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Introduction 1 

1. Introduction 

The Avian Metapneumovirus (aMPV) is an economically important pathogen of turkeys 

and chickens and the causative agent of an acute respiratory disease called turkey 

rhinotracheitis (TRT) in turkeys or avian rhinotracheitis (ART) in other avian species. 

The virus was first isolated in 1978 in South Africa and has since then been detected in 

numerous countries worldwide. 

aMPV is an enveloped virus with a non-segmented negative-sense single-stranded 

RNA genome. Together with the human Metapneumovirus (hMPV) it constitutes the 

genus Metapneumovirus within the subfamily Pneumovirinae of the family Para-

myxoviridae. Four subtypes (A to D) have been identified based on the sequence of 

the attachment glycoprotein (G) gene. Subtypes A and B are circulating in poultry pro-

ductions in many parts of the world, including Europe, whereas subtype C is predomi-

nantly found in the USA, where it is the only aMPV subtype present. 

aMPV replicates in epithelial cells of the upper respiratory tract (URT). aMPV-induced 

histopathological lesions include ciliostasis, loss of cilia and desquamation of ciliated 

respiratory epithelium. aMPV-induced disease is characterized by respiratory symp-

toms, such as nasal and ocular discharge and swollen infraorbital sinuses. Birds af-

fected by aMPV-mono-infections fully recover within ten to 14 days post infection, and 

the mortality is usually low. However, aMPV-infection is often complicated by secon-

dary pathogens under field conditions, resulting in severe clinical signs, increased mor-

tality and high rates of condemnation of carcasses at slaughter. aMPV-induced URT 

lesions are known to predispose affected birds to respiratory infections with secondary 

bacterial pathogens. This has been confirmed experimentally in turkeys and chickens 

with several pathogens, such as Escherichia coli, Ornithobacterium rhinotracheale 

(ORT), Bordetella avium (BA) or Mycoplasma gallisepticum (MG). . 

Vaccination with attenuated live and inactivated vaccines has been widely used to con-

trol aMPV-infection and disease in commercial poultry operations. Although vaccina-

tion has proven to be useful in preventing aMPV-induced disease, both types of vac-



2 Introduction 

cines remain to have considerable drawbacks. Attenuated live vaccines possess re-

sidual virulence and reversion to full virulence has been reported in the field. The ne-

cessity of parenteral application of inactivated vaccines makes them inconvenient for 

use in commercial poultry operations. Therefore the development of new vaccines, 

including genetically engineered vaccines, is a major target of current research on 

aMPV. 

Field experiences as well as experimental data suggest that serum antibodies do not 

provide protection against aMPV-infection. Cell-mediated immunity (CMI) and local 

immune mechanisms are discussed to provide protection. However, informations on 

the role of CMI in aMPV-infection are scarce and methods to detect and quantify 

aMPV-specific T-lymphocytes in turkeys and chickens have not yet been established. 

Therefore the aim of this project was to shed light on the role of humoral and cell-

mediated immune mechanisms in the control of aMPV-infection in turkeys. Further-

more, the aMPV-induced predisposition of turkeys to secondary infection with the po-

tential turkey pathogen Riemerella anatipestifer (RA) was investigated. 

The first objective of this project was the investigation of the protective effect of aMPV-

specific antibodies against aMPV-infection and disease (Chapter 4). In two experi-

ments turkeys were passively immunized with purified aMPV-specific antibodies and 

subsequently challenged with a homologues virulent aMPV strain. Virus shedding and 

development of clinical disease and histopathological lesions were compared between 

turkeys with and without aMPV-specific antibodies. 

The second objective was to elucidate the role of T-lymphocytes in the control of pri-

mary aMPV infection in naïve turkeys (Chapter 5), and in the protection against aMPV 

challenge-infection in vaccinated birds (Chapter 6). A T-lymphocyte suppression model 

was applied, using the T-cell suppressive drug Cyclosporin A (CsA). In two experi-

ments, naive and vaccinated turkey poults were inoculated with virulent aMPV. The 

course of primary aMPV-infection as well as the vaccine-induced protection against 

virulent challenge was compared between T-cell-suppressed and untreated birds. 



Introduction 3 

The third objective was to investigate the predisposing effect of aMPV-infection on 

secondary RA-infection of turkeys. RA is a Gram-negative bacterium in the family of 

Flavobacteriaceae, which is frequently found in poultry flocks in areas with high density 

of poultry production. RA is a primary pathogen of waterfowl, but the pathogenic role in 

turkeys is not clear. Since the aMPV-induced predisposition of turkeys to secondary 

infections is an important part of the pathogenesis of this disease, it is speculated that 

aMPV-infection supports RA-infection in commercial turkey flocks. An infection model 

for the inoculation of turkeys via different respiratory routes was established. In three 

experiments aMPV-infected turkeys were subsequently infected with different RA-

doses. Re-isolation of RA and the development of gross lesions were compared be-

tween RA-infected turkeys with and without aMPV-infection. 

The goal of this project was to gain a better understanding of the pathogenesis of 

aMPV-infection of turkeys and the immune mechanisms involved in protection. The 

results of this study may help to develop improved vaccines for the control of aMPV 

and thereby also associated secondary pathogens in turkey flocks. 

 





Literature review 5 

2. Literature review 

2.1. Avian Metapneumovirus infection (aMPV) of turkeys 

The avian Metapneumovirus (aMPV) is an economically important pathogen of poultry. 

It causes an acute disease of the upper respiratory tract, which is called turkey rhi-

notracheitis (TRT) in turkeys and avian rhinotracheitis (ART) in other susceptible galli-

naceous birds (Gough, 2003). 

2.1.1. Aetiology 

2.1.1.1. Morphological and structural properties 

aMPV belongs to the genus Metapneumovirus in the subfamily of Pneumovirinae 

within the family of Paramyxoviridae (Pringle, 1999). The genus Metapneumovirus is 

composed of two species: the aMPV and the recently identified human Metapneumovi-

rus (hMPV). The other genus in the subfamily of Pneumovirinae is the genus Pneu-

movirus, which includes a number of mammalian pathogens, such as the human respi-

ratory syncytial virus (hRSV), the bovine respiratory syncytial virus (BRSV) and the 

pneumoniavirus of mice (PVM) (Collins & Crowe, 2007). 

Paramyxoviridae are enveloped viruses with a non-segmented, negative-sensed sin-

gle-stranded RNA-genome (Collins & Crowe, 2007). aMPV are pleomorphic particles 

of 80 to 600 nm, which possess helical neucleocapsids of 13 to 14 nm diameter and 13 

nm surface projections (Collins et al., 1986; Wyeth et al., 1986; Gough & Collins, 1989; 

Hafez & Weiland, 1990). The aMPV genome has a size of approximately 13,000 to 

14,000 base pairs (bp) (Govindarajan & Samal, 2005; Lwamba et al., 2005) and en-

codes for eight structural proteins: 
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- fusion (F) protein (Yu et al., 1991; Naylor et al., 1998; Bäyon-Auboyer et al., 

2000; Seal et al., 2000) 

- attachment glycoprotein (G) (Ling et al., 1992; Juhasz & Easton, 1994; Bäyon-

Auboyer et al., 2000; Toquin et al., 2003; Govindarajan et al., 2004; Velayudhan 

et al., 2008b) 

- large RNA-dependent RNA polymerase (L) (Randhawa et al., 1996b; Bäyon-

Auboyer et al., 2000; Govindarajan & Samal, 2005; Lwamba et al., 2005) 

- matrix (M) protein (Yu et al., 1992b; Randhawa et al., 1996a; Seal, 1998; Shin 

et al., 2000b) 

- second matrix (M2) protein (Ling et al., 1992; Yu et al., 1992a; Shin et al., 

2002a; Dar et al., 2003; Jacobs et al., 2003) 

- nucleocapsid (N) protein (Li et al., 1996; Dar et al., 2001a; Shin et al., 2002a; 

Jacobs et al., 2003) 

- phosphoprotein (P) (Ling et al., 1995; Shin et al., 2002a; Jacobs et al., 2003) 

- small hydrophobic (SH) protein (Ling et al., 1992; Jacobs et al., 2003; Toquin et 

al., 2003; Govindarajan & Samal, 2005; Lwamba et al., 2005) 

These proteins are the same proteins expressed by the members of the genus Pneu-

movirus, except for the absence of the non-structural proteins NS1 and NS2 in Metap-

neumoviruses (Randhawa et al., 1997). The order of the protein genes differs between 

the genomes of Pneumoviruses (3’-NS1-NS2-N-P-M-SH-G-F-M2-L-5’) and Metap-

neumoviruses (3’-N-P-M-F-M2-SH-G-L-5’) (Ling et al., 1992; Yu et al., 1992b; Rand-

hawa et al., 1997; Collins & Crowe, 2007). In contrast to other Paramyxoviruses all 

Pneumovirinae lack the expression of hemagglutinin and neuraminidase (Hafez & 

Weiland, 1990; Alkhalaf & Saif, 2003; Collins & Crowe, 2007). The proteins SH, F and 

G are the surface proteins. The G protein mediates attachment to the host cell, 

whereas the F protein mediates fusion of the virus envelope with the cell as well as of 

infected cells with neighbouring cells (Tanaka et al., 1996b; Obi et al., 1997; Collins & 

Crowe, 2007). The F protein is expressed as an inactive precursor protein F0, which is 

then cleaved by proteases into two functional subunits: a larger product F1 and a 

smaller product F2. Cleavage of the F protein is a common characteristic of Para-
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myxoviridae and important for the establishment of infections (Collins & Crowe, 2007). 

Proteins L, N and P form the ribonucleoprotein complex, whereas M and M2 link the 

ribonucleoprotein complex to the envelope (Collins & Crowe, 2007). 

2.1.1.2. Molecular strain classification 

aMPV strains can be divided into genomic subtypes based on the G gene sequence. 

To date the four subtypes A to D have been identified (Juhasz & Easton, 1994; Bäyon-

Auboyer et al., 2000; Toquin et al., 2003). Subtype A and B (aMPV-A and aMPV-B) 

are broadly distributed on several continents, whereas aMPV subtype C (aMPV-C) 

was first isolated in the USA in 1996 and remains the only aMPV subtype present in 

North America (Seal, 2000; Gough, 2003). More recently aMPV-C has also been de-

tected in Muscovy ducks in France (Toquin et al., 1999; Toquin et al., 2006) and in 

pheasants in Korea (Lee et al., 2007). Subtype D (aMPV-D) has been identified by ret-

rospective analysis of two French isolates obtained from turkeys in 1985 and is the 

least well characterized subtype (Bäyon-Auboyer et al., 2000). 

Nucleotide (nt) and predicted amino acid (aa) sequences of protein genes indicate a 

closer relationship of subtypes A, B and D among each other, whereas aMPV-C is 

more distinctly related to the other aMPV subtypes (Seal, 1998; Seal, 2000; Shin et al., 

2002a; Njenga et al., 2003). The predicted sizes of the G-proteins are 391 aa for 

aMPV-A, 414 aa for aMPV-B and 389 aa for aMPV-D. Conflicting G-protein sizes are 

published for aMPV-C ranging from 252 to 585 aa (Govindarajan et al., 2004; Bennett 

et al., 2005; Lee et al., 2007; Velayudhan et al., 2008b). Comparison of the predicted 

aa-sequences of the F, N, M, M2 and P proteins revealed 52 to 78 % identity between 

aMPV-C and aMPV-A or aMPV-B, while aMPV-A and aMPV-B share 71 to 91 % iden-

tical aa sequences (Seal, 1998; Shin et al., 2002a). The genes G and SH posses the 

highest variability within and among the aMPV subtypes (Juhasz & Easton, 1994; 

Bäyon-Auboyer et al., 2000; Jacobs et al., 2003; Toquin et al., 2003; Govindarajan & 

Samal, 2005; Lwamba et al., 2005; Toquin et al., 2006; Lee et al., 2007; Kong et al., 

2008). Sequence homology of strains within each subtype is reported to be 81 to 100 

%, with the N gene being most conserved (Shin et al., 2000b; Shin et al., 2002a; Ben-
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nett et al., 2004; Banet-Noach et al., 2005; Chacon et al., 2007; Lee et al., 2007). The 

F-protein cleavage site aa sequence varies among the subtypes A, B and C. The 

presence of the non-basic alanine at residue 101 in the F-protein of aMPV-C, in con-

trast to basic aa in the other subtypes, may affect the cleavage by host proteases and 

thereby influence virulence (Naylor et al., 1998; Seal et al., 2000). 

2.1.1.3. Antigenic strain classification 

Strains of subtype aMPV-A and aMPV-B are antigenically related to each other and 

are therefore considered to comprise a single serotype. Nevertheless, they can be dis-

tinguished by binding patterns of monoclonal antibodies (mAb) (Hafez, 1992; Collins et 

al., 1993; Cook et al., 1993a). The two aMPV-D isolates are antigenically distinct from 

aMPV-A and aMPV-B, but show cross-reactivity in enzyme linked immunosorbent as-

say (ELISA) and virus neutralization test (VNT) (Bäyon-Auboyer et al., 1999; Toquin et 

al., 2000). In agreement with the high degree of genomic differences, antigenical 

analysis of aMPV-C revealed a more distinct relationship to the other subtypes, show-

ing only low levels of antigenic cross-reactivity (Cook et al., 1999; Toquin et al., 2000). 

Antigenic differentiation was confirmed to correlate well with genomic subtyping based 

on the G-gene (Bäyon-Auboyer et al., 1999). 

2.1.1.4. Relationship between aMPV and hMPV 

hMPV is the only other member of the genus Metapneumovirus and was first identified 

in 2001 in The Netherlands (van den Hoogen et al., 2001; van den Hoogen et al., 

2002). Serological evidence confirms that it has been broadly distributed in human 

populations for at least 50 years (van den Hoogen et al., 2001). hMPV causes respira-

tory diseases especially in infants, which are clinically indistinguishable from hRSV 

infection (van den Hoogen et al., 2001). Different from aMPV-infection in poultry, 

hMPV causes prominent lesions not only in the upper respiratory tract, but also in the 

lungs of infected humans and experimental hosts (van den Hoogen et al., 2001; Kolli et 

al., 2008). hMPV has been classified into two subtypes A and B with two sublineages 

each (A1, A2, B1 and B2) (Broor & Bharaj, 2007; Collins & Crowe, 2007). Interestingly 
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aMPV-C is more closely related to hMPV than to any of the other aMPV subtypes (van 

den Hoogen et al., 2001; van den Hoogen et al., 2002; Njenga et al., 2003). Homology 

of predicted aa sequences of F, L, M, M2-1, N and P proteins between aMPV-C and 

hMPV is 68 to 88 %, compared to 55 to 78 % identity between hMPV and aMPV-A or 

aMPV-B (van den Hoogen et al., 2001; van den Hoogen et al., 2002) and 52 to 78 % 

between aMPV-C and aMPV-A or aMPV-B (Seal, 1998; Shin et al., 2002a). In contrast 

only low similarity was found between SH and G genes of hMPV and aMPV-C, which 

may be the cause of the different host tropism of the two viruses (van den Hoogen et 

al., 2002). De Graaf et al. (2008) suggested that hMPV and aMPV-C may have 

originated from a common ancestor about 200 years ago. Van den Hoogen et al. 

(2001) reported turkeys and chickens to be resistant to experimental hMPV infection, 

whereas Nagaraja et al. (2007) were able to induce clinical respiratory disease in 

hMPV-inoculated turkeys. 

2.1.2. Epidemiology 

2.1.2.1. Occurrence and distribution of aMPV 

aMPV was first isolated in 1978 from turkeys in South Africa (Buys et al., 1980). During 

the 1980s aMPV was detected in the United Kingdom (UK) (McDougall & Cook, 1986; 

Wilding et al., 1986; Wyeth et al., 1986), France (Giraud et al., 1986), The Netherlands, 

Spain, Hungary, Italy (Cook et al., 1993a), Israel (Weisman et al., 1988) and Germany 

(Hafez & Weiland, 1990). Serological surveys indicate, that aMPV first occurred in 

German turkey flocks in 1986 and was considered endemic in entire Germany already 

in 1988 (Hafez & Woernle, 1989; Redmann et al., 1991). The South African aMPV-

isolates were found to be antigenically closely related to aMPV-A isolates (Cook et al., 

1993a). All aMPV-strains isolated in the UK until 1994 were classified as aMPV-A 

(Juhasz & Easton, 1994; Naylor et al., 1997a), but since 1994 also aMPV-B has been 

frequently found in the UK (Cavanagh et al., 1997; Naylor et al., 1997a; Cavanagh et 

al., 1999). In continental Europe aMPV-A, aMPV-B and aMPV-D were prevalent in the 

late 1980s (Juhasz & Easton, 1994; Naylor et al., 1997a; Bäyon-Auboyer et al., 2000; 
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Hafez et al., 2000). While aMPV-D has disappeared after 1985, aMPV-A and aMPV-B 

are to date broadly distributed not only in Europe (Van de Zande et al., 1998; Catelli et 

al., 2004), but also in Africa (Owoade et al., 2008), the Middle East (Banet-Noach et 

al., 2005; Gharaibeh & Algharaibeh, 2007), South America (Chacon et al., 2007) and 

Asia (Mase et al., 2003; Owoade et al., 2008). 

North America was considered to be free of aMPV until an outbreak in Colorado in 

1996. The isolated strains were later classified as aMPV-C (Panigrahy et al., 2000; 

Seal, 2000). The Colorado outbreak was eradicated by vigorous biosecurity measures 

about ten month after the initial outbreak, but in 1997 aMPV-C was detected in Minne-

sota, the state with highest turkey production in the USA (Goyal et al., 2000; Panigrahy 

et al., 2000; Lwamba et al., 2002a). To date aMPV-C is endemic in Minnesota with a 

reported seroprevalence of about 40 % positive turkey flocks (Alkhalaf et al., 2002a; 

Shin et al., 2002a; Goyal et al., 2003; Bennett et al., 2004). Seropositive flocks and 

detection of aMPV-C have also been reported from neighbouring US states, such as 

North and South Dakota (Chiang et al., 2000; Panigrahy et al., 2000; Shin et al., 

2002b; Bennett et al., 2004). No aMPV-positive chicken-flocks have detected during a 

serological survey in Minnesota and neighbouring states (Panigrahy et al., 2000). No 

other subtype than aMPV-C has been detected in the USA. 

aMPV subtype C has been thought to be confined to the USA, but more recently 

aMPV-C has been detected in Muscovy ducks in France (Toquin et al., 1999; Toquin 

et al., 2006) and in pheasants in Korea (Lee et al., 2007). The French isolates were 

demonstrated to comprise a separate genetic lineage within the subtype C, which is 

different from the American aMPV-C isolates (Toquin et al., 2006). 

In the USA aMPV-C has also been found in wild bird populations (Shin et al., 2000b; 

Bennett et al., 2002; Bennett et al., 2004; Turpin et al., 2008), including a variety differ-

ent species, as further described in chapter 2.1.2.3. Outbreaks of aMPV-C in turkey 

flocks in Minnesota have been reported to follow seasonal patterns, with peaks in 

spring and autumn. A contribution of migrating wild birds during these seasons has 

been discussed (Shin et al., 2002a; Goyal et al., 2003). Only little information is avail-

able on the seasonal patterns of aMPV-outbreaks and the occurrence of aMPV in wild 
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bird populations in Europe or other continents. In Italy aMPV-infection was detected in 

free-living pheasants (Catelli et al., 2001). 

2.1.2.2. Transmission 

aMPV enters the host organism via respiratory routes. Horizontal transmission be-

tween birds placed in direct contact has been reproduced by several authors (Jones et 

al., 1986; Cook et al., 1991; Panigrahy et al., 2000; Alkhalaf et al., 2002b). In studies of 

Cook et al. (1991) and Alkalhaf et al. (2002b) the virus failed to spread from inoculated 

to non-inoculated turkeys placed in different cages within the same room. In contrast 

Giraud et al. (1986) reported the successful transmission of aMPV between turkeys 

placed in a separate neighbouring cages. 

Shin et al. (2002b) reported an outbreak of aMPV-C in flocks of three-day-old turkey 

poults and suggested vertical transmission by aMPV-infected breeder flocks to be the 

source of infection. The virus was detected by reverse transcription polymerase chain 

reaction (RT-PCR) in eggs collected from these flocks, but no infectious virus was re-

covered. aMPV has been detected in epithelia of the reproductive tract of laying tur-

keys and chickens (Jones et al., 1988; O´Loan & Allan, 1990; Khehra & Jones, 1999a; 

Cook et al., 2000) and it is known to replicate in embryonated chicken and turkey eggs 

(Buys et al., 1980; Wyeth et al., 1986). However, clear evidence of vertical transmis-

sion of infectious aMPV to the offspring of infected birds is still missing. 

2.1.2.3. Natural and experimental hosts 

Evidence of aMPV-infection was reported for a variety of domestic and wild bird spe-

cies, but development of prominent clinical disease appears to be confined to gallina-

ceous birds. Turkeys and chickens have been confirmed to be susceptible to aMPV-

induced disease in numerous studies (Jones et al., 1986; Cook et al., 1993b; Majo et 

al., 1995; Cook et al., 2000; Alkhalaf et al., 2002b; Liman & Rautenschlein, 2007; Aung 

et al., 2008). aMPV-infection has also been detected in reared and free-living pheas-

ants (Catelli et al., 2001; Gough et al., 2001; Dalton et al., 2002; Welchman et al., 
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2002; Lee et al., 2007) and experimental infection resulted in mild respiratory disease 

(Gough et al., 1988a). In the same study inoculated guinea fowl developed serocon-

version but did not express clinical signs (Gough et al., 1988a). 

Gough et al. (1988a) reported geese, ducks and pigeons to be refractory to experimen-

tal aMPV-A infection. However, aMPV-C infection has later been detected in Muscovy 

and Pekin ducks and mallards (Toquin et al., 1999; Shin et al., 2000b; Shin et al., 

2001; Turpin et al., 2003). Turpin et al. (2003) observed the development of mild respi-

ratory signs in Pekin ducks experimentally infected with aMPV-C. In addition aMPV-C 

infection has also been confirmed either by virus isolation, positive RT-PCR or detec-

tion of aMPV-specific antibodies in several wild bird species, including rock pigeons, 

Canada geese, snow geese, blue winged teals, swallows, house sparrows and ring-

billed gulls (Shin et al., 2000b; Bennett et al., 2002; Bennett et al., 2004; Turpin et al., 

2008). A high seroprevalence of aMPV has been found in ostrich farms in Zimbabwe 

(Cadman et al., 1994). Clinical signs clearly attributable to aMPV-infection have not 

been reported for any of these species. 

2.1.3. Diagnosis 

2.1.3.1. Virus isolation systems 

The most widely used system for the isolation of aMPV-A and aMPV-B is the embryo 

tracheal organ culture (TOC), prepared from turkey or chicken embryos shortly before 

hatch (Cook et al., 1976). Similar to other viral respiratory pathogens, such as infec-

tious bronchitis virus (IBV), aMPV subtypes A and B induce ciliostasis in TOC at four to 

five days after inoculation. If aMPV-titres in the sample are sufficient, ciliostasis can 

already be visible during the first TOC passage (Jones et al., 1986; McDougall & Cook, 

1986; Wilding et al., 1986; Cook et al., 1999; Lee et al., 2007). In contrast aMPV-C 

replicates in TOC without induction of ciliostasis, making the system less suitable for 

the isolation of this subtype. The exclusive use of TOC for the isolation of aMPV can 

therefore not be recommended (Cook et al., 1999; Cook, 2000). aMPV has been 
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shown to retain full virulence after continuous propagation in TOC for at least 25 to 100 

passages (Jones et al., 1986; Buys et al., 1989b; Williams et al., 1991a). 

The first isolation of aMPV has been performed in embryonated chicken and turkey 

eggs via the yolk sac route, resulting in embryo mortality and stunted embryos after 

few passages (Buys et al., 1980). 

Cell culture systems have been widely used for aMPV-C isolation and less often for 

other subtypes. Successful virus isolation has been achieved in the African green 

monkey VERO cell line, primary chicken embryo fibroblasts (CEF), a chicken embryo 

rough (CER) cell line and the continuous quail tumour cell line QT-35 (Giraud et al., 

1986; Hafez & Weiland, 1990; Chiang et al., 1998; Bennett et al., 2002). Multiple blind 

passages are necessary, before the virus produces a typical cytopathic effect (CPE), 

which is characterized by rounding and destruction of cells and development of large 

syncytia (Hafez & Weiland, 1990; Gough et al., 1994). 

CEF and VERO cells are also commonly used for the attenuation and propagation of 

aMPV-strains for diagnostic purposes and for the development of attenuated live vac-

cines (Buys et al., 1989b; Cook et al., 1989a; Cook et al., 1989b; Williams et al., 

1991a; Williams et al., 1991b; Gulati et al., 2001b; Patnayak et al., 2002; Patnayak & 

Goyal, 2004a; Patnayak & Goyal, 2004b). Patnayak et al. (2005) and Tiwari et al. 

(2006a) also found several additional cell lines of avian and mammalian origin to be 

permissive for replication of aMPV-C. 

Identification and characterization of aMPV isolates in TOC and cell cultures can be 

achieved by immunofluorescence test (IFT), immuno-peroxidase (IPO) staining or RT-

PCR (see chapters 2.1.3.2 and 2.1.3.3 ). 

The time of sampling is crucial for attempted isolation of aMPV. Experimental infec-

tions revealed that infectious virus is recovered for no more than five to seven days 

post inoculation, which is even before cessation of clinical signs (see chapters 2.1.4.1 

and 2.1.4.2). Virus isolation should be attempted as early as possible after the onset of 

the disease and sampled birds should display acute clinical signs. Swabs or tissue 

samples collected from upper respiratory tract organs, such as the trachea, sinus or 
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nasal turbinates, are considered to be the most promising materials for virus isolation 

(Van de Zande et al., 1999; Pedersen et al., 2001). 

2.1.3.2. Detection of aMPV antigen 

aMPV antigen in tissue samples and cell and organ cultures can be detected by IFT 

(Baxter-Jones et al., 1986; Jones et al., 1987; Majo et al., 1995; Majo et al., 1996; Jirjis 

et al., 2002b) and IPO staining (O´Loan & Allan, 1990; Majo et al., 1995; Jirjis et al., 

2001; Alvarez et al., 2004b). Both techniques have been shown to be equally sensitive 

(Majo et al., 1995). IPO staining provides the advantage of microscopic identification of 

antigen-positive cell-types, making this technique a valuable tool for pathogenesis 

studies (see chapter 2.1.4.1). Antigen detection by IFT is predominantly used for identi-

fication of aMPV isolates in cell or organ cultures. 

2.1.3.3. Molecular-biological detection 

Several RT-PCR assays have been developed for detection of aMPV-RNA directly 

from samples as well as for identification and characterization of isolates. PCR is more 

sensitive than virus isolation (Shin et al., 2000c; Pedersen et al., 2001; Cecchinato et 

al., 2004). Furthermore viral RNA is detectable for up to 21 days after infection (Jing et 

al., 1993; Pedersen et al., 2001; Velayudhan et al., 2005; Liman & Rautenschlein, 

2007; Aung et al., 2008), compared to detection of aMPV-antigen and live virus for no 

longer than five to eight days (see chapter 2.1.4.1). PCR techniques are also less time 

consuming than virus isolation, allowing the testing of high sample numbers within few 

ours after sampling (Cavanagh et al., 1997; Cavanagh et al., 1999). The choice of the 

optimal PCR test is crucial for diagnosis. It should be considered, that not all assays 

are suitable to detect more than one or two subtypes (Bäyon-Auboyer et al., 1999). 

Amplification with N-gene-specific primers has been shown to allow detection of all 

currently identified subtypes (Bäyon-Auboyer et al., 1999; Toquin et al., 1999). Given 

the conserved nature of the N-gene this technique may also detect potential new sub-

types. Subtype-specific nested or hemi-nested PCR assays based on the G-gene are 
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widely used for identification of aMPV-A and B (Cavanagh et al., 1997; Bäyon-Auboyer 

et al., 1999; Cavanagh et al., 1999). However, due to the high variability of the G-gene, 

strains of subtypes C and D can not be detected by this test. It can not be excluded 

that potential new subtypes of aMPV as well as aMPV-strains with altered G-gene se-

quences will remain undetected, if this test is used as the only diagnostic tool for aMPV 

detection. Specific detection of aMPV-C can be achieved by PCR assays amplifying 

the F- or M-gene of this subtype (Ali & Reynolds, 1999; Shin et al., 2000c; Dar et al., 

2001b). More recently a quantitative real time PCR (qPCR) has been described for 

detection of aMPV-C (Velayudhan et al., 2005) and for simultaneous detection of sub-

types A to D (Guionie et al., 2007). 

An in situ hybridization assay has been established for the localization of aMPV-C 

RNA in tissue samples (Velayudhan et al., 2005). 

2.1.3.4. Serology 

VNT, ELISA and indirect immunofluorescence test (iIFT) have been established for 

detection of aMPV-specific antibodies from sera and respiratory secretions. Despite 

the antigenic cross-reactivity between the aMPV subtypes (see chapter 2.1.1.3), the 

choice of test antigen used in serological assays is crucial. Antibodies directed against 

aMPV-C, which is antigenically most distinct from the other identified subtypes, are not 

detectable by tests based on aMPV-A or B (Cook et al., 1999). Due to this fact, sero-

logical diagnosis was not possible during the first month of the aMPV-C outbreak in 

Colorado in 1996 (Seal, 2000). 

Numerous aMPV-specific ELISA systems have been developed for in-house use as 

well as for commercial distribution, coated with whole-antigen preparations of either 

one subtype or mixtures of different subtypes (Grant et al., 1987; Chettle & Wyeth, 

1988; Eterradossi et al., 1992; Heckert et al., 1994; Tanaka et al., 1996a; Mekkes & de 

Wit, 1998; Chiang et al., 2000). In addition ELISA systems using recombinant M- or N-

protein of aMPV-C have been established (Gulati et al., 2000; Gulati et al., 2001a). The 

aMPV-C M-protein ELISA also detected antibodies directed against aMPV-A and B 

(Lwamba et al., 2002b). Most ELISA systems have been designed to detect antibodies 
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in chicken and turkey sera, using either anti-chicken-immunoglobulin G (IgG) or anti-

turkey-IgG as detection antibodies. Anti-chicken conjugates have been demonstrated 

to be cross-reactive with turkey antibodies, but sensitivity may be decreased compared 

to the use of anti-turkey antibodies (Heckert et al., 1994; Chiang et al., 2000; Jirjis et 

al., 2000). ELISA systems for detection of aMPV-specific IgA or IgM have been used 

for experimental purposes (Ganapathy et al., 2005; Cha et al., 2007; Kapczynski et al., 

2008). Cadman et al. (1994) adapted a commercial aMPV ELISA to detection of os-

trich antbodies by replacing the conjugate with anti-ostrich-IgG. Competitive ELISA 

systems have been developed for detection of aMPV-specific antibodies in various bird 

species (Mekkes & de Wit, 1998; Welchman et al., 2002; Turpin et al., 2003; 

Gharaibeh & Algharaibeh, 2007; Turpin et al., 2008). 

Indirect IFT has been described for detection of aMPV-specific IgG in research 

(Baxter-Jones et al., 1986; Baxter-Jones et al., 1989; O´Loan et al., 1989). VNT can be 

performed in TOC, CEF, chicken embryo liver cells (CEL), VERO cells and MA-104 

cells (Baxter-Jones et al., 1989; O´Loan et al., 1989; Toquin et al., 2000; Alkhalaf et al., 

2002a). VNT provides the advantage to be accessible for detection of antibodies from 

all bird species. Both techniques are laborious and time consuming and therefore less 

suitable for testing large numbers of samples for diagnostic purposes. 

Results of all three serological techniques show good correlation with each other 

(Baxter-Jones et al., 1989; Alkhalaf et al., 2002a). However, virus neutralizing (VN) 

antibodies can be detected about two days earlier than aMPV-specific IgG detected by 

ELISA or iIFT (Baxter-Jones et al., 1989; O´Loan et al., 1989; Liman & Rautenschlein, 

2007). 

2.1.4. Pathobiology of aMPV 

2.1.4.1. Pathogenesis 

In analogy to other members of Pneumovirinae the aMPV G-protein is thought to me-

diate attachment of the virus to the surface of host cells. The cellular receptor for the 
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attachment has not been identified for any of the members of Pneumovirinae (Collins & 

Crowe, 2007). Following attachment the F-protein mediates fusion of the viral envelope 

with the cell membrane and may also induce fusion of infected cells with neighbouring 

cells (Tanaka et al., 1996b; Obi et al., 1997; Liman et al., 2007). Host proteases are 

necessary for activation of the F-protein by cleavage and this may influence the tissue 

tropism of the virus (Collins & Crowe, 2007). 

Ciliated cells of respiratory epithelia are thought to be the main target cells for aMPV-

replication. Viral antigen in infected epithelial cells can be detected as early as one day 

after inoculation. It is predominantly located in association with cilia at the apical site of 

the cells (Jones et al., 1986; O´Loan & Allan, 1990; Majo et al., 1995; Jirjis et al., 2001; 

Jirjis et al., 2002a). Cytoplasmic aMPV inclusions have also been detected in infected 

cells by immunogold staining (Majo et al., 1996). Replication of aMPV in ciliated epithe-

lial cells of the female reproductive tract of turkeys and chickens has been demon-

strated in vivo (Jones et al., 1988; O´Loan & Allan, 1990; Cook et al., 2000) and in vitro 

(Khehra & Jones, 1999a). While other members of the Pneumovirinae replicate in a 

variety of additional cell types, including monocytes, lymphocytes and dendritic cells 

(Toth & Hesse, 1983; Panuska et al., 1990; Midulla et al., 1993; Sharma & Woldehi-

wet, 1996; Collins & Crowe, 2007), little is known about the permissiveness of these 

cells for aMPV-replication and their potential role in aMPV-pathogenesis. aMPV-

antigen has been detected in macrophages located in the respiratory mucosa of in-

fected birds (Jirjis et al., 2002a). Sharma et al. (2004) demonstrated macrophage cell 

lines to be permissive for replication of aMPV-C. An avian B-lymphoma cell line did not 

facilitate aMPV-replication (Tiwari et al., 2006a). 

Experimental infection of susceptible hosts has been established by respiratory inocu-

lation, suggesting this route to be the natural route of infection (Jones et al., 1986). In-

oculation via parenteral routes, such as intravenous or intramuscular injection, has also 

been demonstrated to result in clinical disease and colonization of the respiratory tract 

(Heckert et al., 1994; Khehra & Jones, 1999a; Cook et al., 2000; Hess et al., 2004b; 

Sugiyama et al., 2006). 

One or two days after respiratory inoculation of susceptible turkeys and chickens with 

virulent aMPV, viral antigen is first detectable in small numbers of epithelial cells in the 
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URT. Thereafter it becomes widely distributed in the URT epithelia. Peak levels of virus 

titres and antigen detection are reached at days three to six post inoculation (PI). 

aMPV is rapidly cleared from the respiratory tract. It becomes unapparent by antigen 

detection and virus isolation as early as five to eight days PI (Jones et al., 1986; Jones 

et al., 1988; O´Loan & Allan, 1990; Majo et al., 1995; Majo et al., 1996; Van de Zande 

et al., 1999; Jirjis et al., 2000; Panigrahy et al., 2000; Alkhalaf et al., 2002b; Jirjis et al., 

2002a; Velayudhan et al., 2005; Velayudhan et al., 2007). Highest amounts of viral 

antigen and virus titres are detected in nasal turbinates and infraorbital sinus. In addi-

tion aMPV consistently replicates in the trachea and inconsistently in lungs and air 

sacs (O´Loan & Allan, 1990; Majo et al., 1995; Catelli et al., 1998; Van de Zande et al., 

1999; Velayudhan et al., 2005). 

aMPV-antigen has also been detected in the oviduct of turkeys at seven to nine days 

following inoculation by eye drop (Jones et al., 1988). These findings suggest a phase 

of viraemia during the early phase of infection. No aMPV-antigen or live virus has been 

detected in tissues other than respiratory and reproductive mucosa (Van de Zande et 

al., 1999; Alkhalaf et al., 2002b). aMPV-RNA has been detected by PCR in various 

internal organs of infected chickens, including spleen, cecal tonsils, Bursa cloacalis 

and testes (Villarreal et al., 2007; Aung et al., 2008). However, this may not necessarily 

reflect replication or presence of live virus in these organs. 

Persistence of aMPV in turkeys and chickens has not been demonstrated. When re-

convalescent turkeys and chickens were chemically T-lymphocyte suppressed after 

the cessation of virus detection, re-excretion of the virus was not induced (Khehra & 

Jones, 1999b). 

Although birds of all ages may become infected, signs of disease are reported to be 

most severe in young birds (Worthington et al., 2003; Patnayak & Goyal, 2004b; Tar-

pey & Huggins, 2007). The influence of different genetic backgrounds of the host on 

aMPV-infection has not been investigated in detail. Experimental infection of seven 

different inbred chicken lines did not reveal differences in clinical disease (Cook et al., 

1993b).  
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2.1.4.2. Clinical symptoms, morbidity and mortality 

Experimental mono-infections of susceptible turkeys with virulent aMPV are character-

ized by acute respiratory symptoms. At two to three days PI birds show watery eyes 

and serous nasal exudate, which is than replaced by turbid nasal exudate. Thereafter, 

turkeys express foamy ocular discharge and swollen infraorbital sinus. Sinusitis is 

mostly confined to mild unilateral swelling. Severe swelling including periorbital areas 

is rarely observed following experimental mono-infections. After reaching peak levels 

at six to seven days PI, clinical signs decrease rapidly and have completely waned at 

days ten to twelve PI. In experimentally inoculated turkeys morbidity is normally 100 %, 

while no mortality is observed (Jones et al., 1986; Jones et al., 1988; Cook et al., 1996; 

Van de Zande et al., 1998; Van de Zande et al., 1999; Jirjis et al., 2000; Panigrahy et 

al., 2000; Jirjis et al., 2002a; Velayudhan et al., 2005; Liman & Rautenschlein, 2007).  

Respiratory aMPV-inoculation of chickens results in clinical symptoms, which are of 

comparable nature as those observed in experimentally infected turkeys. However, 

morbidity remains lower and clinical signs are generally less pronounced, with only few 

chickens expressing sinus-swelling (Jones et al., 1987; Buys et al., 1989a; Cook et al., 

1993b; Majo et al., 1995; Catelli et al., 1998; Khehra & Jones, 1999a; Shin et al., 

2000a; Ganapathy et al., 2007; Ganapathy & Jones, 2007; Tarpey & Huggins, 2007; 

Aung et al., 2008). In some experimental studies aMPV-isolates even failed to induce 

clinical disease in chickens after respiratory inoculation (Gough et al., 1988a; Jones et 

al., 1991; Heckert et al., 1994; Maharaj et al., 1994; Majo et al., 1995; Tanaka et al., 

1995; Cook et al., 1999; Cook et al., 2000) 

Field-outbreaks of aMPV in turkey flocks are associated with respiratory symptoms 

and the morbidity is usually 100%. Due to the presence of non-infectious exacerbating 

factors and concurrent secondary pathogens, clinical signs often become considerably 

more severe than those observed under experimental conditions. Symptoms can in-

clude coughing, nasal secretions, foamy ocular discharge and severe sinusitis with 

infraorbital swelling. Mortality may stay below 1 %, but may also exceed 50 %, de-

pending on the presence of other exacerbating factors (Gough et al., 1988b; Van de 

Zande et al., 1998; Jirjis et al., 2000). 
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In chicken flocks aMPV has been shown to be associated with the multifactorial swol-

len head syndrome (SHS). In addition to respiratory symptoms, typical clinical signs of 

SHS are severe infraorbital and periorbital swelling and occasionally torticollis or 

ophistotonus. Usually only a minority of the flock is affected, but mortality can be as 

high as 15 % (Picault et al., 1987; Buys et al., 1989a; Pattison et al., 1989; Steenhui-

sen, 1989; Hafez & Löhren, 1990; Gough et al., 1994; Maharaj et al., 1994; Tanaka et 

al., 1995). 

Egg-production and quality of egg-shells may be adversely affected by natural and ex-

perimental aMPV-infection in laying hens, broiler breeders and turkey breeders (Jones 

et al., 1988; Pattison et al., 1989; Hafez & Löhren, 1990; Maharaj et al., 1994; Cook et 

al., 1996; Cook et al., 2000; Sugiyama et al., 2006). 

2.1.4.3. Gross pathology 

Following experimental infections, gross lesions are usually confined to the presence 

of serous or mucous exudates in the upper respiratory tract and reddening of respira-

tory epithelia during the acute phase of the disease (Jones et al., 1988; Jirjis et al., 

2002a). Under field conditions gross pathology depends largely on the presence of 

secondary infections. Airsacculitis, pericarditis, perihepatitis and pneumonia have been 

described regularly (Van de Zande et al., 1998; Jirjis et al., 2000). In laying birds vari-

ous lesions of the reproductive tract and egg peritonitis have been found (Jones et al., 

1988; Cook et al., 2000). SHS in chickens is characterized by subcutaneous oedema 

at head and neck, but also otitis externa and interna has been observed (Pattison et 

al., 1989; Gough et al., 1994). 

2.1.4.4. Histopathology 

Experimental aMPV-inoculation of turkeys or chickens leads to mononuclear infiltration 

and loss of cilia in URT epithelia. This is first observed at one or two days PI and be-

comes more pronounced over the following days. At days four to six PI epithelial des-

quamation is detected and large areas of the mucosa show infiltrations of copious 
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mononuclear and heterophilic cells. Later than day six PI epithelial hyperplasia and 

signs of regeneration are detectable, with inflammatory infiltrations becoming less 

prominent. Tissues have completely recovered between days 14 and 21 PI. Micro-

scopic lesions are most pronounced in nasal turbinates and infraorbital sinus, whereas 

milder lesions are observed in the trachea. In some cases mild lesions were also 

detected in bronchial epithelia (Jones et al., 1986; Jones et al., 1987; Majo et al., 1995; 

Majo et al., 1996; Catelli et al., 1998; Van de Zande et al., 1999; Jirjis et al., 2000; 

Panigrahy et al., 2000; Jirjis et al., 2002a; Velayudhan et al., 2005; Liman & 

Rautenschlein, 2007; Velayudhan et al., 2007; Aung et al., 2008; Velayudhan et al., 

2008a). In experimentally infected Pekin ducklings mild lymphoid infiltration in trachea 

and nasal turbinates was described (Shin et al., 2001). aMPV-induced microscopic 

lesions were also detected in the Harderian glands (HG) of experimentally infected 

turkeys and chickens (Chary et al., 2002a; Liman & Rautenschlein, 2007; Aung et al., 

2008). Cook et al. (2000) described epithelial lesions in oviducts of experimentally in-

fected laying hens. Other tissues were free of aMPV-induced lesions (Catelli et al., 

1998; Jirjis et al., 2000; Jirjis et al., 2002a).  

2.1.4.5. Virulence 

Possible variations in the virulence of aMPV-strains have been discussed. Strains of 

turkey and chicken origin possess different virulence for the two host species. They 

may induce more severe clinical signs in the homologues host, as compared to the 

heterologous host (Buys et al., 1989a; Cook et al., 1993b). In a comparative study of 

aMPV-A and B in turkeys Van de Zande et al. (1999) found the aMPV-A strain to grow 

to higher titres in infected organs than the aMPV-B strain. In contrast, Aung et al. 

(2008) reported their aMPV-B strain to be more invasive and to cause more pro-

nounced clinical signs in broiler chickens, compared to the investigated aMPV-A strain. 

Comparison of two aMPV-C strains revealed the isolate from the early Minnesota out-

breaks to be less virulent than a strain isolated in Minnesota about six years later 

(Velayudhan et al., 2005; Velayudhan et al., 2007). Inoculation of turkeys with nasal 

turbinate homogenates of experimentally aMPV-C infected turkeys caused more pro-

nounced clinical signs than inoculation with a comparable viral dose of a cell culture 
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preparation of the same strain (Velayudhan et al., 2007). These findings indicate a 

possible increase in virulence by in vivo passages. This may provide an explanation for 

the increased virulence of the more recent aMPV-C isolate from Minnesota and may 

also explain as the loss of attenuation recently observed for aMPV-vaccine strains 

(Catelli et al., 2006b; Ricchizzi et al., 2008). 

Attenuation to cell culture systems (Buys et al., 1989b; Cook et al., 1989a; Cook et al., 

1989b; Williams et al., 1991a; Williams et al., 1991b; Gulati et al., 2001b; Patnayak et 

al., 2002; Patnayak & Goyal, 2004b; Patnayak & Goyal, 2004a) and embryonated 

eggs (Buys et al., 1989b) results in decreased virulence. In contrast, continuous 

propagation in TOC does not affect virulence (Jones et al., 1986; Buys et al., 1989b; 

Williams et al., 1991a). 

2.1.4.6. Complicating pathogens 

aMPV has been discussed to predispose turkeys and chickens to secondary respira-

tory infections due to lesions of the respiratory epithelium (see Chapter 2.1.4.4) and 

possible immunosuppressive effects (see Chapter 2.1.5.2). In particular, disturbance of 

the mucociliar transport by aMPV-induced loss of cilia is thought to allow the estab-

lishment of secondary bacterial infections. Under field conditions aMPV-infection has 

frequently been described in association with a variety of different accompanying 

pathogens (Weisman et al., 1988; Van de Zande et al., 1998; Van Loock et al., 2005). 

A predisposing effect of aMPV-infection in turkeys was confirmed experimentally for 

Mycoplasma gallisepticum (MG) (Naylor et al., 1992), Mycoplasma imitans (Ganapathy 

et al., 1998), Chlamydophila psitacci (Van Loock et al., 2006), ORT (Jirjis et al., 2004; 

Marien et al., 2005), BA (Cook et al., 1991; Alkhalaf et al., 2002b; Jirjis et al., 2004), a 

Pasteurella-like organism (Cook et al., 1991) and Escherichia coli (Van de Zande et al., 

2001; Van de Zande et al., 2002). In chickens aMPV caused predisposition to respira-

tory infection with E. coli (Majo et al., 1997; Al-Ankari et al., 2001). In these studies the 

secondary pathogen was administered intranasally or by eye drop either parallel to or 

up to seven days after aMPV-inoculation. Studies of Van de Zande et al. (2001) dem-

onstrated that the effects of predisposition were most pronounced, when E. coli was 
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inoculated at day three or five after aMPV-inoculation. This is the time, when aMPV-

induced epithelial lesions are most prominent. E. coli inoculation at day one or seven 

after aMPV-infection was less clearly supported. 

Co-infections of aMPV with bacterial pathogens resulted in exacerbated or prolonged 

clinical disease and more severe gross and microscopic lesions, as compared to 

mono-infection with either pathogen. Tissue distribution, bacterial load and persistence 

of the secondary pathogen were enhanced by previous aMPV-infection (Cook et al., 

1991; Naylor et al., 1992; Majo et al., 1997; Ganapathy et al., 1998; Al-Ankari et al., 

2001; Van de Zande et al., 2001; Alkhalaf et al., 2002b; Van de Zande et al., 2002; 

Jirjis et al., 2004; Marien et al., 2005; Van Loock et al., 2006). In some studies the an-

tibody response to the secondary pathogen was enhanced in aMPV-infected birds, 

which may be attributable to the higher antigen load in these birds (Naylor et al., 1992; 

Ganapathy et al., 1998; Alkhalaf et al., 2002b). The detection of aMPV was prolonged 

and extended to lung and air sacs following co-infection with BA and the Pasteurella-

like organism, suggesting that these pathogens may also support aMPV-infection 

(Cook et al., 1991; Alkhalaf et al., 2002b; Jirjis et al., 2004). Seal (2000) speculated 

that cleavage of the aMPV F-protein by bacterial proteases may expand the tissue tro-

pism of aMPV and may allow distribution to additional organs, in which concurrent bac-

teria are present. 

Exacerbation of disease was also reported for co-infection of aMPV and viral patho-

gens. Inoculation of turkeys with virulent aMPV-C, followed by a lentogenic Newcastle 

disease virus (NDV) strain three days later, resulted in increase of clinical signs and 

histopathological lesions. The development of antibodies to both pathogens was not 

effected (Turpin et al., 2002). Vaccination of turkeys against Hemorrhagic enteritis vi-

rus (HEV) at two or four days after inoculation with virulent aMPV-C resulted in re-

duced antibody response to the HEV-vaccine and interfered with the development of 

protection against virulent HEV challenge (Chary et al., 2002b). The mechanisms re-

sponsible for this immunosuppression remain to be elucidated. 

Application of attenuated aMPV live vaccines together with or up to seven days after 

NDV or IBV live vaccines resulted in a clearly delayed detection of the aMPV vaccine 

strain, as compared to vaccination with the aMPV vaccine alone. This may be attribut-
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able to competition for the site of replication by the respiratory viruses, which inhibited 

replication of the aMPV-vaccine (Cook et al., 2001; Ganapathy et al., 2005). A de-

creased aMPV antibody response was observed, when vaccination against aMPV was 

combined with NDV or IBV vaccination. This is presumably due to the reduced aMPV-

replication in the dually vaccinated groups (Cook et al., 2001; Ganapathy et al., 2005; 

Tarpey et al., 2007). Protection against challenge with virulent aMPV was not affected 

by simultaneous vaccination with aMPV in combination with either NDV or NDV and 

IBV (Ganapathy et al., 2007; Tarpey et al., 2007). In contrast, aMPV-vaccination one 

week after IBV-vaccination resulted in incomplete protection (Cook et al., 2001). Virus 

detection, seroconversion and protection induced by NDV- or IBV-vaccines were not 

affected by the aMPV-vaccines (Cook et al., 2001; Ganapathy et al., 2005; Ganapathy 

et al., 2007; Tarpey et al., 2007). 

2.1.5. Immunity and immunoprophylaxis 

2.1.5.1. Humoral immunity 

Reconvalescent sera of aMPV-infected birds as well as aMPV-specific mAb have been 

shown to neutralize aMPV in vitro in cell culture systems and in TOC (Baxter-Jones et 

al., 1989; Collins et al., 1993; Cook et al., 1993a; Tanaka et al., 1996b; Obi et al., 

1997; Liman & Rautenschlein, 2007). Virus neutralizing mAb were found to be directed 

against the F- and G-protein (Cook et al., 1993a; Tanaka et al., 1996b; Obi et al., 

1997), whereas antibodies directed against the N-, M- and P-protein did not possess 

virus neutralizing activity (Tanaka et al., 1996b; Obi et al., 1997; Yu et al., 2006). This 

is in consistence with data obtained from other Pneumovirinae (Taylor et al., 1984; 

Taylor et al., 1997; Skiadopoulos et al., 2006; Collins & Crowe, 2007). F-protein-

specific neutralizing mAb prevent fusion of aMPV-infected cells and the development 

of syncytia in cell culture (Tanaka et al., 1996b; Obi et al., 1997).  

Serum antibody responses in turkeys and chickens experimentally infected with viru-

lent aMPV strains are detectable by VNT and ELISA as early as six to ten days PI and 

reach peak levels at about 10 to 14 days PI (Jirjis et al., 2000; Panigrahy et al., 2000; 
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Van de Zande et al., 2000; Jirjis et al., 2002a; Velayudhan et al., 2005; Liman & Rau-

tenschlein, 2007; Aung et al., 2008). Detection of VN antibodies usually occurs one or 

two days before detection of aMPV-specific IgG by ELISA, indicating that Ig-isotypes 

produced during the early phase of seroconversion, such as IgM, possess major neu-

tralizing activities (Jones et al., 1988; Baxter-Jones et al., 1989; Aung et al., 2006; Li-

man & Rautenschlein, 2007). Jones et al. (1988) found high aMPV-specific antibody 

levels in sera of adult turkeys for as long as 12 weeks PI. Anti-aMPV antibodies were 

also detected on different mucosal surfaces. VN antibodies were found in tracheal 

washings of experimentally infected chickens and turkeys (Aung et al., 2006; Liman & 

Rautenschlein, 2007). Increased levels of IgA were detected by ELISA in nasal secre-

tions, lacrimal fluid, tracheal washes and bile of infected birds (Ganapathy et al., 2005; 

Cha et al., 2007). 

The protective effect of humoral immunity against aMPV-infection is subject of ongoing 

discussions. Field observations and experimental data suggest that the presence of 

aMPV-specific antibodies does not necessarily provide protection against infection and 

disease (Sharma et al., 2004; Kapczynski et al., 2008). In agreement with these obser-

vations, maternally derived antibodies did not protect turkey poults against challenge 

with virulent aMPV (Naylor et al., 1997b; Catelli et al., 1998), nor did they interfere with 

the development of protection induced by vaccination with a live attenuated aMPV 

vaccine (Cook et al., 1989b). These informations indicate that serum antibodies alone 

do not provide sufficient protection against aMPV-infection of the URT and respiratory 

disease. Similar findings have been obtained other Pneumovirinae, such as hMPV, 

BRSV and hRSV, in several natural and experimental hosts. Virus-specific antibodies 

did not prevent virus replication in the URT in the absence of specific T-lymphocytes 

and failed to provide full protection against clinical disease (Kimman et al., 1987; Kim-

man et al., 1988; Belknap et al., 1991; Plotnicky-Gilquin et al., 2000; Alvarez & Tripp, 

2005). However, maternally derived or passively transferred antibodies were demon-

strated to successfully reduce viral replication in the lungs. The severity of clinical dis-

ease was reported to be less severe in antibody-positive hosts, as compared to anti-

body-negative animals (Taylor et al., 1984; Kimman et al., 1988; Walsh et al., 1989; 

Belknap et al., 1991; Plotnicky-Gilquin et al., 2000; Alvarez & Tripp, 2005). Protection 

provided by F-protein-specific mAb against hRSV in mice and BRSV in cattle was cor-
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related with fusion inhibiting, rather then VN or complement-activating properties of the 

antibodies (Taylor et al., 1992; Thomas et al., 1998). 

2.1.5.2. Cell-mediated immune mechanisms 

Although local and systemic CMI is considered to play an important role in the protec-

tion against aMPV, informations available are scarce. Histopathological examination of 

the respiratory mucosa showed a massive influx of mononuclear cells during the acute 

phase of infection (see Chapter 2.1.4.4). However, the nature of these cells has not 

been identified yet. Liman & Rautenschlein (2007) demonstrated an increase of the 

proportion of CD4-positive T-lymphocytes in the HG at one or two weeks following in-

oculation with virulent or attenuated aMPV-strains, respectively. The proportion of 

CD4-positive T-cells in spleen leukocytes was increased in vaccinated turkeys, but not 

in birds inoculated with virulent strains. Proportions of CD8a-positive T-lymphocytes in 

HG and spleen remained unaffected by attenuated and virulent strains (Liman & Rau-

tenschlein, 2007). The amount of interferon (IFN)-γ messenger RNA (mRNA) in leuko-

cytes isolated from the HG was found to be elevated after infection of turkeys with viru-

lent aMPV-A or aMPV-B. Since IFN-γ is produced by activated T-lymphocytes, these 

results may indicate the presence of these cell types in the HG (Liman & Rauten-

schlein, 2007). 

Indirect evidence of the importance of CMI for the protection against aMPV has been 

given by the results of vaccination experiments. Full protection was achieved, although 

vaccine-induced antibodies were barely detectable (Cook et al., 1989b; Williams et al., 

1991b). In agreement with these findings, chemically B-cell-suppressed and vacci-

nated turkeys developed full protection against aMPV-challenge in the absence of de-

tectable aMPV-specific antibodies (Jones et al., 1992). 

Methods for the direct detection and quantification of aMPV-specific T-lymphocytes in 

chickens or turkeys are not available. Also investigation of the course of primary 

aMPV-infection or vaccine-induced protection in experimentally T-lymphocyte sup-

pressed birds has not been performed. Khehra & Jones (1999b) attempted to reacti-

vate aMPV-infection in reconvalescent chicks and turkey poults by chemical T-cell 
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suppression, but no re-excretion was detected. However, it is not known whether live 

aMPV allowing virus-shedding had been persistent in these birds. 

In mammals T-lymphocytes were demonstrated to play an important role in the control 

of Pneumovirinae infections. Adoptive transfer of virus-specific T-lymphocytes to naïve 

mice provided protection against hRSV-infection (Plotnicky-Gilquin et al., 2000). Deple-

tion of T-lymphocytes resulted in prolonged persistence of virus and more severe dis-

ease following primary hMPV- or hRSV-infection of mice (Graham et al., 1991; Alvarez 

et al., 2004a; Kolli et al., 2008) and primary BRSV-infection in calves (Taylor et al., 

1995; Thomas et al., 1996). Depletion of T-lymphocytes in hRSV-vaccinated mice ab-

rogated protection against replication of challenge virus in the URT despite the pres-

ence of specific antibodies. In contrast protection against virus-replication in the lung 

remained unaffected by T-cell depletion (Plotnicky-Gilquin et al., 2000). 

T-cell-suppressive effects of aMPV have been discussed, but not investigated in detail. 

Immunosuppression in naturally infected turkeys was suggested, based on significant 

reduction of phytohemagglutinin (PHA) skin reaction, antibody response to sheep red 

blood cells (SRBC) and ratio of thymus to bodyweight compared to age-matched, 

aMPV-free controls (Timms, 1986; Timms et al., 1986). Since the turkeys used in 

these studies were obtained from field outbreaks and a contribution of secondary infec-

tions or environmental factors can not be excluded, these effects can not be clearly 

attributed to aMPV. Chary et al. (2002a) found a decreased ex vivo proliferative re-

sponse of spleen leukocytes isolated from turkeys which were experimentally infected 

with aMPV-C and stimulated with the T-cell mitogen Concanavalin A (ConA). In con-

trast to these findings, infection of turkeys and chickens with aMPV-A and aMPV-B 

strains resulted in a transient increase of IFN-γ production of ex vivo spleen leukocyte 

cultures following ConA stimulation (Aung et al., 2006; Liman & Rautenschlein, 2007). 

It remains questionable, whether ex vivo mitogen response can be considered to be a 

valuable indicator for in vivo T-lymphocyte activity (Sharma, 2003). 
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2.1.5.3. Vaccination 

An optimal aMPV-vaccine has to meet the following requirements: The vaccine has to 

be free of adverse effects. Live and vector vaccines have to be stable, without pos-

sessing the risk of mutation and reversion to virulence. The route of application has to 

be easy and feasible for large poultry flocks. To provide stable protection the induction 

of specific cell-mediated as well as local immunity is mandatory. The protection should 

be directed not only against challenge with the homologous subtype, but also against 

strains of heterologous aMPV subtypes. 

Attenuated live and inactivated aMPV-vaccines have been used for more than 20 

years in commercial turkey and chicken flocks. Both vaccine types are valuable tools 

for the control of aMPV infections (Jones, 1996; Naylor et al., 2002). 

Development of live aMPV vaccines has been achieved by attenuation of virulent 

strains to embryonated eggs (Buys et al., 1989b), to cell culture systems such as CEF 

or VERO cells (Cook et al., 1989a; Cook et al., 1989b; Williams et al., 1991a; Williams 

et al., 1991b; Gulati et al., 2001b; Patnayak et al., 2002; Patnayak & Goyal, 2004b) 

and by replication under suboptimal temperatures (Patnayak et al., 2003; Patnayak & 

Goyal, 2004a). Attenuation consistently resulted in reduced virulence, but some vac-

cine strains still remain to induce mild clinical signs even under experimental conditions 

(Cook et al., 1989a; Naylor & Jones, 1994; Gulati et al., 2001b; Worthington et al., 

2003; Patnayak & Goyal, 2004a; Tarpey & Huggins, 2007). This may result in clinical 

disease in the presence of adverse factors in the field. Live vaccines can be delivered 

via spray or drinking water to large poultry flocks. In addition application of aMPV live 

vaccines in ovo has been reported (Worthington et al., 2003; Hess et al., 2004a; Tar-

pey & Huggins, 2007). Attenuated aMPV strains are able to replicate in the host and 

spread by bird-to-bird-transmission (Williams et al., 1991a; Gulati et al., 2001b; Pat-

nayak et al., 2002). In vivo passages have been demonstrated to increase virulence of 

aMPV-isolates (Tiwari et al., 2006b). Therefore a uniform distribution of the vaccine 

within large flocks, in which high numbers of susceptible hosts are present, is crucial to 

prevent multiple in vivo passages and loss of attenuation. Naylor et al. (1994) detected 

a very small virulent subpopulation in a non-cloned VERO cell adapted vaccine, which 

was unlikely to be detected by back-passaging under experimental conditions in a 
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small number of birds. Virulent strains originating from live attenuated vaccines of sub-

types A and B have been isolated from clinically diseased turkey flocks. The virulence 

was confirmed by experimental infection of turkeys. This data provides evidence that 

reversion to virulence occurred under field conditions (Catelli et al., 2006b; Ricchizzi et 

al., 2008). 

The antibody response induced by live attenuated vaccines is generally low. Neverthe-

less, these vaccines have been reported to provide good protection against clinical 

disease and aMPV replication following experimental challenge with the homologues 

aMPV subtype (Cook et al., 1989b; Williams et al., 1991a; Williams et al., 1991b; Cook 

et al., 1995; Eterradossi et al., 1995; Van de Zande et al., 2000; Gulati et al., 2001b; 

Patnayak et al., 2002; Patnayak et al., 2003; Patnayak & Goyal, 2004b; Patnayak & 

Goyal, 2004a). Protection obtained by a single live vaccination was found to persist for 

at least 14 to 22 weeks (Cook et al., 1989b; Williams et al., 1991b). Full cross-

protection was observed between aMPV-A and aMPV-B (Cook et al., 1995; Eterra-

dossi et al., 1995; Toquin et al., 1996; Naylor et al., 1997a; Cook et al., 1999; Van de 

Zande et al., 2000), although this protection was found to be of shorter duration than 

protection against homologous challenge (Van de Zande et al., 2000). aMPV-A- and 

aMPV-B-vaccines also protect against challenge with aMPV-D (reviewed in Cook, 

2000) and aMPV-C (Cook et al., 1999). In contrast, aMPV-C vaccination does not pro-

vide protection against aMPV-A and aMPV-B (Cook et al., 1999). 

Inactivated vaccines induce high levels of aMPV-specific antibodies in chickens and 

turkeys (Cook et al., 1996; Mekkes & de Wit, 1998; Sowa et al., 2000). Experimental 

data on the protection provided by inactivated vaccines is scarce and unequivocal. As 

reported by Giraud et al. (1987), inactivated vaccines failed to protect turkeys against 

experimental infection. Administration of an inactivated aMPV-C vaccine via the respi-

ratory mucosa did not result in protection of turkeys against virulent challenge infection 

(Kapczynski et al., 2008). In other studies laying turkeys and chickens were partially 

protected by inactivated aMPV vaccination against clinical signs and reduced egg pro-

duction. Full protection was achieved, when priming with live vaccination was followed 

by boosting with inactivated vaccines (Cook et al., 1996; Cook et al., 2000; Sugiyama 

et al., 2006). Inactivated vaccines have to be administered via parenteral routes, which 
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is inconvenient for large poultry flocks. In addition parenteral vaccination may not in-

duce local immune mechanisms, which are considered to play an important role in 

aMPV-protection (Sharma et al., 2002). 

Despite the protective effects demonstrated under experimental conditions, vaccine 

breaks and insufficient protection are frequently observed in the field (Van de Zande et 

al., 1998; Banet-Noach et al., 2005; Cecchinato et al., 2008; Ricchizzi et al., 2008). 

Some cases may be due to failures in vaccine-storage and administration in the field. 

Cecchinato et al. (2008) discussed an antigenic adaptation of field strains due to the 

selective pressure imposed by widespread vaccination as a potential cause of vaccina-

tion breaks. However, the discrepancy between experimental results and field experi-

ence may also indicate, that vaccination trials performed with limited numbers of birds 

under experimental conditions are not always representative for the situation in large 

poultry flocks in the field. 

More recently, subunit and recombinant vector vaccines have been developed to over-

come the disadvantages of live and inactivated vaccines. DNA of the F-, G- or N-gene 

was delivered parenterally or via mucosal routes either as naked DNA or encapsulated 

in virosomes or microparticles. A fowl pox virus (FPV) vector vaccine was used to carry 

the aMPV F-gene (Yu et al., 1994; Tarpey et al., 2001; Kapczynski & Sellers, 2003; 

Kapczynski, 2004; Liman et al., 2007). In a prime-boost approach recombinant F-

protein was encapsulated in microparticles and used to booster turkeys previously 

primed with microparticles carrying the F-gene (Liman et al., 2007). In another study 

M- and N-protein were either injected intramuscularly with incomplete Freund´s adju-

vant or inoculated oculonasally with cholera toxin B (Chary et al., 2005). So far all of 

these new-generation-vaccines provided only partial protection against experimental 

challenge even with homologous strains. 

2.1.6. Public health implications 

aMPV-C and hMPV are genetically closely related and are likely to possess a common 

ancestor (van den Hoogen et al., 2002; Njenga et al., 2003; de Graaf et al., 2008). 

aMPV is able to replicate in mammalian cell lines (Giraud et al., 1986; Buys et al., 



Literature review 31 

1989b; Patnayak et al., 2005; Tiwari et al., 2006a), but has not been isolated from 

mammalian species, including humans. Mice were shown to be refractory to experi-

mental infection with an aMPV-C strain isolated from pheasants (Lee et al., 2007). In 

contrast, hMPV infects turkey poults and induces clinical signs similar to TRT 

(Nagaraja et al., 2007). Further work on the molecular basis of the host-specificity of 

aMPV and hMPV has to be done, to estimate the zoonotic potential of aMPV. 

2.2. Methods for the investigation of T-lymphocytes in poultry 

Specific T-cell immunity provides protection against viral infections in chickens, such 

as IBV, IBDV or AIV (Seo et al., 2000; Seo & Webster, 2001; Rautenschlein et al., 

2002b; Pei et al., 2003). T-lymphocytes were also demonstrated to control Pneu-

movirinae infections in mammals (Taylor et al., 1995; Plotnicky-Gilquin et al., 2000; 

Alvarez et al., 2004a; Kolli et al., 2008). An important function of T-cells has been dis-

cussed also for the control of aMPV-infection in turkeys (see Chapter 2.1.5.2), but little 

experimental work has been done to settle this hypothesis. Assays for the detection of 

aMPV-specific turkey T-lymphocytes or models to study their functions in vivo have not 

been established yet. This chapter summarizes potential methods for the investigation 

of aMPV-specific T-cell immunity in turkeys. 

Similar to the immune system of mammalian species, avian lymphocytes can be di-

vided into B-lymphocytes, which are responsible for the production of antibodies, and 

T-lymphocytes. Avian T-lymphocytes can be differentiated from B-lymphocytes by the 

expression of cell surface molecules, such as the T-cell receptor (TCR) or the CD3 

molecule. Furthermore they can be grouped into cytotoxic T-lymphocytes (CTL) ex-

pressing CD8, and T helper (TH) cells expressing CD4 (Sharma, 2003; Viertlboeck & 

Göbel, 2008). A further differentiation of TH functions, comparable to the TH subsets 

TH1, TH2 and TH17 in mammalian species (Abbas et al., 1996; Kaiko et al., 2008), has 

not been clearly established for the avian immune system. However, an increasing set 

of data suggests that the dichotomy of the TH responses also exists in the chicken 

(Kaiser & Stäheli, 2008; Viertlboeck & Göbel, 2008). 
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Each T-lymphocyte is specific for a single epitope and activation of the cell is induced 

by contact with this epitope. For successful stimulation the epitope has to be presented 

by antigen presenting cells (APC). APC present small fragments of each antigen 

bound to major histocompatibility complex (MHC) molecules. The avian MHC analogue 

is called B-complex and comprises the classes BF (analogue to mammalian MHC 

class I), BL (MHC-II) and BG (MHC-IV). MHC-I is expressed on a wide range of nucle-

ated cells, including erythrocytes in avian species. It interacts with the TCR complex of 

CD8-positive T-lymphocytes. Expression of MHC-II is restricted to specialised APC, 

such as macrophages, dendritic cells and B-lymphocytes, and interacts with CD4-

positive T-lymphocytes (Kaspers et al., 2008; Viertlboeck & Göbel, 2008). Peptides 

derived from endogenous (intracellular) proteins, such as cell proteins or viral proteins 

synthesized in infected cells, are presented on MHC-I molecules. MHC-II presents 

peptides from phagocytosed or endocytosed proteins of exogenous origin, which are 

processed and fragmented in phagolysosomes (Kaspers et al., 2008). More recently a 

link between both pathways has been reported in mammals, allowing the presentation 

of extracellular antigens by MHC-I (Brode & MacAry, 2004; Basta & Alatery, 2007). 

Activation of T-cells is restricted not only by recognition of a specific peptide, but also 

by presentation of this peptide by a compatible MHC haplotype. At least 29 different B-

complex haplotypes have been identified in chickens (Miller et al., 2004). In turkeys the 

presence of at least seven different haplotypes has been suggested (Zhu et al., 1996). 

Specific activation of CD8-positive CTL by an infected cell results in lysis or induction 

of apoptosis of the cell. Thus CTL play an important role in the elimination of intracellu-

lar pathogens and particularly during viral infections. Activation of CD4-positive TH-cells 

initiates a variety of different functions, such as activation of macrophages or promo-

tion of Ig isotype switch in antibody-producing B-lymphocytes. TH-cell functions are not 

well characterized in avian species. Both T-lymphocyte subsets influence each other 

and other cell types by the secretion of a broad range of different cytokines (Kaiser & 

Stäheli, 2008; Viertlboeck & Göbel, 2008). 

T-lymphocytes are known to play an important role in the control of viral infections in 

avian species. Several methods for the investigation of antigen-specific T-cell functions 

have been established for chickens (see Chapters 2.2.1 to 2.2.4). However, only few of 

them are applicable for other avian species, such as the turkey. 
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2.2.1. Ex vivo recall antigen stimulation 

T-lymphocytes isolated from immunized birds can be specifically stimulated in cell cul-

ture by the addition of their respective antigen. Homologous phagocytic cells, such as 

monocytes or macrophages, are present in mononuclear cell populations isolated from 

peripheral blood or spleen and may act as APC. T-lymphocyte monocultures, in which 

appropriate APC are absent, can be stimulated by the addition of MHC-matched cells 

expressing the investigated antigen due to infection or transfection. To ensure MHC-

compatibility of T-lymphocytes and APC, both cell populations will have to originate 

from the same individual or from cell donors confirmed to be of the same MHC-

haplotype. Inbred chicken lines with defined MHC-haplotypes are available for this 

purpose (Miller et al., 2004). Few experimental turkey lines homozygous for MHC-

haplotypes have been developed in the USA (Nestor et al., 1996). 

Activated T-lymphocytes will proliferate and/or produce cytokines such as IFN-γ. Pro-

liferation can be detected indirectly by incorporation of radioactive 3H-thymidine 

(Russell, 1988; Karaca et al., 1996; Higgins et al., 2000), consumption of glucose (De 

Cock et al., 1980) or by reduction of tetrazolium salts, such as MTT or XTT, to orange 

formazans (Reynolds & Maraqa, 2000). Antigen-specific proliferation in mixed leuko-

cyte cultures has been reported for a variety of pathogens in different avian species 

(Russell, 1988; Higgins et al., 2000; Kim et al., 2000; Okamura et al., 2003). Since 

these methods do not allow the identification of the proliferating cells, the activation is 

not clearly attributable to T-lymphocytes. The detection of IFN-γ by ELISA (Lambrecht 

et al., 2004) or enzyme-linked immunospot (ELISPOT) assay (Ariaans et al., 2008; 

Ariaans et al., 2009) is somewhat more discriminative, since T-lymphocytes are known 

to be the major producers of this cytokine (Kaiser & Stäheli, 2008). 

More recently flowcytometric T-cell stimulation assays have been established for the 

chicken. These assays allow the detection of proliferating or cytokine-producing cells. 

In addition, labelling with fluorescent antibodies directed against T-lymphocyte surface 

molecules allows simultaneous phenotypic identification of activated cells (Ariaans et 

al., 2008; Dalgaard et al., submitted). Cytokine-producing cells can be identified by 

intracellular cytokine staining (ICS) with fluorescence-labeled antibodies (Ariaans et al., 

2008). Staining of cells by stable incorporation of fluorescent dyes prior to stimulation 
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allows the detection of proliferation. Each division of stained cells creates daughter-

cells with reduced fluorescence, which can be identified by flowcytometry (Parish, 

1999). Both methods can also be applied in combination for simultaneous detection 

and quantification of proliferating and cytokine-producing cells (Schneider et al., 2002).  

The green fluorescent dye carboxyfluorescein succinimidyl ester (CFSE) is frequently 

used for flowcytometry-based proliferation assays. CFSE covalently binds to proteins 

in the cytosol. CFSE-stained cells retain high levels of fluorescence over several days 

in cell culture. Following stimulation, each cell division will reduce CFSE intensity of the 

daughter cells by half. Continuous proliferation results in series log-2 dilutions of the 

dye. CFSE-intensity can be measured by flowcytometry. The number of divisions each 

cell has undergone can be calculated along with the identification of its phenotypic 

characteristics (Lyons & Parish, 1994; Lyons, 1999). CFSE has been widely used for 

the evaluation of mitogen-induced and antigen-specific T-lymphocyte proliferation in 

mammalian species (Hasbold et al., 1999; Sathiyaseelan & Baldwin, 2000; Tesfa et al., 

2003; Brenchley & Douek, 2004; Putz et al., 2004; Kern et al., 2005). Recently a 

CFSE-based proliferation assay has been established for the detection of NDV-specific 

T-lymphocytes in chickens (Dalgaard et al., submitted). ICS or CFSE-based T-cell 

stimulation assays have not been established for turkeys yet. 

2.2.2. Cytotoxicity assays 

Antigen-specific functions of CTL can be identified in cell culture by specific lysis of 

antigen-presenting target cells. The target cells present the antigen of interest following 

infection or transfection and are pulsed with radioactive 51Cr. Exposure to MHC-

matched, antigen-specific CTL results in lysis of the target cells and thereby in release 

of 51Cr into the medium. Cytotoxicity assays using 51Cr have been published for the 

detection of chicken CTL specific for IBV (Seo & Collisson, 1997; Seo et al., 2000) and 

avian influenza subtype H9N2 (Seo & Webster, 2001). In addition, flowcytometric 

methods have been described to detect cytolytic activities of chicken CTL using fluo-

rescently stained target cells (Piriou et al., 2000; Wang et al., 2003). CTL activity in 

chickens has been confirmed to be mainly confined to CD8-positive T-lymphocytes 
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(Seo & Collisson, 1997; Wang et al., 2003). The use of CTL assays in avian species is 

limited due to the necessity of MHC-matched target cells and has not been established 

for the turkey. 

2.2.3. Adoptive transfer of T-lymphocytes 

Purified antigen-specific T-lymphocytes of different subsets can be transferred to naïve 

MHC-matched individuals, in order to investigate their contribution to protection or 

pathogenesis in vivo. 

Adoptive transfer of IBV-specific T-lymphocytes successfully protected naïve chicks 

against challenge with virulent IBV. Protective T-cells were shown to express CD8 and 

TCRαβ surface molecules. Protection was provided by T-lymphocytes isolated during 

primary immune-response as well as by T-memory cells (Seo et al., 2000; Pei et al., 

2003). Adoptive transfer of CD8-positive T-lymphocytes derived from chickens infected 

with Avian influenza virus (AIV) subtype H9N2 provided protection against challenge 

with a heterologous AIV subtype H5N1 strain (Seo & Webster, 2001). 

2.2.4. In vivo T-lymphocyte suppression models 

Selective suppression of T-lymphocyte functions in vivo can be a valuable tool for in-

vestigations on the role of T-cells in protection against infections or in pathogenesis of 

diseases. 

Specific depletion of T-cells or of particular T-lymphocyte subsets in mammals and in 

chickens can be achieved by treatment with mAb directed against T-lymphocyte-

specific cell-surface molecules, such as CD3, CD4, CD8 or TCRαβ (Cihak et al., 1991; 

Taylor et al., 1995; Thomas et al., 1996; Cihak et al., 1998; Plotnicky-Gilquin et al., 

2000; Alvarez et al., 2004a). However, Cihak et al. (1998) found it difficult to maintain 

sufficient antibody levels in fast-growing young chicks. Antibodies specifically directed 

against turkey T-lymphocyte markers are not available. Anti-chicken-CD4 or -CD8 an-

tibodies provide sufficient cross-reactivity for the detection of turkey cells by IPO stain-
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ing or flowcytometry (Jeurissen & Janse, 1998; Liman & Rautenschlein, 2007), but no 

information is available on the ability of these cross-reacting antibodies to deplete tur-

key T-lymphocytes in vivo. 

Thymectomy of chicks until one week of age effectively prevents development of T-

lymphocytes (Cihak et al., 1991; Rautenschlein et al., 2002a; Rautenschlein et al., 

2002b). However, the technique requires surgical procedures and anaesthesia of the 

birds and is therefore not the method of choice for large animal experiments. 

Chemical T-lymphocyte suppression can be achieved by treatment with the immuno-

suppressive drug cyclosporin A (CsA). CsA is a polypeptide of fungal origin, which has 

been shown to inhibit T-lymphocytes. The production of the T-cell growth factor IL-2 in 

T-lymphocytes is inhibited at the level of transcription during the early phase of T-cell 

activation (Morris, 1981; Shevach, 1985; Schreiber & Crabtree, 1992; Zenke et al., 

1993; Resch & Szamel, 1997). 

CsA suppresses the in vitro mitogen response of chicken T-lymphocytes when added 

to the culture medium at the beginning of stimulation (Schnetzler et al., 1983; Bum-

stead et al., 1985; Bucy et al., 1990; Kaplan et al., 1993; Karaca et al., 1996). No in-

hibitory effect was detected when cells had already been activated before the addition 

of CsA (Schnetzler et al., 1983). Data on the in vitro effect of CsA on T-cells of other 

avian species is not available. In vivo T-lymphocyte suppression by CsA has been 

demonstrated for chickens, turkeys and pheasants. Peripheral blood and splenic leu-

kocyte cultures isolated from CsA-treated birds showed reduced ex vivo proliferative 

response to T-cell mitogens, such as ConA or PHA (Nowak et al., 1982; Lillehoj, 1987; 

Ziprin et al., 1989; Corrier et al., 1991; Kogut & Eirmann, 1991; Fitzgerald et al., 1995; 

Suresh & Sharma, 1995; Dhinakar Raj & Jones, 1997; Russell et al., 1997; Khehra & 

Jones, 1999b; Isobe et al., 2000; Kim et al., 2000; Poonia & Charan, 2001; Loa et al., 

2002; Ganapathy & Bradbury, 2003; Kim et al., 2003). Prolonged allograft response 

and reduced cutaneous hypersensitivity response to injection of PHA or tuberculin 

have also been described as a result of CsA-mediated T-lymphocyte suppression in 

chickens (Wick et al., 1982; Hill et al., 1989; Ziprin et al., 1989; Corrier et al., 1991; Kim 

et al., 2003; Pantin-Jackwood et al., 2004). CsA-treatment reduced circulating T-cells 
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(Kim et al., 2000; Kwon et al., 2008) and infiltration of T-lymphocytes in peripheral or-

gans (Russell et al., 1997; Kim et al., 2000). 

In most studies the ex vivo response of leukocyte populations to B-lymphocyte mito-

gens, such as lipopolysaccharide (LPS), was not affected by CsA-treatment in chick-

ens (Dhinakar Raj & Jones, 1997; Ganapathy & Bradbury, 2003). Total antibody re-

sponse to non-replicating antigens, such as SRBC, B. abortus antigen or inactivated 

NDV-vaccine, was not affected in chickens and turkeys (Nowak et al., 1982; Suresh & 

Sharma, 1995; Loa et al., 2002; Pantin-Jackwood et al., 2004). Results of Nowak et al. 

(1982) also showed that the antibodies were mainly of the IgM-isotype. 

CsA-treatment resulted in increased virus titres and a more severe clinical signs and 

histopathological lesion in chickens primarily infected with IBV (Dhinakar Raj & Jones, 

1997), IBDV (Poonia & Charan, 2001) or AIV subtype H9N2 (Kwon et al., 2008). Pro-

tection of chickens against re-infection with the protozoa Eimeria tenella and Leucocy-

tozoon caulleryi was abolished by CsA-mediated T-lymphocyte suppression (Lillehoj, 

1987; Isobe et al., 2000). 

2.3. Riemerella anatipestifer (RA) infection 

The Gram-negative bacterium Riemerella anatipestifer (RA) is the causative agent of 

exudative and septicaemic diseases in a variety of avian species, including turkeys. 

Although considerable economic losses are reported in association with RA-outbreaks 

in turkeys, only little is known on the pathogenic role of RA in this species. According to 

current knowledge RA is of no public health significance (Sandhu, 2003). 

2.3.1. Aetiology 

RA is a member of the genus Riemerella within the bacterial family of Flavobacteri-

aceae. It was first described by Riemer (1904) as a pathogen isolated from diseased 

geese. Since then it has been designated Moraxella anatipestifer, Pfeifferella anatipes-
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tifer and Pasteurella anatipestifer, until it was finally classified as Riemerella anatipes-

tifer (Floren et al., 1987; Segers et al., 1993). 

RA is a Gram negative, non-sporulating, rod-shaped bacterium of 0.3 to 0.5 µm width 

and 1 to 2.5 µm length. On appropriate solid culture media, such as blood agar, pep-

tone agar or chocolate agar, it forms smooth, non-pigmented greyish colonies. Optimal 

growth is achieved by incubation at 37°C under microaerophilic conditions. Riemerella 

spp. possess oxidase and katalase activity and liquefy gelatine. RA is highly suscepti-

ble to penicillin, but resistant to kanamycin (Floren et al., 1987; Segers et al., 1993; 

Rimler et al., 1998). 

To date 21 serotypes of RA have been classified, designated as serotypes 1 to 21 

(Bisgaard, 1982; Sandhu & Leister, 1991; Loh et al., 1992; Pathanasophon et al., 

1995; Pathanasophon et al., 2002). The isolation of serologically untypeable RA-

strains indicates the existence of further, yet unidentified serotypes (Metzner et al., 

2008). 

2.3.2. Epidemiology 

RA has been found in different avian species worldwide and is considered to be en-

demic in areas with high density of domestic waterfowl (Sandhu, 2003). In Germany 

RA is frequently isolated from commercial turkey flocks as well as from domestic wa-

terfowl. It appears to be endemic in the region of Weser Ems in Lower Saxony, which 

is the region with the highest poultry density in Germany. Among a variety of RA-

serotypes isolated in Germany, serotypes 1 and 13 were most commonly associated 

with outbreaks in turkey flocks (Cortez de Jäckel et al., 2004; Behr, 2007; Metzner et 

al., 2008). More than one serotype may be present at the same time in one flock 

(Pathanasophon et al., 2002; Metzner et al., 2008). 

RA is considered to be a primary pathogen of waterfowl, causing considerable eco-

nomic losses due to severe clinical disease and mortality in domestic ducks and geese 

(Riemer, 1904; Graham et al., 1938; Asplin, 1955; Pierce & Vorhies, 1973; Hatfield & 

Morris, 1988; Sarver et al., 2005). In addition to domestic waterfowl, RA has also been 
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isolated from wild and captive birds of several other waterfowl species (Donahue & 

Olson, 1969; Karstad et al., 1970; Munday et al., 1970; Wobeser & Ward, 1974; Hinz 

et al., 1998b). Natural RA-infection in turkeys has been reported from numerous coun-

tries and the susceptibility of turkeys for RA has been confirmed by experimental infec-

tion (Zehr & Ostendorf, 1970; Helfer & Helmboldt, 1977; Bendheim et al., 1978; Smith 

et al., 1987; Frommer et al., 1990; Charles et al., 1991; Cooper & Charlton, 1992; Cor-

tez de Jäckel et al., 2004). RA-induced disease has also been observed in experimen-

tally and naturally infected gallinaceous species, such as chickens, pheasants, guinea 

fowl, quails and partridges (Bruner et al., 1970; Munday et al., 1970; Rosenfeld, 1973; 

Smith et al., 1987; Sandhu, 2003). In contrast, intramuscular and intraperitoneal RA-

inoculation of pigeons did not result in clinical signs (Graham et al., 1938; Asplin, 

1955). Hinz et al. (1998b) reported the isolation of RA from a budgerigar. 

Only little information is available on RA in mammalian species. Rabbits and mice ap-

peared to be refractory to experimental RA-infection, whereas guinea pigs died after 

intraperitoneal inoculation (Hendrickson & Hilbert, 1932; Graham et al., 1938; Sandhu, 

2003). RA-strains were also isolated from domestic pigs suffering from severe pneu-

monia, as reported by Hinz et al. (1998b). 

A high prevalence of RA has been found in the respiratory tracts of clinically healthy 

ducks (Ryll et al., 2001). Latently infected adult birds and wild birds are considered to 

be the reservoir for infection of juvenile birds (Karstad et al., 1970; Leibovitz, 1972). 

Survival of RA in turkey litter up to least three weeks shows, that the bacteria may also 

be transmitted to herds placed in the same premises via environmental sources 

(Bendheim & Even-Shoshan, 1975). Horizontal transmission of RA is considered to 

happen via respiratory routes and skin lesions (Asplin, 1956; Leibovitz, 1972; Hatfield 

& Morris, 1988; Sarver et al., 2005). Cooper et al. (1989) suggested mosquitoes to 

play a role in RA-transmission within and between turkey flocks. Vertical transmission 

has not yet been conclusively demonstrated, although Glünder et al. (1989) were able 

to isolate the pathogen from embryonated goose eggs. 
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2.3.3. Diagnosis 

RA-induced clinical signs are indistinguishable from those caused by other infections 

associated with septicaemia or polyserositis, such as with E. coli, Pasteurella multo-

cida, Chlamydophila psittaci or MG. Thus a definite diagnosis can only be achieved by 

detection of the pathogen (Rimler et al., 1998; Sandhu, 2003). 

RA can be isolated from pharyngeal swabs, respiratory organs and in cases of bacte-

raemia also from a variety of internal organs, such as spleen, liver, heart and brain. 

Sample material can be cultured directly on agar media without previous enrichment 

steps. Best results are achieved by incubation under microaerophilic conditions for 24 

to 72 hours (Pickrell, 1966; Floren et al., 1987; Rimler et al., 1998; Ryll et al., 2001). 

Isolates can be identified by biochemical methods, although the identification is difficult 

due to the non-fermentative nature of the members of Riemerella spp. (Floren et al., 

1987; Hinz et al., 1998a; Hinz et al., 1998b; Vandamme et al., 2005). 

RA-serotypes can be differentiated by slide and tube agglutination and agar gel pre-

cipitation methods (Bisgaard, 1982; Floren et al., 1987; Sandhu, 2003). Chemotax-

onomically strains can be typed according to their whole fatty acid composition meas-

ured by gas-liquid chromatography (GLC) analysis (Segers et al., 1993; Hinz et al., 

1998b; Ryll et al., 2001). More recently several methods for molecular strain classifica-

tion have been reported, including enterobacterial repetitive intergenic consensus se-

quence (ERIC) PCR and restriction fragment length polymorphism (RFLP) 

(Pathanasophon et al., 2002; Kiss et al., 2007; Yu et al., 2008). PCR assays have 

been developed for amplification and sequence analysis of RA-genes, such as  the 

16S-rRNA gene or the outer membrane protein A (ompA) gene, but have not been 

established for diagnostic purposes (Tsai et al., 2005; Kardos et al., 2007). 

RA-specific antibodies can be detected by agglutination test and ELISA (Hatfield et al., 

1987; Higgins et al., 2000; Huang et al., 2002; Lobbedey & Schlatterer, 2003; Sandhu, 

2003). However, the existence of numerous serotypes with low degrees of cross-

reactivity makes serology using whole antigen preparations inconvenient for diagnostic 

purposes, as long as the RA-serotype involved in an outbreak is unknown. Huang et 

al. (2002) developed an ELISA system based on a recombinant RA-protein (P45N’), 
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which detects antibodies directed against a variety of RA-serotypes and may close this 

diagnostic gap. 

2.3.4. Pathogenesis, clinical signs and pathology 

Experimental RA-infection of ducks, turkeys and chickens has been induced by par-

enteral routes via intramuscular, intravenous or subcutaneous injection, resulting in 

rapid onset of clinical disease, gross lesions, septicaemia and mortality (Hendrickson & 

Hilbert, 1932; Asplin, 1955; Munday et al., 1970; Rosenfeld, 1973; Baba et al., 1987; 

Smith et al., 1987; Hatfield & Morris, 1988; Cooper, 1989; Cooper & Charlton, 1992; 

Charles et al., 1993; Sarver et al., 2005). Inoculation of ducks via respiratory routes 

also resulted in systemic infection and mortality, while clinical disease following oral 

inoculation was inconsistently observed (Hendrickson & Hilbert, 1932; Graham et al., 

1938; Baba et al., 1987; Hatfield & Morris, 1988; Sarver et al., 2005). Little is known 

about the susceptibility of turkeys to RA-infection via respiratory and oral routes. Respi-

ratory RA-inoculation of a limited number of turkeys or oral inoculation via drinking wa-

ter did not result in infection and manifestation of the disease (Eleazer et al., 1973; 

Smith et al., 1987). 

Clinical signs in RA-infected infected birds include apathy, respiratory symptoms, diar-

rhoea, lameness and central nervous symptoms within few days after inoculation 

(Hendrickson & Hilbert, 1932; Graham et al., 1938; Pickrell, 1966; Bruner et al., 1970; 

Frommer et al., 1990; Cooper & Charlton, 1992). Morbidity and mortality in susceptible 

ducklings may be as high as 75 % (Asplin, 1955), whereas mortality in naturally in-

fected turkey flocks was reported to vary from less than 1 to 12 % (Zehr & Ostendorf, 

1970; Cortez de Jäckel et al., 2004). However, infected poultry flocks may also remain 

clinically healthy (Ryll et al., 2001; Cortez de Jäckel et al., 2004). 

Gross pathology in RA-infected birds is characterized by fibrinous exudates on serosal 

surfaces, including pericarditis, perihepatitis and airsacculitis. Myocarditis, pneumonia, 

chronic arthritis and splenomegaly were also observed in some cases (Hendrickson & 

Hilbert, 1932; Graham et al., 1938; Pickrell, 1966; Bruner et al., 1970; Karstad et al., 

1970; Zehr & Ostendorf, 1970; Pierce & Vorhies, 1973; Wobeser & Ward, 1974; Helfer 
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& Helmboldt, 1977; Charles et al., 1993; Cortez de Jäckel et al., 2004). Cooper et al. 

(1992) recorded spondilitis of thoracic vertebrae in intravenously RA-inoculated tur-

keys. Microscopical findings in RA-infected birds included fibrinous meningitis and 

polyserositis. Inflammatory and necrotic lesions were also observed in brain, lungs, 

heart, spleen and liver (Graham et al., 1938; Marshall et al., 1961; Pickrell, 1966; 

Jortner et al., 1969). RA-antigen and intact bacteria were detected by IFT in associa-

tion with these lesions (Marshall et al., 1961). 

The course of the infection and severity of the disease is influenced by age and im-

mune-status of the affected birds. Resistance of ducks to RA-infection has been re-

ported to increase with age. Ducklings of two to eight weeks of age constitute the most 

severely affected group in field outbreaks (Dougherty et al., 1955; Leibovitz, 1972). No 

information is available on age resistance in turkeys. The presence of exacerbating 

environmental factors and complicating concurrent infections, such as E. coli, MG, My-

coplasma synoviae or NDV may also influence the outcome of the disease (Bendheim 

et al., 1978; Charles et al., 1991). 

2.3.5. Immunity and immunoprophylaxis 

Ducks which have recovered from RA-infection are protected against repeated infec-

tion (Hendrickson & Hilbert, 1932; Graham et al., 1938), but little is known on the role 

of different immune mechanisms involved in protection. 

RA-specific antibodies can be detected in sera and tracheal washings of experimen-

tally infected and vaccinated ducks (Hatfield et al., 1987; Hatfield & Morris, 1988; Hig-

gins et al., 2000; Lobbedey & Schlatterer, 2003). Serum antibodies in ducks induced 

by two consecutive injections of inactivated vaccines were detectable for at least 105 

days. IgY was transferred via egg-yolk to the offspring for 35 days after the last vacci-

nation (Lobbedey & Schlatterer, 2003). The humoral immune-response of turkeys to 

RA-infection has not been described. 

No data is available on the induction of specific T-lymphocytes by RA. Leukocytes iso-

lated from blood or spleens of RA-vaccinated ducks proliferated after ex vivo stimula-
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tion with RA-antigen. The responsiveness to ex vivo stimulation lasted for only up to 

four weeks in ducks vaccinated with an inactivated vaccine. Live vaccination resulted 

in a longer duration of the responsiveness. However, the nature of the proliferating 

cells has not been determined, so these results are not attributable to a certain cell 

type (Higgins et al., 2000). 

Inactivated whole cell vaccines have been widely used for the vaccination of ducks and 

were reported to be effective in reducing mortality under field conditions (Layton & 

Sandhu, 1984; Sandhu & Layton, 1985). However, experimental studies indicate that 

at least two injections are necessary to achieve sufficient protection. This protection is 

rather short-lived. Therefore a third vaccination performed at about 30 days of age was 

found to be necessary to cover the whole fattening period of Pekin ducks, which ends 

at about seven weeks of age (Sandhu, 1979; Layton & Sandhu, 1984; Sandhu & 

Layton, 1985). Use of oil-emulsion vaccines results in an enhanced immune response 

and prolonged protection, but induces lesions at the site of vaccination (Sandhu, 1979; 

Higgins et al., 2000). Although inactivated RA-vaccines are routinely used in turkey 

flocks, no experimental data is available on the protective efficacy and the duration of 

protection for this species. 

A single live vaccination with avirulent RA-strains, applied by aerosol or drinking water 

during the first week of age, has provided protection against homologous challenge for 

at least six weeks (Sandhu, 1991). Cross-protection provided by monovalent RA-

vaccines against challenge with heterologous serotypes is low (Sandhu, 1979; 

Sandhu, 1991; Pathanasophon et al., 1996), which is in congruence with the low de-

gree of cross-reactivity between RA-serotypes in serological tests and leukocyte prolif-

eration assays (Higgins et al., 2000). These observations have led to the development 

of polyvalent vaccines including the most common serotypes of the respective region 

(Sandhu, 1979; Layton & Sandhu, 1984; Sandhu & Layton, 1985; Sandhu, 1991). 
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3. Goals and objectives 

The aim of this project was to gain a better understanding of the pathogenesis of 

aMPV-infection in turkeys and of the immune mechanism involved in protection against 

infection and disease. 

The first part of the project (Chapter 4) focuses on the investigation of the role aMPV-

specific antibodies play in the protection of turkeys against aMPV-infection and dis-

ease. We hypothesized that passively transferred anti-aMPV-antibodies do not protect 

turkeys against experimental challenge with virulent aMPV. The objectives of this part 

were as follows: 

- Production of a turkey hyperimmuneserum against aMPV subtype A, and purifi-

cation and concentration of the antibodies for the passive immunization of tur-

keys. 

- Investigation of the protective effect of passively transferred aMPV-specific anti-

bodies against aMPV-infection in turkeys: In two experiments turkeys received 

anti-aMPV antibodies and were subsequently challenged with a homologues 

virulent aMPV subtype A strain. 

The aim of the second part of the project was the investigation of the role of T-

lymphocytes in the control of primary aMPV-infection (Chapter 5) and in the protection 

of turkeys against aMPV-infection (Chapter 6). For this purpose a CsA-mediated T-

lymphocyte suppression model was applied. We hypothesized that T-lymphocyte-

suppression impairs virus-clearance and clinical recovery in primary aMPV-infected 

turkeys and abrogates protection against aMPV-challenge infection in vaccinated 

birds. The objectives of this project part were … 

- Establishment of a flowcytometric CFSE-based proliferation assay for turkeys to 

investigate in vitro activity of T-lymphocytes 

- Confirmation of the inhibitory effect of CsA on turkey T-lymphocyte stimulation 

in vitro and in vivo 
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- Investigation of the effect of CsA-induced T-lymphocyte suppression on primary 

aMPV-infection of turkeys: In two experiments CsA-treated and untreated tur-

keys were inoculated with a virulent aMPV-A strain and the development of in-

fection and disease were compared. 

- Investigation of the effect of CsA-induced T-lymphocyte suppression on aMPV 

vaccine-induced protection of turkeys: In three experiments CsA-treated and 

untreated turkeys were vaccinated with a live aMPV-A vaccine. The protection 

against virulent aMPV-A challenge was compared. 

In an additional part of the project (Chapter 7) the influence of aMPV-induced mucosal 

lesions on the establishment of secondary RA-infection in turkeys was investigated. 

The hypothesis of this project-part was that aMPV-induced lesions favour RA-infection 

of turkeys via the respiratory tract and exacerbate RA-induced disease. The objectives 

of this project part were … 

- Establishment of an RA infection model in turkeys: In two experiments turkeys 

were experimentally RA-infected via different respiratory routes. 

- Investigation of the influence of aMPV on the establishment of RA-infection and 

the severity RA-induced disease in turkeys: In three experiments aMPV-infected 

and aMPV-free turkeys were inoculated with different RA-doses by different 

respiratory routes. 



Chapter 4 47 

4. Investigations on the protective role of passively trans-
ferred antibodies against avian Metapneumovirus (aMPV) 
infection in turkeys 

 

 

Dennis Rubbenstroth and Silke Rautenschlein 

 

 

Clinic for Poultry, University of Veterinary Medicine Hannover, Bünteweg 17, 30559 

Hannover, Germany 

 

 

 

 

 

 

 

 

Rubbenstroth, D. & Rautenschlein, S. (2009). Investigations on the protective role of 
passively transferred antibodies against avian metapneumovirus infection in 
turkeys. Avian Pathology, 38, 427-436. 



48 Protection of antibodies against aMPV 

Abstract 

The Avian Metapneumovirus (aMPV) is the causative agent of an acute respiratory 

disease in turkeys, which causes considerable economic losses to the poultry industry. 

Currently attenuated live and inactivated vaccines are widely used to control the dis-

ease, but vaccine breaks are frequently observed. For improvement of current vaccina-

tion strategies it is necessary to gain enhanced knowledge of the immune mechanisms 

against aMPV infection. Field observations suggest, that vaccine induced aMPV-

specific antibodies are not indicative for protection. In this study we investigated the 

role of antibodies in protection of turkeys against aMPV. In two experiments commer-

cial turkey poults received aMPV-specific antibodies by intravenous injection. The anti-

body transfer resulted in increased antibody levels in the sera. Virus-specific antibodies 

were also detected on mucosal surfaces such as trachea, conjunctivae and gall blad-

der. Turkeys were subsequently challenged with a virulent aMPV subtype A strain. De-

velopment of clinical signs, virus detection by polymerase chain reaction (PCR) and 

histopathological changes of tracheal mucosa in challenged turkeys with and without 

passively transferred antibodies were comparable with each other. Our results suggest 

that humoral immunity does not provide sufficient protection against aMPV-infection. 

Thus, the measurement of vaccine-induced aMPV antibody response may not be con-

sidered as an adequate indicator of vaccine efficacy. Further research on the protec-

tive role of cell-mediated immune mechanisms is necessary to improve current vaccine 

strategies. 
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Introduction 

The Avian Metapneumovirus (aMPV) is a negative sense, single stranded RNA-virus 

and a member of the subfamily of Pneumovirinae within the family of Paramyxoviridae 

(Gough, 2003). 

Since its first detection in South Africa in the late 1970s (Buys et al., 1980), the virus 

has been found in many countries worldwide with the exception of Australia (Gough, 

2003). To date four subgroups (A to D) have been classified based on the nucleotide 

sequence of the attachment (G) protein gene (Juhasz & Easton, 1994; Bäyon-Auboyer 

et al., 2000; Toquin et al., 2006). In Europe subgroups A and B are the dominating 

subtypes (Cavanagh et al., 1997; Cavanagh et al., 1999; Catelli et al., 2004; Catelli et 

al., 2006a). 

aMPV replicates in the epithelium of the upper respiratory tract of a number of gallina-

ceous bird species (Gough et al., 1988a; Majo et al., 1995). In susceptible hosts the 

virus causes an acute disease referred to as Turkey Rhinotracheitis (TRT) in turkeys or 

Avian Rhinotracheitis (ART) in other bird species. The disease is characterized by res-

piratory symptoms such as sneezing, ocular discharge and swelling of the infraorbital 

sinus (Gough, 2003). 

Virus replication in the respiratory epithelium results in influx of lymphoid cells and mu-

cosal damage such as epithelial desquamation and loss of ciliary activity (Majo et al., 

1995; Gough, 2003; Liman & Rautenschlein, 2007). A systemic immunosuppression 

has been proposed as an additional consequence of aMPV-infection by several au-

thors, demonstrated by reduced ex vivo mitogen response of leukocytes (Chary et al., 

2002a), inhibited phytohemagglutinin skin test response (Timms et al., 1986) and im-

paired efficacy of Hemorrhagic Enteritis Virus (HEV) vaccination (Chary et al., 2002b). 

By these means aMPV-induced disease supports establishment and manifestation of 

secondary respiratory infections in chickens and turkeys, as experimentally demon-

strated for a number of bacterial pathogens (Naylor et al., 1992; Van de Zande et al., 
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2001; Marien et al., 2005; Van Loock et al., 2006) aMPV is therefore considered as a 

cause of major economic losses to the turkey industry worldwide (Gough, 2003). 

Current vaccination regimes against aMPV infection are mainly based on attenuated 

live or inactivated vaccines and have proven to be useful tools for the control of the 

disease (Jones, 1996). Nevertheless, they often do not provide sufficient protection, 

resulting in field infections of vaccinated flocks, and they also remain to have consider-

able drawbacks. Mild disease caused by residual virulence of attenuated live vaccines 

has been reported, as well as reversion to full virulence after several passages of vac-

cine strains in turkeys or chickens (Cook et al., 1989a; Naylor & Jones, 1994; Catelli et 

al., 2006b). The necessity for parenteral application of inactivated vaccines makes 

them inconvenient for use in large commercial poultry operations. Parenteral applica-

tion of vaccines is also thought to fail to induce local and cell-mediated immune 

mechanisms on respiratory surfaces (Sharma et al., 2002; Sharma et al., 2004). 

Therefore efforts to overcome these problems by development of recombinant and 

subunit vaccines are increasing (Yu et al., 1994; Kapczynski & Sellers, 2003; 

Kapczynski, 2004; Chary et al., 2005; Liman et al., 2007). The development of new 

and improved vaccines and vaccination regimes depends on a broadened knowledge 

of the immune mechanisms responsible for protection against aMPV infection and dis-

ease development. The role of aMPV-specific antibodies in protection against chal-

lenge infection is not well known. Field observations as well as experimental results 

suggest only a poor correlation between vaccine-induced serum antibody levels and 

actual protection of the flock (Cook et al., 1989b; Sharma et al., 2004; Kapczynski et 

al., 2008). In experimental studies even high levels of maternally derived antibodies did 

not prevent virus replication and clinical disease (Naylor et al., 1997b), nor did they 

interfere with development of protection induced by attenuated live vaccines (Cook et 

al., 1989b). 

In this study we examined the protective effect of passively transferred antibodies 

against experimental aMPV-infection. Naïve turkeys received a defined amount of 

aMPV-specific antibodies by intravenous injection. The antibody distribution was 

measured in serum and on mucosal surfaces. Turkeys with and without transferred 

aMPV-specific antibodies were subsequently challenged with a homologues virulent 
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aMPV subtype A strain. The development of the disease and the course of virus clear-

ance were compared. 

Material & Methods 

Turkeys. Day-old commercial Big 6 turkey poults, which were negative for maternal 

aMPV-antibodies, were obtained from a commercial hatchery and housed on wood 

shaving litter in positive pressure isolation units of the Clinic for Poultry, University of 

Veterinary Medicine, Hannover, following animal welfare guidelines. Water and com-

mercial feed were provided ad libitum. 

aMPV strains. The virulent aMPV subtype A strain BUT 8544 (Wilding et al., 1986) 

was kindly provided by Prof. R. C. Jones, Liverpool, UK. The strain was propagated 

and titrated in chicken tracheal organ culture (TOC) following standard protocols (Cook 

et al., 1976). Titres were calculated as median ciliostatic doses (CD50) by the method 

of Reed & Muench (1938). 

A subtype A strain attenuated to chicken embryo fibroblasts (CEF) was kindly provided 

by Prof. E. F. Kaleta, Gießen, Germany and used in the virus neutralization test (VNT). 

This strain, designated BUT/CEF, originates from strain BUT 8544. This strain was 

propagated and titrated on CEF cultures and titres were calculated as median culture 

infectious doses (CID50) by the method of Reed & Muench (1938). A commercially 

available inactivated aMPV vaccine, also based on a CEF-adapted BUT 8544 strain, 

was used for the preparation of anti-aMPV hyperimmune turkey sera. 

Antibody preparations. Turkey serum free of detectable aMPV-specific antibodies 

was collected from turkey poults reared under isolated conditions. For the production of 

anti-aMPV hyperimmune serum three male turkeys were inoculated with virulent BUT 

8544 at the age of 8 weeks. At the age of 11, 13, 15 and 17 weeks they received 

booster vaccinations with a commercially available inactivated aMPV subtype A vac-

cine by intramuscular injection. One week after the last booster vaccination all turkeys 

were sacrificed. Their serum was harvested and stored at -70°C until further use. Virus 
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neutralizing (VN) log-2 titres of the individual hyperimmune sera ranged from 7.0 to 

9.6. 

The turkey sera were heat inactivated at 56°C for 30 minutes in a water bath. Total 

Immunoglobulin (Ig) concentration was increased by ammonium sulphate precipitation. 

Briefly, serum was supplemented stepwise with an equal volume of saturated ammo-

nium sulphate (SAS) solution to achieve a final ammonium sulphate saturation of fifty 

percent. The proteins were precipitated under continuous stirring at 4°C for 6 hours. 

Precipitated proteins were pelleted by centrifugation at 3,000 x g for 30 min. and re-

suspended in PBS, pH 7.4 (0.2-fold the original serum volume). Antibody preparations 

were dialysed thoroughly against PBS, pH 7.4 to remove the ammonium sulphate. The 

resulting concentrated antibody preparations obtained from the hyperimmune sera 

(aMPV-Ab+) had VN log-2 titres of 10.3 (Exp. 1) and 9.0 (Exp. 2). Preparations from 

aMPV-antibody free turkey sera (aMPV-Ab-) were confirmed to be free of aMPV-

specific antibodies by VNT and ELISA. 

As described previously for chicken sera, a 50% saturated ammonium sulphate solu-

tion precipitates the three poultry Ig-isotypes IgG, IgM and IgA (Lebacq-Verheyden et 

al., 1974). 

Sample collection for aMPV antibody detection. The following samples were col-

lected for serological examination: serum, lacrimal fluid, bile and tracheal washings. 

Bile was taken at necropsy from the gall bladder, centrifuged at 10,000 x g for 10 min 

and the supernatant was harvested. For the collection of tracheal washings 10 cm of 

the middle part of the trachea were removed and washed with 500 µl PBS, pH 7.4. The 

collected washings were vortexed thoroughly and centrifuged at 10,000 x g for 10 min 

to remove mucus. Blood contaminated samples were excluded from further analysis. 

Lacrimal fluid was collected with filter papers (6 mm discs, Schleicher & Schüll, Dassel-

Einbeck / Germany), which were carefully placed underneath the eyelid of the turkey 

for several seconds until the discs were completely soaked. The discs, containing 24 µl 

fluid, were stored in 400 µl ELISA dilution buffer (BioChek, Gouda / The Netherlands), 

resulting in an 18-fold dilution of the sample. All samples were stored at -20°C until 

further use. 
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Serology. aMPV-specific IgG antibodies were detected by Avian Rhinotracheitis Anti-

body Test Kit (BioChek, Gouda / Netherlands) following the manufacturers’ instruc-

tions. The different samples were diluted in the provided dilution buffer as follows: se-

rum 500-fold (Exp. 1 & 2), tracheal washings 5-fold (Exp. 1 & 2), bile 10-fold (Exp. 1) 

and lacrimal fluid 18-fold (Exp. 1 & 2). ELISA-results are presented as sample to posi-

tive control (S/P) ratios. 

VN antibodies were detected by VNT as previously described (Baxter-Jones et al., 

1989). Briefly, replicates of 50 µl of two-fold dilution series of serum samples or tra-

cheal washings were generated in 96-Well cell culture plates and incubated for one 

hour at 37°C with 50 µl medium containing 100 CID50 of aMPV-strain BUT/CEF. Sub-

sequently 100 µl medium containing 7.5 x 104 CEFs was added to each well. After in-

cubation for 7 days at 37°C and 5% CO2 atmosphere, cytopathic effects were re-

corded. VN titres were calculated using the method of Reed & Muench (1938). 

Detection of aMPV by RT-PCR. RNA was isolated from choanal swabs with 500 µl 

Trifast GOLD (Peqlab, Erlangen / Germany) per sample according to the manufactur-

ers’ instructions. The RT reaction was performed using the ImProm-II© RT system 

(Promega, Madison / USA) according to the manufacturer’s directions with random 

primers (Invitrogen, Karlsruhe / Germany). The first PCR step was performed with 

primers G6- (5’-CTGACAAATTGGTCCTGATT-3’), G1+A (5’-

GGGACAAGTATCTCTATG-3’) and G1+B (5’-GGGACAAGTATCCAGATG-3’) 

(Cavanagh et al., 1999) with the following thermocycler profile: initial denaturation at 

94°C for 5 min, 30 cycles of denaturation at 94°C for 20 sec, primer annealing at 54°C 

for 45 sec and prolongation at 72°C for 45 sec, followed by a final prolongation step at 

72°C for 10 min. Subsequently a nested PCR was performed with primers G5- (5’-

CAAAGAA/GCCAATAAGCCCA-3’), G8+A (5’-CACTCACTGTTAGCGTCATA-3’) and 

G9+B (5’-TAGTCCTCAAGCAAGTCCTC-3’) (Cavanagh et al., 1999). The thermal pro-

file setup was similar to that of the previous step with the exception of a shorter prolon-

gation step of only 35 sec. For both PCRs 2 µl sample obtained from the previous step 

were added to the reaction mix to reach a final volume of 25 µl. All primers were used 

at a final concentration of 200 nM. SAWADY Taq-DNA-Polymerase (Peqlab, Erlangen 

/ Germany) was used for both PCRs at an amount of 0.625 units per reaction. 
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PCR products were separated by agarose gel electrophoresis and visualized by 

ethidium bromide staining and ultraviolet transillumination. 

Clinical score. Clinical signs were recorded as individual scores per animal. A score 

of 0 (no signs) to 3 (severe signs) was assigned to each of the following respiratory 

symptoms: nasal exudate, ocular discharge and infraorbital swelling (Table 4.1). The 

sum of these scores resulted in a total score of 0 to 9 for every turkey. 

Histopathology. Trachea samples were fixed in 10% phosphate-buffered formalin and 

embedded in paraffin. Tissue sections were stained with haematoxylin and eosin 

(H&E). The identity of the sections was blinded before analysis by light microscopy. 

Mononuclear and heterophilic infiltrations of the mucosa and deciliation and desqua-

mation of respiratory epithelial cells were considered as conspicuous patho-histological 

lesions (Majo et al., 1995; Liman & Rautenschlein, 2007). 

Experiment 1. Eighty-three 14-day-old commercial female Big-6 turkey poults, which 

were confirmed to be free of maternal antibodies against aMPV, were randomly as-

signed to four groups of 18 to 24 turkeys. Birds of two groups (AC-1, 24 birds and AV-

1, 18 birds) were intravenously inoculated with aMPV-specific antibodies by two con-

secutive injections of 1.4 ml of the concentrated aMPV-specific antibodies (aMPV-Ab+) 

at days 14 and 15 of life. The two remaining groups (CC-1, 23 birds and CV-1, 18 

birds) received a similar treatment with the aMPV-Ab negative preparation (aMPV-Ab-

). Turkeys of groups CV-1 and AV-1 were oculonasally inoculated with 103 CD50 of the 

virulent aMPV-strain BUT 8544 per bird fifteen minutes after the second antibody injec-

tion. Groups CC-1 and AC-1 received virus-free TOC-supernatant. At the same time, 

five and six turkeys of groups CC-1 and AC-1, respectively, were sacrificed for ne-

cropsy. Six turkeys of each group were sacrificed at days 5, 9 and 14 post inoculation 

(pi). At necropsy tracheal washings and bile samples were collected for serological 

examination, and samples of the middle part of the trachea were taken for histopa-

thological examination. In addition choanal swabs were taken for aMPV-genome de-

tection and serum and lacrimal fluid was collected for antibody detection. Choanal 

swabs and serum samples were collected immediately before the first antibody injec-

tion, fifteen minutes after the second antibody injection and at days 1, 3, 5, 7, 9, 11 and 

14 pi (n = 6-10). Lacrimal fluid was collected fifteen minutes after the second antibody 
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injection and at days 5, 9 and 14 pi (n = 6-10). The experiment is summarized in Table 

4.2. 

Experiment 2. A second experiment was conducted with a comparable experimental 

design. For this experiment 31 female, 18-day-old commercial Big-6 turkey poults, 

were divided into four groups of 6 to 10 turkeys. The turkeys were free of maternally 

derived anti-aMPV antibodies, but different to Exp. 1 they had been spray vaccinated 

with an attenuated aMPV subtype B vaccine at the hatchery. Birds of groups AC-2 (8 

birds) and AV-2 (10 birds) were intravenously inoculated with anti-aMPV-antibodies by 

two consecutive injections of 2 ml aMPV-Ab+ each at days 18 and 19 post hatch, 

whereas groups CC-2 (6 birds) and CV-2 (7 birds) received aMPV-Ab-. Turkeys of 

groups CV-2 and AV-2 were oculonasally inoculated with 102.7 CD50 per bird of the 

virulent aMPV-strain BUT 8544 fifteen minutes after the second antibody injection. At 

the same time three and five turkeys of groups CC-2 and AC-2, respectively, were sac-

rificed for necropsy. The remaining turkeys of all groups were sacrificed at day 9 pi. At 

necropsy tracheal washings were collected for antibody detection and samples of the 

middle part of the trachea were taken for histopathological examination. Choanal 

swabs and serum samples were collected from all turkeys immediately before the first 

antibody injection, fifteen minutes after the second antibody injection and at days 1, 3, 

5, 7 and 9 pi. Lacrimal fluid was collected from all turkeys 15 minutes after the second 

injection and at days 3 and 9 pi. The experiment is summarized in Table 4.2. 

Statistical analysis. Statistical analysis of ELISA and VNT results was performed with 

Statistix 7.0 software, using One-way analysis of variants (ANOVA) and comparison of 

means by Tukey Test. P-values of P < 0.05 were considered to indicate significant dif-

ferences. 

Results 

Serum antibody levels. aMPV-specific serum antibodies were detected by ELISA and 

VNT (Fig. 4.1). In Exp. 1 turkeys were free of anti-aMPV antibodies at the beginning of 

the experiment. Turkeys of Exp. 2 had low levels of VN antibodies before the passive 
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antibody transfer, presumably due to the vaccination with the aMPV subtype B vac-

cine. No ELISA IgG antibodies were detected in this experiment before the passive 

immunization. 

In both experiments significantly increased anti-aMPV ELISA and VN antibody titres 

(P<0.05) were detected in sera of groups AC-1, AV-1 (Exp. 1) and AC-2, AV-2 (Exp. 2) 

after the second antibody injection at the time of virus-inoculation. The antibody levels 

declined gradually in group AC-1 and AC-2 over the following days, but levels of group 

AC-1 were still significantly higher than in the unchallenged control group CC-1 at day 

14 pi (P<0.05). aMPV-challenged birds without passively transferred anti-aMPV anti-

bodies (CV-1) developed significantly increased ELISA antibody levels starting at day 

9 pi in Exp. 1 (Fig. 4.1A; P<0.05). In turkeys with passively transferred aMPV-specific 

antibodies (AV-1 and AV-2) ELISA-IgG levels did not significantly increase after chal-

lenge infection. Starting at day 7 pi the aMPV-inoculated groups CV-1, AV-1 (Exp. 1) 

and CV-2, AV-2 (Exp. 2) showed significantly enhanced virus neutralizing antibody 

titres compared to the respective uninfected groups in both experiments (Fig. 4.1C & 

D; P<0.05). 

Antibody levels on mucosal surfaces. Anti-aMPV IgG antibodies were measured by 

ELISA in lacrimal fluids (Fig. 4.2), tracheal washings (Fig. 4.3A & B) and bile (Fig. 4.4). 

In tracheal washings also VN antibodies were measured (Fig. 4.3C & D). VNT was not 

performed on lacrimal fluid and bile samples. 

Fifteen minutes after the second antibody injection significantly enhanced (P<0.05) 

aMPV-specific ELISA antibody levels were detected in lacrimal fluids of groups AC-1, 

AC-2 and AV-1 (Fig. 4.2) and bile of group AC-1 (Fig. 4.4). Statistical analysis of tra-

cheal washing ELISA results was not possible at day 0 pi in Exp. 1 due to a high num-

ber of blood contaminated samples. However, at day 5 pi ELISA IgG levels in tracheal 

washings were significantly higher in group AC-1 compared to group CC-1 (Fig. 4.3A, 

P<0.05). A significant increase of VN antibodies after the antibody transfer was not 

observed in tracheal washings (Fig. 4.3C & D). Throughout both experiments antibody 

levels of group AC-1 and AC-2 declined gradually on all mucosal surfaces. However, 

ELISA S/P-ratios of lacrimal fluid in group AC-1 were still significantly higher than those 

of group CC-1 at day 14 pi (Fig. 4.2A; P<0.05). Following aMPV-challenge of birds 
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without passively transferred aMPV-specific antibodies (CV-1), ELISA and VN antibody 

responses were significantly increased at day 9 pi in all mucosal samples compared to 

the unchallenged group CC-1 (P<0.05). These levels had already partially declined by 

day 14 pi. In contrast to this, aMPV-challenge of antibody positive birds (AV-1 and AV-

2) did not result in significantly increased antibody levels compared to the respective 

unchallenged group AC-1 or AC-2 in any sample type tested. 

Clinical signs. Clinical signs were recorded daily throughout the experiments using a 

scoring system (Table 4.1). In Exp. 1 virus-inoculated turkeys developed respiratory 

symptoms, such as nasal and ocular discharge and swelling of the infraorbital sinus. 

Symptoms were first observed at day 3 pi and were most severe at days 6 and 7 pi. 

Clinical signs had completely vanished by day 12 pi. Both infected groups (CV-1 and 

AV-1) showed comparable symptom development (Fig. 4.6). 

In Exp. 2 aMPV-challenge infection of vaccinated turkeys did not result in considerable 

clinical signs. Individual birds from both challenged groups expressed mild nasal exu-

dation or watery eyes, resulting in low peak clinical mean scores of 0.43 and 0.60 at 

day 6 pi in groups CV-2 and AV-2, respectively (data not shown). No clinical signs 

were observed in the uninfected groups CC-1, AC-1 (Exp. 1) and CC-2, AC-2 (Exp. 2) 

throughout both experiments. 

Detection of aMPV by RT-PCR. aMPV was detected from choanal swabs by a sub-

type specific RT-PCR (Cavanagh et al., 1999). In Exp. 1 all samples collected from the 

aMPV-inoculated groups (CV-1 and AV-1) were positive for aMPV subtype A between 

day 3 and 7 pi. Detection rates declined starting at day 9 pi in both challenged groups. 

At day 14 pi only one sample from group CV-1 was aMPV-positive by RT-PCR (Fig. 

4.7A). 

In Exp. 2 aMPV detection rates in the aMPV-inoculated groups were much lower than 

in Exp. 1 (Fig. 4.7B). The overall incidence of aMPV subtype A positive swabs was 

similar in both challenged groups (CV-2: 20 %; AV-2: 22 %). 

Swabs from uninfected groups (CC-1, CC-2,AC-1, AC-2) as well as samples collected 

before aMPV challenge were negative for aMPV subtype A throughout both experi-
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ments (data not shown). In Exp. 2 aMPV subtype B genome was sporadically detected 

in all groups. 

Histopathology. Samples of the middle part of the trachea were prepared for histo-

logical examination. In both experiments mild lesions, such as lymphoid and hetero-

philic infiltration of the mucosa and epithelial deciliation and desquamation, were ob-

served in all aMPV-inoculated groups up to day 9 pi. In the first experiment 33 to 50 % 

of aMPV-inoculated turkeys with (AV-1) or without (CV-1) passively transferred aMPV-

specific antibodies showed mucosal lesions at days 5 and 9 pi (Table 4.3). At day 14 pi 

the lesions had completely declined in both groups. In Exp. 2 fourteen to 30 % of 

groups CV-2 and AV-2, respectively, showed mild mucosal lesions in the trachea at 

day 9 pi. No histopathological changes were observed in turkeys not challenged with 

aMPV subtype A (groups CC-1, CC-2, AC-1 and AC-2) throughout the experiments. 

Discussion 

The presented study was designed to investigate the role of antibodies in protection of 

turkeys against aMPV infection and disease development. For this purpose formula-

tions of concentrated aMPV-specific antibodies were intravenously transferred to 14- to 

18-day-old turkey poults in two experiments. The treatment resulted in increased anti-

aMPV antibody titres in sera and on different mucosal surfaces, detected by IgG-

specific ELISA and VNT. Following challenge with a virulent aMPV subtype A strain, 

turkeys with and without passively transferred aMPV-specific antibodies showed no 

difference in development of clinical signs, histopathological lesions and frequency of 

virus detection. 

Increased anti-aMPV ELISA and VN antibody levels were detected in the sera follow-

ing passive antibody transfer and remained significantly higher than those of control 

groups for up to two weeks. Following two intravenous injections, anti-aMPV IgG was 

also detected by ELISA on the mucosal surfaces of the respiratory tract in tracheal 

washings and lacrimal fluid as well as in gall bladder fluid. This is in agreement with 

previous studies conducted with turkeys and chickens, in which intravenously adminis-
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trated IgG was transferred to the mucosal surfaces of conjunctivae and trachea within 

five to ten minutes (Toro et al., 1993; Suresh & Arp, 1995). Due to low sample num-

bers and high titre variations the increase of VN antibodies in tracheal washings after 

passive immunisation was not significant. The antibody precipitation method used in 

this study does generally precipitate all poultry Ig-isotypes, IgA, IgG and IgM (Lebacq-

Verheyden et al., 1974). Thus all antibodies present in the hyperimmune turkey sera 

were likely to be transferred to the passively immunized birds. However, IgG may be 

more effectively transported from serum to the respiratory surfaces than IgA and IgM, 

leading to detectable ELISA titres, but possibly not to significantly increased VN anti-

bodies. 

Experimental aMPV-infections of turkeys and chickens in this and other studies 

showed, that detection of VN antibodies in the serum occurs earlier and is of shorter 

duration, than antibody titres detected by IgG-specific ELISA (Baxter-Jones et al., 

1989; Aung et al., 2006; Liman & Rautenschlein, 2007). This suggests that not IgG, but 

other immunoglobulin isotypes confer the major neutralizing activity against aMPV in 

poultry. 

Virulent aMPV challenge infection of turkeys without aMPV-specific antibodies resulted 

in a peak of VN and ELISA antibody response at day 9 pi, which had already markedly 

declined at day 14 pi. Virus induced ELISA IgG antibodies were detectable at the site 

of virus replication in respiratory secretions. aMPV-specific IgG was also detectable in 

bile. Since liver and gastrointestinal tract are not considered to be target organs of 

aMPV, these antibodies presumably originated from transferred serum-derived IgG. 

Upon infection with aMPV subtype C, Cha et al. (2007) also detected aMPV-specific 

IgA in bile. Antibodies induced by spray vaccination of day-old turkeys were barely de-

tectable in Exp. 2, which is in congruence with previous experiences obtained from 

vaccinated day-old chicks (Ganapathy & Jones, 2007). In all sample types antibody 

levels achieved by antibody transfer at the time of aMPV challenge were comparable 

to or even higher than peak antibody responses induced by aMPV challenge infection 

in this study. This indicates that antibody levels achieved by passive transfer in this 

model should be considered to be protective, if antibodies were a major protective 

mechanism against aMPV. 
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However, our results revealed that, despite the presence of high levels of local and 

circulating antibodies, turkeys were not protected against oculonasal challenge with 

102.7 or 103 CD50 of a homologues aMPV-A strain. Development of clinical scores, fre-

quency of virus detection and histopathological lesions in the trachea were comparable 

in challenged turkeys with and without transferred anti-aMPV antibodies in both ex-

periments. Turkeys of Exp. 2 developed comparably milder signs of aMPV-induced 

disease than observed in Exp. 1. This may be attributable to partial protection obtained 

by spray vaccination with a heterologous subtype B vaccine in the hatchery. Passively 

transferred antibodies did not provide additional protection. 

Our results support previous observations that serum antibodies acquired after vacci-

nation were not indicatory for actual protection (Cook et al., 1989b; Williams et al., 

1991a; Williams et al., 1991b; Sharma et al., 2004; Kapczynski et al., 2008). Naylor et 

al. (1997b) also demonstrated that maternally derived antibodies were not protective 

against challenge with a low dose of virulent aMPV. However, it is not known whether 

the maternally derived antibodies were directed against the same aMPV subtype as 

the virulent strain used for challenge infection. Also neutralizing activity of the maternal 

antibodies and their presence at the sites of infection were not subject of the study, 

leaving open questions about the possible reasons for the observed lack of protection. 

In our experiments all strains used for production of hyperimmune serum and for chal-

lenge infection originated from the same aMPV-A strain BUT 8544 (Wilding et al., 

1986). 

Failure of maternally derived or passively transferred antibodies to give full protection 

against infection and disease has already been demonstrated for other members of the 

subfamily of Pneumovirinae, such as Bovine Respiratory Syncytial Virus (BRSV), hu-

man Respiratory Syncytial Virus (hRSV) and human Metapneumovirus (hMPV) in 

natural and experimental hosts (Kimman et al., 1987; Kimman et al., 1988; Belknap et 

al., 1991; Larsen, 2000; Alvarez & Tripp, 2005). Although the severity of the disease 

was often reduced in the seropositive individuals, distribution and replication of the vi-

rus were barely affected. Explanations for this lack of protection and the role of other 

immune mechanisms have to be subject of further research. 
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Ciliated cells of the respiratory epithelium are considered to be the major target cells 

for replication of the Pneumovirinae subfamily. It has been reported that BRSV and 

hRSV additionally possess the ability to replicate in leukocytes, such as monocytes 

and alveolar macrophages (Panuska et al., 1990; Midulla et al., 1993; Schrijver et al., 

1995; Sharma & Woldehiwet, 1996). In vitro experiments of Goris et al. (2009) in pri-

mary bovine lung organ cultures demonstrated, that BRSV initially replicates in subepi-

thelial cells, possibly dendritic cells, whereas the respiratory epithelium was infected 

only at high inoculation titres. Preliminary results of Sharma et al. (2004) indicated, that 

aMPV-replication in macrophages may also play a role in the pathogenesis of aMPV in 

turkeys. Antibody binding may promote uptake of the virus by macrophages. Replica-

tion in phagocyting cells would enable the virus to spread to neighbouring cells via cell-

to-cell fusion without antibodies gaining access to the virus particles. Thus in the initial 

phase of the infection the virus may need to be controlled by other immune mecha-

nisms than humoral immunity, including cytotoxic T-lymphocytes or T-helper cell activi-

ties. 

The idea of cell mediated immune mechanisms rather than antibodies playing the ma-

jor role in the protection of turkeys against aMPV-infection gets additional support by 

various studies on attenuated live vaccines, which are offering good protection against 

infection and disease despite the absence of detectable vaccine-induced seroconver-

sion (Cook et al., 1989b; Williams et al., 1991b). In studies of Jones et al. (1992) ex-

perimentally B-cell-compromised and vaccinated turkeys developed full protection 

against aMPV-infection. 

Cell-mediated immune mechanisms are known to play an important role in the protec-

tion of chickens against other viral pathogens of the respiratory tract, such as Infec-

tious Bronchitis Virus (IBV) (Seo & Collisson, 1997; Seo et al., 2000) or Newcastle dis-

ease virus (NDV) (Al-Garib et al., 2003). IBV-specific T-lymphocytes of infected chick-

ens have been detected via cytotoxicity assay (Seo & Collisson, 1997) and transfer of 

IBV-specific T-lymphocytes to naïve chicks resulted in protection against virulent chal-

lenge infection (Seo et al., 2000). NDV-specific T-cell activity has been quantified by 

detection of antigen-induced interferon gamma production via ELISA, ELISPOT or in-

tracellular cytokine staining (Lambrecht et al., 2004; Ariaans et al., 2008). However, 
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methods to detect aMPV-specific T-lymphocytes in poultry and especially in turkeys 

remain to be developed. The effects of T-lymphocytes on aMPV-specific immunity are 

to be target of future research. 

In summary, the presented study demonstrates that intravenously administered anti-

bodies did not protect turkeys from aMPV-infection and respiratory disease, although 

they were readily transferred to the mucosal surfaces. In congruence with previous 

reports, our results show that antibody detection is an insufficient parameter for esti-

mating the degree of protection in vaccinated poultry flocks. Neither the absence of 

antibodies can be interpreted as lack of protection, nor is the presence of high levels of 

vaccine-induced serum antibody confirming protection. The development of new and 

improved vaccines and control strategies should therefore focus on the induction of 

local and cell-mediated immune mechanisms. Further research has to focus on broad-

ening the knowledge of the aMPV-pathogenesis and the role of T-lymphocytes in 

aMPV infection 
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Tables & figures 

 

Table 4.1 Clinical Score 

Nasal exudate (Score 0-3) 
1 mild, clear nasal exudate; visible after gentle pressure on the nostrils 
2 nasal exudate, visible before handling 
3 extreme nasal exudate or exudate with blood 

Ocular discharge (Score 0-3) 
1 watery eyes, single bubbles after handling 
2 watery eyes, visible bubbles already before handling 
3 frothy ocular discharge before handling 

Swollen infraorbital sinus (Score 0-3) 
1 unilaterally, mildly swollen infraorbital sinus 
2 bilaterally, mildly swollen infraorbital sinuses 
3 extremely swollen infraorbital sinus(es) with periorbital swelling 
The total clinical score (0-9) is composed of three individual scores (0-3) representing the TRT-typical 
respiratory symptoms nasal exudates, ocular discharge and swollen infraorbital sinus. Score 0 reflects 
the absence of these signs. 
 

 

 

Table 4.2 Experimental design 

number of birds sacrificed at day 
pi 

Experiment / 
Group 

anti-aMPV anti-
body transfer a at 

days of life 

aMPV chal-
lenge at day of 
life (challenge 

dose) 

total num-
ber of tur-

keys 0 5 9 14 

Exp. 1 14 & 15 15 (103.0 CD50) 83     
CC-1 -b - 23 5 6 6 6 
CV-1 - + 18 NDd 6 6 6 
AC-1 +c - 24 6 6 6 6 
AV-1 + + 18 ND 6 6 6 

Exp. 2 18 & 19 19 (102.7 CD50) 31     
CC-2 - - 6 3 ND 3 ND 
CV-2 - + 7 ND ND 7 ND 
AC-2 + - 8 5 ND 3 ND 
AV-2 + + 10 ND ND 10 ND 

a  Turkeys received a formulation of purified aMPV-specific antibodies or purified aMPV-free turkey sera 
b  negative 
c  positive 
d  not done 
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(A) ELISA antibodies (Exp. 1) 
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(B) ELISA antibodies (Exp. 2) 
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(C) Virus neutralizing antibodies (Exp. 1) 
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(D) Virus neutralizing antibodies (Exp. 2) 
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Figure 4.1: Detection of aMPV-specific serum ELISA IgG (A, B) and VN antibod-
ies (C, D) after intravenous administration of aMPV-antibodies and subsequent 
inoculation with virulent aMPV in Exp. 1 (A, C) and Exp. 2 (B, D). 

CC-1 and CC-2: turkeys received an aMPV-Ab- formulation and remained aMPV-free; 

CV-1 and CV-2: turkeys received an aMPV-Ab- formulation and were subsequently 

challenged with virulent aMPV subtype A; AC-1 and AC-2: turkeys received an aMPV-

Ab+ formulation and remained aMPV-free; AV-1 and AV-2: turkeys received an aMPV-

Ab+ formulation and were subsequently challenged with virulent aMPV subtype A. Se-

rum samples were collected immediately before the first antibody injection at day -1; 

samples at day 0 were collected 15 minutes after the second antibody injection. Pre-

sented are mean values per group and day with standard deviation. Values marked 

with different superscript letters at the same experimental day are significantly different 

from each other (One Way ANOVA and Tukey test, P < 0.05); Exp. 1: n = 6-10; Exp. 2: 

n = 3-10 



66 Protection of antibodies against aMPV 

(A) Lacrimal fluid (ELISA, Exp. 1) 
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(B) Lacrimal fluid (ELISA, Exp. 2) 
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Figure 4.2: Detection of aMPV-specific ELISA IgG in lacrimal fluids after intra-
venous administration of aMPV-specific antibodies and subsequent inoculation 
with virulent aMPV in two consecutive experiments. 

CC-1 and CC-2: turkeys received an aMPV-Ab- formulation and remained aMPV-free; 

CV-1 and CV-2: turkeys received an aMPV-Ab- formulation and were subsequently 

challenged with virulent aMPV subtype A; AC-1 and AC-2: turkeys received an aMPV-

Ab+ formulation and remained aMPV-free; AV-1 and AV-2: turkeys received an aMPV-

Ab+ formulation and were subsequently challenged with virulent aMPV subtype A. 

Samples at day 0 were collected 15 minutes after the second injection. Presented are 

mean values per group and day with standard deviation. Values marked with different 

superscript letters at the same experimental day are significantly different from each 

other (One Way ANOVA and Tukey test, P < 0.05); Exp. 1: n = 6-10; Exp. 2: n = 3-10; 

ND: not done. 
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(A) Tracheal Washings (ELISA, Exp. 1) 
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(B) Tracheal Washings (ELISA, Exp. 2) 
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(C) Tracheal Washings (VNT, Exp. 1) 
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(D) Tracheal Washings (VNT, Exp. 2) 
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Figure 4.3: Detection of aMPV-specific ELISA IgG (A, B) and VN antibodies (C, 
D) tracheal washings (C-F) after intravenous administration of aMPV-specific 
antibodies and subsequent inoculation with virulent aMPV in two consecutive 
experiments. 

CC-1 and CC-2: turkeys received an aMPV-Ab- formulation and remained aMPV-free; 

CV-1 and CV-2: turkeys received an aMPV-Ab- formulation and were subsequently 

challenged with virulent aMPV subtype A; AC-1 and AC-2: turkeys received an aMPV-

Ab+ formulation and remained aMPV-free; AV-1 and AV-2: turkeys received an aMPV-

Ab+ formulation and were subsequently challenged with virulent aMPV subtype A.  

Samples at day 0 were collected 15 minutes after the second injection. Presented are 

mean values per group and day with standard deviation. Values marked with different 

superscript letters at the same experimental day are significantly different from each 

other (One Way ANOVA and Tukey test, P < 0.05); Exp. 1: n = 6-10; Exp. 2: n = 3-10; 

ND: not done. 
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Figure 4.4: Detection of aMPV-specific ELISA IgG antibodies in turkey bile after 
intravenous administration of aMPV-specific antibodies and subsequent inocu-
lation with virulent aMPV (Exp. 1). 

CC-1: turkeys received an aMPV-Ab- formulation and remained aMPV-free; CV-1: tur-

keys received an aMPV-Ab- formulation and were subsequently challenged with viru-

lent aMPV subtype A; AC-1: turkeys received an aMPV-Ab+ formulation and remained 

aMPV-free; AV-1: turkeys received an aMPV-Ab+ formulation and were subsequently 

challenged with virulent aMPV subtype A. Samples at day 0 were collected 15 minutes 

after the second antibody injection. Presented are mean values per group and day with 

standard deviation. Values marked with different superscript letters at the same ex-

perimental day are significantly different from each other (One Way ANOVA and Tukey 

test, P < 0.05); n = 6-10; ND: not done. 
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Figure 4.5: Development of clinical signs after passive transfer of aMPV-
antibodies and subsequent inoculation with virulent aMPV (Exp. 1). 

Turkeys were individually examined for clinical signs on a daily base. Results are pre-

sented as mean clinical scores; observed symptoms were nasal and ocular discharge 

and swollen infraorbital sinus. CV-1: turkeys received an aMPV-Ab- formulation and 

were subsequently challenged with virulent aMPV subtype A; AV-1: turkeys received 

an aMPV-Ab+ formulation and were subsequently challenged with the same strain. 

Unchallenged birds of groups CC-1 and AC-1 remained free of respiratory symptoms 

throughout the experiment. n = 6-24 
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(A) Experiment 1 
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(B) Experiment 2 
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Figure 4.6: Detection of aMPV subtype A by RT-PCR from choanal swabs taken 
after intravenous administration of aMPV-antibodies and subsequent inoculation 
with virulent aMPV in Exp. 1 (A) and Exp. 2 (B). 

Concentrated aMPV-specific antibodies were injected intravenously at two consecutive 

days (day -1; 0) and turkeys were subsequently inoculated with a virulent aMPV sub-

type A strain at day 0 by oculonasal route. CV-1 and CV-2: turkeys received an aMPV-

Ab- formulation and were subsequently challenged; AV-1 and AV-2: turkeys received 

an aMPV-Ab+ formulation and were subsequently challenged. Exp. 1: n = 6-10; Exp. 2: 

n = 7-10. In the unchallenged groups CC-1, AC-1 (Exp. 1) and CC-2, AC-2 (Exp. 2) 

aMPV subtype A was not detected. 
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Abstract 

The avian Metapneumovirus (aMPV) causes an economically important acute respira-

tory disease in turkeys (turkey rhinotracheitis, TRT). While antibodies were shown to 

be insufficient for protection against aMPV-infection, the role of T-lymphocytes in the 

control of aMPV-infection is not clear. In this study we investigated the role of T-

lymphocytes in aMPV-pathogenesis in a T-cell-suppression model in turkeys. T-cell-

intact turkeys and turkeys partly depleted of functional CD4 and CD8 positive T-

lymphocytes by Cyclosporin A (CsA) treatment were inoculated with the virulent aMPV 

subtype A strain BUT 8544. CsA-mediated T-cell suppression was confirmed by re-

duced numbers of circulating T-lymphocytes and significant reduction of mitogen-

induced T-cell proliferation in CsA-treated birds compared to untreated controls 

(P<0.05). CsA-treatment resulted in delayed recovery from aMPV-induced clinical 

signs and histopathological lesions and in prolonged detection of aMPV in choanal 

swabs collected from infected birds. The results of this study show that T-cell mediated 

immunity plays an important role in the control of primary aMPV-infection in turkeys. 
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Introduction 

The avian Metapneumovirus (aMPV) is an economically important pathogen of turkeys 

and chickens. It was first detected in the late 1970s in South Africa (Buys et al., 1980) 

and is now widely distributed in many countries worldwide (Gough, 2003). aMPV is a 

negative sense, single stranded RNA-virus in the subfamily of Pneumovirinae within 

the family of Paramyxoviridae (Pringle, 1999; Gough, 2003). Strains of aMPV can be 

divided into subgroups based on the nucleotide sequence of the attachment (G) pro-

tein gene. To date four subgroups (A to D) have been classified (Juhasz & Easton, 

1994; Bäyon-Auboyer et al., 2000; Toquin et al., 2003). In Europe subgroups A and B 

are dominating (Cavanagh et al., 1997; Van de Zande et al., 1998; Cavanagh et al., 

1999; Catelli et al., 2004), whereas in North America only strains of subgroup C have 

been detected (Seal, 2000). 

aMPV replicates in the upper respiratory tract epithelium of a number of gallinaceous 

bird species (Gough et al., 1988a; Cook et al., 1993b; Majo et al., 1995). In susceptible 

hosts the virus causes an acute respiratory disease called Turkey Rhinotracheitis 

(TRT) in turkeys or Avian Rhinotracheitis (ART) in other bird species. Clinical signs of 

the disease are characterized by respiratory symptoms such as sneezing, nasal and 

ocular discharge and swelling of the infraorbital sinus (Gough, 2003). 

Virus replication in the respiratory epithelium results in influx of lymphoid cells and mu-

cosal damage such as epithelial desquamation and loss of ciliar activity (Majo et al., 

1995; Liman & Rautenschlein, 2007). A systemic immunosuppression has been pro-

posed as an additional consequence of aMPV-infection (Timms et al., 1986; Chary et 

al., 2002a; Chary et al., 2002b). By these means aMPV-induced disease supports 

secondary respiratory infections in chickens and turkeys, as experimentally demon-

strated for a number of bacterial pathogens (Naylor et al., 1992; Van de Zande et al., 

2001; Marien et al., 2005; Rubbenstroth et al., 2009). 

Vaccination is widely used to control aMPV infection in turkey flocks. Current vaccina-

tion regimes are mainly based on attenuated live or inactivated vaccines and have 
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proven to be useful tools for the prevention of the disease (Jones, 1996) Nevertheless 

they remain to have considerable drawbacks. Mild disease due to residual virulence of 

attenuated live vaccines has been reported, as well as reversion to full virulence after 

several in vivo passages of vaccine strains in turkey or chicken flocks (Cook et al., 

1989a; Naylor & Jones, 1994; Catelli et al., 2006b; Ricchizzi et al., 2008). The neces-

sity of parenteral application makes inactivated vaccines inconvenient for use in com-

mercial poultry operations with high numbers of animals. Parenteral application of vac-

cines may also fail to induce sufficient cell-mediated immunity on respiratory surfaces 

(Sharma et al., 2002; Sharma et al., 2004). Therefore, efforts are made to overcome 

these problems by development of recombinant and subunit vaccines (Yu et al., 1994; 

Kapczynski & Sellers, 2003; Kapczynski, 2004; Chary et al., 2005; Liman et al., 2007). 

The development of new and improved vaccines and vaccination regimes for the most 

parts depends on a broadened knowledge of the immune mechanisms responsible for 

protection against aMPV infection and disease. 

Circulating antibodies have been shown to be insufficient for the protection of turkeys 

against aMPV-infection. Field observations and experimental results suggest only a 

poor correlation between vaccine-induced serum antibody levels and actual protection 

of the flock (Cook et al., 1989b; Sharma et al., 2004; Kapczynski et al., 2008). High 

levels of maternally derived antibodies (Naylor et al., 1997b) as well as passively trans-

ferred aMPV-specific antibodies (Rubbenstroth & Rautenschlein, 2009) did not prevent 

aMPV replication and clinical disease in turkeys. Results of Jones et al. (1992) demon-

strated that vaccination of chemically B-cell compromised turkeys resulted in full pro-

tection against challenge with virulent aMPV despite the absence of antibodies. These 

findings suggest that other immune mechanisms than humoral immunity, such as cell-

mediated immune mechanisms (CMI) may play a major role in protection against 

aMPV. 

Few studies have been published on antigen-specific T-cell activity in chickens. Detec-

tion of virus-specific cytotoxic T-lymphocytes (CTL) in cytotoxicity assays has been 

established for chickens infected with infectious bronchitis virus (IBV) and avian influ-

enza virus (AIV) (Seo & Collisson, 1997; Seo et al., 2000; Seo & Webster, 2001). 

Adoptive transfer of these cells to naïve chicks was shown to provide protection 
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against challenge with virulent IBV and AIV (Seo et al., 2000; Seo & Webster, 2001; 

Pei et al., 2003) Since inbred turkey lines with defined major histocompatibility complex 

(MHC) haplotypes are not available, these models are not applicable for turkeys. Ex-

perimental in vivo T-lymphocyte depletion in chickens can be achieved by repeated 

injections of monoclonal antibodies specific for chicken T-lymphocytes (Cihak et al., 

1991; Cihak et al., 1998). However, antibodies specific for turkey T-lymphocytes are 

not available. 

Chemical T-cell-suppression with Cyclosporin A (CsA) has been widely used for the 

investigation of T-lymphocyte functions in chickens (Bhattacharjee et al., 1995; Dhina-

kar Raj & Jones, 1997; Russell et al., 1997; Rautenschlein et al., 2002a; Rautenschlein 

et al., 2002b; Kim et al., 2003; Pantin-Jackwood et al., 2004), turkeys (Suresh & 

Sharma, 1995; Khehra & Jones, 1999b; Loa et al., 2002) and pheasants (Fitzgerald et 

al., 1995) CsA is a hydrophobic fungal metabolite which has inhibiting effects on the 

early phase of T-lymphocyte activation (Morris, 1981; Schreiber & Crabtree, 1992). In 

mammals this was attributed to a reduction of interleukin 2 (IL-2) production at the 

transcript level (Zenke et al., 1993; Resch & Szamel, 1997). CsA also abrogates 

mitogen-stimulation of chicken T-lymphocytes in vitro (Schnetzler et al., 1983; 

Bumstead et al., 1985; Bucy et al., 1990; Kaplan et al., 1993; Karaca et al., 1996). 

The objective of this study was to investigate the influence of T-lymphocytes on the 

course of primary aMPV-infection in turkeys. In two consecutive experiments CsA-

treated and untreated turkey poults were inoculated with a virulent aMPV subtype A 

strain. The CsA-induced T-lymphocyte suppression was confirmed by flowcytometric 

phenotyping of blood lymphocytes and by measuring the ex vivo mitogen response of 

T-cells. The development of clinical disease, histopathological lesions of respiratory 

epithelia, induction of local and systemic antibodies and aMPV clearance were com-

pared between aMPV-infected immunocompetent and T-lymphocyte-compromised 

turkeys. 
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Material & Methods 

Turkeys. Two experiments were performed. For Exp. 1 Big 6 turkey eggs were ob-

tained from a commercial hatchery and hatched at the Clinic for Poultry, University of 

Veterinary Medicine Hannover. For Exp. 2 day-old commercial female Big 6 turkey 

poults were obtained from a commercial hatchery. These turkeys had been exposed to 

a commercial aMPV subtype B live vaccine in the hatchery as detected by subtype-

specific reverse transcriptase polymerase chain reaction (RT-PCR). Turkeys were 

housed on wood shaving litter in positive pressure isolation units of the Clinic for Poul-

try, University of Veterinary Medicine, Hannover, following animal welfare guidelines. 

Water and commercial feed were provided ad libitum. Before the beginning of the ex-

periments turkeys were confirmed to be free of maternal antibodies against aMPV by 

enzyme linked immunosorbent assay (ELISA) and virus neutralization test (VNT) and 

to be free of aMPV subtype A by RT-PCR. 

aMPV strains. The virulent aMPV subtype A strain BUT 8544 (Wilding et al., 1986) 

was kindly provided by R. C. Jones, Liverpool, UK. The strain was propagated and 

titrated in chicken tracheal organ culture (TOC) following standard protocols (Cook et 

al., 1976). Titres were calculated as median ciliostatic doses (CD50) by the method of 

Reed & Muench (1938). 

An aMPV subtype A strain attenuated to chicken embryo fibroblasts (CEF) and desig-

nated BUT/CEF was kindly provided by E. F. Kaleta, Gießen, Germany. The strain was 

propagated and titrated on CEF cultures. Titres were calculated as median culture in-

fectious doses (CID50) by the method of Reed & Muench (1938). This strain was used 

for VNT. 

CsA treatment. For CsA treatment Sandimmun 100mg capsules (Novartis, Nürnberg / 

Germany) were used. The contents of the capsules, containing 100 mg CsA per ml, 

were aspired into syringes. Turkeys were treated with a dose of 100 mg CsA per kg 

bodyweight by intramuscular injection into the calf muscles. The treatment was re-
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peated at intervals of three to four days throughout the experiments (Suresh & 

Sharma, 1995). 

Isolation of peripheral blood mononuclear cells (PMBC). Peripheral blood mono-

nuclear cells (PMBC) were isolated by sucrose gradient centrifugation. Heparinised 

blood samples of 1 ml were diluted with 1 ml phosphate buffered saline (PBS), pH 7.4. 

Diluted blood was carefully underlayed with 1 ml Biocoll 1.090 g/ml (Biochrom, Berlin / 

Germany). The samples were then centrifuged at 755 x g for 20 min. The interphase, 

containing the lymphocytes and monocytes, was carefully collected with a Pasteur pi-

pette and washed twice with PBS by centrifugation at 319 x g for 5 min to remove re-

sidual Biocoll. The cell pellet was resuspended in PBS and adjusted to 107 cells / ml. 

Cells were directly used for phenotyping or staining with carboxyfluorescein suc-

cinimidyl ester (CFSE). 

Antibodies used for flowcytometric analysis. Purified PBMC, diluted whole blood 

samples and stimulated PBMC cultures were stained with fluorescence-labelled mono-

clonal antibodies directed against the cell surface antigens CD4, CD8a, T-cell receptor 

(TCR) αβ and MHC class II (MHC-II). Antibodies were conjugated to phycoerythrin 

(PE), fluorescein isothiocyanate (FITC) or spectralred (SPRD). The following conju-

gates were used: anti-TCRαβ-PE (Clone TCR2), anti-MHC-II-PE (Clone 2G11), anti-

CD4-PE or anti-CD4-FITC (Clone CT4), anti-CD8a-FITC (Clone CT8). Anti-CD8a-

Biotin (Clone CT8) was pre-incubated with Streptavidin-SPRD for 45 min. before use 

and is designated anti-CD8a-SPRD. All antibodies and Streptavidin-SPRD were ob-

tained from Southern Biotech (Birmingham, Alabama / USA). Appropriate antibody 

concentrations were determined by titration for each cell source and each antibody vial 

used. Due to the fact that no specific anti-turkey antibodies were commercially avail-

able for this study, cross-reacting anti-chicken antibodies were used (Li et al., 1999; 

Lawson et al., 2001; Liman & Rautenschlein, 2007). 

Flowcytometric analysis of relative lymphocyte populations in PBMC. In Exp. 1 

purified PBMC were stained with anti-TCRαβ-PE, anti-MHC-II-PE or a combination of 

anti-CD4-PE and anti-CD8a-FITC and subsequently fixed with paraformaldehyd using 

previously described protocols (Liman & Rautenschlein, 2007). Flowcytometric analy-

sis was performed with an EPICS-XL flowcytometer (Beckmann Coulter, Galway / Ire-



80 Effect of CsA on primary aMPV-infection 

 
land) and CXP analysis software (Beckmann-Coulter) was used for data analysis. An 

electronic gate was set by forward scatter (FS) and side scatter (SS) characteristics to 

exclude cell debris and erythrocytes. Stained lymphocyte subpopulations were dis-

criminated by increased fluorescence signal. The percentage of lymphocyte subpopu-

lations within gated cells was calculated. Results are presented as x-fold change com-

pared to the untreated, virus-free control group. The anti-MHC-II-antibody was used as 

a marker for B-lymphocytes, because B-lymphocyte-specific antibodies cross-reacting 

with turkey cells were not available for our laboratory. MHC-II-positive lymphocytes 

were discriminated from monocytes by low FS and SS signals. Double-staining of 

chicken PBMC with anti-MHC-II and either the B-lymphocyte-specific antibody Bu-1 or 

the monocyte-specific antibody KUL-01 confirmed that both populations can be distin-

guished by FS vs. SS gating (Dalgaard & Rubbenstroth, unpublished observations). 

Flowcytometric analysis of absolute lymphocyte subpopulation numbers. In Exp. 

2 lymphocytes from diluted, EDTA-treated blood samples were stained with fluores-

cence labelled monoclonal antibodies directed against CD4, CD8a and MHC-II and 

analysed by flowcytometry (Burgess & Davison, 1999). 

Blood samples were collected with a syringe and were immediately transferred to 

EDTA-tubes (S-Monovette; Sarstedt, Nümbrecht / Germany). A total volume of 400 µl 

EDTA-treated blood was mixed with 80 µl fixation reagent Transfix (Cytomark, Buck-

ingham / UK), resulting in a 1.2-fold dilution of the sample. Samples were then stored 

for up to one day until further analysis. Before cell-staining, fixed blood samples were 

further diluted 50-fold in flow-buffer, resulting in total in a 60-fold dilution of the blood 

sample. An amount of 50 µl of the diluted blood was transferred to a flowcytometry 

tube, which then contained 0.83 µl of the original blood sample. A volume of 50 µl anti-

body dilutions was added, containing a combination of the following antibodies: anti-

CD4-FITC, anti-MHC-II-PE and anti-CD8a-SPRD. Samples were incubated at room 

temperature for 45 min, before 375 µl cold flow-buffer (PBS with 1% bovine serum al-

bumin) was added. Immediately before analysis with an EPICS-XL flowcytometer 

(Beckmann Coulter, Galway / Ireland) 25 µl of fluorescent beads (FlowCount, Batch 

7548032, 960 beads / µl; Beckmann Coulter, Galway / Ireland) were added. Analysis 

was done using CXP analysis software (Beckmann-Coulter). Absolute lymphocyte 



Chapter 5 81 

 
subpopulation numbers, presented as number of cells per µl blood, were calculated as 

follows: number of stained lymphocytes divided by the number of detected FlowCount 

beads and multiplied by the number of FlowCount beads added to one µl blood 

(29,010 beads). 

CFSE staining, ex vivo mitogen stimulation and flowcytometric proliferation as-
say. Staining of purified PBMC with CFSE was performed following previously pub-

lished methods (Lyons & Parish, 1994; Dalgaard et al., submitted). Briefly, CFSE 

(Sigma-Aldrich, Steinheim / Germany) was added to PBMC suspensions containing 5 

x 106 cells / ml to give a final CFSE-concentration of 0.75 µM. Following incubation of 

the cells with CFSE for 30 min at 37°C, RPMI 1640 medium (Biochrom, Berlin / Ger-

many) supplemented with 10 % fetal calf serum (FCS; PAA, Pasching, Austria) was 

added at twice the initial volume, to neutralize remaining CFSE. Cells were pelleted at 

319 x g for 5 min and subsequently washed twice with PBS. After the last washing 

step, pelleted cells were resuspended in RPMI-5 medium (RPMI 1640 with L-

glutamine, 100 U/ml penicillin, 100 µg/ml streptomycin and 5 % FCS). Replicates of 

106 cells per well were cultured in 200 µl RPMI-5 in 96-well round bottom cell culture 

plates (Sarstedt, Nümbrecht / Germany). Duplicate wells were supplemented with ei-

ther concanavalin A (ConA; Sigma, Saint Louis / USA) or phytohemagglutinin (PHA; 

Sigma, Saint Louis / USA) at final concentrations of 5 µg / ml. Cells cultured with mito-

gen-free medium were used as unstimulated controls. Following incubation at 41°C 

and 5 % CO2 for 72 hours, 20 µl PBS supplemented with 20 mM EDTA were added to 

each well to release adherent cells from the wall. After incubation for 5 min, cells were 

completely transferred to a fresh 96-well round bottom plate (Sarstedt, Nümbrecht / 

Germany). Cells were stained with anti-CD4-PE or anti-CD8a-PE or a combination of 

anti-CD4-PE and anti-CD8a-SPRD, as described leukocyte phenotyping (2.6.), but 

cells were not fixed with paraformaldehyd. Propidium iodide (Sigma-Aldrich, Steinheim 

/ Germany) was added to the antibody dilutions for discrimination of life and dead cells. 

Flowcytometry was started immediately after staining. Analysis was done using CXP 

analysis software (Beckmann-Coulter). Cells were gated by FS vs. SS characteristics, 

excluding cell debris and erythrocytes. Dead cells were excluded by increased 

propidium iodide uptake. Proliferated cells were identified by reduced CFSE-intensity. 

Results are either presented as percentage of proliferated CD4 and CD8a positive 
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cells within live cells, as percentage of CD4 or CD8a positive cells within live cells or as 

percentage of proliferated cells within CD4 or CD8a positive lymphocyte subpopula-

tions. 

In vitro detection of CsA-mediated inhibition of turkey lymphocytes. PBMC of five 

untreated turkeys were isolated and stained with CFSE as described above. Dupli-

cates of cell suspensions were supplemented with either ConA or PHA (5 µg/ml) alone 

or in combination with 0.125 to 2 µg/ml CsA (Cicloral, Hexal; Holzkirchen, Germany). 

After cultivation for 72 hours cells were harvested, stained with CD4-PE, CD8a-SPRD 

and propidium iodide and analysed by flowcytometry as described above. 

Clinical score. Clinical signs were recorded as individual scores per animal following 

the scoring system of Rubbenstroth & Rautenschlein (Rubbenstroth & Rautenschlein, 

2009). A score of 0 (no signs) to 3 (severe signs) was assigned to each of the following 

respiratory symptoms: nasal exudate, ocular discharge and infraorbital swelling. The 

sum of these scores resulted in a total score of 0 to 9 for every turkey. Results are pre-

sented as mean scores per day and group. 

Histopathology. Samples of trachea and nasal turbinates were fixed in 10% phos-

phate-buffered formalin and embedded in paraffin. Tissue sections were stained with 

haematoxylin and eosin (H&E). The identity of the sections was blinded before analy-

sis by light microscopy. Mononuclear and heterophilic cell infiltrations of the mucosa 

and deciliation and desquamation of respiratory epithelial cells were considered as 

conspicuous patho-histological lesions (Majo et al., 1995; Liman & Rautenschlein, 

2007). 

Detection of aMPV by RT-PCR. For detection of aMPV-specific RNA a subtype-

specific nested RT-PCR was used (Cavanagh et al., 1999). RNA was isolated from 

choanal swabs with Trifast GOLD (Peqlab, Erlangen / Germany). The RT was per-

formed using the ImProm-II© RT system (Promega, Madison / USA). For PCR steps 

SAWADY Taq-DNA-Polymerase (Peqlab, Erlangen / Germany) was used. PCR prod-

ucts were separated by agarose gel electrophoresis and visualized by ethidium bro-

mide staining and ultraviolet transillumination. Detailed procedures have been pub-

lished elsewhere (Rubbenstroth & Rautenschlein, 2009). 
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Serology. aMPV-specific IgG antibodies were detected by the enzyme linked immu-

nosorbent assay (ELISA) Avian Rhinotracheitis Antibody Test Kit (BioChek, Gouda / 

Netherlands) following the manufacturers’ instructions. Serum samples were diluted 

500-fold in the provided dilution buffer. Lacrimal fluid was collected with filter paper 

discs (6 mm, Schleicher & Schüll, Dassel-Einbeck / Germany) carefully placed under-

neath the eyelid of the turkey for several seconds until the disc was completely soaked. 

Two discs containing 24 µl fluid each were collected from each sampled animal and 

were stored together in a single tube with 240 µl dilution buffer. This resulted in a 6-fold 

dilution of the lacrimal fluid, which was used in the ELISA without further dilution. Opti-

cal density (OD) values of samples and positive controls were corrected by subtraction 

of the mean OD value of negative controls. ELISA-results are presented as ratio of 

corrected sample OD to mean corrected positive control OD (S/P ratio). 

Virus neutralizing (VN) antibodies were detected by VNT as previously described (Bax-

ter-Jones et al., 1989). Briefly, replicates of 50 µl serially diluted sera were mixed with 

an equal volume of medium containing 100 CID50 of aMPV-strain BUT/CEF and incu-

bated for 1 hour at 37°C in 96-well cell culture plates. Subsequently 100 µl medium 

containing 7.5 x 104 CEFs were added to each well. After 7 days of culture at 37°C and 

5% CO2, cytopathic effects were recorded. VN titres were calculated using the method 

of Reed & Muench (1938) and are presented as log 2 titres. 

Both methods applied here have been shown to detect antibodies directed against 

aMPV-A and aMPV-B (Liman & Rautenschlein, 2007; Aung et al., 2008). 

Experimental design. 

Experimental designs are summarized in Table 5.1.  

Experiment 1. Twenty-eight turkey poults were randomly assigned to four groups of 5 

to 8 animals. Turkeys of two groups (TC-1, 5 birds and TA-1. 8 birds) were treated with 

CsA (100 mg/kg bodyweight) by intramuscular injection into the calf muscle beginning 

at the age of 6 days. The medication was repeated every three to four days until the 

end of the experiment. Turkeys of groups CC-1 (7 birds) and CA-1 (8 birds) remained 

untreated. At the age of 30 days, groups CA-1 and TA-1 were challenged with 103 
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CD50 per bird of strain BUT 8544 by oculonasal route. At day 14 post inoculation (PI) 

the experiment was terminated and all turkeys were necropsied. 

Clinical signs were recorded daily after aMPV inoculation. Serum samples (n = 5-8) 

were collected at days 7, 10 and 14 PI. Choanal swabs (n = 5-8) for aMPV detection 

by RT-PCR were collected at days 4, 7, 10 and 14 PI. Lacrimal fluid (n = 5-8) for aMPV 

antibody detection was collected at days 7 and 14 PI. PBMC were isolated for flowcy-

tometric phenotyping (n = 5-6) at days 13, 16, 23 and 30 post hatch and days 8 and 14 

PI. Heparinised blood for ex vivo lymphocyte stimulation was collected from groups 

CC-1 and TC-1 (n = 5-6) at day 41 post hatch. At necropsy at day 14 PI samples of 

nasal turbinates and trachea were collected for histopathological examination (n = 5-8). 

Experiment 2. A repeat experiment with a similar experimental design was performed 

with 60 turkey poults. These turkeys had been contaminated with a commercial live 

aMPV subtype B vaccine in the hatchery, as detected by subtype-specific nested RT-

PCR. Groups TC-2 (12 birds) and TA-2 (16 birds) were CsA-treated as described for 

Exp. 1 beginning at 4 days of age, whereas groups CC-2 and CA-2 (16 birds each) 

remained untreated. At the age of 27 days, groups CA-2 and TA-2 were oculonasally 

challenged with strain BUT 8544 (103 CD50 per bird). At days 7 and 14 PI turkeys were 

sacrificed for necropsy (n = 5-8 per group). 

Clinical signs were recorded daily after aMPV inoculation. Serum samples (n = 7-8) 

were collected at days 7, 11 and 14 PI. Choanal swabs (n = 6-8) for aMPV detection 

by RT-PCR were collected at days 4, 7, 11 and 14 PI. Lacrimal fluid (n = 7-8) for aMPV 

antibody detection was collected at days 7 and 14 PI. Blood samples for detection of 

absolute lymphocyte counts (n = 7-10) were collected at days 11, 13, 20 and 27 post 

hatch and at days 7 and 14 PI. Heparinised blood for ex vivo lymphocyte stimulation 

was collected from groups CC-2 and TC-2 (n = 5) at day 40 post hatch. Samples of 

nasal turbinates and trachea were collected for histopathological examination (n = 5-8) 

at necropsy at days 7 and 14 PI. 

Statistical analysis. Statistical analysis was performed using Statistix 9 (Analytical 

Software, Tallahassee / USA). Results of serological tests (ELISA, VNT) and relative 

and absolute peripheral lymphocyte subpopulations were analysed by One-way analy-



Chapter 5 85 

 
sis of variance (ANOVA) and Tukey´s comparison of means. Body weights were ana-

lysed by factorial ANOVA. Analysis of aMPV-PCR results and histopathological exami-

nation was done by Fisher´s exact test. The paired T-test was used for analysis of CsA 

in vitro effects on mitogen stimulation of lymphocytes. Effects of CsA-treatment on ex 

vivo lymphocyte stimulation were analysed by Two-sample T-test for unequal vari-

ances. Clinical scores were analysed with Wilcoxon rank sum test. For all tests P-

values lower than 0.05 were considered to indicate significant differences. 

Results 

In vitro effects of CsA on mitogen induced lymphocyte proliferation. CFSE-

stained turkey PBMC were stimulated with ConA or PHA (5 µg/ml) in the presence of 

different CsA-concentrations (0.125 to 2 µg/ml). After incubation for 72 hours prolifera-

tion of CD4 and CD8a positive T-lymphocytes was determined by flowcytometry. 

CsA-concentrations of 0.25 to 1 µg/ml completely abolished mitogen-induced prolifera-

tion of CD4-positive, as shown for 1 µg/ml CsA in Fig. 5.1. Similar results were ob-

tained for CD8a-positive T-lymphocytes (data not shown). Concentrations lower than 

0.25 µg/ml did not sufficiently inhibit proliferation, whereas concentrations higher than 1 

µg/ml caused enhanced cell death (data not shown). These results show that CsA 

successfully inhibits mitogen-induced proliferation of turkey T-lymphocytes in vitro. 

Effects of CsA treatment and aMPV infection on lymphocyte subpopulations in 
peripheral blood. Relative proportions (Exp. 1; Fig. 5.2) and absolute numbers (Exp. 

2; Fig. 5.3) of CD4, CD8a and TCRαβ positive T-lymphocytes and MHC-II positive B-

lymphocytes were determined by flowcytometric analysis. 

As shown by the analysis of absolute cell counts in Exp. 2, absolute numbers of circu-

lating T- and B-lymphocytes increased with the age of the turkeys (Exp. 2; Fig. 5.3). 

Relative and absolute numbers of all T-lymphocyte subpopulations were significantly 

reduced in CsA-treated turkeys (TC-1 and TC-2) compared to untreated turkeys (CC-1 

and CC-2) as early as seven days after the beginning of treatment and remained low 

throughout the experiments. Reduction of relative B-cell numbers in Exp. 1 occurred 
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first at day 16 of life (representing ten days after the beginning of treatment, data not 

shown) and remained low throughout the experiment (Fig. 5.2). Absolute numbers of 

B-cells in Exp. 2 were significantly reduced only at day 7 PI (30 days after the begin-

ning of treatment; P<0.05; Fig. 5.3C). 

Infection with aMPV did not influence relative or absolute numbers of CD4-positive T-

cells or MHC-II-positive B-cells. Relative numbers of circulating CD8a-positive T-cells 

were significantly reduced in the aMPV-infected group CA-1 compared to the control 

group CC-1 at day 7 PI (P<0.05; data not shown), whereas no effect of aMPV-A infec-

tion on absolute numbers of CD8a was observed in Exp. 2 (Fig. 5.3B). 

Effects of CsA treatment on ex vivo mitogen response of PBMC. In both experi-

ments CsA-treatment of turkeys resulted in a significant reduction (P<0.05) of the per-

centage of proliferated CD4 and CD8a-positive T-lymphocytes within live cells follow-

ing stimulation with ConA and PHA (Fig. 5.4A; Exp. 2 shown as a representative ex-

periment). This was mainly due to significantly reduced (P<0.05) proportions of T-

lymphocytes in stimulated as well as in non-stimulated wells obtained from CsA-

treated turkeys (TC-2) compared to untreated turkeys (CC-2; Fig. 5.4B). This is in con-

gruence with reduced T-lymphocyte numbers in PBMC. CsA-treatment did not signifi-

cantly decrease the proportion of proliferated cells within the CD4 and CD8a positive 

T-lymphocyte subpopulations (Fig. 5.4C). 

Development of clinical signs and histopathological lesions following CsA-
treatment and aMPV-inoculation. Turkeys treated with 100 mg CsA per kg body 

weight by intramuscular injection every three to four days did not show clinical signs 

attributable to the CsA treatment. However, CsA treated turkeys transiently showed a 

slightly, but significantly reduced body weight in both experiments (P<0.05, data not 

shown). Interestingly, CsA treated turkeys exhibited enhanced feather growth at neck 

and head (Fig. 5.5), which was most prominent at the forehead and the wattles. This 

was first observed about four weeks after the beginning of treatment. 

Following aMPV-infection, turkeys of all inoculated groups expressed respiratory 

symptoms, such as watery eyes, nasal exudate and swelling of infraorbital sinus. Clini-

cal signs were first observed at day 3 PI and mean clinical scores peaked at day 6 PI 
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(Fig. 5.6). In untreated groups (CA-1 and CA-2) clinical signs waned almost completely 

during the two following days. At day 9 to 10 PI no or only single animals of these 

groups expressed low clinical scores. Clinical scores of CsA-treated, aMPV-inoculated 

groups (TA-1 and TA-2) decreased less rapidly and remained considerably higher than 

those of untreated groups at days 8 to 10 PI in both experiments. At day 12 PI symp-

toms had completely disappeared in all aMPV-inoculated groups. One turkey of group 

CA-1 died one day before the end of Exp 1. The cause of death could not be identified 

by pathological and microbiological investigations. 

Histopathological lesions of the respiratory mucosa were observed in nasal turbinates 

and tracheae of aMPV-inoculated turkeys. The lesions were characterized by lymphoid 

and heterophilic infiltration of the mucosa and deciliation and desquamation of the res-

piratory epithelium. Prominent lesions were detected in 63 to 100 % of nasal turbinates 

and tracheae collected at day 7 PI from the aMPV-inoculated groups CA-2 and TA-2 

(Exp. 2; Table 5.2), with no significant differences between the groups (P>0.05). At day 

14 PI mucosal lesions had become considerably milder in the untreated groups CA-1 

and CA-2. Mild lesions were observed in 38 to 71 % of nasal turbinates, whereas tra-

cheal lesions were found only in one turkey of group CA-2. In contrast, prominent lym-

phocellular infiltrations were still present in the majority of birds of the CsA-treated 

groups TA-1 and TA-2 at day 14 PI. Lesions were detected in all nasal turbinates and 

in 75 to 100 % of the tracheal samples collected from these groups at day 14 PI. Fre-

quencies of aMPV-induced histopathological lesions in trachea and nasal turbinates 

were significantly higher at day 14 PI in CsA-treated groups compared to untreated 

groups in both experiments (P<0.05; Table 5.2). 

Uninfected groups CC-1, TC-1, CC-2 and TC-2 remained free of respiratory symptoms 

and mucosal lesions throughout both experiments (data not shown). 

Effect of CsA-treatment on aMPV detection. aMPV was detected in choanal swabs 

by RT-PCR (Fig. 5.7). At days 4 and 7 PI, 88 to 100 % of the swabs collected from 

aMPV-inoculated groups (CA-1, TA-1 and CA-2, TA-2) were positive for aMPV subtype 

A. Thereafter, detection rates in all infected groups decreased. At day 14 PI only one 

out of eight swabs was found positive in group CA-2 (Exp. 2; Fig. 5.7B) and samples 

from group CA-1 were all aMPV-negative (Exp. 1; Fig. 5.7A). In contrast detection 
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rates in groups TA-1 and TA-2 were still 38 and 63 %, respectively. Statistical analysis 

of the combined data of both experiments revealed significantly higher (P<0.05) num-

bers of aMPV-positive swabs in the CsA-treated groups compared to the untreated 

groups at days 10/11 PI (TA: 7/15; CA: 2/16) and day 14 PI (TA: 8/16; CA: 1/15). No 

aMPV subtype A was detected in the uninfected groups CC-1, TC-1, CC-2 and TC-2 

throughout both experiments (data not shown). 

In Exp. 2 aMPV-B strain was detected by RT-PCR in samples collected between days 

7 and 20 post hatch. The virus most likely originated from contamination with an 

aMPV-B live vaccine routinely used in the commercial hatchery from which the turkeys 

for this experiment were delivered. 

Effect of CsA-treatment on the development of aMPV-specific antibodies. aMPV-

specific antibodies were detected in sera by VNT and IgG-ELISA and in lacrimal fluids 

by IgG-ELISA (Fig. 5.8). Beginning at day 7 PI, aMPV-inoculated turkeys (CA-1, TA-1 

and CA-2, TA-2) had significantly increased VN titres in sera, and ELISA antibody lev-

els in sera and lacrimal fluids compared to the respective uninfected control group 

(CC-1, TC-1 and CC-2, TC-2; P<0.05). Antibody levels peaked at day 10 or 11 PI and 

were already slightly reduced at day 14 PI. Surprisingly the CsA-treated, aMPV-

inoculated groups (TA-1 and TA-2) developed significantly higher serum antibody lev-

els (P<0.05) compared to untreated, aMPV-inoculated turkeys (CA-1 and CA-2). This 

was detected beginning at day 10 or 11 PI by VNT and ELISA in both experiments. 

ELISA-IgG-antibodies in lacrimal fluids of CsA-treated, aMPV-inoculated turkeys in 

Exp. 2 (TA-2) were significantly higher than those of group CA-2 at day 14 PI (P<0.05; 

Fig. 5.8F). 

Discussion 

In order to shed light on the role of T-cell-mediated immune mechanisms in the control 

of aMPV-infection, we investigated the course of primary aMPV-infection in turkeys in 

a T-lymphocyte suppression model. CsA-treated and untreated commercial turkey 

poults were inoculated with virulent aMPV subtype A. Lymphocyte subpopulations in 
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PBMC were counted and the T-lymphocyte mitogen response was measured ex vivo 

to confirm the CsA-mediated T-cell suppression. Following aMPV-inoculation clinical 

signs, histopathological lesions of respiratory epithelia, detection of aMPV by RT-PCR 

and antibody response of immunocompetent and CsA-treated turkeys were compared. 

Preliminary in vitro experiments using a CFSE-based proliferation assay demonstrated 

that CsA effectively blocks ConA- and PHA-induced stimulation of CD4 and CD8a 

positive turkey T-lymphocytes. CsA concentrations of 0.25 to 1 µg/ml caused complete 

inhibition of T-lymphocyte proliferation. This is in agreement with previous results ob-

tained with chicken lymphocytes (Schnetzler et al., 1983; Bumstead et al., 1985; Bucy 

et al., 1990; Karaca et al., 1996). 

Relative proportions and absolute numbers of different lymphocyte subpopulations in 

peripheral blood of CsA-treated and untreated turkeys were determined by flowcy-

tometry to evaluate the in vivo T-cell suppression. For absolute cell counting we 

adapted a single-step flowcytometric technique, that has already been published for 

chickens (Burgess & Davison, 1999) to the turkey. We found that absolute numbers of 

both circulating T-lymphocytes and B-lymphocytes in peripheral blood increase with 

age, which has also been shown for juvenile chickens (Burgess & Davison, 1999). 

CsA-treatment of turkeys significantly decreased relative and absolute numbers of 

CD4, CD8a and TCRαβ positive T-lymphocyte subpopulations as early as seven days 

after the beginning of treatment. Previous studies on CsA-treatment in chickens also 

reported a decrease in circulating CD3, CD4, CD8a, TCRαβ or TCRγδ positive T-

lymphocytes (Isobe et al., 2000; Kim et al., 2000; Kwon et al., 2008). Bucy et al. (1990) 

found CsA to adversely effect the maturation of chicken T-lymphocytes in the thymus 

and the migration of mature T-cells from thymus to spleen. This may provide an expla-

nation for the overall reduction of peripheral T-lymphocytes in our experiments and 

other studies. 

The effect of CsA on T-lymphocyte reactivity was evaluated by ex vivo mitogen stimu-

lation of PBMC with ConA and PHA. Stimulation of PBMC derived from CsA-treated 

turkeys resulted in significantly reduced percentages of proliferated CD4 and CD8a 

positive T-lymphocytes within live cells, as compared to stimulated wells of untreated 

groups. Our study demonstrated, that this reduction was mainly attributable to signifi-
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cantly reduced CD4 and CD8a cell proportions in the wells, which were consistent with 

the results of direct phenotyping of PBMC. Surprisingly, the percentage of proliferated 

cells within the CD4 and CD8a positive T-lymphocyte subpopulations was not affected 

by in vivo CsA-treatment in this study. Several studies have reported CsA-induced in-

hibition of the ex vivo T-cell mitogen response of PBMC or spleen leukocytes in chick-

ens (Kogut & Eirmann, 1991; Karaca et al., 1996; Dhinakar Raj & Jones, 1997; Isobe 

et al., 2000; Kim et al., 2000; Ganapathy & Bradbury, 2003; Kim et al., 2003), pheas-

ants (Fitzgerald et al., 1995) and turkeys (Suresh & Sharma, 1995; Khehra & Jones, 

1999b; Loa et al., 2002). In contrast to the results presented here, lymphocyte activa-

tion in previous studies was detected by bulk assays, such as [3H]-thymidine-

incorporation assay (Kogut & Eirmann, 1991; Fitzgerald et al., 1995; Suresh & 

Sharma, 1995; Karaca et al., 1996; Dhinakar Raj & Jones, 1997; Russell et al., 1997; 

Khehra & Jones, 1999b; Kim et al., 2000; Loa et al., 2002; Ganapathy & Bradbury, 

2003; Kim et al., 2003), glucose consumption test (Isobe et al., 2000) or nitric oxide 

inducing factor (NOIF) bioassay (Karaca et al., 1996). Bulk assays measure total re-

sponses of all cells in the well and fail to give information on the phenotype of the ac-

tually responding cells. Thus these methods do not allow discrimination between re-

duced activity of responding cells and reduced numbers of potential responders in-

cluded in the cell suspension. Detection of lymphocyte activation with simultaneous 

phenotyping on a single cell level, which is possible by flowcytometry-based methods 

such as CFSE proliferation assay (Lyons & Parish, 1994; Dalgaard et al., submitted) or 

intracellular cytokine staining (ICS) (Ariaans et al., 2008), overcomes these disadvan-

tages. The significantly reduced proportions of proliferated T-lymphocytes observed in 

PBMC from CsA-treated turkeys suggest that our results are in agreement with the 

results previously obtained by bulk assays.  

Relative proportions and absolute numbers of MHC-II-positive lymphocytes in blood 

were determined by discrimination of MHC-II positive lymphocytes from monocytes by 

their FS vs. SS characteristics. MHC-II positive lymphocytes were negative for the T-

lymphocyte markers CD4 and CD8a when triple staining was applied (Fig. 5.3J & K), 

confirming that they were actually B-lymphocytes. In both experiments MHC-II-positive 

B-lymphocytes were significantly reduced in the CsA-treated groups compared to un-

treated groups. This reduction occurred later than the decrease of T-lymphocytes in 
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both experiments. CsA has been reported to not directly affect the activity of B-

lymphocytes in chickens, as shown by unaltered proliferative response to B-

lymphocyte mitogens (Dhinakar Raj & Jones, 1997; Ganapathy & Bradbury, 2003). 

Russel et al. (1997), however, reported reduced migration of B-lymphocytes into the 

Harderian gland following inoculation of chickens with an NDV vaccine strain. It may 

be speculated, that reduction of B-lymphocytes in CsA-treated turkeys observed in this 

study may be an indirect effect of decreased T-helper cell activity. 

Treatment of turkeys with CsA did not cause clinical symptoms, but resulted in slightly, 

but significantly reduced body weights, as reported after CsA-treatment of chickens 

(Hatkin et al., 1993; Ganapathy & Bradbury, 2003). Interestingly, CsA-treated turkey 

poults developed a prominent increase of feather growth at head and neck, especially 

at the forehead and at the wattles. To our knowledge this has not yet been reported for 

avian species. In humans, hypertrichosis is a well described side-effect of CsA-

treatment (Erkko et al., 1998). 

Inoculation of turkeys with the virulent aMPV subtype A strain BUT 8544 caused typi-

cal respiratory symptoms in all inoculated groups. The development of clinical signs 

was comparable between CsA-treated and untreated groups until day six to seven PI, 

when clinical mean scores reached peak levels. Thereafter CsA-treated turkeys 

showed delayed recovery from clinical disease and still expressed prominent clinical 

signs at days eight to ten PI in both experiments. At day 12 PI symptoms had com-

pletely subsided in all infected turkeys. In congruence with clinical disease, histopa-

thological examination of nasal turbinates and tracheae did not reveal differences be-

tween the aMPV-infected groups at day 7 PI. At day 14 PI prominent lymphoid infiltra-

tion of respiratory mucosa was still detectable at significantly higher frequencies 

(P<0.05) in CsA-treated turkeys (TA-1 and TA-2) compared to untreated aMPV-

inoculated groups (CA-1 and CA-2). Detection of aMPV genome in choanal swabs col-

lected at days 4 and 7 days PI revealed comparable frequencies of 88 to 100% posi-

tive swabs in all inoculated groups. At days 10 to 14 PI higher incidences of aMPV-

positive swabs were detected in the CsA-treated, aMPV-inoculated groups compared 

to the untreated, aMPV-inoculated group in either experiment. 



92 Effect of CsA on primary aMPV-infection 

 
Development of clinical signs, epithelial lesions of the respiratory mucosa and virus-

detection correlated well with each other in this study. Until day 7 PI, during the acute 

phase of the infection, no effects of CsA-treatment were observed. Thereafter a de-

layed recovery from clinical disease and histopathological lesions and a prolonged de-

tection of virus genome in CsA-treated turkeys was recorded in both experiments. 

These results indicate that T-cell-mediated immunity plays an important role in control-

ling and limiting primary aMPV-infection and disease in turkeys. Our results are in 

agreement with experiences made with other members of the Pneumovirinae subfam-

ily in mammals. Experimental depletion of T-lymphocytes caused prolonged virus per-

sistence in mice infected with human Metapneumovirus (hMPV) (Alvarez et al., 2004a; 

Kolli et al., 2008) or human respiratory syncytial virus (hRSV) (Graham et al., 1991) as 

well as in calves infected with the bovine respiratory syncytial virus (BRSV) (Taylor et 

al., 1995; Thomas et al., 1996). Similar observations have been published for infection 

of CsA-treated chickens with different viral agents, such as IBV (Dhinakar Raj & Jones, 

1997), AIV subtype H9N2 (Kwon et al., 2008) or IBDV (Poonia & Charan, 2001). Since 

treatment with CsA did not reduce clinical scores and histopathological lesions in the 

acute phase of aMPV-infection, T-lymphocytes cannot be considered to mediate im-

munopathological effects during aMPV-induced disease. A contribution of T-

lymphocytes to virus-induced immunopathology has previously been reported for 

IBDV-infection in chickens (Rautenschlein et al., 2002a) and hemorrhagic enteritis vi-

rus (HEV) in turkeys (Suresh & Sharma, 1995), as demonstrated by reduced lesions in 

T-cell-compromised birds. Immunopathological effects of T-lymphocytes have also 

been described for hRSV and hMPV infection in rodents (Cannon et al., 1988; Graham 

et al., 1991; Kolli et al., 2008). 

Despite the reduction of circulating B-lymphocytes and CD4-positive T-helper cells, 

aMPV-infection of CsA-treated turkeys resulted in higher levels of VN and ELISA-IgG 

antibodies in sera and ELISA-IgG in lacrimal fluids, as compared to untreated turkeys. 

Previous results on the effect of CsA-treatment on humoral immunity in poultry are un-

equivocal. Total antibody response to non-proliferating antigens, such as sheep eryth-

rocytes or Brucella abortus antigen, was reported to be unaffected or even increased 

by CsA (Nowak et al., 1982; Suresh & Sharma, 1995; Loa et al., 2002). Nowak et al. 

(1982) demonstrated that this was mainly due to IgM production, whereas levels of 
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other isotypes were significantly decreased. Antibody development following infection 

with replicating live pathogens was found to be unaffected in several studies (Lillehoj, 

1987; Hatkin et al., 1993; Kim et al., 2000; Ganapathy & Bradbury, 2003; Kim et al., 

2003; Pantin-Jackwood et al., 2004), whereas other publications report significantly 

increased VN antibody levels in CsA-treated birds (Dhinakar Raj & Jones, 1997; Poo-

nia & Charan, 2001). The prolonged persistence of aMPV may be responsible for the 

enhanced humoral response of CsA-treated turkeys to aMPV-infection observed in this 

study. Detection of high ELISA-IgG levels in sera and lacrimal fluid of CsA-treated tur-

keys suggests that an isotype switch occurred despite the suppression of CD4-positive 

T-helper cells. Cihak et al. (1991) observed severe reduction of IgA secretion in chick-

ens depleted of TCRαβ-positive T-cells. Reduction of TCRαβ T-lymphocytes was also 

observed in this study, but levels of IgA were not measured to evaluate its effect on 

aMPV-infection in this study. Previous work has shown that serum antibodies do not 

provide protection against aMPV-infection in turkeys (Naylor et al., 1997b; Rubben-

stroth & Rautenschlein, 2009). Whether the increased antibody response observed 

here may have contributed to the aMPV-clearance in T-cell-suppressed turkeys re-

mains unknown. 

In summary our work shows, that CsA has suppressive effects on turkey T-

lymphocytes in vitro and in vivo. Humoral immunity to aMPV-infection was not nega-

tively affected by CsA-treatment despite reduced numbers of B-lymphocytes. CsA-

induced T-lymphocyte suppression resulted in delayed recovery from clinical signs and 

histological lesion in aMPV-infected turkeys. Also the presence of aMPV genome was 

prolonged. These findings suggest that T-lymphocytes play an important role in the 

control of primary aMPV-infection and virus-clearance. 
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Tables & Figures 

 

Table 5.1 Experimental design 

number of birds per group Group a CsA treat-
ment 

aMPV chal-
lenge 

 
Exp. 1 Exp. 2 

CC -b -  7 16 
TC +c -  5 12 
CA - +  8 16 
TA + +  8 16 

Exposed to aMPV subtype B vaccine  - + 
Beginning of CsA treatment at day of life  6 4 
Challenge infection at day of life  30 27 

a  C: control; T: treated; A: inoculated with aMPV subtype A 
b  negative 
c  positive 
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Figure 5.1: In vitro effect of CsA on the mitogen response of CD4-positive T-
lymphocytes. 

CFSE-stained turkey peripheral blood mononuclear cells (PBMC) were cultured for 72 

hours in the presence of the T-lymphocyte mitogens ConA or PHA (5 µg/ml) with or 

without CsA (1 µg/ml). CD4 positive cells and proliferated cells (indicated by reduced 

CFSE-intensity) were detected by flowcytometry. (A-C) Representative results of one 

turkey are presented as CFSE vs. CD4-PE density plots of live cells and as CFSE his-

tograms of CD4-positive cells. (A) Stimulated with ConA. (B) Stimulated with ConA in 

the presence of CsA. (C) Stimulated with PHA with or without CsA. (D) Summary of 

the results of 5 turkeys. Asterisks indicate significantly reduced CD4 T-cell proliferation 

in the presence of CsA compared to stimulation with the respective mitogen without 

CsA (Paired T-test, P < 0.05). 
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(C) MHC-II-positive lymphocytes  
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(D) TCRαβ T-lymphocytes 

A

A A

B

BB

0.0
0.2
0.4
0.6
0.8
1.0
1.2
1.4

13 16 23
day of life

%
 g

at
ed

 c
el

ls
(x

-fo
ld

 c
ha

ng
e 

of
 C

C
)

CC

TC

 

Figure 5.2: Relative proportions of lymphocyte subpopulations in PBMC after 
CsA-treatment and aMPV-inoculation (Exp. 1). 

(A) CD4-positive T-lymphocytes. (B) CD8a-positive T-lymphocytes. (C) MHC-II-positive 

B-lymphocytes; (D) TCRαβ-positive T-lymphocytes. CC-1: untreated, aMPV-free tur-

keys; TC-1: CsA-treated, aMPV-free turkeys; CA-1: untreated and aMPV-inoculated 

turkeys; TA-1: CsA-treated and aMPV-inoculated turkeys. Percentages of lymphocyte 

subpopulations in gated PBMC were calculated. Results are presented as x-fold 

change in comparison to the control-group CC. stained cells Values marked with dif-

ferent superscript letters at the same experimental day are significantly different from 

each other (One Way ANOVA and Tukey´s comparison of means, P < 0.05); n = 5-6; 

dol: day of life; ND: not done 
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(A) CD4 T-lymphocytes (absolute numbers, Exp. 2) 
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(B) CD8a T-lymphocytes (absolute numbers, Exp. 2) 
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(C) MHC-II B-lymphocytes (absolute numbers, Exp. 2) 
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Figure 5.3: Effect of CsA-treatment on absolute numbers of lymphocyte sub-
populations in peripheral blood of aMPV-inoculated and virus-free turkeys (Exp. 
2). 

Lymphocytes in diluted blood samples were stained with fluorescent antibodies and 

acquired by flowcytometry together with a defined number of fluorescent beads. Re-

sults are presented as mean values per group and day +/- standard deviation. Values 

marked with different superscript letters at the same experimental day are significantly 

different from each other (One Way ANOVA and Tukey´s comparison of means, P < 

0.05); n = 7-10; dol: day of life; ND: not done. CC-2: untreated, aMPV-free turkeys; TC-

2: CsA-treated, aMPV-free turkeys; CA-2: untreated and aMPV-inoculated turkeys; TA-

2: CsA-treated and aMPV-inoculated turkeys. (A) CD4-positive T-lymphocytes. (B) 

CD8a-positive T-lymphocytes. (C) MHC-II-positive B-lymphocytes; (D) Density blot of 

ungated events; forward scatter (FS) vs. sideward scatter (SS), region set on lympho-

cyte population. (E, F, G) dot blot of gated lymphocytes, FS vs. fluorescence channels, 

regions set on lymphocyte subpopulations as indicated. (H) dot blot of ungated events, 

FS vs. fluorescence channel, region set on FlowCount beads population. (I, J, K) dot 

blots of gated lymphocytes, (I) CD4 vs. CD8a; (J) CD4 vs. MHC-II; (K) CD8a vs. MHC-

II 

(D) (E) (F) (G) 

(H) (I) (J) (K) 
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(B) T-cell proportions within live cells 
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(C) Proliferated cells within T-cells 

0

20

40

60

80

100

120

Control ConA PHA

%
 p

ro
lif

er
at

ed
 o

f C
D

4 
/ C

D
8a

 

 

Figure 5.4: Effect of CsA treatment on the ex vivo mitogen response of turkey 
lymphocytes (Exp. 2, presented as a representative experiment). 

CFSE-stained peripheral blood mononuclear cells (PBMC) of CsA-treated (TC) and 

untreated (CC) turkeys were collected at day 40 of life (36 days after beginning of 

treatment) and cultivated in the presence of the T-lymphocyte mitogens ConA or PHA 

(5 µg/ml). CD4 and CD8a positive lymphocytes and proliferation of cells were detected 

by flowcytometry. (A) Percentage of proliferated CD4 or CD8a positive lymphocytes 

within live cells. (B) Percentage of CD4 or CD8a positive lymphocyte within live cells. 

(C) Percentage of proliferated cells within CD4 or CD8a positive lymphocyte subpopu-

lations. Asterisks indicate significantly lower values of group TC compared to group CC 

(Two-Sample T-test for unequal variances, P < 0.05). n = 5 

CC - CD4 TC - CD4

CC - CD8a TC - CD8a
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Figure 5.5: CsA treatment of turkeys induces enhanced feather growth at the 
head. 

(A, B) untreated turkey, six weeks old. (C, D) six weeks old turkey, which were treated 

with CsA (100 mg/kg body weight i.m.) since 4 days of age at intervals of three to four 

days. White arrows mark locations of prominent feather growth at forehead and wattle. 

(A) (B) 

(C) (D) 
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Figure 5.6: Development of clinical signs following aMPV inoculation of CsA-
treated and vaccinated turkeys (Exp. 1 & 2). 

Turkeys were individually examined for clinical signs on a daily base. Results are pre-

sented as mean clinical scores; symptoms were nasal and ocular discharge and swol-

len infraorbital sinus. CA-1 and CA-2: untreated turkeys inoculated with virulent aMPV 

subtype A; TA-1 and TA-2: CsA-treated turkeys inoculated with virulent aMPV subtype 

A. Exp. 1: n = 8; Exp. 2: n = 8-16; Asterisks indicate significantly different clinical 

scores between groups (Wilcoxon rank sum test, P < 0.05). Groups not inoculated with 

aMPV did not express clinical signs throughout either experiment. 
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Table 5.2 Histopathological lesions of respiratory mucosa after aMPV infection 
(Exp. 1 & 2). 

number of animals with histological lesionsa / total (% of positive 
animals) 

Experiment 1  Experiment 2 
day 14 PI  day 7 PI  day 14 PI 

Group 

C
sA 

aM
PV 

NT d Tr e  NT Tr  NT Tr 

CA - + 5 / 7 
(71) 

0 / 7 A

(0)  7 / 8 
(88) 

5 / 8 
(63)  3 / 8 A 

(38) 
1 / 8 A 
(13) 

TA + + 8 / 8 
(100) 

6 / 8 B
(75)  7 / 8 

(88) 
8 / 8 
(100)  8 / 8 B 

(100) 
8 / 8 B 
(100) 

No mucosal lesions were detected in groups not inoculated with aMPV in either ex-
periment. 
Upper case superscript letters indicate significant differences between groups (Fisher´s 
exact test, P < 0.05). 
a  Observed histopathological lesions were lymphoid infiltration of the mucosa and 

deciliation and desquamation of respiratory epithelium. Sections were analysed as 
blinded samples. 

b  negative 
c  positive 
d  NT = nasal turbinates 
e  Tr = trachea 
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(A) Experiment 1 

 

(B) Experiment 2 

 

Figure 5.7: Detection of aMPV subtype A by RT-PCR from choanal swabs fol-
lowing aMPV-inoculation of CsA-treated and untreated turkeys (Exp. 1 & 2). 

CA-1 and CA-2: untreated turkeys inoculated with virulent aMPV subtype A; TA-1 and 

TA-2: CsA-treated turkeys inoculated with virulent aMPV subtype A. Exp. 1: n = 7-8; 

Exp. 2: n = 8; Groups not inoculated with aMPV remained free of aMPV subtype A 

throughout both experiments. 
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(C) Serum, ELISA (Exp. 1) 
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(E) Lacrimal fluid, ELISA (Exp. 1) 
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(B) Serum, VNT (Exp. 2) 
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(D) Serum, ELISA (Exp. 2) 
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(F) Lacrimal fluid, ELISA (Exp. 2) 
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Figure 5.8: Detection of aMPV-specific antibodies after inoculation of CsA-
treated and untreated turkeys with virulent aMPV subtype A in Exp. 1 (A, C, E) 
and Exp. 2 (B, D, F). 

(A, B) Virus neutralizing (VN) antibodies in sera. (C, D) ELISA-IgG antibodies in sera, 

500-fold dilution. (E, F) ELISA-IgG antibodies in lacrimal fluid, 6-fold dilution; CC-1 and 

CC-2: untreated, aMPV-free turkeys; TC-1 and TC-2: CsA-treated, aMPV-free turkeys; 

CA-1 and CA-2: untreated and aMPV-inoculated turkeys; TA-1 and TA-2: CsA-treated 

and aMPV-inoculated turkeys. Values marked with different superscript letters at the 

same experimental day are significantly different from each other (One Way ANOVA 

and Tukey comparison of means, P < 0.05); Exp. 1: n = 5-8; Exp. 2: n = 7-8 
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Abstract 

The avian Metapneumovirus (aMPV) is an important respiratory pathogen of turkeys 

with considerable economic impact on poultry production. Although vaccination is 

widely used for the control of the disease, questions regarding vaccine safety and effi-

cacy remain to be elucidated. This report describes the problems associated with re-

producibility of the aMPV-vaccine response comparing T-lymphocyte compromised 

and T-cell intact turkeys. 

In three consecutive experiments turkeys partially depleted of T-lymphocytes by treat-

ment with Cyclosporin A (CsA) as well as untreated turkeys were vaccinated with a 

commercial live aMPV subtype A vaccine at the age of two weeks. Two weeks later 

they were challenged with a virulent aMPV subtype A strain. Considerable variations 

were observed among the experiments regarding replication of the vaccine, vaccine-

induced clinical signs and protection against challenge infection. Our results empha-

size the importance of immunocompetence at the time of vaccination for a predictable 

protective response. 
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Introduction 

The avian Metapneumovirus (aMPV) is an important pathogen of turkeys and the 

causative agent of an acute disease of the upper respiratory tract, which is referred to 

as turkey rhinotracheitis (TRT) (Gough, 2003). TRT causes considerable losses to the 

turkey industry, mainly due to support of secondary bacterial infections (Cook et al., 

1991; Van de Zande et al., 2001; Marien et al., 2005; Rubbenstroth et al., 2009). Four 

aMPV-subtypes, designated A to D, have been identified based on the sequence of 

the attachment glycoprotein (G) gene (Juhasz & Easton, 1994; Bäyon-Auboyer et al., 

2000; Toquin et al., 2003). aMPV subtypes A (aMPV-A) and B (aMPV-B) are widely 

distributed in Europe, Asia, Africa and South America (Van de Zande et al., 1998; 

Mase et al., 2003; Banet-Noach et al., 2005; Chacon et al., 2007; Owoade et al., 

2008). Both subtypes are antigenically related and induce development of cross-

neutralizing antibodies and cross-protection against infection and disease in turkeys 

(Cook et al., 1993a; Cook et al., 1995; Cook et al., 1999; Van de Zande et al., 2000). 

Vaccination is widely used for the control of aMPV in turkey flocks. Although vaccines 

have been shown to provide good protection under experimental conditions, aMPV 

field infections may still cause respiratory problems in vaccinated flocks (Jones, 1996). 

Previous work has shown that humoral immunity does not provide sufficient protection 

against aMPV (Naylor et al., 1997b; Rubbenstroth & Rautenschlein, 2009). Chemically 

B-lymphocyte-suppressed, vaccinated turkeys developed full protection against aMPV-

challenge infection, despite the lack of detectable aMPV-specific antibodies (Jones et 

al., 1992). These results indicate that cell-mediated immune mechanisms may provide 

protection against aMPV, but only little experimental data is available on the .role of T-

lymphocytes in the control of aMPV-infection. 

Chemical T-lymphocyte-suppression with Cyclosporin A (CsA) was shown to be a use-

ful tool to study the role of T-lymphocytes in different avian species, including turkeys 

(Nowak et al., 1982; Fitzgerald et al., 1995; Suresh & Sharma, 1995; Khehra & Jones, 

1999b; Kim et al., 2000). CsA selectively inhibits T-lymphocytes during the early phase 

of activation and reduces production of interleukin 2 (IL-2) at the transcript level 
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(Schnetzler et al., 1983; Schreiber & Crabtree, 1992; Zenke et al., 1993; Resch & 

Szamel, 1997). 

In this study we evaluated the effect of T-cell-suppression on aMPV-vaccination of tur-

keys, and on the development of protection against challenge infection. In three con-

secutive experiments CsA-treated and untreated turkey poults were inoculated with a 

live aMPV-A vaccine. Two weeks later they were challenged with a virulent aMPV-A 

strain. Development of clinical signs, histopathological lesions, detection of aMPV by 

reverse transcription polymerase chain reaction (RT-PCR) and induction of aMPV-

specific antibodies were recorded. The immunosuppressive effect of CsA was con-

firmed by flowcytometric techniques (Chapter 5). 

Material & Methods 

Materials and Methods: 

Turkeys. Either day-old female Big-6 turkey poults (Exp. 2 & 3) or Big-6 turkey eggs 

(Exp. 1) were obtained from commercial hatcheries. Poults were housed on wood 

shaving litter in isolation units of the Clinic for Poultry, University of Veterinary Medi-

cine, Hannover, following animal welfare guidelines. Water and commercial feed were 

provided ad libitum. Turkeys were confirmed to be negative for aMPV-specific maternal 

antibodies and to be free of aMPV-A by RT-PCR. Turkeys used in Exp. 2 & 3 had been 

exposed to an aMPV-B vaccine in the hatchery, as detected by RT-PCR at one or two 

weeks post hatch, respectively. 

Treatment, vaccination and challenge infection of turkeys. Turkeys were treated 

with CsA (Sandimmun 100mg capsules; Novartis, Nürnberg / Germany) by intramus-

cular injection of 100 mg/kg bodyweight at intervals of three to four days throughout the 

experiments (Suresh & Sharma, 1995), as already described in Chapter 5. Turkeys 

were vaccinated with a commercial aMPV-A live vaccine (Poulvac TRT; Fort Dodge, 

Würselen / Germany) by oculonasal inoculation. All vaccine vials used in this study 

originated from the same batch. For challenge infection the virulent aMPV-A strain 

BUT 8544 (Wilding et al., 1986), kindly provided by R.C. Jones (Liverpool / UK), was 
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used. The isolate was propagated and titrated in chicken embryo tracheal organ cul-

tures (Cook et al., 1976) and median ciliostatic doses (CD50) were calculated according 

to the method of Reed & Muench (1938). In all three experiments turkeys were chal-

lenged oculonasally with 103 CD50 per bird. 

Confirmation of T-lymphocyte suppression after CsA-treatment. Relative propor-

tions and absolute numbers of CD4 and CD8a positive T-lymphocytes in peripheral 

blood mononuclear cells (PBMC) were determined by flowcytometric analysis (Burgess 

& Davison, 1999; Liman & Rautenschlein, 2007). Inhibition of T-lymphocyte activity 

was determined in a flowcytometric proliferation assay (Lyons & Parish, 1994; Dal-

gaard et al., submitted). Purified PBMC were stained with carboxyfluorescein suc-

cinimidyl ester (CFSE) and stimulated ex vivo with the T-cell mitogens Concanavalin A 

(ConA; 5 µg/ml) and phytohemagglutinin (PHA; 5 µg/ml). The procedures are de-

scribed in detail in Chapter 5.  

Clinical signs and histopathology. Turkeys were observed daily for clinical signs 

following vaccination and challenge infection. Respiratory symptoms were recorded 

according to a previously published scoring system with a total daily score of 0 to 9 for 

each bird (Rubbenstroth & Rautenschlein, 2009). For histopathological examination 

samples of trachea and nasal turbinates were collected at necropsy and fixed in 10% 

phosphate-buffered formalin and embedded in paraffin. Tissue sections were stained 

with haematoxylin and eosin (H&E). The identity of the sections was blinded before 

analysis by light microscopy (Rubbenstroth & Rautenschlein, 2009). 

aMPV-detection by nested RT-PCR. aMPV-specific RNA was detected by an aMPV-

subtype-specific nested RT-PCR assay as described elsewhere (Cavanagh et al., 

1999; Rubbenstroth & Rautenschlein, 2009). 

Detection of aMPV-specific antibodies. aMPV-specific IgG levels in serum samples 

were measured by the Avian Rhinotracheitis Antibody Test Kit (BioChek, Gouda / 

Netherlands) following the manufacturers’ instructions. ELISA-results are presented as 

ratios of the corrected sample OD and the corrected mean OD of positive controls (S/P 

ratio). Virus neutralizing (VN) antibodies in serum samples were detected by virus neu-
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tralization test (VNT) following previously published protocols (Baxter-Jones et al., 

1989; Rubbenstroth & Rautenschlein, 2009). 

Experimental Design: 

Three experiments have been conducted, in which CsA-treated and untreated turkeys 

were vaccinated with a live aMPV subtype A vaccine and subsequently challenged 

with a virulent aMPV subtype A strain (Table 6.1). This paper will focus on the results 

of the CsA-treated and untreated vaccinated groups. Details on CsA-mediated T-

lymphocyte suppression and on primary aMPV-infection will be presented in Chapter 

5. 

Experiment 1. Fifty-four turkey poults were randomly assigned to eight groups, which 

were housed in the same room. Four groups (TCC-1, TVC-1, TCA-1 and TVA-1) were 

CsA-treated starting at day of life (DOL) 6, whereas the remaining four groups were 

not treated. At DOL 16 the groups CVC-1 / CVA-1 and TVC-1 / TVA-1 were moved to 

two separate rooms and vaccinated with a commercial aMPV-A live vaccine by ocu-

lonasal inoculation. The dose per bird was >103.5 median cell culture infectious doses 

(CID50), according to the informations given by the manufacturer. At DOL 30 (= 14 

days post vaccination [DPV]) each of the groups CCA-1, TCA-1, CVA-1 and TVA-1 

was moved to a separate room and inoculated oculonasally with 103 CD50 of virulent 

aMPV-A per bird. The experiment was terminated at DOL 44 (= 14 days post chal-

lenge [DPC]) and all turkeys were exsanguinated and necropsied. 

Blood samples for determination of ex vivo mitogen response and lymphocyte counts 

were collected at weekly intervals. Choanal swabs were collected for detection of 

aMPV by RT-PCR at intervals of three to seven days throughout the experiment. Se-

rum samples were collected weekly for detection of aMPV-specific antibodies. Clinical 

signs were recorded daily following vaccination and challenge infection. Samples of 

trachea and nasal turbinates were collected for histopathological examination at ne-

cropsy. 

Experiment 2. A second experiment with 119 turkey poults was conducted with a simi-

lar experimental design including minor variations. CsA-treatment was started at DOL 
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4. Turkeys were vaccinated at DOL 13 with a dose of >103.2 CID50 per bird and chal-

lenged at DOL 27 (= 14 DPV). At 7 DPC five to eight turkeys of each group were sacri-

ficed for necropsy. The experiment was terminated at DOL 41 (= 14 DPC), when the 

remaining turkeys were sacrificed for necropsy. 

Experiment 3. In a third experiment with 18 turkeys only groups CCC-3, CVA-3 and 

TVA-3 were included. Treatment was started at DOL 5. Vaccinated groups received 

>103.2 CID50 of the vaccine per bird at DOL 14 and were challenged at DOL 29 (= 15 

DPV). The experiment was terminated at DOL 48 (= 19 DPC). Tissue samples for 

histopathological examination were not collected in this experiment. 

Statistical analysis. Statistical analysis of the ELISA and VNT results was performed 

by Statistix 9 software (Analytical Software, Tallahassee / USA), using One-way analy-

sis of variance (ANOVA) and comparison of means by Tukey Test. P-values of P < 

0.05 were considered to indicate significant differences. 

Results and discussion 

CsA-treatment of turkeys consistently resulted in T-lymphocyte suppression. Numbers 

of CD4 and CD8a positive T-lymphocytes in peripheral blood were significantly re-

duced (P<0.05) by about 50 to 80 % in CsA-treated turkeys compared to untreated 

groups. Reduction of the proliferative ex vivo mitogen response of T-lymphocytes cor-

related with the reduced number of T-cells in PBMC. The data is described in detail in 

Chapter 5. 

In Exp. 2 & 3, in which day-old turkey poults were obtained from a commercial hatch-

ery, an aMPV-B strain was detected by RT-PCR. aMPV-B had been introduced acci-

dentally in the hatchery, where a live aMPV-B vaccine is routinely applied by spray 

vaccination. In Exp. 2 aMPV-B was present in choanal swabs collected at DOL 7 to 20, 

whereas in Exp. 3 it was first detected at DOL 14 and was sporadically found until the 

end of the experiment. In both experiments aMPV-B was detected in all groups with no 

apparent differences regarding detection rates (data not shown). No aMPV-B was de-

tected in Exp. 1, for which turkeys were hatched at the Clinic for Poultry. 
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Interestingly the aMPV-A vaccine response varied considerably between the experi-

ments. In Exp. 1 the aMPV-A vaccine was detected by RT-PCR in 50 to 100 % of the 

choanal swabs collected from the vaccinated groups at 4 and 7 DPV and was rapidly 

cleared thereafter (Table 6.2). In Exp. 2 the detection of the vaccine was prolonged, as 

compared to Exp. 1. aMPV-A was detectable at comparably low frequencies of 0 to 50 

% until day 7 PV, but thereafter detection rates reached peak levels of 63 to 75 % posi-

tive swabs at day 14 in group TVC-2 and day 18 PV in group CVC-2. The virus was 

detectable until 21 DPV in group TVC-2 and until 25 DPV in group CVC-2 (Table 6.2). 

In Exp. 3 the aMPV-A vaccine was barely detectable in either vaccinated group. Only 

one out of six choanal swabs was aMPV-A positive in the CsA-treated vaccinated 

group TVA-3 at day 8 PV, whereas group CVA-3 remained negative (Table 6.2). The 

presence of aMPV-B at the time of vaccination may have interfered with the replication 

of the aMPV-A vaccine in Exp. 2 & 3 by competition for replication sites or activation of 

innate immune mechanisms. We speculate that these factors may have contributed to 

the delayed aMPV-A vaccine replication in Exp. 2 and the low replication in Exp. 3, as 

compared to Exp. 1 in which no aMPV-B was present. A delayed and reduced replica-

tion of aMPV vaccines has also been observed following co-administration with other 

respiratory viruses, such as Newcastle disease virus or infectious bronchitis virus 

(Cook et al., 2001; Ganapathy et al., 2007; Tarpey et al., 2007). 

The observed differences of vaccine-replication were accompanied by a different the 

clinical response of vaccinated turkeys in the three experiments. Mild clinical signs, 

such as watery eyes or clear nasal exudate, were observed in Exp. 1 & 3 in up to 20 % 

of vaccinated birds at days 4 to 8 PV (data not shown). In contrast, mild to moderate 

clinical signs were observed between day 11 and 18 PV in about half of the turkeys of 

both vaccinated groups of Exp. 2. In each of the CsA-treated, vaccinated groups (TVC-

2; TVA-2) one turkey developed severe clinical signs with prominent periorbital swell-

ing and subcutaneous oedema. Peak levels of clinical scores were recorded at DPV 13 

and 17 in CsA-treated (TVC-2) and untreated turkeys (CVC-2), respectively. These 

findings correlate well with the peak levels of aMPV-A vaccine detection in the respec-

tive groups. Histopathological lesions in respiratory epithelia of trachea and nasal tur-

binates were observed at 21 and 28 DPV (corresponds to 7 and 14 DPC in Table 6.3) 

in both vaccinated groups of Exp. 2 (CVC-2 and TVC-2). Since no other pathogens 
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were detected in Exp. 2 (data not shown), clinical signs and histopathological lesions 

were likely to be caused by the vaccine virus. Residual virulence of attenuated live 

vaccines has been demonstrated under experimental conditions (Cook et al., 1989a; 

Naylor & Jones, 1994; Gulati et al., 2001b) and reversion to full virulence was ob-

served in the field (Catelli et al., 2006b; Ricchizzi et al., 2008). In Exp. 1 & 3, CsA-

treatment did not result in apparent differences of clinical signs, mucosal lesions and 

frequencies of aMPV-A detection between the vaccinated groups. In Exp. 2 the CsA-

treated group TVC-2 had a higher accumulated clinical score and a higher incidence of 

histopathological lesions at day 7 PC (= 21 PV) as compared to the untreated group 

CVC-2 (Table 6.3). 

The introduction of aMPV-B in Exp. 2 did not induce detectable VN- or ELISA-antibody 

levels in sera (Fig. 6.1), although both assays used in this study have been shown to 

detect antibodies directed against aMPV-A and aMPV-B (Liman & Rautenschlein, 

2007; Aung et al., 2008). In Exp. 3 only untreated turkeys developed detectable levels 

of aMPV-B induced serum antibodies, whereas CsA-treated turkeys remained negative 

(Fig. 6.1). Vaccination with a live aMPV-A vaccine in Exp. 1 & 2 resulted in the pres-

ence of significantly increased VN antibody titres in sera of CsA-treated and untreated 

turkeys (Fig. 6.1A). In contrast, ELISA-IgG was detectable at low, but significant levels 

only in sera of CsA-treated, vaccinated birds (Fig. 6.1B). The low or undetectable lev-

els of ELISA-antibodies following live aMPV-vaccination are in agreement with previ-

ous results (Eterradossi et al., 1995; Mekkes & de Wit, 1998; Van de Zande et al., 

2000). In Exp. 3 live vaccination with aMPV-A did not induce an additional increase of 

antibody levels, which correlates with the barely detectable replication of the vaccine in 

this experiment. 

Inoculation of unvaccinated turkeys with a virulent aMPV-A strain caused reproducible 

clinical disease, histopathological lesions and aMPV-A detection in Exp. 1 & 2 (Table 

6.2 & 6.3). Despite the presence of aMPV-B, unvaccinated turkeys in Exp. 2 were sus-

ceptible to challenge with virulent aMPV-A and developed TRT-typical symptoms with 

high clinical scores (Table 6.2). Live aMPV-B vaccination of turkeys at one or two 

weeks of age has been demonstrated to provide sufficient protection against aMPV-A 

challenge (Eterradossi et al., 1995; Van de Zande et al., 2000). The younger age of the 
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birds at the time of accidental aMPV-B exposure and the probably small amount of 

virus introduced into the experiments may provide an explanation for the lack of protec-

tion observed in this study. 

T-cell-intact, aMPV-A vaccinated turkeys in all three experiments developed good pro-

tection against aMPV-A challenge infection at two weeks PV. In Exp. 1 & 3 this was 

characterized by the absence of clinical signs and only low or undetectable frequen-

cies of aMPV-detection and histopathological lesions after challenge infection (Table 

6.2 & 6.3). In Exp. 2 the estimation of the degree of protection was difficult due to the 

persistence of vaccine virus and the presence of clinical signs in the vaccinated groups 

until after challenge infection. However, no differences in clinical signs, microscopic 

lesions and frequencies of aMPV-A detection were observed between the vaccinated 

challenge-group (CVA-2) and the respective unchallenged group (CVC-2). Since the 

unvaccinated challenge-groups (CCA-2) developed high cumulative clinical scores, 

and high frequencies of mucosal lesions and aMPV-A detection (Table 6.2 & 6.3), this 

indicates that turkeys of group CVA-2 have been protected.  

Vaccine-induced protection of CsA-treated groups was variable in the three experi-

ments. Group TVA-1 in Exp. 1 developed nearly full protection against challenge, with 

only mild clinical signs transiently observed in few birds (Table 6.3). The estimated de-

gree of protection in group TVA-2 in Exp. 2 was similar to that of the untreated group 

CVA-2 (Table 6.2 & 6.3). Different to Exp. 1 & 2, CsA-treated vaccinated birds (TVA-3) 

in Exp. 3 were fully susceptible to virulent challenge, expressing the typical course of 

aMPV-infection and disease (Table 6.2 & 6.3). 

The reasons for the variable degree of vaccine-induced protection of CsA-treated tur-

keys in the three experiments remain to be discussed. Low levels of ELISA antibodies 

in sera were not indicative for susceptibility to challenge infection with virulent aMPV-A, 

since T-cell-intact vaccinated birds developed good protection despite the absence of 

detectable ELISA-IgG in Exp. 1 & 2 (Fig. 6.1B). This was also observed by others dur-

ing vaccination studies (Cook et al., 1989b; Williams et al., 1991b; Eterradossi et al., 

1995). On the other hand, the presence of VN antibodies in sera at the time of chal-

lenge infection correlated well with protection in the three experiments. Groups pro-

tected against aMPV-challenge possessed detectable VN antibody levels at the time of 
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challenge (Fig. 6.1A). In contrast, the susceptible group TVA-3 in Exp. 3, did not de-

velop VN serum antibodies. However, high serum levels of passively transferred 

aMPV-specific VN antibodies have been shown to be insufficient for protection against 

aMPV challenge infection (Rubbenstroth & Rautenschlein, 2009). It is therefore 

unlikely, that VN serum antibodies directly provided protective effects. Rather they are 

indicative for a protective immune response mediated by additional mechanisms.  

Depletion of T-lymphocytes has been shown to abrogate vaccine-induced protection of 

mice against upper respiratory tract infection with the human respiratory syncytial virus 

(hRSV) (Plotnicky-Gilquin et al., 2000). T-lymphocytes are also discussed to provide 

major protection against aMPV in turkeys (Jones et al., 1992). The degree of T-cell 

suppression was comparable between our experiments, as confirmed by reduced T-

lymphocyte numbers in PBMC and reduced ex vivo mitogen response in CsA-treated 

groups (Exp. 1 & 2: Chapter 5; Exp. 3: data not shown). However, the use of CsA may 

have limitations with respect to the stability of T-lymphocyte suppression in turkeys. 

We may speculate that the T-cell suppressive effects may be compensated by suffi-

cient stimulation of other immune mechanisms. Vaccine-induced protection of CsA-

treated turkeys was achieved in Exp. 1 &2, in which the aMPV-A vaccine was detected 

for several days at high rates, providing a continuous stimulus for the immune system. 

In Exp. 3 the aMPV-A vaccination was barely detectable and failed to induce protection 

in CsA-treated turkeys. 

This study emphasizes the importance of immunocompetence at the time of vaccina-

tion for a predictable protective response and provides possible explanations for fail-

ures of aMPV-vaccination observed in the field. 
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Tables & Figures 

 

Table 6.1 Experimental design 

number of birds per group Group a CsA-
treatment 

aMPV-A 
vaccine 

aMPV-A 
challenge 

 
Exp. 1 b Exp. 2 Exp. 3 

CCC -c - -  7 16 6 
TCC +d - -  5 12 ni e 
CVC - + -  5 15 ni 
TVC + + -  5 12 ni 
CCA - - +  8 16 ni 
TCA + - +  8 16 ni 
CVA - + +  8 16 6 
TVA + + +  8 16 6 

Exposure to aMPV subtype B vaccine  - + + 
Beginning of CsA treatment at DOL f  6 4 5 
Vaccination at DOL  16 13 14 
Vaccination dose (CID50

 g per bird)  > 103.5 > 103.2 > 103.2 
Challenge infection at DOL  30 27 29 

a  C: control; T: CsA-treated; V: vaccinated with a commercial aMPV-A live vaccine; A: 
challenged with aMPV subtype A 

b  Exp. = experiment 
c  negative 
d  positive 
e  ni = not included 
f  DOL = day of life 
g  CID50 = median cell culture infectious doses; according to the manufacturers informa-

tions 



122 Effect of CsA on protection against aMPV 

 
Table 6.2 Detection of aMPV subtype A in choanal swabs collected from CsA-

treated and untreated turkeys following aMPV vaccination and chal-
lenge infection. 

Group Percentage of choanal swabs positive for aMPV subtype A by RT-PCR 
 Exp. 1  Exp. 2  Exp. 3 

DPVa: 4 7 14 18 21 24 28  4 7 14 18 21 25 28  4 8 15 19 22 26 34
DPCa:   0 4 7 10 14    0 4 7 11 14    0 4 7 11 19

CVC b 88 100 0 0 0 0 0  0 38 38 63 13 50 0  - - - - - - - 
CVA -c - - 13 0 0 0  - - - 38 25 38 0  0 0 0 33 0 0 0 
TVC 75 50 25 0 0 0 0  25 50 75 50 25 0 0  - - - - - - - 
TVA - - - 0 0 0 0  - - - 38 0 63 0  0 17 0 100 83 50 0 
CCA - - - 100 88 25 0  - - - 100 100 0 13  - - - - - - - 
TCA - - - 100 100 57 38  - - - 100 88 38 63  - - - - - - - 
a  DPV: day post vaccination; DPC: day post challenge 
b  CVC: untreated, vaccinated, unchallenged; CVA: untreated, vaccinated, aMPV-challenged; TVC: CsA-

treated, vaccinated, unchallenged; TVA: CsA-treated, vaccinated, aMPV-challenged 
c  not done 
Exp. 1: n = 6-8; Exp. 2: n = 5-8; Exp. 3: n = 6 
Groups receiving neither vaccination nor challenge infection remained negative of aMPV subtype A in all 
experiments. 
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Table 6.3 Development of clinical signs and histopathological lesions in CsA-
treated and untreated turkeys following vaccination and challenge 
with virulent aMPV-A. 

Group CsA aMPV 
vacc.

aMPV 
chall. 

 Percentage of turkeys with 
histopathological lesions b 

     

Accumulated mean 
clinical score per 

group a Exp. 1  Exp. 2 
     Exp. 1 Exp. 2 Exp. 3 14 DPCc  7 DPC 14 DPC
CVC d - e + -  0.0 1.7 nd f 0  0 13 
TVC + + -  0.0 3.2 nd 0  60 17 
CVA - + +  0.0 1.9 0.0 13  25 0 
TVA + + +  0.8 3.6 16.5 38  38 25 
CCA - - +  5.9 11.3 nd 71  88 38 
TCA + - +  8.0 14.5 nd 100  100 100 
a Exp. 1: DPC 0 to 12, n =5-8; Exp. 2: DPC -1 to 12, n = 6-16; Exp. 3: DPC 0 to 7 and 

10 to 12, n = 6 
b Infiltration with mononuclear and heterophilic cells and loss of cilia were observed in 

respiratory epithelia of trachea and nasal turbinates. Exp. 1: n = 5-8; Exp. 2: n = 5-8; 
Exp. 3: not done 

c DPC: day post challenge 
d CVC: untreated, vaccinated, unchallenged; CVA: untreated, vaccinated, aMPV-

challenged; TVC: CsA-treated, vaccinated, unchallenged; TVA: CsA-treated, vacci-
nated, aMPV-challenged 

e (-) negative; (+) positive 
f not done 
Groups receiving neither vaccination nor challenge infection remained free of clinical 
signs and histopathological lesions in all experiments. 
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(A) VN antibodies in sera before aMPV-A challenge 

 

(B) ELISA-IgG in sera before aMPV-A challenge 
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Figure 6.1: Presence of aMPV-specific antibodies in turkey sera at day 14 post 
vaccination (PV; Exp. 1 & 2) or day 15 PV (Exp. 3) collected immediately before 
challenge infection. 

(A) Virus-neutralizing (VN) antibodies, presented as mean VN log-2 titres ± standard 

deviation (SD) per group. (B) ELISA-IgG antibodies, presented as mean sample to 

positive (S/P) ratio ± SD per group. Values marked with different super script letters 

indicate significant differences between groups within one experiment (One Way 

ANOVA and Tukey´s comparison of means, P<0.05). ND: not done. CCC: T-cell-intact, 

unvaccinated groups; TCC: CsA-treated, unvaccinated groups; CVC (Exp. 1 & 2) or 

CVA (Exp. 3): T-cell-intact, aMPV-A vaccinated groups; TVC (Exp. 1 & 2) or TVA (Exp. 

3): CsA-treated, aMPV-A vaccinated groups. Exp. 1 & 2: n = 8; Exp. 3: n = 6. Turkeys 

in Exp. 2 & 3 had been contaminated with an aMPV-B vaccine in the hatchery. 
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Abstract 

Riemerella anatipestifer (RA) is the causative agent of septicaemic and exudative dis-

eases in a variety of bird species. Despite numerous outbreaks little is known about the 

pathogenicity of RA for turkeys. We investigated the development of RA-induced dis-

ease in commercial turkey poults following RA-inoculation via different respiratory 

routes. Inoculation by aerosol or injection into the abdominal air sac led to systemic 

infection and mild gross lesions, including pericarditis, epicarditis and airsacculitis, 

which were less pronounced compared to field outbreaks. 

It was speculated, that viral pathogens, such as the avian Metapneumovirus (aMPV), 

may exacerbate RA-pathogenesis under field conditions. We inoculated turkey poults 

with virulent aMPV. Subsequently, aMPV-infected and virus-free birds were exposed 

three to five days later to a high dose of RA by aerosol (>1010 colony forming units 

[CFU]/ml in 8 ml aerosol per 11-12 birds) or were four days later inoculated with a low 

RA dose (104.9 CFU per animal) via the intranasal route. Intranasal RA-inoculation with 

the low bacterial dose led to a respiratory and systemic RA infection in aMPV-infected 

birds, while virus-free birds remained RA-negative. Following exposure to a high RA-

dose by aerosol, aMPV-infected groups showed slightly enhanced incidences of gross 

lesions and RA-reisolation. 

This study clearly confirms that RA is pathogenic for turkeys after experimental inocu-

lation via respiratory routes, which are speculated to be the natural route of infection. 

However, experimental models in this study did not reproduce the severity of RA-

related disease as observed under field conditions, which emphasizes the importance 

of other contributing factors. aMPV-induced respiratory lesions may serve as a predis-

posing factor for the establishment of RA infection, since they favour colonization of the 

bacterium. 
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Introduction 

Riemerella anatipestifer (RA) is a Gram-negative rod-shaped bacterium of the family of 

Flavobacteriaceae. It was first described by Riemer (1904) and has since then been 

classified as Pfeifferella anatipestifer, Moraxella anatipestifer and Pasteurella anatipes-

tifer (Segers et al., 1993). RA is known to cause septicaemic and exudative diseases 

in ducks, geese and turkeys (Pierce & Vorhies, 1973; Sandhu, 2003), but also in a va-

riety of other bird species like chickens, pheasants and wild waterfowl (Bruner et al., 

1970; Munday et al., 1970; Rosenfeld, 1973; Wobeser & Ward, 1974). 

Over the past years numerous RA-outbreaks have been reported in turkey flocks in 

association with clinical disease and increased mortality. Pathological findings in tur-

keys, such as fibrinous airsacculitis, pericarditis, perihepatitis and occasionally menin-

gitis, resemble those typically found in infected ducks. Respiratory symptoms and in 

some cases also neurological signs and lameness have been observed clinically (Zehr 

& Ostendorf, 1970; Helfer & Helmboldt, 1977; Bendheim et al., 1978; Saif et al., 1982; 

Smith et al., 1987; Frommer et al., 1990; Cortez de Jäckel et al., 2004; Behr, 2007). 

Several serotypes have been isolated from RA-outbreaks in turkey flocks, with sero-

types 1 and 13 being the most common isolates in Germany (Cortez de Jäckel et al., 

2004; Metzner et al., 2008). 

Despite these field observations only little is known about the pathogenicity of RA for 

turkeys. Disease and mortality in turkeys has been induced experimentally by intrave-

nous, intramuscular and subcutaneous application of RA (Smith et al., 1987; Cooper & 

Charlton, 1992; Charles et al., 1993). Cooper (1989) speculated that mosquitoes may 

serve as vectors for RA-transmission in field outbreaks. Not much is known about 

other routes of infection in turkeys, e.g. via the respiratory tract, which are speculated 

to play an important role in naturally occurring infections. Smith et al. (1987) reported 

that RA-inoculation of turkeys into trachea or infraorbital sinus did not result in clinical 

signs or gross lesions, whereas RA-inoculation of ducks via respiratory routes was 

found to cause clinical disease and mortality (Hatfield & Morris, 1988; Sarver et al., 

2005). 
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The avian Metapneumovirus (aMPV), a member of the family of Paramyxoviridae, is a 

respiratory pathogen often found in combination with RA in diseased turkey flocks 

(McDougall & Cook, 1986). The virus is known to support secondary bacterial infec-

tions and may therefore exacerbate RA-induced disease in turkey flocks under field 

conditions. 

To date four aMPV-subtypes (A to D) are known, differentiated from each other by se-

quence variations in the attachment (G) protein gene (Juhasz & Easton, 1994; Bäyon-

Auboyer et al., 2000; Toquin et al., 2006). Subtypes A and B are widely distributed in 

Europe, Asia and South America (Juhasz & Easton, 1994; Cavanagh et al., 1999; 

Gough, 2003; Mase et al., 2003; Catelli et al., 2004; D'Arce et al., 2005).  

Mono-infections with aMPV cause an acute disease of the upper respiratory tract in 

turkeys, which is called turkey rhinotracheitis (TRT). Clinical signs of TRT are mainly 

swollen infraorbital sinuses and nasal and ocular discharge (Gough, 2003; Liman & 

Rautenschlein, 2007). The virus replicates in the respiratory epithelium and induces 

lesions of the mucosa of infraorbital sinus, nasal cavity and trachea. Histopathological 

examination reveals desquamation, focal deciliation and ciliostasis of the respiratory 

epithelium and infiltration of inflammatory cells into the submucosa (Jones et al., 1986; 

Majo et al., 1995; Van de Zande et al., 1999; Liman & Rautenschlein, 2007). In ex-

perimental studies epithelial lesions were found to be most prominent from 3 to 7 days 

post inoculation (Majo et al., 1995; Van de Zande et al., 1999; Liman & Rautenschlein, 

2007). Immunosuppressive effects were reported for aMPV-infection in turkeys by 

several authors (Timms et al., 1986; Chary et al., 2002a; Chary et al., 2002b). 

The aMPV-induced damages to the epithelial integrity and reduction of the mucociliar 

transport in combination with immunosuppression may allow bacteria to enter deeper 

regions of the respiratory tract and to pass the epithelial barrier. Experimental studies 

have demonstrated a predisposing effect of aMPV on bacterial infections of the respi-

ratory tract, such as with Ornithobacterium rhinotracheale (ORT), Bordetella avium, 

Escherichia coli, Mycoplasma imitans and Mycoplasma gallisepticum (MG) in turkeys 

(Cook et al., 1991; Naylor et al., 1992; Van de Zande et al., 2001; Alkhalaf et al., 

2002b; Turpin et al., 2002; Jirjis et al., 2004; Marien et al., 2005). Van de Zande et al. 

(2001) found exacerbation of E. coli infection to be most pronounced, when turkeys 
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were inoculated with E. coli at three or five days after aMPV-inoculation, which is in 

consistence with the peak levels of aMPV-induced respiratory epithelial lesions. 

In this study five experiments were conducted to investigate the pathogenesis of RA in 

turkeys. In two experiments turkeys were inoculated with an RA field isolate via differ-

ent respiratory routes, to compare the establishment of RA-infection. In the following 

three experiments we studied the development of RA-infection in turkeys which had 

been exposed to aMPV. In two experiments aMPV-infected turkeys were inoculated at 

three, four or five days after aMPV-inoculation with a high RA-dose (>1010 CFU/ml in 8 

ml aerosol per 11-12 birds) in order to investigate the exacerbating effect on aMPV-

infection on RA-induced clinical disease and gross pathology. In the final experiment 

aMPV-infected turkeys were intranasally inoculated with a low dose of RA (104.9 CFU 

per animal), to investigate the predisposing effect of aMPV-induced epithelial lesions 

on RA-colonization of the respiratory tract and internal organs. In all experiments the 

development of clinical disease and pathological and histopathological lesions was 

recorded and RA was reisolated from tracheal swabs and organ samples. 

Material & Methods 

Materials and Methods: 

Turkeys. Day-old commercial Big 6 turkey poults were obtained for the experiments 

from commercial hatcheries and housed on wood shaving litter in isolation units of the 

Clinic for Poultry, University of Veterinary Medicine, Hannover, following animal welfare 

guidelines. Water and commercial feed were provided ad libitum. Turkeys were con-

firmed to be free of RA and aMPV by cultivation and RT-PCR, respectively, at the be-

ginning of each experiment. Furthermore, they were negative for maternal antibodies 

against these pathogens in the RA and aMPV-ELISA. 

RA and aMPV strains and inoculation of turkeys. The RA isolate 1427, which was 

used in this study, has been isolated from a turkey flock in Germany exhibiting severe 

clinical disease. The isolate was confirmed to be RA by biochemical characteristics 

(Hinz et al., 1998b) and serotyped using commercially available antisera (Biovac, 
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Beaucouzé cedex / France) and reacted with Biovac serum 1, which in our experience 

corresponds to serotype 13, according to the internationally accepted serotype no-

menclature for RA (Bisgaard, 1982). 

Bacteria used for inoculation of turkeys were cultured over night at 37°C under mi-

croaerophilic conditions on Columbia sheep blood (CSB) agar, containing 7% sheep 

blood, and suspended in sterile physiological saline solution at an estimated concen-

tration of 1010 colony forming units (CFU) per ml using optical density (OD) values 

measured at 600 nm. The fresh suspensions were used directly for inoculation of tur-

keys, so slight variations of RA-dosages between experiments were expected. The 

actual concentration of each RA solution was calculated by total germ count determi-

nation on CSB agar. 

Turkeys were inoculated via injection into the abdominal air sac, intratracheally, intra-

nasally or by exposure to aerosol of the RA-suspension. For intranasal inoculation 0.1 

ml RA-suspension were pipetted into the nostrils. For intratracheal inoculation 0.5 ml 

RA-suspension were placed in the trachea using a buttoned canula. For inoculation 

into the air sacs 0.5 ml RA-suspension was injected into the right abdominal air sac 

with a 22 gauge x 1¼’’ needle. Exposure to aerosol was done in an inhalation cham-

ber. Two PARI BOY nebulisers (PARI GmbH, Starnberg / Germany) were filled with 4 

ml RA-suspension each. They distributed an aerosol of the suspensions into a tube of 

about 60 cm length installed above a chamber of 100 cm x 65 cm x 45 cm size. The 

median particle size of the aerosol was 4.8 µm according to the manufacturer’s infor-

mations. A ventilator transferred the aerosol into the chamber. Subgroups of nine to 14 

turkeys were placed in the chamber and exposed to the aerosol for 30 min. Routes of 

RA-inoculation and RA-dosages are specified for each group in the experimental de-

sign part and in Table 7.1. 

Two virulent aMPV-strains, Subtype A strain BUT 8544 (aMPV-A) and an Italian sub-

type B strain (aMPV-B), were kindly provided by Dr. R. C. Jones, Liverpool, UK. The 

strains were propagated and titrated on chicken tracheal organ culture (TOC) as de-

scribed previously (Cook et al., 1976). Virus titres were calculated according to the 

method of Reed & Muench (1938) and are presented as fifty percent ciliostatic doses 
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(CD50). Turkeys were inoculated oculonasally with 103 or 104 CD50 per bird in 100 µl 

TOC-medium. Birds of control groups received virus-free TOC-supernatant. 

Reisolation of RA from tracheal swabs and organ samples. Samples were cultured 

on CSB agar. Plates were incubated for 24 hours at 37°C under microaerophilic condi-

tions. Colonies showing the morphology of RA, which is characterized by smooth, non-

pigmented, confluent growth, were subcultured and confirmed to be RA by negative 

Gram staining, positive catalase, cytochrome-oxidase and gelatinase reactions and by 

API 20NE-Testkit (bioMérieux, Marcy-l’Etoile / France). RA is not listed in the 

bioMérieux database for API 20NE. The API 20NE profile of strain RA 1427 is 

0210004. 

Samples collected during Exp. 2B and 3 were additionally cultured on Neomycin Gen-

tamycin Blood (NGB) agar. This agar is based on CSB agar supplemented with 6 

µg/ml Neomycin sulphate (Sigma, Saint Louis / USA) and 20 µg/ml Gentamycin sul-

phate (Sigma, Saint Louis / USA) and was found to be selective for Riemerella spp. in 

our laboratory. Samples were considered RA-positive in these experiments, if RA 

colonies were found on CSB and/or NGB agar. 

aMPV-detection by nested RT-PCR. RNA was isolated from choanal swabs using 

500 µl Trifast GOLD (Peqlab, Erlangen / Germany) per sample according to the manu-

facturers’ instructions. RT was performed with the ImProm-II© RT system (Promega, 

Madison / USA) according to the manufacturer’s directions using random primers. First 

PCR was performed with primers G6- (5’-CTGACAAATTGGTCCTGATT-3’), G1+A (5’-

GGGACAAGTATCTCTATG-3’) and G1+B (5’-GGGACAAGTATCCAGATG-3’). The 

thermal profile setup was: initial denaturation at 94°C for 5 min, 30 cycles of denatura-

tion at 94°C for 20 sec, primer annealing at 54°C for 45 sec and prolongation at 72°C 

for 45 sec, followed by a final prolongation at 72°C for 10 min. The nested PCR was 

performed with primers G5- (5’-CAAAGAA/GCCAATAAGCCCA-3’), G8+A (5’-

CACTCACTGTTAGCGTCATA-3’) and G9+B (5’-TAGTCCTCAAGCAAGTCCTC-3’) 

(Cavanagh et al., 1999). The thermal profile setup was similar to the one of the previ-

ous step with the exception that the time of prolongation was only 35 sec. For both 

PCR steps 2µl of cDNA or PCR-product obtained from the previous step were added 

to a reaction mixture of a final volume of 25 µl. All primers were used at a final concen-
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tration of 200 nM. SAWADY Taq-DNA-Polymerase (Peqlab, Erlangen / Germany) was 

used for both PCR steps at a final concentration of 0.625 units per reaction. PCR 

products were visualized using ultraviolet transillumination following agarose gel elec-

trophoresis and staining with ethidium bromide. 

Detection of RA- and aMPV-specific antibodies. Serum antibody response to RA 

was examined by IgG-ELISA system following protocols previously developed for de-

tection of RA-antibodies in ducks (Hatfield et al., 1987; Lobbedey & Schlatterer, 2003). 

Different from the already published protocol we used commercially available dilution 

buffer, ABTS-substrate, and stop solution and the anti-turkey-IgG conjugate instead of 

anti-duck-IgG. All reagents were purchased from KPL (Guildford, UK). 

For the preparation of ELISA coating antigen, RA was cultured on CSB agar, har-

vested and suspended in carbonate/bicarbonate-buffer (pH 9.6). The suspension was 

adjusted to an optical density (OD) of 1.0 measured at 540 nm in plastic cuvettes, and 

was then placed on ice and sonicated for 15 minutes at one minute intervals. Polysorp 

96-Well plates (Nunc, Wiesbaden / Germany) were coated overnight at 4°C with 100 µl 

per well of a 1:32-dilution of the described antigen suspension in carbon-

ate/bicarbonate-buffer. Subsequently, unspecific binding sites were blocked with 150 µl 

PBS buffer, pH 7.4, containing 2% casein (Sigma, Saint Louis / USA), for 2 hours at 

room temperature. Serum samples were prepared at a dilution of 1:500 in Dilution 

Buffer (KPL, Guildford / UK) and 100 µl of diluted serum were added to each well and 

incubated for 30 minutes at room temperature. Horseradish-peroxidase conjugated 

goat-anti-turkey-IgG (KPL, Guildford / UK) was used as secondary antibody at a dilu-

tion of 1:1750 (= 0,286 µg/ml) in Dilution Buffer. A volume of 100 µl diluted conjugate 

per well were added and incubated for 30 minutes at room temperature. Thereafter 

100 µl ABTS-substrate (KPL, Guildford / UK) were added to each well and incubated 

for 15 min at room temperature, followed by the addition of 100 µl Stop Solution (KPL, 

Guildford / UK). OD values were measured in a Tecan Sunrise ELISA reader (Tecan, 

Crailsheim / Germany) at a wavelength of 405 nm. A wash procedure, consisting of 

three washes for 3 minutes each with Wash Solution (KPL) was performed after coat-

ing, blocking and after incubation of serum samples and detection antibody. A serum 

sample obtained from a RA-free turkey reared under isolated conditions was included 
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as negative control serum. Serum obtained from a turkey experimentally infected with 

RA by aerosol was diluted to give an OD of approximately 0.4 in the ELISA, and used 

as a positive control in all tests conducted for this study. Controls were measured in 

triplicates. 

aMPV-specific serum antibodies were detected by Avian Rhinotracheitis Antibody Test 

Kit (BioChek, Gouda / Netherlands) following the manufacturers’ instructions. 

For correction of OD values the mean OD value of negative controls was subtracted 

from the OD values of samples and positive controls. ELISA-results are presented as 

ratios of the corrected sample OD and the corrected mean OD of positive controls (S/P 

ratio). 

Clinical observations. Turkeys were observed daily for clinical signs throughout all 

experiments. In experiments 2A, 2B and 3 turkeys were also observed for aMPV-

induced symptoms. Swelling of infraorbital sinus, nasal discharge and foamy ocular 

discharge were recorded using a scoring system. Every bird received a score of 0 – 3 

for each of the three symptoms: 0 being “no symptoms” and 1, 2 and 3 being mild, 

medium and severe symptoms, respectively, resulting in a total score of 0 – 9 for each 

bird. 

Histopathology. Samples of trachea and nasal turbinates were fixed in 10% phos-

phate-buffered formalin and embedded in paraffin. Tissue sections were stained with 

haematoxylin and eosin (H&E). The identity of the sections was blinded before analy-

sis by light microscopy. 

 

Experimental Design: 

Experimental designs of all experiments performed in this study are summarized in 

Table 7.1. 

Experiment 1A. At the age of 33 days, 62 turkey poults were divided into three sepa-

rately housed groups. The first group (RA-free, 20 birds) remained RA-free. This group 

was divided into two subgroups of 10 animals each and treated with sterile physiologi-
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cal saline solution by air sac injection or aerosol. Animals of the second group (Aero-

sol, 19 birds) were exposed to an aerosol as described above. Each subgroup of 9 or 

10 birds was treated with 8 ml of dispersed RA-suspension containing 1010.6 CFU per 

subgroup. The third group (Air sac, 23 birds) was inoculated by injection of 0.5 ml RA-

suspension (109.4 CFU per bird) into the abdominal air sac. 

The turkeys were observed daily for the development of clinical signs until the end of 

the experiment at 14 days PI. Moribund birds were exsanguinated and necropsied. 

Tracheal swabs (n = 4-5 per group) were collected for RA-isolation at days 3 and 6 PI. 

At days 6 and 9 PI three to four birds per group were sacrificed for necropsy. The re-

maining birds were sacrificed at day 14 PI (n = 11-15 per group). Gross lesions were 

documented and serum samples collected. Samples of trachea, lung, air sacs and 

spleen were taken under sterile conditions for RA-isolation. 

Experiment 1B. Ninety-nine turkey poults were randomly assigned to four separately 

housed groups at the age of 28 days. The first group (RA-free, 24 birds) remained un-

infected and was divided into three subgroups of 8 animals each which were treated 

with sterile physiological saline solution by either injection into the abdominal air sac, 

aerosol or intratracheal inoculation. The second group (Aerosol, 27 birds) was exposed 

to RA by aerosol. Each subgroup of 13 and 14 birds received an aerosol of the RA-

suspension containing 1011.1 CFU per subgroup. Animals of the third group (Air sac, 24 

birds) were inoculated with 109.9 CFU RA per bird by injection into the abdominal air 

sac. The remaining group (Trachea, 24 birds) received 109.9 CFU RA per bird adminis-

tered by a buttoned canula directly into the trachea. 

Clinical signs were recorded daily throughout the experiment. Tracheal swabs (n = 4-5) 

were collected at 1 to 7 and 9 days PI. At days 3, 6 and 9 PI four turkeys per group 

were sacrificed for necropsy. The remaining birds (n = 12-15 per group) were sacri-

ficed at day 14 PI. Gross lesions were documented and samples of trachea, lung, air 

sacs and spleen were collected for RA-isolation. Serum samples (n = 3-15) were col-

lected at day 0, 3, 6 and 9 PI (n = 3-4) and at day 14 PI (n = 12-15). 

Experiment 2A. At the age of 29 days 30 turkey poults were assigned to three sepa-

rately housed groups. One group (aMPV-B+RA-4; 11 birds) was inoculated oculona-
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sally with aMPV-B (103 CD50 per bird). The two other groups received virus free TOC 

supernatant. Four days post viral infection (PVI) animals of group aMPV-B+RA-4 and 

one of the virus negative groups (RA; 11 birds) were inoculated with RA by aerosol. 

Each group received an aerosol of 8 ml RA-suspension containing 1011.6 CFU RA. The 

remaining group (Control, 8 turkeys) remained free of aMPV and RA inoculation. 

Clinical signs were recorded daily throughout the experiment. Tracheal swabs for RA-

cultivation (n = 3-4) were taken at days 0 to 10 and 14 post bacterial infection (PBI). At 

days 0, 4, 7, 11 and 18 PVI choanal swabs (n = 4) were collected for aMPV-detection. 

Serum samples (n = 3-4) were taken at days 0, 7 to 10, 14 and 18 PVI. Two to four 

turkeys per group were sacrificed for necropsy at days 3, 7 and 14 PBI. At necropsy 

gross lesions were documented, nasal turbinates were sampled for histopathological 

examination and samples of trachea, lung, air sacs, liver, spleen, heart and brain were 

collected for RA-isolation. 

Experiment 2B. At the age of 32 days 114 turkeys were randomly divided into five 

separately housed groups. Two groups, designated aMPV-A (23 birds) and aMPV-

A+RA-5 (23 birds) were inoculated oculonasally with aMPV-A (103 CD50 per bird). Two 

groups (Control, 20 birds and RA, 24 birds) received virus free TOC supernatant. The 

remaining group (aMPV-A+RA-3, 24 birds) was inoculated with aMPV-A (103 CD50 per 

bird) two days later. Five days after the beginning of the experiment, groups RA, 

aMPV-A+RA-3 and aMPV-A+RA-5 were inoculated with RA by aerosol. Subgroups of 

11 or 12 animals were inoculated with an aerosol of 8 ml RA-suspension containing 

1011 CFU. 

Clinical signs were recorded daily throughout the experiment. Tracheal swabs (n = 6) 

for RA-cultivation were taken at 0 to 10, 12 and 14 days PBI. At days 0, 5, 7 and 10 

PVI choanal swabs (n = 6) were collected for aMPV-detection. Serum samples (n = 6) 

were collected at days 0, 5, 8 to 11, 14 and 19 PVI. Four to six turkeys were sacrificed 

for necropsy at days 3, 6, 9 and 14 PBI. Gross lesions were documented, nasal turbi-

nates were sampled for histopathological examination and samples of trachea, lung, 

air sacs, liver, spleen, heart and brain were collected for RA-isolation. 
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Experiment 3. At the age of 39 days 76 female turkey poults were assigned to four 

separately housed groups. Two groups (aMPV-B, 14 birds and aMPV-B+RA-4, 24 

birds) were inoculated oculonasally with aMPV-B (104 CD50 per bird). The other groups 

(Control, 14 birds and RA, 24 birds) received virus free TOC supernatant. Four days 

PVI groups RA and aMPV-B+RA-4 were inoculated with RA. In this experiment turkeys 

were inoculated intranasally with 100 µl RA-suspension containing a dose of 104.9 CFU 

per animal. 

Clinical signs were recorded daily throughout the experiment. Tracheal swabs (n = 6-8) 

were collected daily for RA-cultivation. At days 0, 4, 7, 10 and 14 PVI choanal swabs (n 

= 6) were collected for aMPV-detection. Serum samples (n = 6-8) were taken at 0, 4, 7 

to 10, 12 and 14 days PVI. Four to eight turkeys were sacrificed for necropsy at days 3, 

6, and 10 PBI, gross lesions were documented and samples of trachea, lung, air sacs, 

liver, spleen, heart, pericardium and brain were collected for RA-isolation In addition 

samples of the nasal turbinates and of the middle part of the trachea were taken for 

histological examination. 

Statistical analysis. Statistical analysis of the ELISA results was performed by Sta-

tistix 7.0 software (Analytical Software, Tallahassee / USA), using One-way analysis of 

variance (ANOVA) and comparison of means by Tukey Test. Rates of RA detection 

from swabs and tissue samples were analysed with Fisher´s exact test. P-values of P 

< 0.05 were considered to indicate significant differences. 

Results 

Establishment of RA infection via different respiratory routes. 

In Exp. 1A & 1B commercial turkey poults were inoculated with RA by different respira-

tory routes, such as by aerosol, injection into the abdominal air sac and intratracheal 

inoculation. 

Clinical signs and mortality. Clinical signs were monitored daily after RA-infection. 

Turkeys of all infected groups showed mild non-specific clinical signs such as depres-
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sion, huddling and ruffled feathers for up to 3 days PI. In both experiments more tur-

keys inoculated by air sac injection expressed clinical signs than in the other infected 

groups (data not shown). In Exp. 1A three out of 23 turkeys infected by air sac injection 

showed somnolence during the first 2 days PI and were therefore euthanized for ani-

mal welfare reasons. Turkeys of RA-free control groups did not show any clinical signs 

throughout both experiments. 

Gross pathology. Turkeys inoculated by aerosol or air sac injection showed mild fibri-

nous airsacculitis, pericarditis and epicarditis from day 6 to 14 PI. The highest inci-

dence of lesions was recorded on day 14 PI in the group inoculated by air sac injection 

in both experiments (Table 7.2). No lesions were observed in the intratracheally inocu-

lated group (Exp. 1B) and in the RA-free control birds of both experiments. The three 

air sac injected birds, which had been euthanized because of severe clinical signs 

(Exp. 1A), did not show any gross lesions. 

RA-isolation from tracheal swabs and organ samples. RA was isolated up to day 3 

PI from the majority of tracheal swabs in all RA-inoculated groups (Table 7.2). Thereaf-

ter RA was sporadically reisolated only from the aerosol inoculated group in both ex-

periments. Swabs taken from uninfected control groups remained RA-free throughout 

the experiments. 

Samples from trachea, lung, air sacs and spleen were collected for RA-isolation and 

were all tested positive at some point between days 3 and 14 PI. All infected groups 

showed RA-positive organs of each type (data not shown). A turkey was considered 

RA-positive, if RA was isolated from at least one of the collected organs. The three 

moribund turkeys inoculated by air sac injection in Exp. 1A were all tested RA-positive. 

All RA-inoculated turkeys necropsied at day 3 PI were found to be RA positive, with the 

exception of one animal from the intratracheally inoculated group (Table 7.2). Later 

than day 3 PI RA was only occasionally isolated from single turkeys from the groups 

inoculated by aerosol and air sac injection in both experiments. Turkeys of RA-free 

control groups were RA-negative in both experiments. 

RA-specific serum ELISA antibodies. RA-specific antibodies, indicated by signifi-

cantly enhanced S/P-ratios as compared to the RA-free controls, were detected in all 
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RA-inoculated groups starting at day 6 or 7 PI in both experiments (P<0.05). Results of 

Exp. 1B are presented in Fig. 7.1 as a representative for both experiments. Antibody 

levels peaked at 9 days PI and slowly decreased thereafter. At day 14 PI significantly 

lower antibody levels were detected in the intratracheally inoculated group as com-

pared to the aerosol inoculated group (P<0.05). RA-free control turkeys did not sero-

convert until day 14 PI. 

RA inoculation of turkeys following a predisposing aMPV infection in different experi-

mental settings 

The objective of Exp. 2A and 2B was to exacerbate RA-pathogenesis by pre-infecting 

turkeys with virulent aMPV. Commercial turkey poults were first inoculated oculona-

sally with virulent aMPV strains of subtype B (Exp. 2A) or subtype A (Exp. 2B), fol-

lowed by RA-inoculation three to five days later. RA-inoculation was performed by 

aerosol containing high RA-concentrations (>1010 CFU/ml in 8 ml aerosol per 11-12 

birds). 

The Exp. 3 was designed to investigate the effect of aMPV on the establishment of 

RA-infection in turkeys. In this approach commercial turkey poults were inoculated with 

a virulent strain of aMPV subtype B. Four days later they were inoculated with a rela-

tively low RA dose (104.9 CFU per animal) via intranasal route. 

Clinical signs. In all three experiments clinical signs in all aMPV-inoculated groups 

were dominated by the TRT-typical symptoms of swollen infraorbital sinus, nasal exu-

dates and foamy ocular discharge. aMPV-related clinical scores began to rise at 4 

days PVI and peaked at days 6 to 7 PVI. At day 10 to 13 PVI clinical signs had com-

pletely waned in all groups (data not shown). Dually infected groups showed clinical 

scores comparable to those receiving only aMPV in all three experiments. Turkeys in-

oculated with RA by aerosol in Exp. 2A and 2B showed mild depression, huddling and 

ruffled feathers during the first three days, whereas intranasally RA-inoculated turkeys 

in Exp. 3 remained free of clinical signs. RA- and aMPV-free control groups did not 

show clinical signs throughout the experiments. 
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Gross pathology and histopathology. In the groups receiving RA-infection alone or 

in combination with aMPV, gross pathology was dominated by RA-induced lesions of 

mild fibrinous airsacculitis, adhesive pericarditis and epicarditis (Fig. 7.2A). In all ex-

periments gross lesions were found at days 3 to 14 PBI (Table 7.3). The accumulated 

number of animals showing gross pathology in Exp. 2A tended to be higher in the 

dually infected group (8/11 animals) as compared to the only RA-infected group (4/11 

animals, Table 7.3). In Exp. 3 the incidence of RA-induced lesions was also slightly 

higher in the dually infected group (7/24 birds) compared to the only RA-infected group 

(4/24 birds, Table 7.3). No macroscopic lesions were observed in uninfected control 

groups and in turkeys receiving single aMPV-infection throughout the experiments. 

All turkeys from all groups inoculated with only aMPV or both aMPV and RA exhibited 

mucosal lesions of the nasal turbinates, such as accumulation of lymphoid and hetero-

philic cells, loss of cilia and epithelial desquamation, at days 7 to 11 PVI (= days 3 to 7 

PBI, Fig. 7.2B). Lesions were most prominent at day 7 to 8 PVI and waned thereafter. 

No apparent differences were observed between the groups receiving dual infection or 

only aMPV inoculation in all experiments. Turkeys inoculated only with RA by aerosol 

or by intranasal inoculation sporadically showed mild mucosal lesions, such as lym-

phocellular and heterophilic infiltrations, at days 3 and 6 PBI (Fig. 7.2B). Samples of 

the trachea were only examined in Exp. 3. The results were comparable to those of 

nasal turbinates, although tracheal lesions were generally less prominent (data not 

shown). 

RA-isolation from tracheal swabs and organ samples. In Exp. 2A and 2B RA-

reisolation rates were 100 % during the first three days PBI in all groups which had 

been RA-inoculated by aerosol (Fig. 7.3A & B). The detection rates in the dually in-

fected group of Exp. 2A remained high with 50 to 100 % until day 7 PBI, whereas the 

group inoculated only with RA was found to be RA-negative at days 6 to 8 PBI. How-

ever RA was reisolated from this group again at days 9 and 10 PBI (Fig. 7.3A). In Exp. 

2B rates of RA-detection declined until 5 to 6 days PBI in all RA-inoculated groups with 

only minor differences between the groups. Single RA-positive swabs were found in 

one dually infected group (aMPV-A+RA-3) until day 14 PBI (Fig. 7.3B).  
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Organ samples from all RA-inoculated animals examined at day 3 PBI were found RA-

positive in Exp. 2A and 2B (Table 7.3). In Exp. 2A three out of four turkeys of the dually 

infected group were RA-positive at day 7 PBI, whereas RA was not reisolated later 

than day 3 PI from turkeys receiving only RA (Table 7.3). In Exp. 2B a higher number 

of RA-positive birds was found at day 6 PBI in the dually infected groups compared to 

the only RA-infected group, but this difference was not significantly different (Table 

7.3). Turkeys from all groups were RA-negative at day 9 PBI or later. 

Intranasal inoculation of turkeys with a relatively low dose of RA in Exp. 3 resulted in 

RA infection only in the dually infected group. Tracheal swabs from the dually infected 

group were found RA-positive at days 3 to 10 PBI, reaching an isolation peak of 50% 

positive swabs at day 8 PBI (Fig. 7.3C). At necropsy RA was isolated from organ sam-

ples collected from dually infected turkeys at days 3, 6 and 10 PBI (Table 7.3). Respi-

ratory organs as well as internal organs were found to be RA-positive in this group. In 

contrast to this, RA was not reisolated from tracheal swabs or organ samples in the 

group receiving intranasal RA-inoculation alone. 

No RA was isolated from tracheal swabs or organ samples collected from uninfected 

and only aMPV-inoculated groups in all three experiments. 

RA-specific ELISA antibodies in sera. In Exp. 2A and 2B significantly increased anti-

RA antibody levels were detected in all RA inoculated groups starting at days 4 to 6 

PBI. RA ELISA S/P-ratios peaked at nine to ten days PBI and had slightly decreased 

by day 14 PBI (Fig. 7.4). In Exp. 2B S/P-ratios of the group inoculated with only RA 

were significantly higher than those of the dually infected group aMPV-A+RA-5 at day 

4 PBI and significantly higher than those of both dually infected groups at day 5 PBI 

(P<0.05, Fig. 7.4). Results of Exp. 2A were comparable to those of Exp. 2B, but signifi-

cant differences between RA antibody levels of the dually infected and the RA mono-

infected group were not observed (data not shown). 

Intranasally RA-inoculated turkeys of Exp. 3 did not seroconvert during the course of 

the experiment (data not shown). 
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Confirmation of aMPV-infection. Successful inoculation of turkeys with aMPV in Ex-

periments 2A, 2B and 3 was confirmed by the presence of TRT-typical clinical signs 

(as described above), detection of the aMPV-genome from choanal swabs by subtype-

specific RT-nested PCR and detection of aMPV-specific ELISA-antibodies. Genome of 

the respective aMPV-subtype was detected in all aMPV-infected groups up to 10 to 14 

days PVI in all experiments (data not shown). All aMPV-inoculated groups developed 

aMPV-antibodies starting from day 8 PVI (data not shown) in accordance with previous 

experiences (Liman & Rautenschlein, 2007) All groups not inoculated with aMPV in 

these experiments remained negative for aMPV-related clinical signs, aMPV-genome 

detection and aMPV-specific seroconversion. 

Discussion 

The objectives of the presented study were to demonstrate the pathogenicity of RA in 

turkeys following inoculation via respiratory routes and to investigate the contribution of 

aMPV-induced lesions to the establishment of RA infection and the development of 

disease. 

In the first part of the study we demonstrated that RA-inoculation of turkeys via differ-

ent respiratory routes resulted in systemic RA-infection, seroconversion and the devel-

opment of clinical disease and gross lesions. While inoculation by intravenous, intra-

muscular and subcutaneous injection has already been reported to induce clinical dis-

ease and mortality in turkeys (Smith et al., 1987; Cooper & Charlton, 1992; Charles et 

al., 1993), attempts of intratracheal inoculation or inoculation into the infraorbital sinus 

failed to result in RA infection or disease (Smith et al., 1987) In contrast to these find-

ings, intranasal inoculation of ducks led to clinical disease and mortality, although the 

course of the disease was less severe than after parenteral application (Hatfield & Mor-

ris, 1988; Sarver et al., 2005). Comparing the three routes of RA inoculation in these 

experiments, injection directly into the abdominal air sac induced the highest incidence 

of gross lesions and was the only route of infection that resulted in mortality. Intratra-

cheal inoculation did not induce lesions and the rates of RA reisolation were compara-

bly low. It may be speculated that part of the inoculum had been readily cleared in this 



144 Co-infection of turkeys with aMPV and RA 

 
group by mucociliar transport, whereas aerosol and air sac injection enabled RA to 

directly colonise the lower respiratory tract. The higher incidence of gross lesions and 

the mortality caused by air sac inoculation may be attributed to the skin lesions created 

by the possibly RA-contaminated injection canula, which may favour RA bacteraemia. 

Skin lesions are discussed to play an important role in the establishment of RA infec-

tion in ducks (Asplin, 1956; Leibovitz, 1972). RA-infection via the oral route, which may 

also play a role in pathogenesis under field conditions, has not been investigated pre-

viously in turkeys. Experimental RA-inoculation of ducks via the oral route resulted in 

less pronounced signs of disease compared to parenteral and respiratory routes 

(Hatfield & Morris, 1988; Sarver et al., 2005). 

RA-induced gross lesions included mainly pericarditis, epicarditis and airsacculitis, as 

previously described for RA-infected turkeys and ducks (Zehr & Ostendorf, 1970; Lei-

bovitz, 1972; Helfer & Helmboldt, 1977; Smith et al., 1987; Hatfield & Morris, 1988; 

Cooper & Charlton, 1992; Charles et al., 1993; Cortez de Jäckel et al., 2004). Interest-

ingly they were markedly less severe than those seen during outbreaks in commercial 

turkey flocks, although high RA doses were used for infection. We may conclude from 

these observations that RA is pathogenic for turkeys when delivered via respiratory 

routes, which may play an important role for natural RA-infection in the field. However, 

the development of clinical disease and severe gross lesions may largely depend on 

the contribution of other exacerbating factors, since it was not possible to reproduce 

severe clinical disease with RA mono-infections in this study. This is in congruence 

with field observations, that RA can be isolated from the respiratory tract in turkey 

flocks showing no or only mild respiratory symptoms (Behr, 2007). 

A number of concurrent viral and bacterial infections have been detected during RA-

outbreaks in turkey flocks, such as E. coli, Mycoplasma gallisepticum, M. meleagridis, 

Ornithobacterium rhinotracheale (ORT), Newcastle Disease Virus or aMPV (Bendheim 

et al., 1978; Saif et al., 1982; McDougall & Cook, 1986; Smith et al., 1987; Cortez de 

Jäckel et al., 2004). aMPV is known to predispose turkeys to secondary bacterial infec-

tions of the respiratory tract (Cook et al., 1991; Naylor et al., 1992; Ganapathy et al., 

1998; Van de Zande et al., 2001; Alkhalaf et al., 2002a; Marien et al., 2005). We there-

fore attempted to exacerbate RA induced disease by inoculation of turkeys with viru-
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lent aMPV strains three to five days before inoculation with high infectious doses of RA 

by aerosol (~ 1010 CFU/ml, 8 ml aerosol per 11-12 turkeys). The interval of three to five 

days between aMPV and RA inoculation was chosen because previous studies have 

shown that aMPV-induced epithelial lesions were most prominent (Majo et al., 1995; 

Van de Zande et al., 1999; Liman & Rautenschlein, 2007) during this time after aMPV-

inoculation. Van de Zande et al. (2001) also demonstrated that effects on experimental 

co-infection with E. coli were most pronounced when E. coli was inoculated three to 

five days after aMPV-inoculation. Interestingly in our experiments dual infection with 

aMPV and a high dose of RA delivered by aerosol did not cause severe clinical dis-

ease and gross lesions as observed under field conditions. Gross lesions in dually in-

fected groups were comparable in nature and intensity to the groups which received 

RA mono-infection. Also aMPV-induced clinical disease was not affected by RA co-

infection. These findings indicate that co-infection with aMPV and RA alone cannot 

account for severe clinical signs in turkeys and point out the importance of the pres-

ence of additional infectious and non-infectious factors to exacerbate the disease. 

However, in Exp. 2B RA was reisolated at a slightly higher frequency and for a longer 

period in the dually infected group, compared to the RA-mono-infected group. These 

findings indicate that aMPV may play a role in the establishment of RA infection and 

support the distribution and colonization of the bacterium. 

To further address this question we conducted the Exp. 3, in which turkeys were first 

inoculated with aMPV-B and four days later with a low RA-dose (104.9 CFU per animal) 

via intranasal route. The route of infection and the inoculation dose were chosen to 

ensure minimal RA invasiveness in turkeys receiving RA mono-infection. As a result 

RA was not isolated from tracheal swabs and organ samples in the RA mono-infected 

group, indicating that most turkeys of this group were able to clear the inoculum di-

rectly from the mucosal surfaces. However the presence of mild pericarditis and mild 

inflammatory infiltrations in the respiratory tract mucosa suggest that few turkeys of this 

group have been infected intermittently. In the dually infected group, RA was reisolated 

from tracheal swabs and from respiratory and internal organs starting at day 3 PBI. 

The aMPV-induced epithelial lesions and disturbance of the mucociliar transport due to 

loss of cilia and ciliostasis evidently enabled the bacteria to colonize lower parts of the 
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respiratory tract and led to systemic RA-infection. RA was first reisolated from tracheal 

swabs at day 3 PI and not before. We speculate that this may be attributed to the time 

RA needed to migrate from the nasal cavities to the trachea and to proliferate to de-

tectable numbers of organisms. 

In this study RA inoculation doses of approximately 1010 CFU led to high frequencies 

of RA isolations from swabs and organs during the first three days after inoculation. 

Thereafter detection rates decreased rapidly in most groups, but RA-positive birds 

were detected sporadically as late as 14 days PI. Previous studies have shown that 

RA can persist in turkeys for a long time. Cooper & Charlton (1992) re-induced RA 

bacteraemia by dexamethasone treatment at six weeks post intravenous RA inocula-

tion. The site of RA-persistence is not known. Since RA is capable of surviving in tur-

key litter for up to 27 days (Bendheim & Even-Shoshan, 1975) it cannot be ruled out 

that intermittent RA isolation in this study resulted from re-infection and not from per-

sistence. 

The immune mechanisms responsible for the RA-clearance after four to six days of 

infection, as observed in this study, have not been described yet. A detectable in-

crease of circulating RA-specific ELISA-IgG antibodies was first observed at four days 

PI and coincided with RA clearance. Dual infection with aMPV-A and RA resulted in a 

significantly delayed RA antibody response in Exp. 2B, but this was not accompanied 

by delayed RA clearance. Reports about the influence of aMPV infection on antibody 

production are inconsistent. In most studies no effects on seroconversion against co-

administered pathogens were observed (Turpin et al., 2002; Jirjis et al., 2004; Van 

Loock et al., 2006), whereas experimental co-infection of aMPV with M. gallisepticum 

or M. imitans resulted in increased antibody response, presumably due to higher 

amounts and broader distribution of the secondary pathogens (Naylor et al., 1992; Ga-

napathy et al., 1998). In contrast to this Chary et al. (2002b) reported, that HEV vacci-

nation at two or four days after experimental aMPV infection resulted in decreased 

HEV-specific antibody response and reduced efficacy of the vaccine. 

Intranasal inoculation with a lower RA dose (104.9 CFU) resulted in longer RA-

persistence in the dually infected group. RA-specific serum antibodies were not de-

tected until the end of this experiment at day 10 PBI (data not shown). This may be 
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due to the low inoculation dose and the lower amount of antigen present in the birds, 

as compared to the aerosol inoculated birds. 

Since the aim of the different dual infection experiments in this study was to investigate 

the effect of aMPV on the course of RA infection, the reciprocal effect of RA on aMPV 

infection was not investigated in detail. Nevertheless data recorded in this study, such 

as aMPV detection from choanal swabs, clinical scores, histopathology and develop-

ment of aMPV-specific serum antibodies, showed that aMPV infection was not influ-

enced by RA co-infection in either of the experiments. No differences were observed 

between the course of infection after inoculation with aMPV-A (Exp. 2B) and aMPV-B 

(Exp. 2A & 3). 

In summary we were able to demonstrate, that RA is pathogenic for turkeys after in-

oculation via respiratory routes. Experimental infection models with either RA mono-

infection or dual infection together with aMPV resulted in mild clinical symptoms and 

gross lesions, but did not reproduce the severe RA-related clinical disease, which is 

observed in the field. These results emphasize the importance of other exacerbating 

factors contributing to the development of the disease in RA-infected turkey flocks. The 

results of this study show that ciliostatic agents, such as aMPV, contribute to the estab-

lishment of RA infections in turkeys, since they favour colonization and tissue distribu-

tion of the bacterium. 
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Tables and Figures 

 

Table 7.1 Experimental design 

RA inoculation Number of turkeys sacrificed at 
necropsy at day PBI b Group aMPV 

subtype route day 
PVI a 

birds per 
group 3 6/7 9/10 14 

Experiment 1A         
RA-free - c - - 20 nd d 4 4 12 
Air sac - Air sac inj. e - 19 nd 4 4 11 
Aerosol - Aerosol - 23 f nd 4 4 12 

Experiment 1B         
RA-free - - - 24 4 4 4 12 
Airsac - Air sac inj. - 27 4 4 4 15 
Aerosol - Aerosol - 24 4 4 4 12 
Trachea - Intratracheal - 24 4 4 4 12 

Experiment 2A         
Control - - - 8 2 3 nd 3 
RA - Aerosol - 11 3 4 nd 4 
aMPV-B+RA-4 B Aerosol 4 11 3 4 nd 4 

Experiment 2B         
Control - - - 20 6 6 4 4 
aMPV-A A - - 24 6 6 6 6 
RA - Aerosol - 24 6 6 6 6 
aMPV-A+RA-3 A Aerosol 3 24 6 6 6 6 
aMPV-A+RA-5 A Aerosol 5 23 6 6 5 6 

Experiment 3         
Control - - - 14 4 4 6 nd 
aMPV-B B - - 14 4 4 6 nd 
RA - Intranasal - 24 8 8 8 nd 
aMPV-B+RA-4 B Intranasal 4 24 8 8 8 nd 

a PVI = post viral inoculation with aMPV 
b PBI = post bacterial inoculation with RA 
c “-“ = not done 
d nd = not done 
e inj. = injection. 
f Three turkeys from the air-sac group in Exp. 1A were euthanized for animal welfare reasons at days 1 

and 2 PI. 
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Table 7.2 Gross lesions and RA-reisolation from turkeys after RA inoculation 
via respiratory routes (Exp. 1A & 1B) 

 RA-positive swabs c / total swabs 
collected at day PI  

Number of RA-positive 
d animals at necropsy / 
total animals at day PI 

Route of RA 
inoculation a 

Birds with 
gross lesions 
b / total birds  1 2 3 4 5 6 7 9  3 6 9 14 

Experiment 1A               
RA-free 0 / 20  nde nd 0/3 nd nd 0/3 nd nd  nd 0 / 3 0 / 3 0 / 3
Aerosol 2 / 19  nd nd 4/4 nd nd 1/4 nd nd  nd 1 / 4 0 / 4 1 / 6
Air sac 7 / 23  nd nd 1/4 nd nd 0/4 nd nd  nd 0 / 4 0 / 4 0 / 7

Experiment 1B               
RA-free 0 / 24  0/5 0/5 0/4 0/5 0/5 0/4 0/5 0/4  0 / 2 0 / 2 0 / 2 0 / 2
Aerosol 4 / 27  5/5 4/5 2/4 0/5 0/5 0/4 0/5 1/4  4 / 4 0 / 4 0 / 4 0 / 5
Air sac 8 / 24  3/5 3/5 4/4 0/5 0/5 0/4 0/4 0/4  4 / 4 0 / 4 0 / 4 2 / 6
Trachea 0 / 24  3/5 1/5 2/4 0/5 0/5 0/4 0/5 0/4  3 / 4 0 / 4 0 / 4 0 / 4

Summary of Experiment 1A & 1B days 1-3 days 4-9      

RA-free 0 / 44  0 / 17 0 / 26  0 / 2 0 / 5 0 / 5 0 / 5
Aerosol 6 / 46  15 / 18 2 / 27  4 / 4 1 / 8 0 / 8 1 / 11
Air sac 15 / 47  11 / 18 0 / 26  4 / 4 0 / 8 0 / 8 2 / 13
Trachea 0 / 24  6 / 14 0 / 23  3 / 4 0 / 4 0 / 4 0 / 4

a Turkeys were inoculated with RA via different respiratory routes in two consecutive experiments. 
b Observed gross lesions were mild fibrinous airsacculitis and adhesive epicarditis and pericarditis; n = 

3-15 per day and group 
c Tracheal swabs were collected and cultured on CSB agar. 
d Samples of trachea, lung, air sac and spleen were collected at necropsy from two to seven turkeys per 

day and group and processed for bacteriological investigation on CSB agar. Turkeys with positive RA-
isolation from at least one of their organs were considered RA-positive. 

e nd = not done 
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Figure 7.1: Development of serum antibodies after RA-inoculation via respira-
tory routes. 

Exp. 1B is shown as a representative experiment. Turkeys were inoculated with RA via 

different respiratory routes: by aerosol, injection into the abdominal air sac and by in-

tratracheal inoculation. Serum antibodies were detected by IgG-specific ELISA. Re-

sults are presented as mean ELISA sample to positive (S/P)-ratios per group (n = 4-

15). Values marked with different superscript letters at the same day of sampling are 

significantly different from each other (One Way ANOVA and comparison of means by 

Tukey test; P < 0.05). 
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Figure 7.2: Gross lesions of heart and pericardium and histopathologic 
changes of respiratory epithelium following dual infection with aMPV-B and RA 
(Exp. 3). 

Turkeys were oculonasally inoculated with aMPV-B and four days later inoculated in-

tranasally with a low RA-dose (104.9 CFU per animal). (A) Adhesive pericarditis and 

epicarditis of a dually aMPV-RA inoculated turkey at day 10 PBI. (B) Histopathologic 

lesions of nasal turbinates at day 7 PVI (= day 3 PBI). Arrows point at lymphocellular 

infiltration into the mucosa of aMPV- and aMPV-RA dually infected turkeys. 

(A) 

Control aMPV 

RA aMPV + RA 

(B)
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Figure 7.3: RA-isolation from tracheal swabs after dual infection with aMPV and 
RA (Exp. 2A, 2B & 3). 

(A) Turkeys were oculonasally inoculated with aMPV-B (Exp. 2A) or (B) with aMPV-A 

(Exp. 2B) and three to five days later exposed to high dose of RA by aerosol (>1010 

CFU/ml, 8 ml per 11-12 turkeys). (C) Turkeys were oculonasally inoculated with aMPV-

B and four days later inoculated intranasally with a low RA-dose (104.9 CFU per ani-

mal). Tracheal swabs were collected and cultured on CSB and Riemerella-selective 

NGB agar. Swabs being RA positive on at least one agar were considered RA-positive. 

Results are presented as percentage of RA-positive swabs per group; Asterisks indi-

cate significant differences between groups (Fisher´s exact test; P<0.05). Exp. 2A: n = 

4; Exp. 2B: n = 6; Exp. 3: n = 8; RA: inoculated with RA only; aMPV+RA 3, 4 or 5: in-

oculated with RA at 3, 4 or 5 days post inoculation with aMPV, respectively. Turkeys of 

uninfected control groups and of groups inoculated only with aMPV remained RA-

negative throughout all three experiments. 
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Table 7.3 Gross lesions and RA-isolation at necropsy following dual infection 

with aMPV and RA via different routes of inoculation (Exp. 2A, 2B & 
3) 

Number of RA-positive animals d / total at day 
PBI Group 

RA inoculation 
at days PVI gross lesions c / 

total turkeys 3 6/7 9/10 14 

Experiment 2A a       
RA nae 4 / 11 3 / 3 0 / 4 ndf 0 / 4 
aMPV-B+RA-4 4 8 / 11 3 / 3 3 / 4 nd 0 / 4 

Experiment 2B a       
RA na 14 / 24 6 / 6 1 / 6 0 / 6 0 / 6 
aMPV-A+RA-3 3 14 / 24 6 / 6 2 / 6 0 / 6 0 / 6 
aMPV-A+RA-5 5 12 / 23 6 / 6 4 / 6 0 / 5 0 / 6 

Experiment 3 b       
RA na 4 / 24 0 / 8 0 / 8 A 0 / 8 nd 
aMPV-B+RA-4 4 7 / 24 1 / 8 4 / 8 B 2 / 8 nd 

Different uppercase superscript letters indicate significant differences between groups (Fisher´s exact 
test; P<0.05). 
a Turkeys were oculonasally inoculated with aMPV-B (Exp. 2A) or aMPV-A (Exp. 2B) and three to five 

days later exposed to a high dose of RA by aerosol (>1010 CFU/ml, 8 ml per 11-12 turkeys) 
b Turkeys were oculonasally inoculated with aMPV-B and four days later inoculated intranasally wit a 

low dose of RA (104.9 CFU/turkey) 
c Presented is the number of turkeys exhibiting gross lesions per total number of turkeys of each group. 

Observed gross lesions were mild fibrinous airsacculitis and adhesive pericarditis and epicarditis. 
d At necropsy organ samples were taken from trachea, lung, air sac, heart, spleen, liver, brain and peri-

cardium (only Exp. 3). RA was isolated on CSB and RA-selective NGB agar. Turkeys with positive RA-
isolation from at least one organ were considered RA-positive. 

e na = not applicable 
f nd = not done 
Uninfected groups and turkeys receiving only aMPV remained free of RA and gross lesions throughout 
all three experiments. 
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Figure 7.4: Serum antibodies following dual infection with aMPV and RA (Exp. 
2B). 

Turkeys were oculonasally inoculated with aMPV-A and three or five days later ex-

posed to a high dose of RA by aerosol (>1010 CFU/ml, 8 ml per 11-12 turkeys). Serum 

antibodies against RA were detected by IgG-specific ELISA. Results are presented as 

mean ELISA S/P-ratios per group (n = 6). Values marked with different superscript let-

ters at the same day PBI are significantly different from each other (One Way ANOVA 

and Tukey test; P < 0.05). aMPV: inoculated with aMPV only; RA: inoculated with RA 

only; aMPV-A+RA 3 or 5: inoculated with RA at 3 or 5 days post inoculation with 

aMPV, respectively 
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8. Discussion & Conclusions 

aMPV-infection is an important pathogen of turkeys and has considerable impact on 

animal welfare and economical aspects in commercial turkey flocks. Vaccination is 

therefore widely used to prevent infection and disease (Jones, 1996), but not much is 

known about the immune mechanisms providing protection against aMPV. An en-

hanced knowledge these aspects is necessary, to better understand problems regard-

ing vaccine safety and insufficient or short-lived protection, as frequently reported from 

the field (Van de Zande et al., 1998; Catelli et al., 2006b; Ricchizzi et al., 2008). 

The goal of this study was to contribute to a better understanding of humoral and T-cell 

mediated immune mechanisms involved in the control of aMPV-infection. Furthermore 

the role of aMPV as a predisposing factor for secondary bacterial pathogens was elu-

cidated. 

This thesis contains four manuscripts in which the results of the different parts of the 

project are presented: 

Chapter 4: Investigations on the protective role of passively transferred antibodies 

against avian Metapneumovirus (aMPV) infection in turkeys 

Chapter 5: Effects of Cyclosporin A induced T-lymphocyte depletion on the course of 

Avian Metapneumovirus (aMPV) infection in turkeys 

Chapter 6: Compromised T cell immunity leads to an unreliable avian Metapneu-

movirus (aMPV) vaccine response 

Chapter 7: Pathogenesis of Riemerella anatipestifer (RA) in turkeys after experimen-

tal mono-infection via respiratory routes or dual infection together with the Avian 

Metapneumovirus (aMPV) 

This chapter summarizes the results of the four aforementioned chapters, provides a 

combined discussion and presents future perspectives for aMPV-research. 
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8.1. Humoral and T-cell mediated immunity in the control of aMPV-
infection 

Field experience suggests that vaccine-induced and maternally derived antibodies are 

poorly correlating with protection against aMPV-infection (Naylor et al., 1997b; Catelli 

et al., 1998; Sharma et al., 2004). In this study turkeys passively immunized by intra-

venous injection of aMPV-specific antibodies were not protected against subsequent 

aMPV-challenge infection (Chapter 4). aMPV-antibody levels in sera and on respira-

tory mucosal surfaces of passively immunized turkeys were comparable to those de-

veloped by turkeys after infection with virulent aMPV. Nevertheless, they did not pro-

tect against aMPV-infection and the development of clinical disease and epithelial le-

sions in the URT. This is in agreement with experiences obtained with other Pneu-

movirinae, such as hMPV, hRSV or BRSV in natural or experimental mammalian 

hosts. Maternally derived or passively transferred antibodies as well as adoptively 

transferred specific B-lymphocytes provided only partial protection against virus-

replication and development of lesions in the lung, whereas no protective effect was 

observed in the URT (Kimman et al., 1987; Kimman et al., 1988; Belknap et al., 1991; 

Plotnicky-Gilquin et al., 2000; Alvarez & Tripp, 2005). 

The protective effect of mAb specific for the F-protein of hRSV and BRSV has been 

extensively studied. Not all mAb possessing VN-activities in vitro were found to be pro-

tective in vivo. A good correlation of in vivo protection was observed only to in vitro fu-

sion inhibiting (FI) properties of the mAb. All FI antibodies were protective and vice 

versa (Taylor et al., 1984; Taylor et al., 1992). The reason for the lack of protection 

provided by some VN antibodies is not well understood. Mammalian Pneumoviruses 

have been demonstrated to replicate in monocytes, macrophages and dendritic cells 

(Toth & Hesse, 1983; Panuska et al., 1990; Midulla et al., 1993; Sharma & Woldehi-

wet, 1996). Preliminary data suggests that also aMPV may replicate in macrophages 

(Jirjis et al., 2002a; Sharma et al., 2004). Antibody binding may support uptake of the 

virus by phagocytosis and thereby promote replication in the phagocytic cells. This 

would enable the virus to spread to neighbouring cells via cell-to-cell fusion without VN 

antibodies gaining access to the virus particles. Thus, in the initial phase of aMPV-
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infection the virus may need to be controlled by FI antibodies or CMI, including cyto-

toxic T-lymphocytes or T-helper cell activities. 

Only little is known about the role of T-lymphocytes in the control of aMPV-infection in 

turkeys. In this study a T-lymphocyte suppression model with CsA-treated turkeys was 

used to investigate T-cell functions. CsA is an immunosuppressive drug selectively 

suppressing T-lymphocytes (Schreiber & Crabtree, 1992). It has been widely used to 

study the role of T-lymphocytes in chickens and also in turkeys (Suresh & Sharma, 

1995; Dhinakar Raj & Jones, 1997; Khehra & Jones, 1999b; Loa et al., 2002; Kim et 

al., 2003). CsA-treatment of chicken leukocytes in vitro effectively inhibits the prolifera-

tive response to T-cell-mitogens (Schnetzler et al., 1983; Bumstead et al., 1985; Bucy 

et al., 1990; Karaca et al., 1996). Our study demonstrates a similar CsA in vitro effect 

on turkey T-lymphocytes. CsA-concentrations of 0.25 to 1 µg/ml completely abrogated 

ConA- or PHA-induced proliferation of CD4 and CD8a positive T-lymphocytes (Chapter 

5). CsA-levels in sera of CsA-treated turkeys were not determined in this study. Previ-

ous results indicate that treatment with 50 mg/kg CsA by intramuscular injection at 

three-day intervals is sufficient to maintain serum CsA-levels between 0.25 and 0.5 

µg/ml in chickens (Nowak et al., 1982; Kogut & Eirmann, 1991). Turkeys in our study 

received injections of 100 mg/kg CsA every three to four days. In agreement with pre-

vious results from the chicken, CsA-treatment of turkeys resulted in a significant reduc-

tion of circulating T-lymphocytes (P<0.05) (Kim et al., 2000; Kwon et al., 2008), which 

confirms the CsA-mediated T-cell suppression in vivo. 

Primary aMPV-infection of partially T-cell-depleted turkeys resulted in a prolonged per-

sistence of the virus and a delayed recovery from clinical disease and epithelial lesions 

(Chapter 5). Similar effects of T-lymphocyte suppression were observed in mammals 

following primary infection with BRSV, hRSV or hMPV (Graham et al., 1991; Taylor et 

al., 1995; Thomas et al., 1996; Alvarez et al., 2004a; Kolli et al., 2008). CsA-treatment 

of chickens also delayed recovery from infection with different viral pathogens, such as 

IBV, IBDV or AIV (Dhinakar Raj & Jones, 1997; Poonia & Charan, 2001; Kwon et al., 

2008). The results of this part of the study clearly emphasize the importance of func-

tional T-lymphocytes for the clearance of aMPV-infection in turkeys. 
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CsA-treated aMPV-infected turkeys developed significantly higher levels of VN and 

ELISA-IgG antibodies in sera and lacrimal fluids at day 10 to 14 PI (Chapter 5). We 

believe that the increased antibody response results from a prolonged stimulation by 

the longer aMPV-persistence in the CsA-treated groups. Whether the high serum-

antibody levels contributed to virus-clearance and clinical recovery remains to be elu-

cidated. 

Three experiments were conducted for the evaluation of the effect of CsA-treatment on 

vaccine-induced protection against aMPV (Chapter 6). In these experiments the re-

sponse to vaccination with a live attenuated aMPV-A vaccine varied considerably with 

regard to vaccine replication, vaccine-induced clinical signs and antibody response. In 

two of the three experiments turkey poults had been exposed to an aMPV-B vaccine 

(Table 8.1), which is likely to have been introduced in the commercial hatchery. Live 

aMPV-vaccines are routinely used by spray vaccination in the hatcheries. Therefore 

exposure of poults to vaccines is difficult to prevent, even when they are not directly 

vaccinated. It should be kept in mind that similar contamination may also frequently 

occur in the field. 

We speculate that the presence of the aMPV-B strain contributed to the variable re-

sponses to the aMPV-A vaccine. Cross-protection, induction of innate immune-

mechanisms and competition for the sites of replication may have interfered with the 

replication of the aMPV-A vaccine. Interference with the replication of live aMPV-

vaccines has also been reported for IBV and NDV vaccines in chickens (Ganapathy et 

al., 2005; Ganapathy et al., 2007; Tarpey et al., 2007). 

Vaccination with the aMPV-A vaccine induced low but significant serum levels of 

aMPV-specific VN antibodies in untreated turkeys, whereas ELISA-IgG antibodies 

were undetectable. Despite the absence of ELISA-IgG, untreated vaccinated turkeys 

developed good protection against challenge infection in all three experiments (Table 

8.1). This is in congruence with previous results (Cook et al., 1989b; Williams et al., 

1991b). Together with the results of Chapter 4 these findings indicate that antibody 

detection by ELISA is an insufficient parameter for vaccine-induced protection. Neither 

can the absence of antibodies be interpreted as lack of protection, nor does the pres-

ence of high ELISA-IgG levels indicate protection. 
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Different from our hypothesis, CsA-treated turkeys developed vaccine-induced protec-

tion against aMPV-challenge in two of the three conducted experiments. Only in Exp. 3 

CsA-treated, vaccinated turkeys were fully susceptible (Table 8.1). Protection in the 

CsA-treated vaccine-groups was correlated with frequent detection of the aMPV-A 

vaccine and with the induction of VN antibodies. In Exp. 3, in which the CsA-treated 

vaccinated group did not develop protection, the aMPV-A vaccine had been barely 

detectable and VN antibodies were absent at the time of challenge. In the protected 

CsA-treated groups in Exp. 1 & 2 the aMPV-A vaccine had been detectable at high 

frequencies for several days. VN antibody titres of these groups were significantly 

higher than in the respective unvaccinated groups (P<0.05). However, these VN titres 

were lower than those achieved by passive immunization in Chapter 4, which had 

been demonstrated to be insufficient for protection. It is therefore unlikely that VN-

antibodies themselves provided the protection observed in Exp. 1 & 2. 

Nevertheless, the presence of VN antibodies may be indicatory for a vaccine-induced 

immune reaction which includes other protective immune mechanisms. Quantification 

of circulating lymphocytes suggested a similar degree of CsA-mediated T-lymphocyte 

depletion in all three experiments. However, the use of CsA may have limitations with 

respect to the stability of immunosuppression. A sufficient vaccine-induced immune-

stimulus in Exp. 1 & 2 may have compensated for the CsA-mediated T-cell suppres-

sion and induced other protective mechanisms. In the third experiment the degree of 

vaccine-replication may have been to low to activate these mechanisms in the CsA-

treated group. 

Depletion of T-lymphocytes abolished vaccine-induced protection against hRSV-

infection in the mouse URT (Plotnicky-Gilquin et al., 2000). The results of Exp. 3 in 

Chapter 6 indicate that T-cell depletion may also abolish protection against aMPV-

infection in turkeys. However, this hypothesis needs further confirmation. 

Interstingly, severe vaccine-induced clinical disease was observed in some CsA-

treated turkeys in Exp. 2 of Chapter 6. This was associated with delayed replication 

and prolonged presence of the vaccine. Whether the induction of disease was due to 

loss of attenuation during multicyclic replication in vivo has not been investigated in this 

study. Immunosuppressive agents and factors interfering with uniform vaccine-
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replication, as observed in our experiments, may also be present in turkey flocks. Thus 

these factors may provide possible explanations for the reported problems with safety 

and efficacy of aMPV-vaccines under field conditions. 

8.2. Influence of aMPV on secondary bacterial pathogens 

The importance of aMPV as a poultry pathogen is determined not only by its primary 

effects, but mainly by the contribution to multifactorial diseases. aMPV-replication in 

ciliated epithelial cells disrupts the mucociliar transport of the URT epithelia. This sup-

ports colonization with concurrent pathogens and leads to severe clinical signs and 

high mortality, as frequently observed under field conditions. 

Over the last few years field veterinarians reported increasing problems due to RA-

outbreaks in turkey flocks in regions with high poultry density in Northern Germany 

(Behr, 2007). Therefore investigations on the pathogenicity of RA in turkeys, the possi-

ble transmission via respiratory routes and the role of aMPV as an exacerbating factor 

have been included in this project. 

The results of Chapter 7 demonstrate that RA is pathogenic for turkeys and causes 

systemic infections and gross lesions after administration via respiratory routes. How-

ever, we were not able to reproduce the severe disease associated with RA-outbreaks 

under field conditions, even when high RA-doses (>1010 CFU/bird) were used. Also 

dual infections with aMPV and high RA-doses did not result in a significant exacerba-

tion of the disease. This demonstrates the importance of additional factors, which are 

not present under laboratory conditions, but may contribute to disease in field out-

breaks. 

Nevertheless, our results clearly indicate that aMPV may have important functions in 

the pathogenesis of RA in turkey flocks. In this study aMPV enabled RA to establish 

respiratory infections in turkeys when low doses (~105 CFU/bird) were administered 

intranasally. aMPV-infected turkeys developed a respiratory and systemic RA-infection 

and RA was re-isolatiod for at least 10 days, whereas turkeys not infected with aMPV 

were able to clear the RA inoculum (Chapter 7). The support of intranasally inoculated 
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pathogens by aMPV has been previously demonstrated in several studies (Cook et al., 

1991; Ganapathy et al., 1998; Van de Zande et al., 2001; Marien et al., 2005). 

Our results confirm the important role of aMPV in multifactorial diseases under field 

conditions and contribute to the understanding of the pathogenesis of RA in turkeys. 

While ciliostatic agents, such as aMPV, are support the establishment of respiratory 

RA-infections, other factors are necessary to determine severe RA-induced disease. 

The nature of these factors needs to be further elucidated. 

8.3. Conclusions and future perspectives 

The results of this study clearly emphasize the importance of functional T-cell immunity 

for the control of aMPV-infection in turkeys. Depletion of T-lymphocytes delays virus-

clearance and recovery from disease in aMPV-infected turkeys. We also provide pre-

liminary results, that experimental T-cell depletion may abolish vaccine-induced protec-

tion against subsequent aMPV-challenge infection. Our results indicate that T-

lymphocytes rather than humoral immunity provide protective effects. These findings 

contribute to a better understanding of the mechanisms involved in protection of tur-

keys against aMPV. 

However, further research on aMPV-specific T-cell immunity is necessary. The pre-

liminary results on role of specific T-cells in vaccine-induced protection need further 

confirmation. Furthermore, the experimental design of this study did not provide infor-

mations on the contribution of individual T-cell subsets to aMPV-clearance and protec-

tion. This may be achieved by the use of mAb for specific depletion of T-lymphocyte 

subsets in vivo. The chicken may serve as a model for these investigations, since T-

lymphocyte specific mAb are available for this species (Cihak et al., 1991; Cihak et al., 

1998). 

Methods for the detection, quantification and characterization of aMPV-specific T-

lymphocytes in turkeys may significantly improve the possibilities to study the immune 

response induced by aMPV-infection. We adapted CFSE-analysis to the turkey and 

demonstrated it to be a useful tool for detection of mitogen-induced proliferation. In 
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addition, this assay may allow identification of specific T-lymphocytes following ex vivo 

recall stimulation with aMPV-antigen. This was already demonstrated for NDV-specific 

T-cells in chickens (Dalgaard et al., submitted). ICS may be used for identification and 

characterization of aMPV-specific T-lymphocytes as an alternative method or in com-

bination with CFSE (Ariaans et al., 2008; Ariaans et al., 2009). 

Robust tools for the detection of aMPV-specific T-lymphocytes would allow further 

characterization of the role of the different aMPV-proteins in induction of specific im-

munity and identification of protective T-lymphocyte epitopes. Enhanced knowledge 

about aMPV-specific T-cell functions is mandatory for future research on aMPV-

vaccination and mechanisms involved in cross-protection between the different aMPV-

subtypes are of particular interest. This knowledge would allow a rational design and 

validation of new aMPV vaccines in the future. 
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Table 8.1 Summary of vaccination experiments with CsA-treated and untreated 
turkeys (Chapter 6). 

 Exp. 1 Exp. 2 Exp. 3 
 Control CsA Control CsA Control CsA 

Exposure to 
aMPV-B a Ø b Ø + b + + + 

Replication of 
aMPV-A vaccine a + + + 

(delayed) 
+ 

(delayed) Ø (Ø) 

ELISA-IgG levels 
(at day of challenge) Ø (+) c Ø (+) (+) Ø 

VN antibody levels 
(at day of challenge) + + + + + Ø 

Protection against 
aMPV-A challenge + (+) d + + + Ø 

a detected by subtype-sepcific nested RT-PCR at days 4, 7 and 14 PV 
b Ø: negative; +: positive 
c low, but significantly higher than unvaccinated groups 
d nearly full protection; few turkeys with transient mild clinical signs 
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9. Summary 

The avian Metapneumovirus (aMPV) is an economically important pathogen of tur-

keys, which causes an acute respiratory disease called turkey rhinotracheitis (TRT). 

Little information is available on the immune mechanisms involved in protection 

against aMPV. In particular, the role of specific T-lymphocytes is still largely unclear. 

To address the questions regarding the role of humoral and cell-mediated immune 

mechanisms in the control of aMPV-infection in turkeys, we conducted two studies as 

parts of this thesis. 

In the first part the protective effect of antibodies against aMPV was investigated 

(Chapter 4). Turkeys were passively immunized by intravenous injection of aMPV-

specific antibodies. Subsequently, they were challenged with a virulent aMPV subtype 

A (aMPV-A) strain. Antibody transfer resulted in high virus neutralizing (VN) and IgG-

ELISA antibody titres in sera and in respiratory secretions, such as tracheal washings 

and lacrimal fluid. Following aMPV challenge-infection of turkeys with and without 

aMPV-specific antibodies no differences in clinical disease, histopathological respira-

tory lesions and aMPV-detection were detected between the groups. This data con-

firms that antibodies do not provide protection against aMPV-infection in naïve turkeys. 

For the investigation of the role of T-lymphocytes in primary aMPV-infection (Chapter 

5) and in vaccine-induced protection (Chapter 6) turkeys were chemically T-

lymphocyte suppressed by treatment with the immunosuppressive drug Cyclosporin A 

(CsA). The CsA-mediated T-lymphocyte suppression was confirmed in vitro using a 

flowcytometric proliferation assay with carboxy fluorescein succimidyl ester (CFSE). 

Concentrations of 0.25 to 1 µg/ml CsA completely abrogated mitogen-induced prolif-

eration of turkey T-lymphocytes in vitro. Turkeys were treated by intramuscular injec-

tion of 100 mg/kg CsA every three to four days. Absolute numbers of CD4 and CD8a 

positive T-lymphocytes in peripheral blood of CsA-treated turkeys were significantly 

decreased by up to 80%, as compared to untreated turkeys (P<0.05). This confirmed 

the T-lymphocyte-suppressive effect of CsA in vivo. 
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To elucidate the role of T-cells in the control of primary aMPV-infection (Chapter 5) 

CsA-treated and untreated turkeys were inoculated with virulent aMPV-A in two con-

secutive experiments. In both experiments CsA-mediated depletion of T-lymphocytes 

resulted in prolonged persistence of the virus. This was accompanied by a delayed 

recovery from clinical signs by about two days. CsA-treated groups also had signifi-

cantly higher number of birds with histopathological lesions still detectable in trachea 

and nasal turbinates two weeks after inoculation. These results demonstrate that T-

lymphocytes play an important role in the clearance of primary aMPV-infection in tur-

keys. This is in agreement with data collected on other Pneumovirinae infections in 

mammals. 

To investigate the role of vaccine-induced T-cell immunity in the protection against 

aMPV-infection, three vaccination experiments have been conducted (Chapter 6). 

CsA-treated and untreated turkeys were inoculated with a live aMPV-A vaccine and 

subsequently challenged with virulent aMPV-A. Replication of the vaccine, develop-

ment of clinical signs and antibody response in vaccinated birds varied considerably 

between the three experiments. Untreated vaccinated turkeys developed protection 

against challenge infection in all three experiments. In two experiments also the CsA-

treated turkeys were protected. Good replication of the vaccine had been detected in 

these groups. In the third experiment, in which the vaccine was barely detected by RT-

PCR, CsA-treated turkeys were fully susceptible to challenge infection and developed 

clinical disease. The results show, that suppression of T-lymphocytes may impair pro-

tection against aMPV-infection. However, CsA-treatment may not be an optimal model 

for investigation of T-cell mediated protection in turkeys. We speculated that the CsA-

mediated T-cell suppression may be compensated in the case of sufficient immune 

stimulation. 

aMPV has been shown to predispose turkeys to secondary pathogens due to the in-

duction of epithelial lesions. Riemerella anatipestifer (RA) is frequently found in turkey 

flocks in Germany. The development of RA-induced disease is possibly related to the 

presence of exacerbating factors, such as aMPV. A further part of this project therefore 

focussed on the role of aMPV in the pathogenesis RA-infection in turkeys (Chapter 7). 

A RA-infection model for the inoculation via different respiratory routes was estab-



Summary / Zusammenfassung 169 

 

lished. Respiratory inoculation with high RA-doses (~1010 CFU per bird) resulted in 

systemic RA-infection, mild clinical signs and gross lesions, such as pericarditis and 

airsacculitis. The severity of the disease was considerably milder than observed in RA-

outbreaks in turkey flocks under field conditions. Exposure of turkeys to a RA-rich 

aerosol (~1011 CFU/ml) at three to five days after inoculation with aMPV did not result 

in exacerbation of the disease, as compared to turkeys receiving RA mono-infection. 

Intransal inoculation of aMPV-infected turkeys with low RA-doses (~105 CFU per bird) 

resulted in respiratory and systemic RA-infection, while no RA was re-isolated from 

RA-inoculated turkeys which had not been exposed to aMPV. These results show that 

ciliostatic agents, such as aMPV, have considerable predisposing effects for the estab-

lishment of RA-infection in turkey flocks. However, additional infectious and/or non-

infectious factors may be necessary to reproduce severe clinical disease as reported 

from the field. 

In summary this thesis provides new data on the pathogenesis of aMPV-infection in 

turkeys. In particular it emphasizes the important role of T-lymphocytes in the clear-

ance of aMPV and in the protection against subsequent challenge infection. The re-

sults of this study will contribute to a better understanding of the protection of turkeys 

against aMPV and may facilitate future research on aMPV vaccination strategies. 
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10. Zusammenfassung 

Das Aviäre Metapneumovirus (aMPV) ist bei Puten ein wirtschaftlich bedeutender In-

fektionserreger und Verursacher einer akuten Atemwegserkrankung mit dem Namen 

„Rhinotracheitis der Puten“ (turkey rhinotracheitis, TRT). Bisher ist nur wenig bekannt 

über die Immunmechanismen, die für den Schutz gegen das Virus verantwortlich sind. 

Insbesondere die Bedeutung der T-Lymphozyten ist noch weitgehend unbekannt. 

Zielsetzung dieses Projektes war daher, weitergehende Informationen zur Rolle von 

humoraler und Zell-vermittelter Immunität für die Kontrolle der aMPV-Infektion der Pute 

zu sammeln. Zwei Teilstudien wurden zur Bearbeitung dieser Fragestellung im Rah-

men dieses Projektes durchgeführt. 

Die erste Teilstudie befasst sich mit dem Schutz durch aMPV-spezifische Antikörper 

(Kapitel 4). Dazu wurde ein Puten-Hyperimmunserum gegen den aMPV Subtyp A 

(aMPV-A) hergestellt und die Antikörper aufkonzentriert. Puten wurden mit dieser Anti-

körper-Präparation durch intravenöse Injektion passiv immunisiert. Dies führte sowohl 

im Blut als auch auf den Atemwegsschleimhäuten der passiv immunisierten Puten zu 

hohen Virus-neutralisierenden (VN) und ELISA Antikörper-Spiegeln. Nach der an-

schließenden Belastungsinfektion mit einem virulenten aMPV-A Stamm wurden fol-

gende Parameter über einen Zeitraum von 14 Tagen aufgenommen und zwischen infi-

zierten Tieren mit und ohne aMPV-spezifischen Antikörpern verglichen: aMPV-

Nachweis mittels RT-PCR, klinische Symptomatik und histopathologische Verände-

rungen der Schleimhäute von Trachea und Nasenmuscheln. Dabei konnten keine Un-

terschiede zwischen den beiden Gruppen festgestellt werden. Dieses Ergebnis bestä-

tigt vorherige Vermutungen, dass die humorale Immunität alleine keinen Schutz gegen 

die aMPV-Infektion bei der Pute bietet. 

Ziel der zweiten Teilstudie war die Untersuchung der Bedeutung von T-Lymphozyten 

für die Kontrolle der aMPV-Infektion. Dabei ging es zum einen um ihre Rolle bei der 

primären aMPV-Infektion (Kapitel 5), zum anderen um ihren Beitrag zum Impfschutz 

gegen aMPV (Kapitel 6). Diese Untersuchungen wurden in einem Immunsuppressi-
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ons-Modell durchgeführt, in dem Puten durch Behandlung mit dem Wirkstoff Cyclospo-

rin A (CsA) selektiv T-Zell-supprimiert wurden. Die T-Zell-suppressive Wirkung von 

CsA bei der Pute wurde mit Hilfe eines in vitro Proliferations-Tests nachgewiesen. 

CsA-Konzentrationen im Bereich von 0.25 bis 1 µg/ml verhinderten vollständig die Pro-

liferation von T-Lymphozyten nach Mitogen-Stimulation. Die CsA-Behandlung der Pu-

ten erfolgte durch intramuskuläre Injektionen von 100 mg CsA pro kg Körpergewicht in 

drei- bis viertägigen Abständen. Die Wirkung im Tier wurde mittels durchflusszyto-

metrischer Bestimmung absoluter Lymphozyten-Zahlen im Blut bestätigt. Die Anzahl 

CD4- und CD8a-positiver T-Lymphozyten im Blut CsA-behandelter Puten war im Ver-

gleich zu den Kontrolltieren signifkant (P<0.05) um bis zu 80% verringert. 

Um die Rolle der T-Zellen während der primären aMPV-Infektion zu untersuchen (Ka-

pitel 5), wurden CsA-behandelte und unbehandelte Puten mit virulentem aMPV-A infi-

ziert. Zwei Versuche mit weitgehend identischem Versuchsaufbau führten dabei zu 

vergleichbaren Ergebnissen. T-Zell-Suppression durch CsA-Behandlung führte zu ei-

ner verzögerten Elimination des Erregers. An Tag 14 nach Infektion (post infection, PI) 

waren noch 38 bzw. 63 % der Tupferproben in den CsA-behandelten Gruppen aMPV-

positiv, während in den unbehandelten Gruppen zur gleichen Zeit nur noch 0 bzw. 13 

% positive Tupfer gefunden wurden. Gleichzeitig konnte ein verzögertes Abklingen der 

klinischen Symptomatik in den CsA-behandelten Gruppen beobachtet werden und Lä-

sionen der Atemwegsschleimhäute waren ebenfalls länger feststellbar. Zusammenge-

fasst weisen die Ergebnisse dieses Versuchsteils darauf hin, dass T-Lymphozyten ei-

ne große Bedeutung für die Kontrolle primärer aMPV-Infektionen bei der Pute haben. 

Ähnliche Ergebnisse konnten mit mehreren, mit dem aMPV verwandten Vertretern der 

Pneumovirinae in Säugetieren erzielt werden. 

Zur Untersuchung der Bedeutung der T-Lymphozyten für den Impfschutz gegen aMPV 

(Kapitel 6) wurden CsA-behandelte und unbehandelte Puten zunächst mit einem 

kommerziellen aMPV-A Lebendimpfstoff geimpft und zwei Wochen später durch Infek-

tion mit virulentem aMPV-A belastet. Zwischen den drei durchgeführten Versuchen 

wurden erhebliche Variationen festgestellt in Bezug auf Nachweis der Lebendvakzine, 

Impfstoff-induzierte klinische Erkrankung, Antikörper-Antwort und Impfschutz. CsA-

behandelte Puten entwickelten in zwei der drei Experimente trotz T-Zell-Suppression 
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einen ausreichenden Schutz gegen die Belastungsinfektion. In diesen beiden Experi-

menten war der Lebendimpfstoff über einen Zeitraum von mehreren Tagen in den Tie-

ren nachweisbar gewesen. Im dritten Versuch war dagegen kaum eine Vermehrung 

des Impfstoffes in den Puten nachweisbar und die CsA-behandelten Tiere entwickelten 

keinerlei Impfschutz. Die Ergebnisse dieses Versuchs deuten darauf hin, dass eine 

Suppression der T-Lymphozyten zu einem Impfversagen führen kann und T-Zellen 

somit eine Bedeutung für den Impfschutz gegen die aMPV-Infektion der Pute haben. 

Auf der anderen Seite zeigen die Ergebnisse der anderen beiden Versuche jedoch 

auch, dass die Verwendung von CsA im T-Zell-Suppressions-Modell nicht ohne 

Nachteile ist. Wir vermuten, dass die durch CsA verursachte Hemmung der T-Zellen 

bei ausreichender Stimulation des Immunsystems durch den Impfstoff kompensiert 

werden kann. 

Neben der primären pathogenen Wirkung von aMPV spielt in der Pathogenese dieses 

Erregers vor allem die Begünstigung von Sekundärinfektionen eine bedeutende Rolle. 

Die von aMPV hervorgerufenen Schleimhautläsionen im Respirationstrakt können von 

bakteriellen Atemwegserregern genutzt werden, um in den Organismus einzudringen. 

Das Gram-negative Bakterium Riemerella anatipestifer (RA) wird in Deutschland häu-

fig in erkrankten Putenbeständen isoliert, insbesondere in Regionen mit hoher Dichte 

von Geflügelbeständen. Ein gemeinsames Auftreten von aMPV und RA wird dabei 

nicht selten beobachtet, so dass ein Zusammenhang zwischen beiden Infektionen dis-

kutiert wird. Um diesen Aspekt näher zu beleuchten, wurde eine dritte Teilstudie die-

ses Projekts durchgeführt (Kapitel 7). Dazu wurde zunächst ein Infektionsmodell für 

die RA-Infektion der Pute durch Inokulation über den Respirationstrakt etabliert. Es 

zeigte sich, dass der Einsatz hoher RA-Infektionsdosen (>1010 KBE pro Tier) zu einer 

systemischen Infektion und der Ausbildung von milden klinischer Symptome und pa-

thologischen Veränderungen führte. Die Organveränderungen, wie z.B. fibrinöse Belä-

ge auf Herzbeutel und Luftsäcken, unterschieden sich in ihrer Art nicht von den bei 

RA-Infektionen im Feld beobachteten, sie waren jedoch weit weniger ausgeprägt. Ex-

perimentelle Infektionen von Puten mit aMPV, drei bis fünf Tage später gefolgt von 

hohen RA-Dosen durch Aerosol, führten nicht zu einer deutlicheren Ausprägung der 

Erkrankung im Vergleich zu nur mit RA infizierten Tieren. Wurden jedoch aMPV-

infizierte und Virus-freie Tiere durch intranasale Inokulation mit niedrigeren RA-Dosen 
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(>105 KBE pro Tier) infiziert, so zeigten sich deutliche Unterschiede zwischen den bei-

den Gruppen. Während aus den aMPV-freien Puten in den folgenden Tagen kein RA 

isoliert werden konnte, entwickelte sich bei den aMPV-infizierten Tieren eine RA-

Infektion mit Nachweis des Bakteriums aus respiratorischen und inneren Organen. 

Dies zeigt, dass aMPV eine bedeutende Rolle für das Haften der RA-Infektion in Puten 

unter Feldbedingungen spielen kann. Die Entwicklung schwerer klinischer Erkrankun-

gen, wie sie von RA-Ausbrüchen in Putenbeständen berichtet werden, scheint jedoch 

vom zusätzlichen Einfluss weiterer belastender Faktoren abhängig zu sein. 

Zusammenfassend bietet diese PhD-These neue Informationen zur Pathogenese der 

aMPV-Infektion der Pute. Insbesondere konnte gezeigt werden, dass T-Lymphozyten 

einen wichtigen Beitrag zur Kontrolle der Infektion im Tier leisten. Die Ergebnisse die-

ser Studie tragen somit zu einem besseren Verständnis der Immunität gegen die 

aMPV-Infektion bei. 
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