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1. Summary 

Mycoplasma anserisalpingitidis, M. anatis, M. anseris and M. cloacale colonise geese 

and ducks. The main symptoms in the affected flocks are inflammation of the cloaca and 

genital tracts, decreased egg production and increased embryo lethality. The infection can also 

be associated with infections of the respiratory and nervous systems. Infection of geese with 

M. anserisalpingitidis causes significant production and economic losses in the goose farming 

business in Hungary. 

Since there is no commercially available vaccine against these species, adequate 

housing and appropriate antibiotic treatment are promoted to control of the disease. In this 

study, in vitro susceptibility of 38 M. anserisalpingitidis field isolates to thirteen different 

antibiotics and an antibiotic combination were determined. Most of the samples were isolated 

from geese from several parts of Hungary, between 2011 and 2015. Most isolates showed 

high minimum inhibitory concentration (MIC) values against tilmicosin, oxytetracycline, 

norfloxacin and difloxacin. Valnemulin, tiamulin and tylvalosin were found to be the most 

effective antibiotics; however, isolates with high MIC values were detected for all tested 

antibiotics. These results highlight the importance of testing Mycoplasma isolates for antibiotic 

susceptibility before starting the treatment. 

To develop new molecular genetic methods, the knowledge of the genetic background 

of the studied organism is required. However, the complete genomes were not available for 

any of the examined waterfowl Mycoplasma species. The type strain of M. anserisalpingitidis 

(ATCC BAA-2147) and two clinical isolates, along with the type strains of M. anatis, M. anseris 

and M. cloacale (NCTC 10156, ATCC 49234, and NCTC 10199, respectively) were de novo 

sequenced. The complete genomes were deposited in the GenBank, providing a basis for 

further scientific projects. 

Co-occurrence of the waterfowl Mycoplasma species is frequently detected and 

identification of these mycoplasmas at the species level in a regular microbiology laboratory is 

difficult due to their similar morphological, cultural and biochemical properties. Previously, 

species differentiation was possible by the sequence analysis of the product of a genus-

specific polymerase chain reaction (PCR) assay. Therefore, PCR assays using species-

specific primers were designed, which target housekeeping genes to identify the concerned 

species. The developed PCR assays can precisely identify M. anserisalpingitidis, M. anatis, 

M. anseris and M. cloacale at the species level, directly from DNA samples extracted from 

clinical specimens. No cross-amplification was observed within these waterfowl species or with 

other well-known avian mycoplasmas. The average sensitivity of the assays was 101ī102 

genomic equivalents per reaction. These conventional PCR assays can be run simultaneously 

in the same PCR conditions, and the species can be differentiated directly (without sequence 
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analysis) by gel electrophoresis due to the different sizes of the amplicons. The species-

specific PCR assays were found to be suitable for routine use at regular veterinary diagnostic 

laboratories and promote the rapid, simple and cost-effective differentiation of these waterfowl 

Mycoplasma species. 

Multilocus sequence typing (MLST) provides a valuable insight into the phylogeny of 

bacterial pathogens; however, there was no such assay available for M. anserisalpingitidis. A 

novel MLST scheme was developed to analyse phylogenetic relationships between 

M. anserisalpingitidis samples originating from different geographical locations (Hungary, 

Poland, Ukraine, China and Vietnam). Five loci (atpG, fusA, pgiB, plsY, and uvrA) were 

selected for the final MLST study. The examined 89 M. anserisalpingitidis samples yielded 76 

unique sequence types (STs) with a 0.994 Simpsonôs index of diversity. The created 

phylogenetic tree sorted the samples into three distinct clades and several subclades. 

Generally, samples originating from the same geographical locations or livestick integration 

clustered together. Some isolates showed close relationships to the M. anatis outgroup due to 

a gene sequence similarity. The method proved to be a valuable and cost-effective tool for 

sequence typing of this waterfowl Mycoplasma species, enabling a better understanding of its 

phylogeny. 

To summarise this work, new results and novel techniques were demonstrated in order 

to study the most common waterfowl Mycoplasma species. Detailed antibiotic susceptibility 

profiles of Hungarian M. anserisalpingitidis field isolates were defined for the first time, 

demonstrating elevated MIC values for several antibiotics. Complete genomes of 

M. anserisalpingitidis, M. anatis, M. anseris and M. cloacale strains/isolates were created for 

the first time to support novel molecular biology researches. In order to facilitate the diagnosis 

of these Mycoplasma species, specific PCR assays were designed and evaluated for the first 

time. Finally, a fast and cost-effective genotyping method was designed for the first time for 

M. anserisalpingitidis to analyse its phylogeny. 
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¥sszefoglal§s 

A Mycoplasma anserisalpingitidis, M. anatis, M. anseris ®s M. cloacale ludakat ®s 

kacs§kat fertŖzŖ Mycoplasma fajok. Az §ltaluk okozott betegs®gekre a klo§ka ®s a nemi 

szervek gyullad§sa, csºkkent toj§stermel®s, megnºvekedett embri·elhal§s, esetenk®nt 

l®gzŖszervi ®s idegrendszeri t¿netek a legjellemzŖbbek. Magyarorsz§gon a ludak 

M. anserisalpingitidis okozta megbeteged®se jelentŖs gazdas§gi k§rokat okoz. 

A v²zibaromfi patog®n Mycoplasma fajok ellen kereskedelmi forgalomban nem kaphat· 

vakcina, ²gy a megfelelŖ tart§si kºr¿lm®nyekkel ®s c®lzott antibiotikum ter§pi§val lehet 

v®dekezni e k·rokoz·kkal szemben. Vizsg§lataink sor§n in vitro meghat§roztuk 38 

M. anserisalpingitidis klinikai izol§tum ®rz®kenys®g®t tizenh§rom antibiotikummal ®s egy 

antibiotikum kombin§ci·val szemben. A bakt®rium tºrzseket (egy minta kiv®tel®vel) l¼db·l 

izol§ltuk, amelyeket 2011 ®s 2015 kºzºtt Magyarorsz§g sz§mos telep¿l®s®rŖl gyŤjtºtt¿nk. Az 

izol§tumok jelentŖs r®sze magas minim§lis g§tl· koncentr§ci· (MIC) ®rt®ket mutatott 

tilmikozinnal, oxitetraciklinnel, norfloxacinnal ®s difloxacinnal szemben. Vizsg§latainkban a 

valnemulin, a tiamulin ®s a tilvalozin bizonyultak a leghat§sosabb antibiotikumoknak, azonban 

minden alkalmazott antibiotikummal szemben tal§ltunk olyan izol§tumokat, amelyek magas 

MIC ®rt®keket mutattak. Ezen eredm®nyek felh²vj§k a figyelmet az antibiotikum ®rz®kenys®g 

meghat§roz§s§nak a fontoss§g§ra a kezel®s megkezd®se elŖtt. 

A korszerŤ molekul§ris biol·giai vizsg§latok megkºvetelik, hogy ismerj¿k a vizsg§lt 

k·rokoz· genetikai §llom§ny§t, azonban vizsg§lataink elŖtt egyik Mycoplasma fajnak sem volt 

el®rhetŖ a teljes genom szekvenci§ja. De novo teljes genom szekven§l§s sor§n 

meghat§roztuk a M. anserisalpingitidis t²pus tºrzsnek (ATCC BAA-2147) ®s k®t klinikai 

izol§tumnak, valamint a M. anatis, M. anseris ®s M. cloacale t²pus tºrzseinek (NCTC 10156, 

ATCC 49234 ®s NCTC 10199) b§zis sorrendj®t. A teljes genomokat elhelyezt¿k a GenBank-

ban, hogy seg²ts¿k tov§bbi tudom§nyos munk§k sz¿let®s®t. 

A v²zibaromfi patog®n Mycoplasma fajok gyakran egy¿tt fordulnak elŖ a 

gazda§llatokban, azonban a faj szintŤ azonos²t§suk egy hagyom§nyos mikrobiol·giai 

laborat·rium sz§m§ra neh®z, mivel ezek a tºrzsek hasonl· morfol·giai, teny®szt®si ®s 

biok®miai tulajdons§gokkal b²rnak. A faj szintj®n tºrt®nŖ megk¿lºnbºztet®s¿k kor§bban egy 

nemzets®g-specifikus polimer§z l§ncreaki· (PCR)-term®k megszekven§l§s§val tºrt®nt. E 

probl®ma megold§s§ra h§ztart§si g®nekre faj-specifikus PCR rendszereket tervezt¿nk, 

amelyekkel pontosan beazonos²thatjuk a vizsg§lt mycoplasm§kat. A tervezett PCR 

vizsg§latok egyedileg azonos²tj§k a M. anserisalpingitidis, M. anatis, M. anseris ®s M. cloacale 

fajokat, ak§r kºzvetlen¿l a klinikai mint§b·l kivont DNS-bŖl is. Vizsg§lataink sor§n nem 

tapasztaltunk keresztreakci·t egy®b mad§r Mycoplasma fajokkal, a tesztek §tlagos 

®rz®kenys®ge 101ī102 DNS templ§t volt. Ezek a konvencion§lis PCR tesztek azonos 
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hŖprofilon egyidŖben futtathat·k, ®s a fajok g®lelektrofor®zist kºvetŖen a term®km®ret alapj§n 

elk¿lºn²thetŖk, ²gy nincs sz¿ks®g szekven§l§sra. A faj-specifikus rendszerek eredm®nyesen 

alkalmazhat·ak a rutin §llatorvosi laborat·riumi diagnosztikai vizsg§latok sor§n, ezzel 

lehetŖv® teszik a v²zibaromfi patog®n Mycoplasma fajok gyors, egyszerŤ ®s kºlts®ghat®kony 

elk¿lºn²t®s®t. 

A multil·kusz szekvencia tipiz§l§s (MLST) m·dszer®vel patog®n bakt®riumok 

lesz§rmaz§stani (filogenetikai) vizsg§lat§t lehet elv®gezni, azonban ilyen m·dszer a 

M. anserisalpingitidis-re kor§bban m®g nem §llt rendelkez®sre. Az MLST s®ma kidolgoz§s§val 

lehetŖs®g ny²lt a lesz§rmaz§stani kapcsolatok vizsg§lat§ra k¿lºnbºzŖ eredetŤ (magyar, 

lengyel, ukr§n, k²nai ®s vietn§mi) M. anserisalpingitidis mint§k kºzºtt. A v®gsŖ MLST 

vizsg§lathoz ºt l·kuszt (atpG, fusA, pgiB, plsY, uvrA) v§lasztottunk ki. A vizsg§latba bevont 89 

M. anserisalpingitidis mint§n§l 76 egyedi szekvencia t²pust (ST) k¿lºnbºztett¿nk meg, 0,994 

Simpson-f®le diverzit§si index ®rt®kkel. A l®trehozott lesz§rmaz§si fa 3 elk¿lºn¿lŖ csoportba 

®s sz§mos alcsoportba sorolta a mint§kat. Ćltal§noss§gban elmondhat·, hogy az azonos 

fºldrajzi helyrŖl, vagy ugyanazon integr§ci·b·l sz§rmaz· mint§k kºzºs csoportot alkottak. 

Sz§mos klinikai izol§tum szoros kapcsolatot mutatott a k¿lsŖ referenciak®nt (outgroup) 

haszn§lt M. anatis mint§kkal. A m·dszer ®rt®kes ®s kºlts®ghat®kony eszkºznek bizonyult a 

vizsg§lt Mycoplasma faj szekvencia t²pusainak meghat§roz§s§ban, amely hasznos lehet a 

j§rv§nytani nyomoz§shoz. 

¥sszefoglalva, ¼j eredm®nyeket ®s technik§kat mutattunk be a leggyakoribb, 

v²zibaromfikat fertŖzŖ Mycoplasma fajok tanulm§nyoz§s§ra. ElsŖk®nt §llap²tottuk meg hazai 

M. anserisalpingitidis tºrzsek antibiotikum ®rz®kenys®g®t, amely magas MIC ®rt®keket fedett 

fel sz§mos antibiotikummal szemben. ElsŖk®nt hoztuk l®tre M. anserisalpingitidis, M. anatis, 

M. anseris ®s M. cloacale tºrzsek teljes genom szekvenci§it, t§mogatva ¼j molekul§ris biol·giai 

kutat§sok l®trejºtt®t. Annak ®rdek®ben, hogy elŖseg²ts¿k ezen Mycoplasma fajok 

diagnosztikai vizsg§lat§t, elsŖk®nt tervezt¿nk megb²zhat· PCR rendszereket a kimutat§sukra. 

Legv®g¿l, elsŖk®nt fejlesztett¿nk egy gyors ®s kºlts®ghat®kony genotipiz§l· m·dszert 

M. anserisalpingitidis mint§k filogenetikai vizsg§lat§ra. 
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2. Introduction 

2.1. History 

Mycoplasma anserisalpingitidis, M. anatis, M. anseris and M. cloacale colonise geese 

and ducks. They can cause significant losses to the waterfowl industry (Stipkovits and 

Szathmary, 2012). 

The chronic respiratory disease in ducks was first described in 1955 when the 

association between the pathological changes and a novel Mycoplasma species was indicated 

(Fahey, 1955; Roberts, 1964). Mycoplasma infection of geese was first reported in 1970 

(Kosovac and Djurisic, 1970). Since then, several Mycoplasma and Acholeplasma (a 

Mycoplasma-related genus) species were described from geese and ducks. 

M. anserisalpingitidis was first isolated from the phallus lymph of a goose with phallus 

inflammation in 1983 by L§szl· Stipkovitsô team in Hungary (the strain numbered 1220), along 

with other mycoplasma isolates. However, description of the new species and the officially 

proposed name was published only in 2020 (Stipkovits et al., 1984b; Varga et al., 1986; 

Volokhov et al., 2020). The organism was referred to as Mycoplasma sp. 1220 or 

M. anserisalpingitis in publications between 1983 and 2020. Another strain (strain 1219) was 

described a few years later of its isolation and was named as M. anseris (Stipkovits et al., 

1984b; Bradbury et al., 1988). 

M. anatis was first described in 1964, in the United Kingdom. The author reported a 

sinusitis outbreak, and a co-infection of influenza A and a Mycoplasma species (Roberts, 

1964). 

Although M. cloacale isolation was first reported from a turkey (Bradbury and Forrest, 

1984), this species commonly occurs with other Mycoplasma species in waterfowl (Stipkovits 

et al., 1984b, 1986; Varga et al., 1986; Varga, 1993; Carnaccini et al., 2016; Gyuranecz et al., 

2020). 

The literature concerning the epidemiology or pathogenesis of M. anserisalpingitidis, 

M. anatis, M. anseris and M. cloacale is lacking. Many of the available papers are case reports, 

most of which are Hungarian studies. As more than one Mycoplasma species were described 

in the majority of the studies, the exact pathogenic features of these agents are not defined. 

Among these four species, M. cloacale is considered as a commensal Mycoplasma (Bradbury 

et al., 1987; Stipkovits and Kempf, 1996; Stipkovits and Szathmary, 2012); however, it was 

also reported that this species alone can cause clinical signs in geese (Stipkovits et al., 1986; 

Bradbury et al., 1987). Thus, the unique identification is important for differentiation this 

bacterium from other pathogen Mycoplasma species. 
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2.2. Aetiology 

Mycoplasma species belong to the family Mycoplasmataceae in the order 

Mycoplasmatales and the class Mollicutes (Garrity et al., 2004). The members of the genus 

Mycoplasma are characterised by the 16S rRNA gene sequences, serologic tests and 

phenotypic characteristics (Kleven, 2008). 

Mycoplasmas are Gram-negative, small prokaryotes that lack a cell wall and are 

bounded by a triple-layered plasma membrane, resulting in pleomorphic shapes. The cell size 

of mycoplasmas is about 0.2-0.8 ɛm in diameter (Kleven, 2008; Brown et al., 2018). Based on 

the available data, the cell size of M. anserisalpingitidis is 600-850 nm (Volokhov et al., 2020), 

and the average size for M. cloacale is 515 nm (Bradbury and Forrest, 1984). 

Mycoplasma species are characterised by a small genome (580,000 ï 1,350,000 bp) 

with G+C content of 23.7ï44.0%. Certain species have fewer than 300 genes (Stipkovits and 

Kempf, 1996; Sirand-Pugnet et al., 2007; Kleven, 2008). The UGA codon stands for a universal 

stop codon; however, most of the species in the class Mollicutes use it as a tryptophan coding 

sequence (Sirand-Pugnet et al., 2007). 

It was proposed to use the 16S rRNA similarity value to indicate separate, genetically 

distant species. If two strains of the same cluster or group have 16S rRNA sequence similarity 

above 97%, they are most likely to belong to the same species (Pettersson et al., 2000; 

Volokhov et al., 2012). Nevertheless, several closely related Mycoplasma species with 16S 

rRNA gene similarity greater than 97% demonstrated serological, genetic and ecological 

features that allowed defining them as distinct, individual species. High similarity of the 16S 

rRNA genes was observed in M. anserisalpingitidis with M. anatis, and M. anseris with 

M. cloacale, too, similarity percentage was 98.3-99.0%. Three-target sequence analysis, 

which uses the 16S rRNA, 16S-23S rRNA intergenic transcribed spacer region (ITS), and 

DNA-directed RNA polymerase subunit beta (rpoB) genes demonstrated to be a reliable and 

useful taxonomic tool for the species differentiation within the family Mycoplasmataceae. 

According to the phylogenetic tree of Mycoplasma species and sequence analysis, 

M. anserisalpingitidis is closely related to M. anatis and they belong to the Synoviae cluster, 

whilst the Hominis cluster included M. anseris and M. cloacale and these species are also in 

a close phylogenetic relationship (Volokhov et al., 2012, 2020). 

All four Mycoplasma species could be a part of the normal microflora of domestic geese 

and ducks, carried without any signs of Mycoplasma infection (i.e. unapparent infections) 

(Bencina et al., 1987; Hinz et al., 1994; Stipkovits and Szathmary, 2012). However, the high 

isolation rate from diseased animals and experimental studies clearly confirm the pathogenic 

role of these bacteria. 
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Besides the most common waterfowl Mycoplasma species, sporadic identifications 

were reported for M. columbinasale, M. gallinaceum (Tiong, 1990), M. gallinarum (Stipkovits 

et al., 1975), M. gallisepticum (Jordan and Amin, 1980; Bencina et al., 1988; Levisohn and 

Kleven, 2000), M. glycophilum, M. imitans, M. lipofaciens (Stipkovits and Kempf, 1996), M. 

synoviae (Bencina et al., 1988), a novel Mycoplasma species (Carnaccini et al., 2016) and a 

few acholeplasmas (Stipkovits and Kempf, 1996) in domestic ducks and geese. 

 

2.3. Host specificity and geographical distribution 

Mycoplasmas tend to be host-specific, but much data demonstrate that these bacteria 

are not always restricted to a single animal species (Bencina et al., 1987; Kleven, 2008; 

Stipkovits and Szathmary, 2012). Moreover, the co-occurrence of several waterfowl 

mycoplasmas have been described even in the same animal (Stipkovits et al., 1984b; Bradbury 

et al., 1988; Varga et al., 1986; Behr et al., 1990; Varga, 1993; Stipkovits and Szathmary, 

2012). 

M. anserisalpingitidis is a pathogen of domestic geese (Anser anser) (Stipkovits and 

Szathmary, 2012) and it was recently identified in swan geese (Anser cygnoides) (Gyuranecz 

et al., 2020). M. anatis colonises mainly domestic ducks (Anas platyrhynchos) (Stipkovits and 

Szathmary, 2012), but this organism was also described in several wild duck hosts (black duck, 

canvasback, mallard, teal, and shoveler) and other type of birds (coot) (Poveda et al., 1990; 

Goldberg et al., 1995), and in healthy geese as well (Bencina et al., 1987). M. anseris was only 

described in domestic geese and no data suggests that this species colonises other animals 

(Stipkovits and Szathmary, 2012). M. cloacale could be isolate from various birds; however, 

the frequent occurrence of this species in domestic and wild ducks, along with domestic geese 

suggests that members of the order Anseriformes may be more common hosts for M. cloacale 

than other birds (Bradbury et al., 1987; Hinz et al., 1994; Goldberg et al., 1995; Stipkovits and 

Szathmary, 2012; Gyuranecz et al., 2020). 

M. anserisalpingitidis and M. anatis may have separated from a common ancestor 

approximately 20ï40 million years ago. Similarly, geese and ducks most likely derived from 

their common avian ancestor approximately 20.8 million years ago. Therefore, it was 

speculated that the evolution of these two, closely related Mycoplasma species might have 

been in direct association with the evolution of their natural hosts (Lu et al., 2015; Volokhov et 

al., 2020). 

Although the majority of the available publications are Hungarian studies, diseases of 

domestic geese associated with M. anserisalpingitidis, M. anseris and M. cloacale alone or in 

co-infections were also detected in other European countries and other parts of the World. 

These bacteria were described in Europe (Germany, France (Stipkovits et al., 1986), Czech 

Republic (Stipkovits et al., 1986; Stipkovits and Kempf, 1996), Poland (Stipkovits et al., 1986), 
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former Soviet Union, Russian Federation and Ukraine (Stipkovits et al., 1986; Sprygin et al., 

2012)). In the USA, M. anseris and M. cloacale was recognised in domestic geese, showing 

clinical signs (Carnaccini et al., 2016). In China, the presence of M. anseris was reported 

before (Stipkovits and Kempf, 1996), and M. anserisalpingitidis and M. cloacale have been 

recently described in swan geese showing signs of the purulent or necrotic cloaca and phallus 

inflammation (Gyuranecz et al., 2020). 

Diseases of domestic ducks connected with Mycoplasma infection was reported in 

Hungary (Ivanics et al., 1988), in the United Kingdom (Roberts, 1964; Jordan and Amin, 1980), 

and Singapore (Tiong, 1990). Lesions associated with the presence of Mycoplasma species 

were investigated in wild ducks in the USA (Goldberg et al., 1995). 

Moreover, the concerned Mycoplasma species were identified from symptomless 

domestic and wild waterfowl in the former Yugoslavia (Bencina et al., 1987), Germany (Hinz 

et al., 1994), France (Bradbury et al., 1987), Spain (Poveda et al., 1990), United Kingdom 

(Bradbury et al., 1987) and Egypt (Goldberg et al., 1995). 

 

2.4. Epidemiology and pathogenesis 

In waterfowl, co-infection of Mycoplasma species with other bacterial or viral pathogens 

may lead to more severe disease manifestations and their consequences. Pasteurella 

multocida was isolated along with M. anseris and M. cloacale in ganders with reproductive 

diseases (Carnaccini et al., 2016). Co-occurrence with P. multocida in ducks was also 

observed (Tiong, 1990). M. anatis and M. gallisepticum together were recovered from birds 

with respiratory diseases (Jordan and Amin, 1980), and the influenza A virus clearly worsened 

the mycoplasmal infection in ducks (Roberts, 1964). 

Horizontal transmission of M. anserisalpingitidis, M. anseris and M. cloacale was 

hypothesized in a previous experiment (Stipkovits et al., 1986), as the pathogens were 

detected from the healthy ganders which were introduced in an affected flock after eliminating 

birds showing cloaca and phallus inflammation. Since M. cloacale can be isolated from the 

cloaca, it was hypothesized that this species may spread by faecal contamination between 

wild and domestic birds (Bradbury et al., 1987). Based on the observations and experimental 

studies, these waterfowl Mycoplasma species have the potential to transmit vertically as well 

(Stipkovits et al., 1984a, 1984c; Samuel et al., 1995; Stipkovits and Kempf, 1996; Dobos-

Kov§cs et al., 2009). 

There is no detailed study about the pathogenesis of Mycoplasma infections in 

waterfowl, but it is clear that avian Mycoplasma species require the attachment to host cell 

surfaces. Moreover, certain species are known to have the ability to penetrate cells (Kleven, 

2008). The bacterial sialidase (also called neuraminidase) activity is associated with the 
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creation of binding sites on the hostôs epithelial cells leading to invasion (Corfield, 1992). The 

reptile pathogen M. alligatoris has sialidase activity, and this species showed rapid 

invasiveness and necrotizing effects compared to its attenuated sibling species, M. crocodyli 

which lacks this enzyme (Brown et al., 2004; Hunt and Brown, 2005). The poultry pathogens 

M. synoviae and M. gallisepticum bind to the host cell via receptors containing sialic acid 

residues (Razin and Barile, 1985; Berļiļ et al., 2008), and the intensive neuraminidase 

enzymatic activity (NEAC) of the strains can be associated with a higher invasiveness and 

virulence (Berļiļ et al., 2008). The type strain of M. anseris was isolated from a goose showing 

clinical signs, and that strain showed a moderate NEAC. The M. cloacale type strain had a 

weak NEAC; nevertheless, the pathogenicity of this strain is unknown. The type strain of 

M. anatis was associated with respiratory diseases; however, its NEAC was negative (Roberts, 

1964; Bradbury and Forrest, 1984; Bradbury et al., 1988; Berļiļ et al., 2008). 

 

2.5. Clinical signs 

During infection with M. anserisalpingitidis, M. anseris and M. cloacale alone or in 

combinations, inflammation of the cloaca and genital tract are the main symptoms in ganders 

(Figure 1). The mucosal membrane of the phallus becomes red, oedematous, later necrotic 

and finally, the phallus can slough. The severe phallic lesions compromise the functionality of 

the organ, thus preventing mating, which results in high infertility rates. Fibrinous material can 

congest the cloaca, and the congested uric acid can cause a severe visceral gout (Stipkovits 

et al., 1986; Bradbury et al., 1988; Behr et al., 1990; Stipkovits and Kempf, 1996; Carnaccini 

et al., 2016). M. anserisalpingitidis- and M. anseris-infected layers can have conjunctivitis with 

lacrimation, the birds show signs of depression, the intake of drinking water increases and 

many birds can die (Dobos-Kov§cs et al., 2009). Moreover, a decreased egg production, 

increased number of infertile eggs, embryo mortality and abnormally looking eggs are 

associated with the presence of these Mycoplasma species (Stipkovits et al., 1986; Stipkovits 

and Kempf, 1996; Dobos-Kov§cs et al., 2009). Nasal discharge, coughing, difficult breathing, 

lacrimation, conjunctivitis, increased morbidity and mortality are the signs of 

M. anserisalpingitidis and M. anseris infection in goslings. The young birds move with difficulty, 

and prefer sitting, leg weakness, diarrhoea, loss of body weight and weakness can be 

observed. Nervous signs, such as tremor and torticollis were also seen occasionally (Stipkovits 

et al., 1993; Stipkovits and Kempf, 1996). 
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Figure 1. Phallus inflammation (photo kindly provided by Ćkos Thuma) and  
necrotized phallus (photo taken by Mikl·s Gyuranecz). 

Layers were infected with M. anseris and M. cloacale together in an experimental study. 

The rate of the infertile eggs significantly increased 1 month after the infection, and the egg 

production decreased after the 2nd month. The bodyweight of the infected laying geese 

significantly decreased. The freshly-hatched goslings of the infected layers showed a 

significantly lower weight and decreased growth rate compared to the control group (Stipkovits 

et al., 1984a, 1984c; Dobos-Kov§cs et al., 2009). An in ovo M. anserisalpingitidis infection 

resulted in significantly shorter mean body length, and the embryo mortality significantly 

increased. Goslings hatched from infected embryos weighed less and had higher mortality. 

Rhinitis was observed after experimental infection of post-hatched goslings (Stipkovits et al., 

1987). 

The clinical signs of M. anatis infection included weakness of the legs, preferred sitting, 

along with dyspnoea and diarrhoea with watery and greenish faeces in ducklings. Some birds 

showed nervous symptoms, such as disturbances of the equilibrium, retrograde movement, 

torticollis and twisting of the neck. Fatal cases were observed as well (Ivanics et al., 1988). 

Moreover, an association was hypothesized between M. anatis infection and mortality in wild 

ducks (Goldberg et al., 1995). 

The pipping success in M. anatis-inoculated eggs was significantly lower, and the 

decrease in the hatching success was more pronounced. The mass of the hatchlings was 

lower, and only half of them survived to 24 hours (Samuel et al., 1995). Inoculating duck 

embryos with M. anatis also increased their mortality (Stipkovits, 1979). 

 

2.6. Pathology 

The phallus lesions of ganders associated with M. anserisalpingitidis, M. anseris and 

M. cloacale infection were characterised by sero-fibrinous inflammation of the lymph sinusô 
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mucous membrane and the glandular part of the organ, and it can also get necrotic (Figure 2 

A). The presence of the severe inflammatory reactions in ducts limits the normal flow of the 

semen and lymph. This may also explain the atrophy and degenerative changes of the phallus. 

The formation of a stagnant environment and the impossibility to purge the bacteria and 

necrotic debris aggravates the inflammatory reaction. Bacteria from the cloacal region can take 

advantage of the stagnant environment and start to proliferate. Atrophy of the testicles can 

also be observed (Stipkovits et al., 1986; Stipkovits and Kempf, 1996; Carnaccini et al., 2016). 

In certain cases, the outer reproductive organs do not show pathologic changes, but the 

abdominal ones are affected in seemingly healthy birds. Airsacculitis and peritonitis are also 

common signs in the infected ganders (Stipkovits et al., 1986; Stipkovits and Kempf, 1996). 

Airsacculitis, peritonitis and pericarditis were observed in Mycoplasma-infected laying geese. 

Exudates and infiltrations with immune cells were seen in many parts of the reproductive 

organs, accompanied mainly with salpingitis and degenerated follicles (Figure 2 B). General 

immune cell infiltration was noted around the portal blood vessels in the liver (Stipkovits et al., 

1984a, 1984c; Dobos-Kov§cs et al., 2009). Immune cell and/or fibrin infiltration was observed 

in the epicardium, pericardium, peritoneum, air sacs, and lungs in goslings suffering from 

M. anserisalpingitidis and M. anseris infection. Their lungs contained large quantity of blood 

and were oedematous, and serous mucus was seen in the lumen of the trachea and the sinus. 

The joints were swollen in some cases. Similar infiltrations were seen in the cerebral 

membranes and chambers of young birds showing nervous symptoms (Stipkovits et al., 1993; 

Stipkovits and Kempf, 1996).  

  

Figure 2. A: sero-fibrinous phallus inflammation. B: peritonitis and salpingitis with 
degenerated follicles (photos kindly provided by Ćkos Thuma). 

Laying geese experimentally infected with M. anseris and M. cloacale had peritonitis 

and airsacculitis, and the attachment of yolk follicles to the peritoneum was seen. In the 

A B 
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goslings of these infected birds, airsacculitis, pneumonia and omphalitis were observed 

(Stipkovits et al., 1984a, 1984c; Dobos-Kov§cs et al., 2009). As a consequence of the 

M. anserisalpingitidis in ovo infection, pathological lesions were seen in the chorioallantoic 

membrane, and the embryosô liver and respiratory tract. The goslings hatched from infected 

eggs, and pathological examinations revealed cellular infiltrations in the pleura, lung, large air 

passages and nasal conchae. The follicles of the bursa of Fabricius and the thymic cortex were 

atrophied. Post-hatch infiltration resulted in enhanced secretory activity, vacuolar degeneration 

and cellular infiltration of the nasal tissues. Similar infiltration occurred in the pleura, in the 

pulmonary tissues and the large air passages (Stipkovits et al., 1987). 

The air sacs and pericardium were covered with moderate amounts of fibrin, and 

peritonitis was observed in ducks suffering from M. anatis infection (Stipkovits, 1979; Ivanics 

et al., 1988). The lungs were hyperaemic and slightly oedematous, the mucosa of the nasal 

turbinates was slightly hyperaemic, swollen and covered with catarrhal mucus. The mucosa of 

the empty intestinal tract and the liver were hyperaemic and swollen. Fibrinous salpingitis was 

observed as well. The leptomeninx was thickened and infiltrated by immune cells in the brain 

stem, cerebral hemispheres and cerebellum of the birds showing nervous signs (Ivanics et al., 

1988). 

During experimental infection of ducks with M. anatis (inoculated intranasally, into the 

infundibulum, into the airsac and intracranially), lesions were found in the lungs, parietal and 

visceral pleura, and tracheal and turbinate mucosa in all groups. Moreover, an infiltration of 

immune cells was observed in the above mentioned brain regions and all these observations 

were similar to the ones of the naturally infected ducks (Ivanics et al., 1988). 

 

2.7. Diagnosis 

Based on the available literature, the waterfowl Mycoplasma species were isolated 

from multiple organs of the animals, like the brain, respiratory tract, peritoneum, liver, 

reproductive organs, cloaca or embryos (Stipkovits, 1979; Jordan and Amin, 1980; Stipkovits 

et al., 1986, 1993; Bencina et al., 1988; Ivanics et al., 1988; Hinz et al., 1994; Goldberg et al., 

1995; Stipkovits and Kempf, 1996; Dobos-Kov§cs et al., 2009). This emphasizes the multi-

organotropic nature of these species. The routinely collected samples from live animals are 

cloacal and tracheal swabs, and phallus lymph and sperm from males. These samples are 

appropriate for bacterial culturing and/or molecular identification. 

The four waterfowl Mycoplasma species require a protein-rich growth medium 

containing serum and cholesterol, and are inhibited by digitonin. M. anserisalpingitidis and 

M. anatis are phosphatase-positive glucose-utilizers, whilst M. anseris and M. cloacale are 

phosphatase-negative arginine-hydrolysers; therefore, these species pairs have 
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undistinguishable biochemical properties (Stipkovits et al., 1984b; Kleven, 2006, 2008). 

Mycoplasmas develop only faint or no turbidity in broth cultures; consequently, alternative 

methods are used to detect mycoplasmal growth. These include the incorporation of substrates 

(such as glucose and arginine) which are fermented or hydrolysed by the mycoplasmas 

causing acidification or alkalisation of the medium (Hannan, 2000). The optimum growth is at 

37 ÁC, which is supported by 5% CO2. All four species form ñfried-eggò colonies on solid media 

(Stipkovits et al., 1984b; Kleven, 2008) (Figure 3). Based on our teamôs observations, all these 

species form colonies after 1-4 days. Therefore, the characterisation of the phenotypic features 

of these mycoplasmas is not sufficient for their routine identification to the species level 

(Stipkovits et al., 1984b; Sprygin et al., 2012). 

 

Figure 3. M. anserisalpingitidis colonies on solid media (x30 magnification). 

Practically, these species can be identified using serological methods, such as growth 

inhibition test and immunofluorescent antibody test; however, these tests are time-consuming, 

require a pure culture of isolates and qualified reference antisera, which are not available at 

routine veterinary laboratories in most countries either due to absence of national veterinary 

mycoplasma reference centres or due to the limited use of animals for the production of 

antibody reagents. Moreover, closely related species, such as M. anserisalpingitidis and 

M. anatis may cross-react in conventional serological tests (Stipkovits et al., 1984b; Volokhov 

et al., 2020). 

The identification of M. anserisalpingitidis, M. anatis, M. anseris and M. cloacale to the 

species level is possible with a Mycoplasma genus-specific PCR assay, which targets the 16S-

23S rRNA ITS (Lauerman et al., 1995); however, the species identification requires the direct 

sequencing of the obtained PCR amplicons. This is not always feasible at routine veterinary 

laboratories, and requires additional reagents and skills. Moreover, this kind of identification is 

practically impossible for PCR products amplified from the birds co-infected with multiple 



22 

Mycoplasma species. To the best of our knowledge, no M. anatis-, M. anseris- or M. cloacale-

specific PCR assays have been published, and only one study on the species-specific PCR 

detection and phylogenetic identification of M. anserisalpingitidis isolates in geese from the 

Russian Federation and Ukraine was published (Sprygin et al., 2012). A core genome MLST 

scheme (cgMLST) was designed for M. anserisalpingitidis by our research group (Kov§cs et 

al., 2020) which was the first published genotyping assay to differentiate between strains of 

this Mycoplasma species. That method requires pure bacterial strains, a whole-genome 

sequencing and high-quality input data. 

 

2.8. Treatment and control 

Clinically manifested mycoplasmosis can occur in waterfowl under excessive stress. 

Inadequate housing, such as the high density of birds, limited space and water supply and 

mixed-aged fowls increase the anxiety of the birds; moreover, sexual activity of the animals, 

extensive egg production and transport of the birds are stress factors as well (Stipkovits et al., 

1986; Ivanics et al., 1988; Stipkovits and Kempf, 1996). The screening for Mycoplasma species 

of the fowls is crucial to control mycoplasmosis. Diseases can be reduced with adequate 

housing and better hygienic conditions. 

A combined vaccine against M. anserisalpingitidis and M. anseris was developed and 

assessed for efficacy, and a registration dossier was submitted under the name Anservac, in 

Hungary (FºldmŤvel®s¿gyi ®s Vid®kfejleszt®si £rtes²tŖ, 2006; Volokhov et al., 2020). 

Moreover, an American patent application publication can be found associated with waterfowl 

Mycoplasma species (Szathmary and Stipkovits, 2016). Despite there is no commercially 

available vaccine against these mycoplasmas. Therefore, ótailor-madeô autovaccine therapies 

are occasionally used in diseased waterfowls. 

Since there is no commercial vaccine against M. anserisalpingitidis, M. anatis, 

M. anseris or M. cloacale, an antibiotic treatment can be applied for the control of the 

Mycoplasma infections. Mycoplasmas are resistant to ɓ-lactam antimicrobials because of the 

lack of cell-wall and the bacteria are also resistant to membrane synthesis inhibitors (Stipkovits 

and Kempf, 1996; Hannan, 2000). Antibiotics such as quinolones, tetracyclines, macrolides 

and pleuromutilins which induce DNA fragmentation or inhibition at the level of protein 

synthesis are the drugs of choice for the therapy of mycoplasmosis. Among the macrolides, 

erythromycin showed high effectiveness against Mycoplasma strains which ferment glucose, 

while arginine-hydrolysing strains proved to be less susceptible to this compound. However, 

there are big variations in antibiotic sensitivity among strains of one species (Stipkovits and 

Kempf, 1996). 
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Based on the available literature, the in vitro antibiotic susceptibility of these four 

Mycoplasma species were published in only one paper (Stipkovits and Szathmary, 2012). The 

authors described MIC50 (lowest concentration that inhibited the growth of 50% of the 

investigated strains), MIC90 (lowest concentration that inhibited the growth of 90% of the 

investigated strains) and average MIC values against seven antibiotics; however, detailed data 

were not shared concerning the examination method or the examined isolates. High MIC 

values were published for chlortetracycline, oxytetracycline, lincomycin, and tylosin, whilst 

tiamulin was found to be the most effective agent out of the tested compounds. 

Literature concerning the medication of mycoplasmosis in geese and ducks is scarce 

as well. M. anserisalpingitidis and M. cloacale infected geese were treated with lincomycin-

spectinomycin combination, tylosin and tiamulin. The drugs were applied either alone or in 

combinations. The number of geese with inflamed phalluses and the infertility rate of eggs 

decreased; moreover, the hatching rate and egg production increased as the consequence of 

the treatments. The data suggested the beneficial effects of these drugs against 

mycoplasmosis (Czifra et al., 1986; Varga et al., 1986; Varga, 1993). Tylosin and 

chlortetracycline treatment improved the fertility of a geese flock suffering from reproductive 

diseases caused by M. anseris, M. cloacale, an unknown Mycoplasma species and 

Pasteurella. However, the birds never returned to the initial production rates because of the 

irreversible deformities to the male genitalia (Carnaccini et al., 2016). 
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3. Aims of the study 

The aims of the study were: 

Ad 1. to determine the in vitro susceptibility of Hungarian M. anserisalpingitidis field isolates to 

thirteen different antibiotics and an antibiotic combination. 

Ad 2. to sequence de novo the complete genomes of three isolates (type strain and two field 

isolates) of M. anserisalpingitidis, and the type strains of M. anatis, M. anseris, and M. cloacale. 

Ad 3. to develop an effective and robust molecular test for the identification of 

M. anserisalpingitidis, M. anatis, M. anseris, and M. cloacale in avian clinical specimens. 

Ad 4. to develop a reproducible and useful MLST assay that can be used to analyse the 

phylogenetic relationships between M. anserisalpingitidis strains. 
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4. Materials and methods 

4.1. Samples and isolation 

4.1.1. Samples 

To determine the antibiotic susceptibility of M. anserisalpingitidis isolates, the type 

strain (ATCC BAA-2147) and 38 field isolates from geese and a duck originating from different 

parts of Hungary were tested. The field isolates were collected between 2011 and 2015, from 

phallus tissue and phallus lymph, cloaca, follicle and respiratory tract samples (Table 1, Figure 

4). 

For the de novo sequencing, the type strains of M. anserisalpingitidis (ATCC BAA-

2147), M. anatis (NCTC 10156), M. anseris (ATCC 49234), and M. cloacale (NCTC 10199) 

were purchased directly from the repositories. In addition, two M. anserisalpingitidis field 

isolates (MYCAV 93 and 177) were also included in the study. Data of the concerned 

strains/isolates are showen in Tables 1-4 (Figure 4). 

To evaluate the species-specific PCR assays, 18 M. anserisalpingitidis, eight M. anatis, 

13 M. anseris, and 18 M. cloacale field isolates were investigated, obtained from domestic 

geese and ducks, wild ducks and a chicken (Tables 1-4, Figure 4). Furthermore, 28 clinical 

specimens, including cloacal swabs, follicle tissue, trachea tissue, phallus lymph, and semen 

were also examined in this study (Table 19, Figure 4). The tested Mycoplasma field isolates 

and the avian clinical specimens were collected mainly in Hungary, between 2003 and 2018. 

Two North American samples were also included. 

To develop a novel MLST scheme, 82 M. anserisalpingitidis isolates, including the 

ATCC BAA-2147 type strain, were recovered from domestic geese, swan geese and a 

domestic duck between 1983-2019 originating from Hungary (n=71), Poland (n=8), China 

(n=2) and Vietnam (n=1). The isolates originated from the cloaca, phallus and phallus lymph, 

trachea, follicle, semen, and lung and air sac of the animals. Among these 

M. anserisalpingitidis samples, 36 field isolates were collected from flocks of a Hungarian 

livestock integration which were sampled frequently between 2011-2018. The distance 

between the sampled farms of the integration ranged from 12 to 230 km. Moreover, the field 

isolates originating from the same flock or same animalôs different organs were also indicated 

in the study (Table 1, Figure 4). The M. anatis type strain (NCTC 10156) and six M. anatis field 

isolates recovered from domestic geese and ducks between 2011-2014 from Hungary 

(Table 2, Figure 4) were examined in the study as an outgroup. Also, the MLST study included 

seven clinical specimens (transport medium or tissue sample without cultivation) containing 

M. anserisalpingitidis DNA, originating from Poland (n=6) and Ukraine (n=1) (Table 1, 

Figure 4). 
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All the samples were collected in routine diagnostic examinations or necropsies by our 

research group and our collaborators, thus ethical approval was not required for any of the 

studies. 

For all studies, DNA was extracted from Mycoplasma strains, field isolates or clinical 

specimens using the QIAamp DNA Mini Kit (Qiagen Inc., Hilden, Germany) according to the 

manufacturerôs instructions for Gram-negative bacteria. The performed examinations on each 

strain/isolate and clinical specimen are marked in Tables 1-4. 

 

 

Figure 4. A: Map showing the geographical origin of the waterfowl Mycoplasma type 
strains, field isolates and clinical specimens analysed in the studies. 

Ba: Map of Hungary showing the geographical origin of the waterfowl Mycoplasma 
field isolates examined in the studies. 

aThe size of the pie charts represents the number (n) of isolates. Colours indicate the 
Mycoplasma species. Field isolates with unknown places (MYCAV 344, MYCAV 490, MYCAV 491, 

31848, 31849, 32328) are not represented. 
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Table 1. Background data of the examined M. anserisalpingitidis strains/field isolates (No. 1-97), and clinical specimens containing 
M. anserisalpingitidis DNA (No. 98-104). 

No. ID Host Sample sourcea Country Placea Year Othera ABb PCRc MLSTd 

1 ATCC BAA-2147 goose phallus lymph Hungary n.d. 1983  x x x 

2 MYCAV 34 goose phallus lymph Hungary Szentes 2011 Int x  x 

3 MYCAV 35 goose phallus lymph Hungary R®m 2012  x   
4 MYCAV 36 goose cloaca Hungary Hajd¼bºszºrm®ny 2012  x   
5 MYCAV 38 goose cloaca Hungary Kelebia 2012  x  x 

6 MYCAV 39 goose phallus lymph Hungary R®m 2012    x 

7 MYCAV 40 goose cloaca Hungary R®m 2012    x 

8 MYCAV 44 goose cloaca Hungary Nagykamar§s 2012  x  x 

9 MYCAV 47 duck lung and air sac Hungary T§zl§r 2012  x x x 

10 MYCAV 49 goose phallus lymph Hungary Tiszavasv§ri 2013  x  x 

11 MYCAV 50 goose phallus Hungary Cered 2013 Int x  x 

12 MYCAV 51 goose phallus lymph Hungary Derekegyh§z 2013 Int x  x 

13 MYCAV 53 goose phallus lymph Hungary Szentes 2013 Int x  x 

14 MYCAV 54 goose follicle Hungary H·dmezŖv§s§rhely 2013 Int x x x 

15 MYCAV 55 goose follicle Hungary Kiskunmajsa 2013  x  x 

16 MYCAV 56 goose phallus Hungary S¿kºsd 2013  x  x 

17 MYCAV 59 goose follicle Hungary R®m 2013  x   
18 MYCAV 61 goose phallus lymph Hungary Tat§rszentgyºrgy 2013  x  x 

19 MYCAV 62 goose phallus and testis Hungary R®m 2013   x  
20 MYCAV 63 goose trachea Hungary S¿kºsd 2013  x  x 

21 MYCAV 65 goose phallus lymph Hungary R®m 2014  x  x 

22 MYCAV 66 goose phallus lymph Hungary Tiszafºldv§r 2014  x  x 

23 MYCAV 67 goose phallus lymph Hungary Szentes 2014 Int x  x 

24 MYCAV 68 goose phallus lymph Hungary £rpatak 2014 Int x  x 

25 MYCAV 69 goose phallus lymph Hungary Ludas 2014  x  x 

26 MYCAV 70 goose phallus lymph Hungary Cered 2014 Int x  x 

27 MYCAV 71 goose phallus lymph Hungary S¿kºsd 2014  x  x 

28 MYCAV 72 goose phallus lymph Hungary Nagykamar§s 2014  x  x 

29 MYCAV 73 goose cloaca Hungary S¿kºsd 2014    x 

30 MYCAV 75 goose phallus lymph Hungary Dºmsºd 2014  x  x 
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Table 1 (continued). Background data of the examined M. anserisalpingitidis strains/field isolates (No. 1-97), and clinical specimens 
containing M. anserisalpingitidis DNA (No. 98-104). 

No. ID Host Sample sourcea Country Placea Year Othera ABb PCRc MLSTd 

31 MYCAV 76 goose phallus lymph Hungary Tiszab§bolna 2014  x  x 

32 MYCAV 77 goose phallus lymph Hungary S¿kºsd 2014    x 

33 MYCAV 78 goose trachea Hungary S¿kºsd 2014    x 

34 MYCAV 91 goose phallus Hungary Hajd¼s§mson 2011  x  x 

35 MYCAV 93 goose phallus Hungary Bojt 2011  x  x 

36 MYCAV 94 goose cloaca Hungary Tiszab§bolna 2012  x  x 

37 MYCAV 160 goose phallus lymph Hungary £rpatak 2015  x   
38 MYCAV 161 goose phallus lymph Hungary Szilaspogony 2015  x   
39 MYCAV 162 goose phallus lymph Hungary Encsencs 2015  x   
40 MYCAV 176 goose phallus Hungary Cered 2015  x   
41 MYCAV 177 goose phallus Hungary Cered 2015 Int, a x  x 

42 MYCAV 178 goose follicle Hungary Cered 2015 Int, a x  x 

43 MYCAV 179 goose trachea Hungary Ap§tfalva 2015  x x x 

44 MYCAV 180 goose phallus Hungary Kisb®r 2015  x  x 

45 MYCAV 202 goose cloaca Hungary Kelebia 2015  x  x 

46 MYCAV 203 goose phallus lymph Hungary Kisb®r 2015   x  
47 MYCAV 205 goose phallus lymph Hungary Szentes 2015 Int, b   x 

48 MYCAV 212 goose phallus lymph Hungary Encsencs 2015 Int, c   x 

49 MYCAV 218 goose cloaca Hungary Encsencs 2015 Int, c   x 

50 MYCAV 221 goose cloaca Hungary Szentes 2015 Int, b  x x 

51 MYCAV 222 goose cloaca Hungary Szentes 2015 Int, b   x 

52 MYCAV 243 goose cloaca Hungary Szentes 2016 Int, d   x 

53 MYCAV 245 goose phallus lymph Hungary Szentes 2016 Int, d  x x 

54 MYCAV 247 goose phallus lymph Hungary Encsencs 2016 Int, e   x 

55 MYCAV 248 goose cloaca Hungary Encsencs 2016 Int, e   x 

56 MYCAV 264 goose semen Hungary Szentes 2016 Int   x 

57 MYCAV 269 goose follicle Hungary Dºmsºd 2016   x  
58 MYCAV 270 goose cloaca Hungary Szentes 2016 Int, f   x 

59 MYCAV 271 goose phallus lymph Hungary Szentes 2016 Int, f  x x 

60 MYCAV 275 goose semen Hungary GºdºllŖ 2016   x x 
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Table 1 (continued). Background data of the examined M. anserisalpingitidis strains/field isolates (No. 1-97), and clinical specimens 
containing M. anserisalpingitidis DNA (No. 98-104). 

No. ID Host Sample sourcea Country Placea Year Othera ABb PCRc MLSTd 

61 MYCAV 313 goose cloaca Hungary Boldogasszonyfa 2017    x 

62 MYCAV 325 goose cloaca Hungary Cered 2017 Int   x 

63 MYCAV 327 goose cloaca Hungary Szentes 2017 Int   x 

64 MYCAV 332 goose cloaca Hungary Cered 2017 Int   x 

65 MYCAV 333 goose cloaca Hungary £rpatak 2017 Int   x 

66 MYCAV 340 goose cloaca Hungary Hajd¼s§mson 2017    x 

67 MYCAV 342 goose trachea and serosa Hungary Hajd¼bºszºrm®ny 2017 Int, g  x x 

68 MYCAV 343 goose follicle Hungary Hajd¼bºszºrm®ny 2017 Int, g  x x 

69 MYCAV 344 goose cloaca Hungary n.d. 2012   x  
70 MYCAV 382 goose cloaca Hungary Pusztafºldv§r 2017    x 

71 MYCAV 421 goose cloaca Hungary Lapist· 2018   x  
72 MYCAV 423 goose cloaca Hungary Szentes 2018 Int   x 

73 MYCAV 424 goose cloaca Hungary Encsencs 2018 Int   x 

74 MYCAV 429 goose cloaca Hungary £rpatak 2018 Int   x 

75 MYCAV 430 goose cloaca Hungary Cered 2018 Int   x 

76 MYCAV 449 goose trachea Hungary Derekegyh§z 2018 Int   x 

77 MYCAV 452 goose cloaca Hungary S¿kºsd 2018    x 

78 MYCAV 493 goose cloaca Hungary Hajd¼s§mson 2018 h   x 

79 MYCAV 494 goose phallus lymph Hungary Hajd¼s§mson 2018 h  x x 

80 MYCAV 498 goose cloaca Hungary Encsencs 2018 Int   x 

81 MYCAV 500 goose cloaca Hungary Cered 2018 Int   x 

82 MYCAV 502 goose cloaca Hungary £rpatak 2018 Int   x 

83 MYCAV 512 goose cloaca Hungary Hajd¼bºszºrm®ny 2018    x 

84 MYCAV 665 goose cloaca Poland Bydgoszcz 1985    x 

85 MYCAV 666 goose cloaca Poland Piotrk·w Trybunalski 1987    x 

86 MYCAV 667 goose cloaca Poland Kartuzy 1985    x 

87 MYCAV 668 goose cloaca Poland Starogard GdaŒski 1985    x 

88 MYCAV 669 goose cloaca Poland Rzesz·w 1986    x 

89 MYCAV 670 goose cloaca Poland Olsztyn 1985    x 

90 MYCAV 675 goose cloaca Poland Zielona G·ra 1986    x 
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Table 1 (continued). Background data of the examined M. anserisalpingitidis strains/field isolates (No. 1-97), and clinical specimens 
containing M. anserisalpingitidis DNA (No. 98-104). 

No. ID Host Sample sourcea Country Placea Year Othera ABb PCRc MLSTd 

91 MYCAV 680 goose cloaca Poland Piotrk·w Trybunalski 1985    x 

92 MYCAV 783 goose cloaca China Guangzhou 2019 i   x 

93 MYCAV 785 goose cloaca China Guangzhou 2019 i   x 

94 MYCAV 903 goose cloaca Vietnam Hanoi 2019    x 

95 31848e goose oviduct Hungary n.d. 2003   x  
96 31849e goose ovum Hungary n.d. 2003   x  
97 32328e goose testis Hungary n.d. 2004   x  
98 PL 1 goose cloaca Poland Olsztyn 1985    x 

99 PL 2 goose cloaca Poland Biağystok 1985    x 

100 PL 3 goose cloaca Poland Biağystok 1985    x 

101 PL 5 goose cloaca Poland Bydgoszcz 1985    x 

102 PL 11 goose cloaca Poland Piotrk·w Trybunalski 1986    x 

103 PL 13 goose cloaca Poland Piotrk·w Trybunalski 1986    x 

104 UA 1 goose phallus lymph Ukraine n.d. 2018    x 

       Sum 39 19 89 

aAbbreviations: Int ï isolates are from the same livestock integration; a ï MYCAV 177 and 178 are from the same flock; b ï MYCAV 205 and 221 are 
from the same animal, and 222 from the same flock; c ï MYCAV 212 and 218 are from the same animal; d ï MYCAV 243 and 245 are from the same 
flock; e ï MYCAV 247 and 248 are from the same animal; f ï MYCAV 270 and 271 are from the same flock; g ï MYCAV 342 and 343 are from the same 
flock; h ï MYCAV 493 and 494 are from the same flock; i ï MYCAV 783 and 785 are from the same flock; n.d. ï no data 
bAB: selected isolates for the antibiotic susceptibility study 
cPCR: selected isolates for the species-specific PCR study 
dMLST: selected isolates for the MLST study 
eExamination was performed by Dmitriy V. Volokhov (Center for Biologics Evaluation and Research, U. S. Food and Drug Administration, USA) 
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Table 2. Background data of the examined M. anatis strains/field isolates. 

 

No. ID Host Sample sourcea Country Placea Yeara PCRb MLSTc 

1 NCTC 10156 duck respiratory tract United Kingdom n.d. 1964 x x 

2 MYCAV 314 goose cloaca Hungary Cered 2011 x x 

3 MYCAV 315 duck lung and air sac Hungary T§zl§r 2012 x x 

4 MYCAV 317 goose peritoneum Hungary Kiskunf®legyh§za 2013 x x 

5 MYCAV 318 duck phallus lymph Hungary Szentes 2013 x x 

6 MYCAV 321 duck phallus lymph Hungary D®vav§nya 2014 x x 

7 MYCAV 324 duck phallus lymph Hungary Szentes 2014 x x 

8 K6193Ad wild duck n.d. USA New York State n.d. x  
9 K6193Cd wild duck n.d. USA New York State n.d. x  

aAbbreviations: n.d. ï no data 

bPCR: selected isolates for the species-specific PCR study 
cMLST: selected isolates for the MLST study 
dExamination was performed by Dmitriy V. Volokhov (Center for Biologics Evaluation and Research, U. S. Food and Drug Administration, USA) 
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Table 3. Background data of the M. anseris strains/field isolates for the species-specific PCR evaluations. 

 

No. ID Hosta Sample sourcea Country Placea Year 

1 ATCC 49234 goose phallus lymph Hungary n.d. 1984 

2 MYCAV 92 goose phallus Hungary Hajd¼s§mson 2011 

3 MYCAV 96 goose oviduct Hungary Ny²r§br§ny 2013 

4 MYCAV 339 goose cloaca Hungary Hajd¼s§mson 2017 

5 MYCAV 346 goose follicle Hungary R®m 2013 

6 MYCAV 347 goose phallus lymph Hungary R®m 2013 

7 MYCAV 348 goose phallus lymph Hungary R®m 2014 

8 MYCAV 349 goose cloaca Hungary R®m 2012 

9 MYCAV 350 n.d. n.d. Hungary Tiszab§bolna 2014 

10 MYCAV 451 goose cloaca Hungary Cered 2018 

11 MYCAV 454 goose cloaca Hungary Szentes 2018 

12 MYCAV 490 goose cloaca Hungary n.d. 2018 

13 MYCAV 491 goose phallus lymph Hungary n.d. 2018 

14 MYCAV 492 goose cloaca Hungary Derekegyh§z 2018 

aAbbreviations: n.d. ï no data 
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Table 4. Background data of the M. cloacale strains/field isolates for the species-specific PCR evaluations. 

 

No. ID Hosta Sample sourcea Country Placea Year 

1 NCTC 10199 turkey cloaca United Kingdom n.d. 1975 

2 MYCAV 335 goose cloaca Hungary £rpatak 2017 

3 MYCAV 336 goose semen Hungary Boldogasszonyfa 2017 

4 MYCAV 341 goose cloaca Hungary Cered 2017 

5 MYCAV 345 goose cloaca Hungary Derekegyh§z 2017 

6 MYCAV 351 goose cloaca Hungary Hajd¼bºszºrm®ny 2012 

7 MYCAV 352 goose phallus lymph Hungary R®m 2012 

8 MYCAV 353 chicken lung and trachea Hungary R®m 2012 

9 MYCAV 354 goose cloaca Hungary R®m 2012 

10 MYCAV 355 goose phallus Hungary Cered 2013 

11 MYCAV 356 goose cloaca Hungary Cered 2013 

12 MYCAV 357 goose phallus lymph Hungary Szentes 2014 

13 MYCAV 358 goose phallus lymph Hungary Dºmsºd 2014 

14 MYCAV 359 goose phallus lymph Hungary Ludas 2014 

15 MYCAV 360 goose phallus lymph Hungary Cered 2014 

16 MYCAV 361 n.d. n.d. Hungary Tiszab§bolna 2014 

17 MYCAV 362 n.d. follicle and oviduct Hungary Cered 2015 

18 MYCAV 363 n.d. phallus lymph Hungary Cered 2015 

19 MYCAV 364 goose cloaca Hungary Kelebia 2012 

aAbbreviations: n.d. ï no data 
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4.1.2. Culture method of waterfowl Mycoplasma strains/isolates 

Tissue or swab samples were washed in 2 ml of Oxoid Mycoplasma broth medium 

(Thermo Fisher Scientific Inc., Waltham, MA, USA) (pH 7.8) supplemented with 0.5% (w/v) 

sodium pyruvate, 0.5% (w/v) glucose, 0.15% L-arginine hydrochloride and 0.005% (w/v) 

phenol red, filtered through a 0.65 Õm pore size syringe filter (Sartorius GmbH, Goettingen, 

Germany) and incubated at 37 ÁC. Swab samples were filtered as soon as possible; tissue 

samples were incubated at 37 ÁC for several hours or overnight before the filtering. 

After the colour change, the cultures were inoculated onto solid Oxoid Mycoplasma 

medium (Thermo Fisher Scientific Inc., Waltham, MA, USA) supplemented with 0.15% L-

arginine hydrochloride and were incubated at 37 ÁC, 5% CO2 until visible colonies appeared 

(1ï4 days). Purification of mixed cultures was performed by one-time filter cloning, minimising 

the chance for the in vitro adaptation and mutations of the isolates. 

The purity of the cultures (i.e. to exclude the contamination with other Mycoplasma 

spp.) was confirmed by the Mycoplasma genus-specific PCR system (Lauerman et al., 1995) 

followed by sequencing on an ABI Prism 3100 automated DNA sequencer (Applied 

Biosystems, Foster City, CA, USA), sequence analysis and Basic Local Alignment Search Tool 

(BLAST) search. After the application of the newly developed species-specific PCR assays 

presented in the thesis, Mycoplasma species identification was based on the PCR results only, 

without sequencing. 

The purified waterfowl Mycoplasma strains/isolates were cultured in the same media. 

Aliquots of cultures were stored at -70 ÁC until use. 

 

4.2. Antibiotic susceptibility testing of M. anserisalpingitidis 

4.2.1. Antimicrobial agents 

The antimicrobial susceptibility testing was performed for isolated bacteria against 

seven classes of antibiotics including fluoroquinolones, aminoglycosides, lincosamides, 

tetracyclines, macrolides, pleuromutilins, and phenicols. Lincomycin and spectinomycin were 

applied in combination as well, in a ratio of 1:2 (Table 5).  
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Table 5. Antimicrobial agents for the susceptibility testing of M. anserisalpingitidis isolates. 

Antibiotic class Antibiotic agent Manufacturer 

Fluoroquinolones 

Enrofloxacin 

VETRANAL, Sigma-Aldrich, Germany 

Norfloxacin 

Difloxacin 

Aminoglycosides Spectinomycin 

Lincosamides Lincomycin 

 
Lincomycin-spectinomycin 

(1:2) combination 

Tetracyclines 
Oxytetracycline 

Doxycycline 

Macrolides 

Tylosin 

Tilmicosin 

Tylvalosin Aivlosin, ECO Animal Health Ltd., UK 

Pleuromutilins 
Tiamulin 

VETRANAL, Sigma-Aldrich, Germany Valnemulin 

Phenicols Florfenicol 

 

The antibiotics were diluted and stored according to the recommendations of Hannan 

(2000). Stock solutions of 1 mg/ml fluoroquinolones were prepared in 0.1 M NaOH; stock 

solution of 1 mg/ml florfenicol was prepared in 96% ethanol and sterile distilled water; the rest 

of the stock solutions of 1 mg/ml were prepared in sterile distilled water. Dilutions of the 

antibiotics were freshly prepared for each micro-test from the aliquots stored at ī70 ÁC. 

Two-fold dilutions were prepared in the range 0.039ï10 ɛg/ml for fluoroquinolones, 

doxycycline and pleuromutilins, 0.25ï64 ɛg/ml for spectinomycin, lincomycin, lincomycin-

spectinomycin (1:2) combination, oxytetracycline and macrolides, and 0.125ï32 ɛg/ml for 

florfenicol. The concentration ranges were selected based on antibiotic sensitivity studies of 

M. synoviae and M. gallisepticum (Wang et al., 2001; Gautier-Bouchardon et al., 2002; 

Behbahan et al., 2008; Gerchman et al., 2008; Landman et al., 2008; Forrester et al., 2011; 

Gharaibeh and Al-Rashdan, 2011; Lysnyansky et al., 2013). 

 

4.2.2. Broth microdilution method 

The broth microdilution examinations on 104ï105 CCU/ml (CCU: colour changing unit) 

of the isolates were performed according to Hannan (2000). Mycoplasma broth medium 

(Thermo Fisher Scientific Inc., Waltham, MA, USA) was used in the tests, and each 96-well 

microtitre plates contained growth controls (broth medium and Mycoplasma inoculum, without 

antibiotic), sterility controls (broth medium only, without antibiotic and Mycoplasma inoculum) 

and pH controls (broth medium adjusted to pH 6.8) (Figure 5). 

The MIC values were determined from the lowest concentration of the antibiotics where 

no pH and colour change of the broth was detected, meaning that the growth of the 
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mycoplasmas was completely inhibited. The MIC values were recorded when colour change 

of the broth media of the growth control was visible. MIC50 and MIC90 values were defined as 

described by Hannan (2000). 

At the time of the study, the research group did not possess the M. anserisalpingitidis 

type strain; therefore, a randomly chosen field isolate (MYCAV 65) was selected as the quality 

control of the MIC determination throughout the experiments. The antibiotic susceptibility 

profile of the ATCC BAA-2147 type strain was determined after the study, results were detailed 

in Table 16 only. 

 

Figure 5. MIC determination of doxycycline with broth microdilution method against four 
M. anserisalpingitidis field isolates. 

The columns are 1-9: descending concentrations of doxycycline (10-0.078 ɛg/ml); 10: sterility control; 
11: endpoint control; 12: growth control. MIC values of doxycycline were 5 ɛg/ml against 

MYCAV 631 and 2.5 ɛg/ml against MYCAV 634, 635, and 363 isolates. 

 

4.3. PCR assays designed for the studies 

PCR assays were designed for the circularization of the generated contigs during whole 

genome sequencing, for the development of the species-specific PCR tests and for the 

M. anserisalpingitidis MLST assays. All the assays were carried out as described in Table 6. 
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Table 6. PCR reaction mixtures and thermocycling parameters for the circularization of the 
contigs, the species-specific PCR assays and the MLST study. 

5X GoTaq Flexi Buffer 5 Õl 

MgCl2 (25 mM) 
   (Promega Inc., Madison, WI, USA) 

2 Õl 

dNTP (10 mM) 
   (Qiagen Inc., Hilden, Germany) 

0.5 Õl 

Forward primer (10 pmol/ɛl) 2 Õl 

Reverse primer (10 pmol/ɛl) 2 Õl 

GoTaq G2 Flexi DNA polymerase (5 U/ɛl) 
   (Promega Inc., Madison, WI, USA) 

0.25 Õl 

nuclease-free water to a final volume of 23 Õl 

DNA template 2 Õl 

Total volume 25 Õl 

Initial denaturation 95 ÁC for 5 min 

Denaturation 95 ÁC for 50 sec 

Annealing 61 ÁC for 1 min 

Elongation 72 ÁC for 1 min 

Cycle number 40 

Final elongation 72 ÁC for 5 min 

Detection of PCR products with the expected molecular weights was performed by 

electrophoresis in 1% TBE-agarose gel stained with ECO Safe Nucleic Acid Staining Solution 

(Pacific Image Electronics Co., Ltd, New Taipei City, Taiwan), using GeneRuler 100 bp Plus 

DNA Ladder (Thermo Fisher Scientific, Waltham, MA, USA) weight marker, followed by UV 

visualization. Ultrapure water was used as a negative control, in parallel, to monitor for 

contamination. 

 

4.4. De novo sequencing of waterfowl Mycoplasma 

strains/isolates 

DNA was extracted from the ATCC BAA-2147, MYCAV 93, MYCAV 177, NCTC 10156, 

ATCC 4923, and NCTC 10199 strains/isolates. DNA library preparation kits (Illumina, Inc., San 

Diego, CA, USA), types of equipment (Illumina, Inc., San Diego, CA, USA), and generated 

reads are summarised in Table 7. 
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Table 7. Sequencing methods of waterfowl Mycoplasma strains/isolates. 

Strain/Isolate 
DNA library 

preparation kit 
Illumina equipment Generated readsa 

M. anserisalpingitidis 
ATCC BAA-2147 

TruSeq LT MiSeq 2 Ĭ 250 bp MP 

M. anserisalpingitidis 
MYCAV 93 

Nextera mate pair NextSeq 500 2 Ĭ 150 bp MP 

Nextera XT NextSeq 500 2 Ĭ 75 bp PE 

M. anserisalpingitidis 
MYCAV 177 

TruSeq LT MiSeq 2 Ĭ 250 bp MP 

Nextera XT NextSeq 500 2 Ĭ 75 bp PE 

M. anatis 
NCTC 10156 

Nextera mate pair NextSeq 500 2 Ĭ 150 bp MP 

Nextera mate pair NextSeq 500 2 Ĭ 75 bp MP 

M. anseris 
ATCC 49234 

Nextera mate pair NextSeq 500 2 Ĭ 150 bp MP 

Nextera mate pair NextSeq 500 2 Ĭ 75 bp MP 

M. cloacale 
NCTC 10199 

Nextera mate pair NextSeq 500 2 Ĭ 150 bp MP 

Nextera mate pair NextSeq 500 2 Ĭ 75 bp MP 

aAbbreviations: MP ï mate-pair; PE ï paired-end 

The NxTrim software (OôConnell et al., 2015), with default settings, was used to trim 

the junction adapters from all of the raw mate-pair (MP) reads, generating shorter paired-end 

(PE) reads as well. First, contigs were generated for each strain/isolate from all of the PE 

output data using the SPAdes Genome Assembler 3.11 (Bankevich et al., 2012) with the 

ñassembly onlyò option. Then, the PE contigs and the trimmed MP output data were assembled 

with the same option, generating the draft genomes. Trimmed reads (MP and PE) were control 

mapped to the draft de novo genome and curated with Geneious 9.1.8 software (Kearse et al., 

2012). 

The circularization of the contigs was performed by specific primer pairs designed for 

the contigsô ends, and the PCR products were sequenced on an ABI Prism 3100 automated 

DNA sequencer (Applied Biosystems, Foster City, CA, USA). Sequencing was performed with 

the two primers (forward and reverse); however, the two sequences did not always overlap. In 

that case, 5ô and 3ô ends of a contig were extended, and primer design and sequencing were 

performed again. The overlapped sequences revealed the absent fragments, and the 

fragments were added to the contigs in the Geneious software to create the circularized 

complete genomes (Table 8). Primer design was performed using the NetPrimer software 

(http://www.premierbiosoft.com/netprimer/). The circularization assays were carried out as 

described in Table 6. 

http://www.premierbiosoft.com/netprimer/
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Table 8. Primer sequences for the circularization of the waterfowl Mycoplasma contigs. 

Strain/Isolate Test Primer sequence (5ôŸ3ô) 

Size of 
amplicon 

(bp) 

Result 

extended 
contiga 

circularized 
genomeb 

M. anserisalpingitidis 
ATCC BAA-2147 

1 
CCTATTACCAAGTCTCATAAAATTCCG 

1534 x   
TTGGTAGATTTTTTGAGAAAAGAAGC 

2 
GGCTGAACAAGAGTTAAATATAGAAATG 

497   x 
TTACAAAACTCAATTTTTGGTGCC 

M. anserisalpingitidis 
MYCAV 93 

1 
GAATTTCCTAATGGTTTAATCTCTTGTA 

2641 x   
ACTTATACTCACTTGGTGTAATGGATGA 

2 
TTAACTCTTGTTCAGCCATTTCTCTA 

1350   x 
CAGAAGCAGTTAAAGATGGCGTT 

M. anserisalpingitidis 
MYCAV 177 

  
AGTGATATCTAAATCAAGAATTTAAGTATATTAAA 

1116   x 
ATCATGGCGTTGAAGCTACTCTT 

M. anatis 
NCTC 10156 

  
ATTTTTTAGAATTTGTATATTCCAATGTTAG 

602   x 
TAATATATGTGAAATTATACAAGATTATCAATGA 

M. anseris 
ATCC 49234 

  
AAAAACACCTGTTAGAGATGTATTAGCA 

400   x 
CGTTTCTTGATTGCTCCACCA 

M. cloacale 
NCTC 10199 

1 
TATGAATATAGTGGAGGTCATGTTTTATG 

1752 x  
AAAAATGGAAAATAAAGTCAAAACTTTC 

2 
CACAAGATCTATTATTTGAAAATAAACATAAA 

661   x 
AATTGATGAGAAGCTGACAAGAAAC 

aSequencing was performed with the two primers; however, the two sequences did not overlap but the contig's 5ô and 3ô ends could be extended. 
bSequencing was performed with the two primers. After that, the sequences revealed the fragment between the contigôs 5ô and 3ô ends. 
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The NCBI Prokaryotic Genome Annotation Pipeline (PGAP) (Tatusova et al., 2016) 

online service was used to annotate all six genomes. Moreover, the rRNA, tRNA and tmRNA 

genes were verified by RNAmmer (Lagesen et al., 2007) and ARAGORN (Laslett and 

Canback, 2004) softwares in the genomes. The genes were classified into functional role 

categories as defined by the SEED classification of the Rapid Annotations using Subsystems 

Technology (RAST) software after in-software annotation (Aziz et al., 2008). 

Sequences from shotgun projects of M. anatis, M. anseris, and M. cloacale type strains 

(accession numbers AFVJ00000000, JNJX00000000 and JNJL00000000, respectively) were 

aligned to the generated complete genomes of the corresponding type strains with Geneious 

9.1.8 software (Kearse et al., 2012). 

Whole genome comparisons were performed using Mauve version 2.3.1 software 

(Darling et al., 2004) integrated into the Geneious software as follows: (i) M. anserisalpingitidis 

ATCC BAA-2147 type strain with MYCAV 93 and MYCAV 177, (ii) M. anserisalpingitidis 

ATCC BAA-2147 with M. anatis NCTC 101156, and (iii) M. anseris ATCC 49234 with 

M. cloacale NCTC 10199. 

 

4.5. Development of species-specific PCR assays 

4.5.1. Selection of species-specific regions 

In order to design species-specific primers for the detection of M. anserisalpingitidis, 

M. anatis, M. anseris and M. cloacale, several housekeeping genes were selected randomly 

from the Mycoplasma minimal genome set (Razin et al., 1998; Liu et al., 2012), which are 

presented in the genomes of the examined species. The sequences of the selected genes 

were obtained from the complete genomes of M. anserisalpingitidis, M. anatis, M. anseris and 

M. cloacale type strains. The selected genes are listed in Table 9. At the time of the study, the 

genomesô annotation was not performed with the NCBI PGAP; therefore, the annotation was 

performed using the RAST software (Aziz et al., 2008). Based on the genome analysis, all 

these genes are presented as a single copy in the genomes of these four mycoplasmas.
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Table 9. List of the genes analysed for design of species-specific primers. 

No. Gene Gene function M
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1 ackA acetate/propionate family kinase x x x x 

2 arcA arginine deiminase   x x 

3 cdd cytidine deaminase x x x x 

4 comEB deoxycytidylate deaminase  x x  

5 dnaX DNA polymerase III subunit gamma/tau x x x x 

6 gtaB UTP-glucose-1-phosphate uridylyltransferase x x   

7 mraZ transcriptional regulator x x x x 

8 mtn 5ô-methylthioadenosine nucleosidase   x x 

9 pcrA ATP-dependent DNA helicase x x x x 

10 pfkB 1-phosphofructokinase x x   

11 pgiB glucose-6-phosphate isomerase x x x x 

12 pgmB beta-phosphoglucomutase x x   

13 ptsP phosphoenolpyruvate-protein phosphotransferase x x   

14 rpe ribulose-phosphate 3-epimerase x x x x 

15 rpoB DNA-directed RNA polymerase subunit beta x x x x 

16 thyA thymidylate synthase  x x  

aCrossmark means that the selected gene is presented in the concerned genome. 
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4.5.2. Primer design 

The sequences of the selected genes were aligned and analysed using the Geneious 

software (Kearse et al., 2012). The genes were manually analysed and the primer pairs were 

designed according to the following three main acceptance criteria: (i) the gene of interest 

should have at least two regions (20ï30 bp) containing as many species-specific nucleotide 

substitutions as possible, and these short sequence regions should be suitable for the design 

of species-specific primers, i.e., to have similar melting temperatures, and do not form a 

hairpin, or self- and cross-dimers, (ii) the distance between the primersô regions should be 

approx. 500ï1000 bp, and (iii) the selected species-specific primers should be able to amplify 

the target gene from all tested field isolates of the same species but not from 

others.  The  primer  design was performed using the NetPrimer software 

(http://www.premierbiosoft.com/netprimer). The specificity of the primers was analysed in silico 

using BLAST algorithm (https://blast.ncbi.nlm.nih.gov/Blast.cgi). 

 

4.5.3. Development of the assays 

To evaluate the PCR assays, DNA samples of waterfowl Mycoplasma field isolates 

(Tables 1-4) and clinical specimens were used (Table 19). The clinical specimens were 

primarily screened for the presence of Mycoplasma DNA using the genus-specific PCR 

(Lauerman et al., 1995). The species-specific PCR assays were carried out as described in 

Table 6. The final primer set was selected based on specificity and sensitivity criteria detailed 

in the next section. The sequences of the designed primers are provided in Tables 10 and 11. 
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Table 10. Designed primers for the waterfowl Mycoplasma species-specific PCR assays. 

Mycoplasma species Target gene Forward primer (5ô - 3ô)a Reverse primer (5ô - 3ô)a 

M. anserisalpingitidis 

rpoB 
CCGTGATACTGCTCAATTCGAA TAGAAGTATAAACATCATCCTTAACAAGCT 

AAATTAACCCTCTAGCTGAAGTGTCA GACCTACTAAAACATCACCAGGAACT 

pfkB CAACCTAAGAAGTTTATATGACATGCTTT TTGACTTGCTTTTTCTACAATTTCTTC 

pgmB GTACCAGTTCCTTCAGACGTTATTTT 
GCATTTTCTAATTCATTAAAATCTAAATCTG 

GAATGAATTGATTTAAGTCCTTCAACA 

M. anatis 

dnaX CAGAGATCAGTCTGTTTTAGAATTACTTT TTTCTCAGATGCTTGTGAAATACAACTT 

pgmB TTAGCATGAAAAGAAATAGTAGCTGAATTA GAAACAATAGAGTTTAATCCTTCCACC 

ptsP TTTACAACAGAAAGAATTATTGATATGATC TTTGAAGAGATAAGTTAGAAAGCATCT 

thyA CTGATCGTACAGGAGTAGGTACAATTAGTA GTTAGGATTTAGTTTTACAATAGGTAATTCTAG 

M. anseris 

dnaX TCAAATTCAAAAATTGTTCCTTGC ATGTGTTCTAATTGAAGCCATTTTAAT 

pcrA CTAAAAACTCCTAAAGACTTAGAAGAATC ATCCTCACCTTCATCATTTTCTGTATA 

mtn AAGAATCTGAATTTATTTTAAGTCATGTTG TGCTGATAATCGTTAGGATTAGAAAAA 

M. cloacale 
dnaX TTCATCCGATAAGTTAAAACCTTGTT 

AAAACTGCTTTTGTATTTTTAGAATATAGT 

TATTTATTTCTTCAACATAAATATATGCAA 

mtn AAGAATACCAATTAAACAATATCTATAACGAT TGTTATGACTTATTAAAGAATCTGAAACAA 

aFinal primer sequences are bolded and detailed in Table 11. 
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Table 11. List of the primer sequences and sizes of amplicons used for species-specific PCR 
assays. 

Mycoplasma 
species 

Target 
gene Primer sequence (5'-3') 

Size of 
amplicon 

(bp) 

M. 
anserisalpingitidis 

rpoB 
CCGTGATACTGCTCAATTCGAA 

TAGAAGTATAAACATCATCCTTAACAAGCT 
857 

M. anatis dnaX 
CAGAGATCAGTCTGTTTTAGAATTACTTT 

895 
TTTCTCAGATGCTTGTGAAATACAACTT 

M. anseris pcrA 
CTAAAAACTCCTAAAGACTTAGAAGAATC 

504 
ATCCTCACCTTCATCATTTTCTGTATA 

M. cloacale dnaX 
TTCATCCGATAAGTTAAAACCTTGTT 

591 
AAAACTGCTTTTGTATTTTTAGAATATAGT 

 

4.5.4. Assessment of the specificity and sensitivity of the developed assays 

The specificity of the PCR assays was analysed using the following avian Mycoplasma 

and Acholeplasma type strains: M. anatis (NCTC 10156), M. anseris (ATCC 49234), 

M. anserisalpingitidis (ATCC BAA-2147), M. cloacale (NCTC 10199), M. columbinasale 

(ATCC 33549), M. columborale (ATCC 29258), M. gallinaceum (ATCC 33550), M. gallinarum 

(ATCC 19708), M. gallisepticum (ATCC 19610), M. gallopavonis (ATCC 33551), M. iners 

(ATCC 19705), M. iowae (ATCC 33552), M. meleagridis (NCTC 10153), M. pullorum 

(ATCC 33553), M. synoviae (NCTC 10124) and Acholeplasma laidlawii (NCTC 10116). 

In order to test the sensitivity of the PCR assays, all designed primer pairs were tested 

with the corresponding DNA of the M. anserisalpingitidis (ATCC BAA-2147), M. anatis 

(NCTC 10156), M. anseris (ATCC 49234) and M. cloacale (NCTC 10199) strains serially 

diluted 10-fold (106ī100) in nuclease-free water. The template copy numbers (corresponding 

to genomic equivalents, GE) were calculated based on the used DNA concentrations 

measured by NanoDrop 2000 Spectrophotometer (Thermo Fisher Scientific Inc., Waltham, 

MA, USA), the genome size of the strains (Table 17) and an online dsDNA copy number 

calculator (https://cels.uri. edu/gsc/cndna.html). 

During the selection of the final primer set, primers which showed cross-amplification 

between the tested Mycoplasma/Acholeplasma strains/isolates were excluded. The sensitivity 

of the PCR assays using different primer pairs for the detection of a certain waterfowl 

Mycoplasma species was compared visually with gel electrophoresis. Primer pairs showing 

the highest sensitivity and specificity were chosen for the final study. 

In order to evaluate the performance of the designed assays in mixed infections, the 

DNA of the waterfowl Mycoplasma type strains (containing 106 GE) were mixed in a ratio of 
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1:1:1:1 and tested. Also, DNA mixes were created with one DNA sample containing 103 GE 

and the other three are represented with 106 GE in a ratio of 1:1:1:1, and submitted to the 

corresponding waterfowl Mycoplasma-specific assay (i.e. DNA mix of 103 GE 

M. anserisalpingitidis, 106 GE M. anatis, 106 GE M. anseris and 106 GE M. cloacale in the 

M. anserisalpingitidis-specific PCR assay). 

 

4.5.5. Confirmation of the assaysô specificity by PCR amplicon sequencing 

In order to demonstrate that the obtained PCR products were species-specifically 

amplified, direct DNA sequencing was performed on all amplicons from the type strains and 

amplicons generated from some selected field isolates and clinical specimens with an ABI 

Prism 3100 automated DNA sequencer (Applied Biosystems, Foster City, CA, USA). In the 

case of the M. anserisalpingitidis-specific PCR, the product of the MYCAV 47 isolate 

originating from a duck, and a randomly selected amplicon (clinical specimen No. 21, Table 19) 

were sequenced to confirm their species identity. All PCR products amplified from goose 

specimens using the M. anatis-specific PCR assay (i.e., MYCAV 314 and 317 isolates and 

clinical specimens No. 2, 3, 5, 7, Table 19) were also sequenced to confirm their species 

identity because the presence of M. anatis in geese is not commonly reported. Randomly 

selected amplicons were also sequenced from the M. anseris- and M. cloacale-specific PCRs 

to verify their species identity (clinical specimens No. 1 and 6, respectively, Table 19). 

The Mycoplasma genus-specific PCR products of clinical specimens No. 1, 13, 25 and 

28, which according to the results of the developed species-specific PCR assays represented 

mixed mycoplasma DNA samples due to natural mycoplasma co-infections in geese, were 

also sequenced to analyse their DNA sequence chromatograms for the presence of mixed 

sequences (Table 19). 

The sequences obtained from the type strains, field isolates and clinical specimens 

were deposited in GenBank under accession numbers MK532897ïMK532910. 

 

4.6. MLST study of M. anserisalpingitidis 

4.6.1. Whole-genome sequencing 

Next-generation sequencing was performed on the DNA samples of 82 

M. anserisalpingitidis and six M. anatis isolates (Table 1 and 2) with NextSeq 500 Illumina 

equipment (Illumina, Inc., San Diego, CA, USA), using NextSeq 500/550 High Output Kit v2.5 

reagent kit (Illumina, Inc., San Diego, CA, USA) (Kov§cs et al., 2020). The obtained sequences 

were mapped to the appropriate reference genome of M. anserisalpingitidis ATCC BAA-2147 

and M. anatis NCTC 10156 using the Geneious Prime 2019.2.1 software (Kearse et al., 2012). 
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4.6.2. Selection of housekeeping genes for MLST 

Twenty-eight housekeeping gene fragments were selected from previously published 

Mycoplasma MLST studies (Mayor et al., 2008; McAuliffe et al., 2011; Manso-Silv§n et al., 

2012; Tocqueville et al., 2014; Dijkman et al., 2016; Ghanem and El-Gazzar, 2016; El-Gazzar 

et al., 2017; BekŖ et al., 2019), and further 12 randomly selected genes, represented in the 

genome of the M. anserisalpingitidis ATCC BAA-2147 type strain were added to the analyses 

(Table 12). The sequences of the selected genes were obtained from the genomes of the 

ATCC BAA-2147 type strain, and the 81 M. anserisalpingitidis field isolates. The selected 

MLST loci were obtained from the M. anatis NCTC 10156 type strain and the whole-genome 

sequences of six field isolates, and were included in the analyses, too. Criteria for the selection 

of the housekeeping genes were in accordance with previous publications (Mayor et al., 2008; 

McAuliffe et al., 2011; Manso-Silv§n et al., 2012; Tocqueville et al., 2014; Dijkman et al., 2016; 

Ghanem and El-Gazzar, 2016; El-Gazzar et al., 2017; BekŖ et al., 2019) and are summarised 

as follows: (i) the selected genes are present in all M. anserisalpingitidis genomes, (ii) the 

selected genes possess highly diverse internal fragments surrounded by conserved regions 

suitable for primer design, (iii) the selected fragments show high Simpsonôs index of diversity, 

(iv) the amplicon sizes of the selected gene fragments are between 300-600 bp, suitable for 

Sanger sequencing, (v) the genes are evenly distributed in the genome to limit the effect of 

mutation events, and (vi) preferably PCR primers are species-specific. Simpsonôs index of 

diversity for the selection of MLST loci was calculated based on the sequence types of 82 

isolates via an online tool available from the Comparing Partitions website 

(http://www.comparingpartitions.info/index.php?link=Tool). The selected housekeeping genes 

were aligned using the Geneious Prime 2019.2.1 software (Kearse et al., 2012) and 

the  primer  design was performed using the NetPrimer software 

(http://www.premierbiosoft.com/netprimer). Primer pairs previously described for the genetic 

identification of M. anserisalpingitidis (Sprygin et al., 2012) (Table 13) were also investigated 

by in silico analysis using the Geneious Prime 2019.2.1 software (Kearse et al., 2012). 
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Table 12. Background information of the genes examined during the development of the MLST 
scheme of M. anserisalpingitidis. 

No. Gene Gene function Selection based ona 

1 atpG F0F1 ATP synthase subunit gamma reported in g, h 

2 fusA elongation factor G reported in c, h 

3 pgiB glucose-6-phosphate isomerase reported in a 

4 plsY glycerol-3-phosphate acyltransferase random selection 

5 uvrA excinuclease ABC subunit reported in e, h 

6 dnaA chromosomal replication initiator reported in b, d, h 

7 efp elongation factor P reported in a, g 

8 gmk guanylate kinase reported in a, d, g 

9 leuS leucine-tRNA ligase reported in f 

10 pyrH UMP kinase random selection 

11 rpoB DNA-directed RNA polymerase subunit beta reported in a, c, d, h 

12 ruvB Holliday junction branch migration DNA helicase reported in e, h 

13 tpiA triose-phosphate isomerase reported in a 

14 metG methionine-tRNA ligase reported in a 

15 ugpA ABC transporter, permease protein reported in e 

16 ackA acetate/propionate family kinase random selection 

17 adk nucleoside monophosphate kinase reported in a, d, g 

18 alaS alanine-tRNA ligase random selection 

19 algA alpha-amylase random selection 

20 argS arginine-tRNA ligase random selection 

21 aspS aspartate-tRNA ligase random selection 

22 calB aldehyde dehydrogenase family protein random selection 

23 dnk deoxynucleoside kinase random selection 

24 gltX glutamate-tRNA ligase reported in b, d 

25 gyrB DNA gyrase subunit B reported in a, b, c, d 

26 lepA elongation factor 4 reported in c, e 

27 pfkA 6-phosphofructokinase random selection 

28 ppa inorganic diphosphatase reported in g 

29 recA recombinase reported in a, g 

30 rnr ribonuclease R random selection 

31 rpoC DNA-directed RNA polymerase subunit beta' reported in f 

32 tufA elongation factor Tu reported in b 

33 valS valine-tRNA ligase reported in f 

34 pfkB 1-phosphofructokinase random selection 

35 dppC  reported in f 

36 kdpA  reported in f 

37 metS methionyl-tRNA synthetase reported in b 

38 nagC  reported in g 

39 nanA  reported in e 

40 ulaA  reported in f 

41 dnaE DNA-polymerase III subunit alpha reported in i 

42 fusA elongation factor G reported in i 

43 pyk pyruvate kinase reported in i 

44 rpoB DNA-directed RNA polymerase subunit beta reported in i 

aAbbreviations: a ï Mayor et al., 2008; b ï McAuliffe et al., 2011; c ï Manso-Silv§n et al., 2012; d ï 

Tocqueville et al., 2014; e ï Dijkman et al., 2016; f ï Ghanem and El-Gazzar, 2016; g - El-Gazzar et al., 

2017; h ï BekŖ et al., 2019; i ï Sprygin et al., 2012 
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4.6.3. Phylogenetic analysis 

For each MLST locus, all sequences were compared, and allele numbers were 

assigned to each unique allele variant. The samples were grouped into STs according to the 

allelic numbers of the five loci. The discriminatory power of the method was calculated using 

Simpsonôs index of diversity with 95% confidence intervals (Hunter and Gaston, 1988). 

Internal fragments (i.e. primer sequences were not included) of the selected 

housekeeping genes were aligned and concatenated using Geneious Prime 2019.2.1 (Kearse 

et al., 2012). Phylogenetic analysis of the concatenated sequences was performed using 

MEGA X 10.0.5 (Kumar et al., 2018). The evolutionary history with the M. anatis outgroup was 

inferred using the Maximum Likelihood method, based on Tamura-Nei model (Saitou and Nei, 

1987) with 1000 bootstrap. 

 

4.6.4. PCR conditions, specificity and sensitivity tests 

All PCR reactions were carried out as described in Table 6. Table 13 and Table 14 

summarise primers used in this study. 

Table 13. List of the primer sequences used in the MLST study. 

No. Gene Forward primer (5' - 3') Reverse primer (5' - 3') 

1 atpG 

Listed in Table 14 

2 fusA 

3 pgiB 

4 plsY 

5 uvrA 

6 dnaA GGAATAGTTTTTTCTGTCGATTCTG TGAACACCCTTAAGCAAATGAGTTT 

7 efp TGGTATAACATTCCAAGATGAAGGTG CTTCTTCCGACGTATTTACCAGTTT 

8 gmk GAAAACTCCTTTAGTTATATTTTCTGGA GTGATTGTCTTCAGAACCTCTTTTTAAT 

9 leuS ACGTTAGAAACTATTCCCTTGGTGAT CATTTAGAAGTTCTTCTGCATAATCAG 

10 pyrH AGAAGTGGTTTTGAACAACATGGAT TTTCGTCATAAGTAATTTTATCAAAACG 

11 rpoB AAATTGAGTGTTGTTGACCGTATTGT AGGATCATCATCAGTACCAATTCCAT 

12 ruvB CCAAGTAGTTTTGATGAATTTATTGGTC GCAATTCTTGGAGTGAAGTTAGAAAAT 

13 tpiA GTTGATCTTGGTGCAAAATATGTAATT CAACTAAGAATCCATCAATACTTGGTT 

14 metG GCATGAACTCTTGCTAATTACAAAAA ACCATCATCTTTAAGAACTGCTTGAG 

15-40                                                    Primer design was not performed 

41 dnaE CAAACATTAGGAGCAAAGAATTCGa TGGTTTCGCTAATTTCTGGATa 

42 fusA ACATTATTGATACACCAGGGCACGa GGTTCAAGAGCTTGTGAAATAACTGGa 

43 pyk ACTTCAGTCATGGAGATCACTCa TCAAGTGGGAATTTACCGTTTGCAGa 

44 rpoB TAACCAAATTCCAATTGTAAAACTTGGTGa CAAGAACATCACCAAGTTCTCTACa 
aReported in Sprygin et al., 2012 
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Table 14. Amplicon sizes, analysed sequence fragment lengths and primer sequences of the 
target regions for the five loci studied in M. anserisalpingitidis. 

 

Target 
gene 

Primer sequence (5'-3') 
Size of 

amplicon (bp) 

Length of 
internal 

fragment (bp) 

atpG 
TCCTGTGGATAAATCAAACGAAAG 
GAAAGTTTTGAAGCTGCACCTAAG 

498 450 

fusA 
AGCTTTCACATATAATGGGGAAGC 

CTGATTTTTCTGAAAGTAATGTATCTCC 
629 577 

pgiB 
CACAAAAAAGACCAGACATGGAATT 

ATAAACCTACTGCTGTCATAACTGAGA 
336 284 

plsY 
AGTCATAAAAGAAAATCACAAGACATTC 

TTGCGAGTGAAACATATCTTGTGATA 
379 325 

uvrA 
TTGCTTTCAAGATTTCTAATGGTTTAC 
CGCTTGTTGAAGTTAAAACATATTCA 

426 373 

 

In the case of the clinical specimens, M. anserisalpingitidis DNA was identified in the 

samples with the help of the species-specific PCR assay. The presence of M. anatis DNA was 

ruled out with the species-specific PCR assay, too. Partial sequences of the MLST 

housekeeping genes from these samples were obtained with primers listed in Table 14, by 

direct sequencing of the produced amplicons on an ABI Prism 3100 automated DNA 

sequencer (Applied Biosystems, Foster City, CA, USA). 

The specificity of the PCR assays was assessed by testing DNA extracts from avian 

Mycoplasma type strains: M. anatis (NCTC 10156), M. anseris (ATCC 49234), 

M. anserisalpingitidis (ATCC BAA-2147), M. cloacale (NCTC 10199), M. gallinarum 

(ATCC 19708), M. gallisepticum (ATCC 19610), M. iners (ATCC 19705), and M. synoviae 

(NCTC 10124). The PCR sensitivity was evaluated in the same way as described in section 

4.5.4. 

 

4.6.5. Nucleotide sequence accession numbers 

Partial sequences of the five housekeeping genes of 79 novel M. anserisalpingitidis 

field isolates (complete genomes were uploaded for ATCC BAA-2147, MYCAV 93 and 

MYCAV 177, see in Table 17) and seven clinical specimens were deposited in GenBank under 

accession numbers MN722655 ï MN722737, and MT501658 ï MT501660 for atpG, 

MN722904 ï MN722986, and MT501664 ï MT501666 for fusA, MN722738 ï MN722820, and 

MT501661 ï MT501663 for pgiB, MN722987 ï MN723069, and MT501667 ï MT501669 for 

plsY, MN723070 ï MN723152, and MT501670 ï MT501672 for uvrA. Online database for this 

MLST scheme is available at https://pubmlst.org/manserisalpingitidis/. The sequences of the 

six M. anatis field isolates were submitted to GenBank under the accession numbers 

MT508595 ï MT508618, and MT508625 ï MT508630.  
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5. Results 

5.1. Antibiotic susceptibility profile of M. anserisalpingitidis 

The quality control isolate (MYCAV 65) showed consistent results throughout the study. 

Field isolates with elevated MIC values were found in the cases of all tested antibiotics. The 

MIC ranges, MIC50 and MIC90 values are summarised in Table 15. For detailed MIC values see 

Table 16. 

Table 15. Summary of MIC range, MIC50 and MIC90 values of the examined 
M. anserisalpingitidis isolates. 

Antibiotic class Antibiotic agent Range (ɛg/ml) 
MIC50 
(ɛg/ml) 

MIC90 
(ɛg/ml) 

Fluoroquinolones 

Enrofloxacin 1.25 to >10 5 >10 

Norfloxacin 10 to >10 >10 >10 

Difloxacin 1.25 to >10 10 >10 

Aminoglycoside Spectinomycin 4 to >64 8 32 

Lincosamide Lincomycin 2 to >64 4 8 

 
Lincomycin-

spectinomycin 
(1:2) combination 

2 to 32 4 4 

Tetracyclines 
Oxytetracycline 2 to >64 64 >64 

Doxycycline 0.078 to >10 5 >10 

Macrolides 

Tylosin Ò0.25 to >64 8 >64 

Tilmicosin Ò0.25 to >64 >64 >64 

Tylvalosin Ò0.25 to 16 0.5 4 

Pleuromutilins 
Tiamulin 0.156 to 5 0.625 1.25 

Valnemulin Ò0.039 to 0.312 Ò0.039 0.078 

Phenicol Florfenicol 2 to 32 8 8 
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Table 16. MIC values of the analysed M. anserisalpingitidis strains/field isolates. 

 MIC (Õg/ml) 

ID Enrofla Norfla Difla Specta Linkoa LiSpa Oxya Doxya Tyloa Tilmia Tilvaa Tiaa Valnea Florfa 

ATCC BAA-2147 1.25 >10 2.5 32 2 4 >64 >10 0.5 Ò0.25 Ò0.25 1.25 Ò0.039 8 

MYCAV 34 5 >10 10 8 4 2 64 2.5 1 4 Ò0.25 0.625 Ò0.039 4 

MYCAV 35 5 >10 10 >64 4 4 64 10 1 4 Ò0.25 1.25 Ò0.039 8 

MYCAV 36 5 >10 >10 64 4 4 64 >10 1 4 Ò0.25 1.25 Ò0.039 8 

MYCAV 38 2.5 >10 10 8 2 4 4 0.156 Ò0.25 Ò0.25 Ò0.25 0.625 Ò0.039 4 

MYCAV 44 5 >10 10 8 4 4 8 0.312 8 >64 0.5 1.25 Ò0.039 8 

MYCAV 47 >10 >10 >10 16 >64 16 >64 5 16 >64 1 2.5 0.312 8 

MYCAV 49 5 >10 10 16 4 4 64 5 8 >64 0.5 0.625 Ò0.039 8 

MYCAV 50 >10 >10 >10 16 4 4 >64 5 2 2 Ò0.25 0.625 Ò0.039 8 

MYCAV 51 5 >10 10 32 4 4 >64 10 8 >64 0.5 0.625 Ò0.039 8 

MYCAV 53 5 >10 10 16 4 4 >64 10 8 >64 0.5 0.625 Ò0.039 8 

MYCAV 54 5 >10 10 8 4 4 >64 5 8 >64 0.5 0.625 Ò0.039 8 

MYCAV 55 10 >10 10 8 4 4 8 0.312 Ò0.25 Ò0.25 Ò0.25 0.625 Ò0.039 4 

MYCAV 56 1.25 >10 1.25 8 4 4 4 0.312 8 >64 0.5 0.625 Ò0.039 4 

MYCAV 59 5 >10 10 8 4 4 32 2.5 0.5 Ò0.25 Ò0.25 1.25 0.078 2 

MYCAV 61 5 >10 10 16 2 4 2 0.078 Ò0.25 Ò0.25 Ò0.25 0.312 Ò0.039 4 

MYCAV 63 1.25 10 1.25 8 2 2 4 0.312 4 64 Ò0.25 0.156 Ò0.039 4 

MYCAV 65 5 >10 10 16 4 4 32 5 0.5 0.5 Ò0.25 1.25 0.078 8 

MYCAV 66 5 >10 10 16 4 4 >64 >10 Ò0.25 Ò0.25 Ò0.25 0.625 Ò0.039 4 

MYCAV 67 5 >10 10 8 >64 16 >64 5 >64 >64 16 2.5 0.078 4 

MYCAV 68 5 >10 10 8 >64 32 >64 10 >64 >64 16 5 Ò0.039 8 

MYCAV 69 5 >10 10 4 4 4 >64 5 8 >64 1 0.625 Ò0.039 4 

MYCAV 70 >10 >10 >10 16 4 4 >64 >10 16 >64 1 0.625 Ò0.039 8 

MYCAV 71 1.25 >10 1.25 8 2 4 8 0.625 8 >64 0.5 0.625 Ò0.039 4 

MYCAV 72 5 >10 10 8 4 4 4 0.312 8 >64 0.5 0.625 Ò0.039 4 

MYCAV 75 5 >10 10 16 4 4 >64 10 Ò0.25 Ò0.25 Ò0.25 0.625 Ò0.039 8 

MYCAV 76 5 >10 10 32 8 4 64 5 8 >64 0.5 1.25 Ò0.039 8 

MYCAV 91 10 >10 >10 8 8 4 64 2.5 Ò0.25 Ò0.25 Ò0.25 0.625 Ò0.039 8 

MYCAV 93 2.5 >10 1.25 8 2 4 8 0.312 Ò0.25 Ò0.25 Ò0.25 0.312 Ò0.039 8 

MYCAV 94 2.5 >10 5 16 4 4 >64 >10 Ò0.25 Ò0.25 Ò0.25 0.625 Ò0.039 8 

MYCAV 160 >10 >10 >10 16 4 4 >64 10 >64 >64 2 0.625 Ò0.039 8 

MYCAV 161 >10 >10 >10 8 4 4 >64 >10 16 >64 0.5 0.625 Ò0.039 8 

MYCAV 162 2.5 >10 10 8 4 4 >64 5 16 >64 0.5 0.625 Ò0.039 4 
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Table 16 (continued). MIC values of the analysed M. anserisalpingitidis strains/field isolates. 

 MIC (Õg/ml) 

ID Enrofla Norfla Difla Specta Linkoa LiSpa Oxya Doxya Tyloa Tilmia Tilvaa Tiaa Valnea Florfa 

MYCAV 176 10 >10 5 8 4 4 >64 5 64 >64 4 0.625 Ò0.039 16 

MYCAV 177 >10 >10 10 8 4 4 >64 10 >64 >64 4 0.625 Ò0.039 32 

MYCAV 178 5 >10 10 8 2 4 >64 5 4 >64 0.5 0.312 Ò0.039 4 

MYCAV 179 10 >10 10 16 4 4 4 0.312 4 4 0.5 1.25 Ò0.039 8 

MYCAV 180 5 >10 10 >64 4 4 4 0.312 32 >64 1 1.25 Ò0.039 8 

MYCAV 202 5 >10 5 16 4 4 32 2.5 0.5 0.5 Ò0.25 1.25 Ò0.039 8 

aAbbreviations: Enrofl ï enrofloxacin; Norfl ï norfloxacin; Difl ï difloxacin; Spect ï spectinomycin; Linko ï lincomycin; LiSp ï lincomycin-spectinomycin (1:2) 
combination; Oxy ï oxytetracycline; Doxy ï doxycycline; Tylo ï tylosin; Tilmi ï tilmicosin; Tilva ï tylvalosin; Tia ï tiamulin; Valne ï valnemulin; Florf - florfenicol 
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Among the fluoroquinolones, the MIC values of enrofloxacin and difloxacin showed a 

wide range (1.25 to >10 ɛg/ml), while all field isolates had very high MIC values for norfloxacin 

(Ó10 ɛg/ml) (Figure 6 A, B and C). 

The MIC50 was 8 ɛg/ml for spectinomycin and most of the field isolates yielded the 

MIC50 or higher MIC values (Figure 6 D). The MICs for lincomycin clustered around the MIC50 

value (4 ɛg/ml) as well, but high MIC values (>64 ɛg/ml) were yielded in the case of three 

isolates (Figure 6 E). The MIC50 and the MIC90 values (4 ɛg/ml) for lincomycin-spectinomycin 

(1:2) combination was the same as the MIC50 value for lincomycin. In the case of lincomycin-

spectinomycin (1:2) combination, the highest concentration needed for inhibition was 32 ɛg/ml 

(Figure 6 F). 

Broad ranges of the MIC values were observed for tetracyclines (2 to >64 ɛg/ml for 

oxytetracycline and 0.078 to >10 ɛg/ml for doxycycline) with high MIC50 and MIC90 values 

(Figures 6 G and H). 

Broadest ranges of MIC values were detected for tylosin and tilmicosin (Ò0.25 to 

>64 ɛg/ml) with high MIC50 and MIC90 values in the case of tilmicosin (Figures 6 I and J). While 

the MIC values for tylosin showed diverse distribution, the field isolatesô susceptibility profiles 

formed three groups in the case of tilmicosin (Ò0.25, 4 and >64 ɛg/ml) (Figure 6 J). Among the 

examined three macrolides (tylosin, tilmicosin and tylvalosin), tylvalosin showed the lowest 

MIC50 value (0.5 ɛg/ml) against the isolates (Figure 6 K). 

From the pleuromutilins the MIC values of tiamulin were higher than those of 

valnemulin, and the latter compound was found to be the most active antibiotic in the 

examinations (Figures 6 L and M). 

In the case of florfenicol, the susceptibility profiles of most field isolates were similar to 

each other and showed the MIC50 and MIC90 value (8 ɛg/ml) or its two-fold lower dilution 

(4 ɛg/ml) with few exceptions (Figure 6 N). 

M. anserisalpingitidis samples isolated year by year from the same farms and same 

tissue types (e.g. MYCAV 34, 53 and 67 from Szentes, phallus lymph; MYCAV 50, 70, 176 

and 177 from Cered, phallus lymph; or MYCAV 38 and 202 from Kelebia, cloaca) showed 

elevated MIC values from year to year in the cases for certain antibiotics. Higher MIC values 

were detected in subsequent isolates for lincomycin, lincomycin-spectinomycin combination, 

tetracyclines (both oxytetracycline and doxycycline), macrolides (tylosin, tilmicosin and 

tylvalosin), tiamulin and for florfenicol as well. 
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Figure 6. MIC distribution of the tested antibiotics against M. anserisalpingitidis isolates. 
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Figure 6 (continued). MIC distribution of the tested antibiotics against M. anserisalpingitidis 
isolates. 
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Figure 6 (continued). MIC distribution of the tested antibiotics against M. anserisalpingitidis 
isolates. 


















































































