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ABSTRACT 

The main features of avian influenza viruses (AIV) and Newcastle disease virus (APMV-1), the 

possibilities for isolation and identification in laboratory conditions, methods of diagnostics, main hosts, 

clinical signs and virus shedding are reviewed in chronological order. The other part of the review 

explains the mechanisms and interactions in cases of co-infection of AIV and APMV-1, either between 

them or with other pathogens in various indicator systems – cell cultures, chick embryos or birds. The 

emphasis is placed on quantitative data on the virus present mainly in the first ten days following 

experimental infection of birds, the periods of virus carrier ship and shedding, clinical signs, pathological 

changes, diagnostic challenges.  
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INTRODUCTION  

Depending on the number of microbial species 

involved in infection, the latter are classified as 

mono infections and mixed infections (co-

infection). Mono infections are caused by one 

agent only, while co-infections – by more than 

one. Most commonly, co-infections occur in 

intestinal tract and airways. In case of mixed 

infection, two categories of disease are 

distinguished: 

- Diseases, whose clinical signs could be 

reproduced with one agent regardless of the 

presence of another; 

- Diseases, in which two or more microbial 

agents are necessary to induced disease. Often, 

the effect is multiplied when two or more 

agents are present as compared to the 

independent effect of each of them 

(synergism). 
 

The interaction in case of viral infection is at 

the cell level. In these instances, co-infection 

includes simultaneous infection of one cell by 

two or more viruses. In cases when viruses 

possess equal cellular receptors, one virus or 

its components impede the replication of the 

other virus (es) and the spread of infection. 

This phenomenon is known as interference. 

__________________________ 
*Correspondence to:  Ivan Zarkov, Department of 

Microbiology, Infectious and Parasitic diseases, 

Faculty of Veterinary Medicine, Trakia University, 

Stara Zagora, Bulgaria, E-mail: 

ivan_zarkov@abv.bg  

1. General information about avian 

influenza viruses (AIV) and AIV mono 

infections 

Avian influenza viruses (AIV) belong to the 

family Orthomyxoviridae, genus Influenza А 

virus.  They possess negative-sense single-

strand segmented RNA. The segmented 

genome is the cause for frequent genetic 

changes – mutations and recombinations. The 

most appropriate method for isolation of 

viruses in laboratory conditions is in 9-11-days 

old chick embryos (CE) from cloacal or 

oropharyngeal samples of infected birds, as 

well as from trachea, lung, air sacs, intestines, 

spleen, kidneys, brain, heart from dead ones 

(1). The viruses are cultivated in cell cultured 

(mainly MDCK) although less easily.  
 

The genus (type) affiliation of viruses is 

determined by detection of group-specific 

antigens (from nucleoprotein and М protein. 

Group-specific antigens are detected in 

immunodiffusion (ID) test, ELISA, real-time 

reverse-transcription polymerase chain 

reaction (rRT-PCR). Subtype of viruses is 

determined on the basis of surface 

glycoproteins – haemagglutinins (Н) and 

neuraminidases (N). In birds, 144 subtypes are 

known arising from the combination of 16 H- 

and 9 N- types. The adsorption on cell 

receptors occurs after activation of viral Н 

(Н0) obtained after its cleavage into Н1 and 

Н2. Subtypes are detected in haemagglutinin 

inhibition (HI) test for determination of the H 
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type, neuraminidase inhibition (NI) test for 

determination of the N type, rRT-PCR with 

subtype-specific primers and probes, sequence 

and phylogenetic analysis. The antibodies in 

birds are detected via ID, HI, ELISA (1).  
 

In birds, two AIV types are known with 

respect to their pathogenicity: highly 

pathogenic (HPAIV) and low-pathogenic AIV   

(LPAIV). More commonly, infections in birds 

are caused by LPAIV strains. Avian influenza 

viruses with all haemagglutinins types could be 

from the LPAIV type. Strains with H5 and H7 

could mutate into HPAIV. They are designated 

by the highly pathogenic notifiable avian 

influenza (HPNAI). The difference between 

LPAIV and HPAIV is in the amino acid 

sequence at the Н (Н0) cleavage site into Н1 

and Н2 (2). Glycoproteins with three or more 

basic amino acids (arginine “R” and lysine 

“K”) at the H0 cleavage site recognised by the 

precursor protein furin define the strains as 

HPAIV (3, 4). An example of amino acid 

sequence in HPAIV is PQRES RRKK / GLF. 

The cleavage of Н0 into Н1 and Н2 in LPAIV 

depends on trypsin and trypsin-like enzymes, 

whereas in HPAIV it occurs without trypsin or 

trypsin-like enzymes. 
 

Apart the determination of amino acid 

sequence of Н1 and Н2 glycoproteins, 

pathogenicity could be evaluated with 10 

susceptible experimental 4-8-week-old 

chickens, inoculated intravenously with 0.1 ml 

1/10 diluted viral isolate in CE, observed over 

10 days. The result is detected as intravenous 

pathogenicity index (IVPI). All healthy birds 

are scored with 0, the diseased ones – 1 point, 

severely ill - 2 points and dead – 3 points. The 

result is the sum of all points from all birds for 

10 days, divided to the number of infected 

birds. HPAIV and HPNAI have IVPI values 

over 1.2 (maximum score 3.0, when all 

chickens die) or provoke death in at least 75% 

of infected birds. There are exceptions from 

the rule. The strains Н10N5 and H10N4 

possess IVPI >1.2, but do not cause disease 

when applied intranasally. The Н7N3 strains 

isolated in Chile and Canada are HPAIV, but 

do not have amino acid configuration for 

HPAIV at H0 cleavage site into Н1 and Н2 (1).  

Domestic and wild birds are susceptible to all 

AIV. Wild waterfowl are natural AIV hosts 

and during migration spread them at huge 

distances and to novel hosts. From the 8,600 

known avian species, isolates are so far 

discovered only in 1.2% (5). Тhey belong to 12 

orders - Gaviiformes, Podicepediformes, 

Procellariiformes, Pelecaniformes, 

Ciconiiformes, Anseriformes, Galliformes, 

Gruiformes, Columbiformes, Charadriiformes, 

Piciformes, Passeriformes.  Among the 12 

orders, AIV isolates have benn obtained from 

106 avian species (6), and their distribution is 

irregular both within orders and families, and 

within species as well.  
 

Wild waterfowl are the main source of 

infection for domestic poultry (7). From the 

latter, most commonly affected are chickens 

(Gallus domesticus), turkeys (Meleagridis 

galopava), ducks (Anas spp.), geese (Anser 

spp.), which spread consequently the virus 

among them and to other closely related 

susceptible birds (8).  
 

The clinical signs in birds depend on the 

species, age, virus type and other external 

factors. Highly pathogenic avian influenza 

viruses are characterised with up to 100 % 

morbidity and mortality rates. Its course could 

be accompanied with sudden death, with all 

specific clinical signs or with less signs as well 

as to be asymptomatic (Pekin ducks). The main 

clinical signs are nasal discharge, cough, 

dyspnea, oedema of sinuses or head, 

inappetance, cyanosis of the skin, comb and 

wattles, legs; lack of coordination, nervous 

signs, diarrhoea, drop in egg production in 

laying birds. Birds infected with LPAIV do not 

exhibit clinical signs, manifest mild symptoms 

(respiratory or intestinal) or under certain 

circumstances (including presence of other 

infection agents) show signs similar to those 

after HPAIV (1).  
 

The localisation of HPAIV is in all organs and 

systems, while that of LPAIV – in the airways 

and alimentary system, which is important in 

sampling for laboratory isolation. The LPAIV 

localisation in birds is in sites with presence of 

trypsin or trypsin-like enzymes, needed for 

cleavage of Н (Н0) into Н1 and Н2. It is also 

established that the infection with LPAIV 

depends on the avian host species, the site of 

penetration into the host, the amount of virus 

an the viral strain (adaptation of the strain to 

the host), which vary within a broad range. 

These data are obtained after investigations on 

field infections and after experimental 

infection with monitoring of clinical, 

pathological changes, the periods of virus 

carriership and virus shedding, the titre of 

reisolated virus, antibody response (7 - 14).  In 

experimental conditions with birds infected 

with LPAIV subtype Н6N2 (the most 

frequently isolated subtype in Bulgaria), the 

virus was reisolated in 100 % оf infected 

ducklings until post infection (PI) day 5, until 

PI day 7 in infected guinea fowl, until зPI day 

10 in 67% of infected geese, until PI day 7 in 

56% of infected turkeys and until PI day 5 in 
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33 % of infected chickens. The virus 

reisolation in ducks continues until the 21
st
 PI 

day, in guinea fowl – until PI day 14, in geese 

and turkeys – until the 10
th
 PI day and in 

chickens – until the 5
th
 PI day. Reisolation in 

all avian species was done from the cloaca and 

the oropharynx. For some strains, more 

reisolates and more prolonged reisolation was 

done from the cloaca, while in others – from 

the oropharynx. In ducks infected with Н6N2, 

the reisolation was until the 21
st
 day from the 

cloaca and until the 10
th
 day from the 

oropharynx, in guinea fowl: until the 14
th
 and 

10
th
 day from the cloaca and oropharynx 

respectively; in geese: until PI days 10 and 5 

respectively, in turkeys: PI days 10 and 7; in 

chickens – until PI days 5 and 3 (15-19). 
 

Birds are not vaccinated against LPAIV. An 

element of HPAIV control is vaccination with 

inactivated oil adjuvant vaccine with the same 

Н and/or N provoking the disease. It is 

practiced in some countries and depends on the 

spread of the virus on the respective territory, 

economic losses, virus subtype, risk for the 

population (20, 21). 
 

2. General information for Newcastle 

disease virus (NDV) and NDV 

monoinfections  

The Newcastle disease virus (NDV, APMV-1) 

belongs to order Mononegavirales, family 

Paramyxoviridae, genus Avulavirus. 

Avulavirus involves 10 serotypes (APMV 1-

10), the NDV being serotype 1 (22). It 

possesses negative-sense single-strand-

segmented RNA. The hosts are about 200 wild 

and domestic bird species. Men could be also 

infected. In pigeons, there is an independent 

disease entity, namely paramyxovirosis 

(PPMV-1).  
 

The virus is isolated using samples and 

methods similar to those described for AIV.  

The APMV-1 strains are of various virulence 

(pathogenicity). According to their virulence, 5 

APMV-1 groups are distinguished – 

viscerotropic velogenic, neurotropic velogenic 

(all of them highly virulent), mesogenic (of 

medium virulence) lentogenic or respiratory 

(low-virulent) and asymptomatic (23). The 

virulence is determined by amino acid 

sequence at the site of F0 protein cleavage (the 

F protein is synthesised as a precursor and 

needs to be divided into two small fragments: 

F1 and F2 to function properly). When the F2 

protein has several basic amino acids – 

arginine (R) and/or lysine (K) at the cleavage 

site (C-terminus of F2) and phenylalanine at 

position 117 (the N-terminus of F1) the strain 

is virulent (24, 25, 26).  

The isolation is mainly in CE, rarely in cell 

cultures, and the identification of the virus as 

APMV 1 is done via HI assay (gives cross-

reaction with APMV-3 and APMV-7), reverse-

transcription polymerase chain reaction (RT-

PCR) of F gene fragments (the M gene is not 

highly conservative and could give false 

results),  rRT-PCR. The problems with 

molecular diagnostic techniques are associated 

to genetic differences of strains (presence of 

class I and class I viruses, 6 genogroups, with 

subgroups to genogroup 3, 4 and 5) (27). 

Therefore, multiplex RT-PCR or rRT- PCR 

with primers of both classes should be 

preferably utilised.  
 

The pathogenicity of strains is evaluated after 

infection of day-old experimental seronegative 

or pathogenic-free (SPF) chickens or through 

determination of amino acid sequence at the 

site of F0 cleavage. When experimental 

chickens are used, an intracerebral 

pathogenicity index (ICPI) is determined with 

8-day observation of infected birds. Those 

without clinical signs are scored with 0 points, 

the diseased and dead ones – with 1 and 2 

points respectively. Velogenic strains have 

scores >1.5; mesogenic – from 0.7 tо 1.5 and 

lentogenic – <0.7. When pathogenicity of 

strains is determined via amino acid sequences, 

the latter are determined at the C-terminus of 

the F2 protein between the 112th and 116
th
 

amino acid and the 117
th
 amino acid at the N-

terminus of the F1 protein. Virulent strains 

have a configuration (112 G/K-R-Q/K/R-K/R-

R 116) at the C-terminus of the F2 protein and 

phenylalanine as 117
th
 amino acid at the N-

terminus of F1. A strain should possess at least 

three arginine (R) and/or lysine (K) bases (28). 

Serological tests for detection of antibodies 

against avian APMV-1 are the HI test, ELISA, 

virus neutralisation test.  
 

The sensitivity of birds to APMV-1 (no matter 

the virulence for chickens) varies and depends 

on a number of factors as the viral strain, host 

species, external factors (temperature, season, 

stress etc.) The infection of birds with virulent 

strains results in high death rates and specific 

clinical signs depending on the virulence 

extent (velogenic, mesogenic). Chickens and 

hens infected with velogenic-viscerotropic 

strains exhibit apathy, anorexia, emaciation, 

prostration, respiratory signs, periocular 

oedema, greenish diarrhoea, nervous signs 

(corticoids, opisthotonus), drop in egg 

production and up to 100% mortality. 

Velogenic-neurotropic strains provoke nervous 

and respiratory signs and 50% - 90% death 

rates. Mesogenic strains induce nervous and 

respiratory signs and mortality in small chicks. 
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Lentogenic strains are located in the airways 

and the alimentary system due to their 

dependency upon the presence of protease 

(trypsin) and protease-like enzymes needed to 

cleave F0 (similar to LPAIV and Н0). Тhey 

provoke mild respiratory signs or no signs 

(29).  
 

Vaccination as a method of control of 

Newcastle disease in birds is widely used. It 

usually protects the birds from the appearance 

of clinical signs, development of disease and 

death (30). The immunity against the disease is 

mainly due to antibodies raised against the two 

surface viral glycoprotein peplomers – F and 

HN proteins. The use of live lentogenic 

APMV-1 (most commonly Hitchner B1 and La 

Sota) as vaccinal strains is common on a global 

scale. It has the advantage of being cheap, 

offers various routes of application, provokes 

general and local immunity, rapid onset of 

cellular and humoral immunity, possibility for 

transmission of the vaccinal virus from one 

bird to another within the herd. The 

vaccination protocols in the EC are specified 

(31, 32). 
 

The used lentogenic APMV-1 strains as live 

vaccines for protection from a virulent virus 

cause a mild respiratory distress in SPF 

chickens under experimental conditions 

(strains with ICPI up to 0.4–0.5 are allowed in 

the EC). Nevertheless these are the most 

widely used NDV strains for vaccination 

purposes (23). They are applied with drinking 

water, as an aerosol, via intranasal and 

conjunctival routes. Inactivated vaccines are 

safe but their application is more labourous 

(only parenterally) as well as more expensive 

(32). 
 

3. Data for APMV-1 and/or AIV co-

infections in birds. 

There are reports with co-infections with two 

different viruses, as well as with bacteria and 

viruses. They have been performed in cell 

cultures, chick embryos and e They have been 

performed in cell cultures, chick embryos and 

experimental birds. 
 

А. Co-infections between bacteria and either 

APMV-1 or AIV. 

Charles at al. (33) conducted three 

experiments, infecting 4-week-old turkey 

poults with Pasteurella anatipestifer followed 

by vaccination with APMV-1, with a virulent 

APMV-1 and superinfection with Pasteurella 

anatipestifer and with Pasteurella anatipestifer 

only. There was no difference in clinical signs 

and pathological changes in birds inoculated 

with vaccinal APMV-1 strain and Pasteurella 

anatipestifer and with Pasteurella anatipestifer 

only. A difference was noted in the course of 

disease, gross anatomy and histopathological 

changes after infection with virulent APMV-1 

strain and superinfection with Pasteurella 

anatipestifer. 
 

Ornithobacterium rhinotracheale (ORT) is the 

etiological agent causing respiratory infection 

in birds (airsacculitis and pneumonia). The 

clinical signs depend on the virulence of strain, 

host immune status and the presence of other 

infectious agents (34). The studies in birds 

infected with H9N2 AIV demonstrated that the 

strain induced respiratory distress (35, 36). In 

spontaneous progressive pneumonia in broilers 

and laying hens in China, morbidity rate 

attained 70 % and mortality – 30%. The 

experiments performed with both isolates 

(ORT and influenza virus H9N2) confirmed 

the clinical signs and death rate in spontaneous 

cases, whereas monoinfections with each of 

etiological agents did not provide evidence for 

such changes. The authors concluded that 

economic losses and mortality incurred by 

ORT were high, when the avian influenza virus 

H9N2 was also involved (37).  
 

Stipkovits et al., 2012 (38) investigated co-

infection with Mycoplasma gallisepticum and a 

LPAIV   strain   H3N8   (A/mallard/Hungary/ 

19616/07) in chickens. The authors monitored 

the presence of clinical signs of disease and 

antibody levels against Mycoplasma 

gallisepticum and LPAIV strain H3N8. The 

results were compared with monoinfections 

with either Mycoplasma gallisepticum or  с 

LPAIV H3N8. Clinical signs were proved 

during Mycoplasma gallisepticum 

monoinfection and co-infection with 

Mycoplasma gallisepticum and LPAIV strain 

H3N8, with more severe signs in the latter 

case. The antibody response against 

Mycoplasma gallisepticum was considerably 

reduced in co-infected birds. The authors 

concluded that LPAIV strain H3N8 enhanced 

the pathogenicity of Mycoplasma 

gallisepticum.  
 

B. Co-infections with two viruses 

- In cell cultures and chick embryos  

As early as in 1945, Burnet (39) proved that 

after infecting cells with both viruses (AIV and 

APMV-1), the erythrocytes remained 

refractory to one of viruses in the HI test. 
 

Florman, 1948 (40) demonstrated that after 

infection with APMV-1, CE were not 

susceptible after repeated (after 24 h) infection 

with AIV even at high doses. Bang, 1949 (41) 

found out that AIV infection followed by 
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challenge with low doses of a virulent APMV-

1 strain has no lethal effect in embryos. Later, 

Shortridge and King, 1983 (42) proved that 

AIV were preferentially detected as compared 

to APMV-1 after infection with several 

subtypes of AIV (H4N6, H5N3, H7N2, H9N2, 

H12N5) and co-infection with APMV-1. The 

factors influencing the results were attributed 

by the authors to the different multiplication 

performance of both viruses and their intrinsic 

interference. The results of Liu et al., 2003 

(43) indicated that AIV (with Н9) interfered 

strongly with APMV-1 replication in allantoic 

fluid of infected CE and that the interference 

was influenced by the presence of serum with 

antibodies. Ge and co-authors, 2012 (44) 

investigated co-infection with two AIV (F98 

and H5N1) and two APMV-1 (LaSota and 

F48E8) in CE via real-time RT-PCR. The 

authors tested variants of simultaneous 

infection, preliminary with AIV followed by 

APMV-1 and vice versa, with the second virus 

challenge occurring after 12 or 24 hours. In 

their experiments, the authors proved that  

when different AIV and APMV-1 doses were 

applied at the same time, AIV had a negative 

effect on APMV-1 replication. APMV-1 did 

not influence the replication of AIV.  The 

extent of influence on APMV-1 after challenge 

with equal amounts of both viruses depended 

on the time of inoculation of the second viral 

agent and AIV virulence. If CE are infected 

first with APMV-1, AIV replication could be 

altered.  
 

The review of data makes clear that in CE co-

infected with AIV and APMV-1 exhibited 

interference as revealed by classical and 

modern methods of investigation. When AIV 

is applied before or together with APMV-1, 

interference occurs. The results are dependent 

on the dose (amount) of the virus, the time of 

challenge with the second virus, the virulence 

of strains and the presence of antibodies. 
 

- In birds. 

Co-infection with two viruses is frequently 

seen in field cases, but related information is 

scarce. Co-infection could make the disease 

course more severe, mixed clinical signs could 

be established, death rate could be higher and 

pathological changes other that the usual one 

could be present (45). Furthermore, co-

infection with two viruses could lead to altered 

tropism of viruses and to misleading diagnosis 

(38, 42).  
 

With low pathogenic AIV and APMV-1 

strains. 

The infection of a host with one of viruses in 

most cases has an effect on infection with the 

other. This is due to the circumstance that AIV 

and APMV-1 have identical receptors and the 

same site of localisation in the body (airways 

and gastrointestinal tract) due to their 

dependency on trypsin and trypsin-like 

enzymes. There, they compete for target cells. 

As a result, the co-infection (depending on the 

host bird species) could result in altered 

production of progeny virus with effects on 

clinical signs, immune response which could 

impede the detection in avian flocks (46). 

Examples are the studies of El Zowalaty et al., 

2011; Costa-Hurtado et al., 2014; França et al., 

2014 and Sajid Umar et al., 2015 (47 - 50). 
 

El Zowalaty et al (2011) proved that the 

presence of mixed APMV-1 and AIV infection 

(detected by RT-PCR) in cloacal sample of 

free living ducks could inhibit AIV replication 

and yield negative results in attempts for AIV 

isolation in CE (false negative results). The 

AIV isolation is possible when cloacal samples 

are processed with sera with antibodies against 

APMV-1.  
 

Costa-Hurtado et al. (2014) infected chickens 

and turkeys with lentogenic APMV-1 LaSota 

strain and LPAIV subtype H7N2 

independently, simultaneously and 

consequently. In chickens clinical signs of 

disease were not shown neither in birds with 

monoinfection, neither in co-infected ones. 

There were differences only in virus shedding, 

with lower titers of the second virus on PI days 

2 and 3 in co-infections, proof of altered 

dynamics of its replication. The turkeys 

infected with LPAIV only and co-infected with 

a lentogenic AMPV-1showed mild signs of 

disease. They exhibited greater differences 

compared to chickens associated to lower 

number of birds with infection and lower titres. 
 

França et al. (2014) conducted one experiment 

with one-month-old mallard infected nasally 

simultaneously with a lentogenic APMV-1 and 

a LPAIV  (H3N8) as well as a second 

experiment with LPAIV (H3N8) in which it 

was applied 2 and 5 days after the lentogenic 

APMV-1. According to the results, all birds 

were infected with both viruses as confirmed 

from virus shedding and serological response 

to both pathogens. There was no statistically 

significant difference in studied cloacal 

samples in favour of LPAIV. The authors 

concluded that co-infection did not have an 

effect on LPAIV replication in mallards.  
 

In Egyptian fayoumi chickens, Sajid Umar et 

al. (2015) obtained comparable results as those 

of Costa-Hurtado et al. (2014). One part of the 

birds were nasally infected with each of the 

http://www.tandfonline.com/author/Fran%C3%A7a%2C+M
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ZARKOV IV. 

Trakia Journal of Sciences, Vol. 15, № 2, 2017                                                     187 
 

 

viruses, and another part – simultaneously with 

lentogenic APMV-1 and LPAIV H9N2. Over 

three days after the co-infection, lower titres 

and less amount of both viruses were detected 

compared to monoinfection. In the days that 

followed, the amount of LPAIV H9N2 in the 

oropharynx increased, but that of APMV-1 

remained low. 
 

With low pathogenic AIV or APMV-1 

strains and another virus. 
Experimental studies were carried out in birds 

in which a live vaccine with infectious 

bronchitis virus was applied (widely used in 

poultry industry) and then, they were 

challenged with H9N2 (51). The co-infection 

resulted in increased shedding of H9N2, more 

severe clinical signs, increased mortality rate 

and pathological changes.  
 

El-Yuguda et al. (2007, 2014) (52, 53) 

performed experiments with two bird species 

(guinea fowl and chickens). In two 

experimental designs with guinea fowl they 

investigated the immune response after 

vaccination with live vaccine of infectious 

bursal disease virus (IBDV) followed by 

vaccination with lentogenic La Sota APMV-1 

strain 7 days later; while the second design 

included infection of birds with a pathogenic 

IBDV strain and vaccination with lentogenic 

La Sota APMV-1 strain 7 days later. In 

chickens, simultaneous vaccination with IBDV 

and La Sota APMV-1 was done in one of 

trials, whereas in the second one IBDV 

challenge was later followed by vaccination 

with a lentogenic APMV-1 La Sota strain. The 

results were compared to monoinfections. The 

authors reported disturbances in humoral 

immune response in both bird species in 

comparison to that against the vaccinal 

APMV-1, when the latter was applied at a later 

stage. It was raised both after challenge with 

vaccinal as well as pathogenic IBDV. When 

both vaccinal viruses were applied at the same 

time in chickens, no changes in humoral 

immune response were observed. The cause 

for the altered humoral immune response 

according to the authors was due to the 

necrosis in lymphoid organs induced by the 

IBDV.  
 

With highly pathogenic AIV and APMV-1 

strains.  

Chickens inoculated with H9N2 and 7 days 

later with a velogenic APMV-1 strain resulted 

in higher mortality with faster onset of the fatal 

outcome, more severe clinical disease and 

more severe pathological changes compared to 

viral monoinfections (54).  
 

In experiments with APMV-1 and HPAIV 

strains, Costa-Hurtado et al., 2015 (55) 

demonstrated that a preliminary infection of 

chickens with a virulent APMV-1 (strain 

CA/2002), but not with lentogenic strain (La 

Sota) reduced the replication of HPAIV 

(H5N2) applied two days later at high doses 

(10 
6.9

 EID 50), although the mortality rate was 

preserved. The inoculation with a less virulent 

APMV-1 strain (mesogenic Pigeon/1984) and 

HPAIV (H5N2 or H7N3) applied some time 

apart (after 3 days) and at lower doses (10 
5.3 – 

5.5
 EID 50) also decreased HPAIV replication 

but increased survival rates. The authors 

concluded that replication, morbidity and 

mortality caused by the HPAIV applied after a 

virulent APMV-1 were reduced as a result of 

interference. It also depended on the viral 

titres, the virulence of the initially applied 

virus (APMV-1) and the time for application 

of the second one (HPAIV).   
 

Pantin-Jackwood et al. (2015) (56) performed 

experimental intraocular and intranasal 

infection   of a group of domestic ducks with a 

velogenic APMV-1 and a LPAIV (H7N8), a 

second group was challenged with a velogenic 

APMV-1 and a HPAIV (H5N1) and other 

groups were with monoinfections caused by 

each of these viruses. Co-infections were 

conducted either simultaneously or two days 

apart. The clinical signs, virus shedding, 

transmission to susceptible birds in infected 

groups were followed out.  Co-infections with 

velogenic APMV-1 and LPAIV did not result 

in clinically manifested disease, but the 

shedding of APMV-1 declined during the first 

four post infection days. Co-infection did not 

influence the number of birds shedding 

LPAIV, but during the first 2 days after the 

infection, a greater amount of the virus was 

detected in comparison to LPAIV 

monoinfection. The ducks infected 

simultaneously with a velogenic APMV-1 and 

HPAIV exhibited a shorter period of survival 

than those challenged with a velogenic APMV-

1 two days prior to the HPAIV. Furthermore, 

the transmission to susceptible birds was 

reduced. The observed changes were attributed 

to the interference due to infection with more 

than one virus, which reflected on virus 

replication, modified the pathogenesis of the 

disease and transmission of the virus to 

susceptible bird hosts. 

 

CONCLUSIONS 

Birds are often infected with more than one 

infectious agent. Co-infections are also 

observed during vaccination with one or more 

live vaccines at the background of a 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Costa-Hurtado%20M%5Bauth%5D
http://www.sciencedirect.com/science/article/pii/S0378113515000632
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spontaneous infection. On a global scale, birds 

are actively and repeatedly vaccinated with 

live lentogenic vaccine of various APMV-1 

strains while other infections, in particular with 

AIV are frequently encountered. The interest 

to co-infections of birds with APMV-1 and 

AIV is due to the fact that they compete for the 

same receptors in susceptible cells. 

Comparative data about clinical, pathological, 

diagnostic data in birds with mono- and co-

infections showed that they differed 

substantially when a second infectious agent 

was involved. Also, co-infection was related to 

altered tissue tropism, virus replication, 

different period of virus production and 

realisation, altered immune response. 

Experimentally reproduced co-infections in 

different indicator biological systems (cell 

cultures, chick embryos, birds) demonstrate 

that the time of infection with the second 

pathogen, latency, dose, virulence and 

biological properties of pathogens were 

important.  
 

The publication is a scientific project 

№1/2016,VMF 
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