.55  

NABU/17 juv f 22.80 1.5 0.60 3.12 0.37 0.58 0.54 0.24 0.33  

NABU/17 ad f 35.55 2.0 0.60 4.58 0.67 1.29 0.81 0.51 0.55  
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Table 1.3. 2018 

All birds were dissected with the objective to collect organ samples for investigation in this study.  

ad = adult bird, juv = juvenile bird, BCS = body condition score (1-5), blank = not able to extract or data loss. 

Common 
Swifts 

Age Sex 
Weight 

(g) 
BCS 

Spleen 
(cm) 

Breast  
muscle 

(g) 

Heart 
(g) 

Liver 
(g) 

Lungs 
(g) 

Kidneys 
(g) 

Brain 
(g) 

Fat 
(g) 

206/18 ad m 44.40 4.0 0.70 8.89 0.77 2.40 0.86 0.76 0.63 0.85 

218/18 juv f 30.30 2.0 0.50 5.52 0.56 0.69 0.59 0.54 0.47  

220/18 ad m 39.69 4.0 0.60 8.40 0.67 1.19 0.66 0.48 0.50 0.58 

247/18 ad f 40.59 4.0 0.90 8.32 0.87 1.53 0.75 0.75 0.52 0.38 

275/18 ad f 30.12 2.0 0.50 6.34 0.49 0.84 0.49 0.57 0.58  

287/18 ad f 31.83 2.0 0.60 4.69 0.94 1.47 0.47 0.60 0.57  

370/18 ad m 48.01 4.0 0.60 10.41 0.77 1.72 0.43 0.73 0.72 0.87 

382/18 ad m 45.13 4.0 0.80 9.88 0.66 1.68 0.41 0.62 0.64 0.97 

427/18 ad m 38.33 3.0 0.70 8.08 0.66 1.61 0.68 0.63 0.57 0.39 

598/18 ad m 35.86 2.0 0.50 7.97 0.63 1.02 0.66 0.55 0.53  

599/18 ad f 31.70 2.0 0.60 5.79 0.52 0.92 0.77 0.45 0.52 0.15 

600/18 ad f 27.00 1.0 0.80 4.73 0.32 0.68 0.46 0.47 0.50  

601/18 ad f 31.38 2.0 0.50 5.81 0.55 1.15 0.64 0.41 0.43  

602/18 ad f 38.85 2.0 0.70 6.75 0.81 1.47 0.80 0.57 0.45 0.16 

603/18 ad m 43.00 4.0 0.60 8.78 0.71 1.50 0.72 0.45 0.41  

604/18 ad m 34.66 2.0 0.60 8.02 0.70 1.16 0.54 0.51 0.54 0.21 

646/18 juv m 21.08 1.0 0.60 1.44 0.39 0.64 0.53 0.32 0.39  

662/18 ad f 32.39 2.0 0.50 6.88 0.59 1.36 0.70 0.48 0.54  

690/18 ad m 34.88 3.0 0.50 8.00 0.58 1.21 0.69 0.58 0.54 0.19 

707/18 ad m 43.98 3.0 0.70 9.18 0.76 1.79 0.80 0.64 0.63 1.36 

726/18 juv m 31.70 3.0 0.60 5.78 0.60 1.09 0.78 0.42 0.45 0.90 

760/18 juv f 19.10 1.0 0.70 1.63 0.27 0.62 0.42 0.31 0.53  

765/18 juv m 30.78 2.0 0.90 4.88 0.57 1.26 0.69 0.47 0.46 0.11 

837/18 ad m 26.72 1.0 0.50 3.70 0.59 1.09 0.59 0.40 0.67  

852/18 juv m 21.82 3.0 0.50 4.42 0.49 0.62 0.32 0.37 0.56 0.22 

856/18 juv f 20.27 1.0 0.60 1.50 0.38 0.81 0.36 0.32 0.47  

865/18 juv f 48.58 5.0 0.70 9.35 0.83 0.96 1.07 0.48 0.50 5.62 

866/18 juv f 22.09 1.0 0.60 2.53 0.36 0.76 0.42 0.39 0.36  

917/18 juv f 41.24 4.0 0.60 6.69 0.63 0.96 0.55 0.43 0.53 3.00 

955/18 juv f 20.78 2.0 0.50 1.57 0.34 0.99 0.29 0.51 0.52  

965/18 ad m 29.62 2.0 0.50 6.23 0.44 1.06 0.79 0.49 0.67 0.22 

972/18 juv f 31.26 2.0 0.40 4.78 1.75 0.87 0.71 0.41 0.49 0.33 

974/18 juv m 31.89 3.0 0.50 4.39 0.71 0.91 0.47 0.42 0.56 2.33 

Jw-S/18 ad f 33.83 3.0 1.80 6.96 0.66 1.47 0.62 0.49 0.59 0.24 
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Table 2. The list of analyzed chemicals and the number of contaminated birds that found 

in the study of organochlorine pesticide and polychlorinated biphenyls residues in 82 

common swifts (Apus apus). 

Chemicals 

Contaminated Common Swifts 

Birds 

(41 pairs) 

Adults 

(21 pairs) 

Juveniles 

(20 pairs) 

2,4‘-DDE    

2,4‘-DDT    

2,4‘-DDD    

4,4‘-DDE 38 21 17 

4,4‘-DDT    

4,4‘-DDD    

Alachlor    

Aldrin    

Alpha-Endosulfan    

Beta-Endosulfan    

Beta-Hexachlorcyclohenxan    

Bromophos-ethyl    

Bromophos-methyl    

Bromopropylat    

Buprofezin    

Chlorbenzilat    

Chlorfenson    

Chloroneb    

Chlorpyrifos-ethyl    

Chlorpyrifos-methyl    

Chlorthal-dimethyl    
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Chlorthalonil    

Chlorthion    

Delta-Hexachlorcyclohenxan    

Dicofol    

Dieldrin 8 7 1 

Endosulfansulfat    

Endrin    

Epsilon-

Hexachlorcyclohenxan 

   

Fenson    

Gamma-Chlordan    

Heptachlor    

Heptachlorepoxid-cris    

Heptachlorepoxid-trans    

Hexachlorbenzol (HCB) 29 16 13 

Isodrin    

Jodfenphos    

Lindan 11 8 3 

Methoxychlor    

Mirex    

Nitrofen    

Parathion-ethyl    

Parathion-methyl    

Pentachloranilin    

PCB IUPAC-Nr.28    

PCB IUPAC-Nr.52    

PCB IUPAC-Nr.101 1 0 1 
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PCB IUPAC-Nr.138 38 21 17 

PCB IUPAC-Nr.153 38 21 17 

PCB IUPAC-Nr.180 38 21 17 
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Table 3. The juvenile and adult common swifts (Apus apus) that found with the detected 

pesticide concentrations (mg/kg wet weight) from the year 2016, 2017 and 2018. 

Table 3.1. The 10 juvenile common swifts (Apus apus) and the detected pesticide 

concentration (mg/kg wet weight) from the year 2016. 

Birds 4,4‘-DDE Dieldrin HCB Lindan 
PCB IUPAC- 

Nr.138 Nr.153 Nr.180 

368/16J und 571/16J 0.005 0 0 0 0.005 0.005 0.005 

761/16J und 653/16J 0.01 0 0 0.005 0.04 0.01 0.04 

647/16J und 614/16J 0.005 0 0 0 0 0 0 

607/16J und 605/16J 0.01 0 0.01 0 0 0 0 

652/16J und 749/16J 0 0 0 0 0.005 0.005 0.005 

Mean 0.006 0 0.002 0.001 0.01 0.004 0.01 

Standard deviation 0.0041833 0 0.00447214 0.00223607 0.016955825 0.0041833 0.016955825 

Median 0.005 0 0 0 0.005 0.005 0.005 

       

 

 

Table 3.2. The 16 juvenile common swifts (Apus apus) and the detected pesticide 

concentration (mg/kg wet weight) from the year 2017. 

Birds 4,4‘-DDE Dieldrin HCB Lindan 
PCB IUPAC- 

Nr.138 Nr.153 Nr.180 

770/17J und 664/17J 0.005 0 0 0.005 0.042 0.09 0.033 

803/17J und 782/17J 0 0 0.005 0 0 0 0 

750/17J und 829/17J 0.005 0 0.005 0.005 0.005 0.024 0.01 

744/17J und 960/17J 0.005 0.005 0.005 0 0.072 0.167 0.072 

786/17J und NABU/17J 0.005 0 0 0 0.005 0.005 0.005 

834/17J und 698/17J * 0.01 0 0.005 0 0.06 0.11 0.05 

669/17J und 700/17J 0.005 0 0.005 0 0.01 0.02 0.01 

624/17J und 783/17J 0.02 0 0 0 0.03 0.06 0.02 

Mean 0.006875 0.000625 0.003125 0.00125 0.028 0.0595 0.025 

Standard deviation 0.005938675 0.00176777 0.00258775 0.00231455 0.027583639 0.059001211 0.025065628 

Median 0.005 0 0.005 0 0.02 0.042 0.015 

*PCB IUPAC-Nr. 101 was detected in the sample (0.01 mg/kg wet weight). 
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Table 3.3. The 14 juvenile common swifts (Apus apus) and the detected pesticide 

concentration (mg/kg wet weight) from the year 2018. 

probe 4,4‘-DDE Dieldrin HCB Lindan 
PCB IUPAC- 

Nr.138 Nr.153 Nr.180 

852/18J und 856/18J 0.005 0 0.005 0 0.016 0.023 0.011 

866/18J und 955/18J 0 0 0.005 0 0.009 0.014 0.005 

972/18J und 765/18J 0.018 0 0.005 0 0.013 0.02 0.008 

760/18J und 218/18J 0.179 0 0.005 0 0.025 0.067 0.053 

646/18J und 974/18J 0.016 0 0.005 0 0.028 0.049 0.022 

726/18J und 917/18J 0.014 0 0.005 0 0.016 0.028 0.012 

865/18J und 865/18J 0.008 0 0.005 0 0.013 0.02 0.007 

Mean 0.034285714 0 0.005 0 0.017142857 0.031571429 0.016857143 

Standard deviation 0.064131932 0 0 0 0.006866066 0.019242809 0.016866422 

Median 0.014 0 0.005 0 0.016 0.023 0.011 

 

 

 

Table 3.4. The 10 adult common swifts (Apus apus) and the detected pesticide 

concentration (mg/kg wet weight) from the year 2016. 

Birds 4,4‘-DDE Dieldrin HCB Lindan 
PCB IUPAC- 

Nr.138 Nr.153 Nr.180 

566/16Ad und 398/16Ad 0.02 0 0.01 0 0.005 0.01 0.005 

528/16Ad und 603/16Ad 0.01 0 0 0 0.005 0.005 0.005 

255/16Ad und 734/16Ad 0.005 0 0 0 0.005 0.005 0.005 

723/16Ad und 287/16Ad 0.005 0 0 0 0.005 0.005 0.005 

615/16Ad und 640/16Ad 0.01 0 0 0 0.005 0.005 0.005 

Mean 0.01 0 0.002 0 0.005 0.006 0.005 

Standard deviation 0.006123724 0 0.004472136 0 0 0.002236068 0 

Median 0.01 0 0 0 0.005 0.005 0.005 
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Table 3.5. The 10 adult common swifts (Apus apus) and the detected pesticide 

concentration (mg/kg wet weight) from the year 2017. 

 

 

  

Birds 4,4‘-DDE Dieldrin HCB Lindan 
PCB IUPAC- 

Nr.138 Nr.153 Nr.180 

813/17Ad und 606(2)/17Ad 0.005 0 0.005 0.005 0.005 0.024 0.01 

911/17Ad und NABU/17Ad 0.005 0 0.01 0 0.025 0.062 0.047 

606(1)/17Ad und 432/17Ad 0.005 0 0.005 0 0.005 0.026 0.015 

552/17Ad und 708/17Ad 0.2 0.01 0.03 0 0.12 0.36 0.23 

258/17Ad und 709/17Ad 0.08 0 0 0 0.03 0.12 0.07 

Mean 0.059 0.002 0.01 0.001 0.037 0.1184 0.0744 

Standard deviation 0.085249633 0.004472136 0.011726039 0.002236068 0.047775517 0.140537539 0.090356516 

Median 0.005 0 0.005 0 0.025 0.062 0.047 
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Table 3.6. The 22 adult common swifts (Apus apus) and the detected pesticide 

concentration (mg/kg wet weight) from the year 2018. 

Birds 4,4‘-DDE Dieldrin HCB Lindan 
PCB IUPAC- 

Nr.138 Nr.153 Nr.180 

598/18Ad und 602/18Ad 0.157 0.005 0.005 0.005 0.017 0.039 0.028 

220/18Ad und 275/18Ad 0.126 0 0.005 0.005 0.012 0.042 0.036 

247/18Ad und 427/18Ad 0.11 0.005 0.005 0 0.008 0.026 0.019 

287/18Ad und 599/18Ad 0.099 0 0.005 0.005 0.011 0.053 0.054 

837/18Ad und 965/18Ad 0.163 0 0.01 0.005 0.041 0.092 0.055 

206/18Ad und 601/18Ad 0.097 0 0.005 0.005 0.006 0.026 0.02 

690/18Ad und Jw-S/18Ad 0.06 0 0.005 0.005 0.005 0.014 0.008 

600/18Ad und 370/18Ad 0.216 0.005 0.005 0.005 0.063 0.134 0.049 

603/18Ad und 707/18Ad 0.11 0.005 0.005 0 0.009 0.019 0.013 

382/18Ad und 604/18Ad 0.127 0.005 0.005 0 0.01 0.025 0.017 

662/18Ad und 1206/17Ad 0.124 0.005 0.005 0 0.02 0.051 0.042 

Mean 0.126272727 0.002727273 0.005454545 0.003181818 0.018363636 0.047363636 0.031 

Standard deviation 0.041075761 0.002611165 0.001507557 0.002522625 0.017890068 0.03601742 0.017023513 

Median 0.124 0.005 0.005 0.005 0.011 0.039 0.028 
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Table 4.  The cycle threshold values (Ct.) of real-time PCR for Chlamydiacaea screening 

test; performed on Stratagene MX 3005P detection system (Stratagene, La Jolla, 

California, USA) which sorted by operating days.  HEX = hexachloro-fluorescein, FAM = 

fluorescein amidites, 6-carboxyfluorescein, FAM+ = positive control, and NTC = negative 

control. 

 

Table 4.1. 24.08.18 

24.08.18 

Samples 
HEX 
(Ct.) 

FAM 
(Ct.) 

258/16 34.15  
287/16 33.88  
368/16 34.37  
398/16 34.23  
528/16 34.17  
552/16 34.00  
566/16 34.33  
571/16 34.78  
603/16 34.30  
653/16 34.70  

FAM+ 34.13 27.00 

NTC 35.02  
 

 

Table 4.2. 28.08.18 

28.08.18 

Samples 
HEX 
(Ct.) 

FAM 
(Ct.) 

1206/17 34.21  
206/18 33.86  
218/18 34.98  
220/18 33.92  
247/18 34.14  
273/18 34.32  
287/18 34.10  
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370/18 34.01  
382/18 33.94  
599/18 34.33  
600/18 34.22  
601/18 33.91  
602/18 33.99  
603/18 34.07  
604/18 34.11  
646/18 34.27  
662/18 33.69  
690/18 34.28  
707/18 34.49  
726/18 34.22  
760/18 34.38  
763/18 34.21  
837/18 34.10  
852/18 34.28  
856/18 34.31  
865/18 34.83  
866/18 34.44  
917/18 33.96  
955/18 34.12  
965/18 34.42  
972/18 33.95  
974/18 34.38  
998/18 33.96  
Jw-S/18 33.70  

FAM+ 33.15 27.99 

NTC 34.42  
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Table 4.3. 04.10.18 

04.10.18 

Samples 
HEX 
(Ct.) 

FAM 
(Ct.) 

255/16 34.55  
605/16 34.45  
607/16 34.89  
614/16 34.28  
615/16 35.20  
640/16 33.93  
647/16 34.80  
652/16 34.70  
723/16 33.96  
734/16 34.16  
749/16 34.32  
761/16 33.10  

FAM+ 33.51 29.87 

NTC 34.19  
 

 

Table 4.4. 11.12.18 

11.12.18     

Samples 
HEX 
(Ct.) 

FAM 
(Ct.) 

709/17 32.37  
783/17 32.98  
786/17 32.44  
803/17 32.47  

FAM+ 32.75 19.31 

NTC 32.53  
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Table 4.5. 12.12.18 

12.12.18     

Samples 
HEX 
(Ct.) 

FAM 
(Ct.) 

384/17 32.58  
432/17 32.21  
606.1/17 32.84  
606.2/17 32.45  
624/17 32.11  
664/17 32.27  
669/17 32.51  
698/17 32.13  
700/17 32.32  
708/17 32.27  
709/17 32.48  
744/17 32.74  
750/17 32.26  
770/17 32.42  
782/17 32.48  
783/17 32.26  
786/17 32.23  
803/17 33.46  
813/17 32.46  
829/17 32.49  
911/17 31.96  
960/17 32.21  
NabuAd/17 32.75  
NabuJ/17 32.55  

FAM+ 32.39 22.98 

NTC 33.02  
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Figure 1.  The results of API 20E biochemical test system (API®, bioMérieux Inc., USA). 

Figure 1.1. The identification of Citrobacter youngae. 
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Figure 1.2. The identification of Citrobacter koseri.
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Figure 2. The agglutination omnivalent Salmonella-Serum test (SIFIN Institut für 

Immunpräparate und Nährmedien GmbH Berlin, Berlin, Germany). The agglutination 

occurred on the Salmonella-positive sample is on the left and the negative is on the right. 
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