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Abstract
Avian mycobacteriosis is a chronic debilitating disease of birds which poses a public health threat. In avian species, the disease 
is primarily caused by Mycobacterium avium subspecies avium. Nearly all bird species are susceptible to this infection, with 
older birds being more susceptible than younger ones. Ingestion of feed and water contaminated by the excreta of infected 
or chronic carrier birds is the main route of Mycobacterium infection and transmission; however, the respiratory route is 
also possible. Migratory wild or free-living birds play an important role in mycobacteriosis transmission, and affected 
birds show severe depletion, emaciation, anemia, diarrhea, and respiratory manifestations. The appearance of characteristic 
tuberculous nodules in the digestive system, especially in the intestine, liver, and spleen, is pathognomonic. Confirmation 
of Mycobacterium infection can be achieved through isolation on specifically selected media, direct smear for detection of 
characteristic acid-fast bacilli, and detection of the bacterium using molecular diagnostic methods. Serological and allergic 
tests can also be applied. Different species of Mycobacterium, especially M. avium, have public health significance and 
can be transmitted from birds to humans. Such zoonosis is especially dangerous in human immunocompromised patients. 
Authorities and governments have implemented strict and comprehensive eradication programs for avian mycobacteriosis. 
These biosecurity measures, including surveillance monitoring programs and antimicrobial susceptibility testing, are 
essential for the prevention and treatment of Mycobacterium infection in poultry production systems. This review was 
designed to focus on avian mycobacteriosis in birds and humans.
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Introduction

Mycobacteriosis is a contagious chronic debili-
tating zoonotic disease of animals, birds, and immu-
nocompromised humans [1]. Avian mycobacteriosis 
affects domestic, psittacine, captive exotic, and wild 
birds [2]. The disease is associated with serious eco-
nomic losses, including increased condemnation rates 
during processing, decreased egg production, lower 
body weights, sudden deaths associated with high 
mortality rates, and losses of valuable endangered 
bird species [3]. The causative agents of infection 
belong to the genus Mycobacterium [4]. Members of 
Mycobacterium avium species contain four subspe-
cies that are termed as the M. avium complex. This 
complex includes M. avium subsp. avium, M. avium 
subsp. hominissuis (serotypes 4–6, 8–11, and 21), 
M. avium subsp. paratuberculosis, and M. avium 
subsp. silvaticum [5]. All members of the M. avium 
complex, as well as Mycobacterium genavense, and 
Mycobacterium intracellulare (serotypes 7, 12–20, 
and 22–28) can infect an extensive range of mammals 
and exotic species.

Mycobacteriosis is a disease of great pub-
lic health significance worldwide. Approximately 
8.6 million cases of mycobacteriosis were recorded 
by the WHO in 2012 [6]. Most of the recorded cases 
were in Asia (58%) and Africa (27%). All members 
of M. avium complex and M. genavense are capable 
of inducing infection in humans, which is refractory 
to treatment, especially in immunocompromised indi-
viduals [5].

Accordingly, this review focuses on the bacte-
rium causing mycobacteriosis in avian species, the 
susceptibility and infection, the clinical picture in 
birds, its zoonotic and public health importance, the 
diagnosis of infection, and prevention and control 
measures.
The Causative Agent

There are more than 35 mycobacterial species 
which can cause mycobacteriosis. The disease in 
avian species is mainly caused by M. avium subsp. 
avium serotypes 1, 2, and 3, and genotype  IS901 
segment [7]. The most common Mycobacterium iso-
lated species seen in psittacine birds are M. avium, M. 
genavense, and Mycobacterium fortuitum [8]. In addi-
tion, Mycobacterium tuberculosis has been reported in 
canaries and parrots [9], and although birds could be 
infected with Mycobacterium bovis, it would be only 
under experimental conditions. Ledwón et al. [10] 
found that experimental infection of budgerigars with 
Mycobacterium species induced signs in birds after 
70 days of challenge with M. bovis, but no signs were 
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observed among other species. Experimental infec-
tions with M. avium subsp. paratuberculosis in poul-
try have been investigated with successful results [11], 
but there is no evidence that this bacterium is involved 
in the etiology of avian mycoplasmosis. The disease 
may also be caused by other members of M. avium 
complex, including M. avium subsp. hominissuis, 
M. intracellulare, Mycobacterium scrofulaceum, 
M. fortuitum, and other potentially pathogenic myco-
bacterial species [12].

Mycobacteria are Gram-positive, non-motile, 
non-sporulated, and aerobic acid-fast bacilli. The 
pathogen is able to resist harsh environments (low 
oxygen, high temperature, dryness, and low pH) and 
commonly used disinfectants [13]. Mycobacteria spe-
cies can survive in soil for more than 4 years, in 3% 
hydrochloric acid for more than 2 h, and in 2% sodium 
hydroxide for more than 30  min [14]. In addition, 
M. avium has been shown to remain viable in car-
casses buried 1 m deep for 27 months, and to survive 
in sawdust for 168 days at 20°C and 244 days at 37°C. 
However, the bacterium is inactivated after boiling of 
eggs for more than 6 min [13].

The bacterium is characterized by its intracel-
lular opportunistic nature, which enables its strong 
resistance against host immune system responses, 
especially macrophages [15]. The presence of a thick 
and complex cell wall with high lipid content may be 
responsible for its intrinsic multidrug resistance and 
virulence [16].
Susceptibility and Infection

All avian species, including galliformes, colum-
biformes, waterfowls, psittacines, passerines, rap-
tors, and ratites, could potentially be infected with 
M. avium under favorable conditions [12].

The incidence of mycobacteriosis in companion 
psittacine birds has been estimated at 0.5–14% through 
post-mortem examination surveys [17]. Sparrows, 
pheasants, partridges, and wild birds in captivity are 
also susceptible to this infection.

Among gallinaceous domestic poultry, M. avium 
has been detected in the droppings of chickens in 
Bangladesh with a prevalence rate of 3.75% [18], while 
in Ethiopia, the pathogen was isolated in chickens at 
a rate of 4.26% [3]. In addition, M. avium has been 
found in turkeys in the Czech Republic [19]. Dvorska 
et al. [20] isolated M. avium with a prevalence rate of 
11.1% among captive waterfowl, and M. avium infec-
tion has also been reported in common pheasants kept 
in captivity [21] and in racing pigeons [22]. Infection 
in ratites, such as emus, with mycobacteriosis has also 
been documented [23]. Adult birds older than 1 year 
are more susceptible to mycobacteriosis than younger 
birds. However, cases of avian mycobacteriosis have 
also been reported in very young birds [24].

Infected birds and contaminated water and soil 
are the primary sources of mycobacteriosis, since 
the pathogen can survive for a long time in the 

environment. It has been found that contaminated 
droppings contain tubercle bacilli from liver or gall 
bladder lesions of infected birds. The ability of the 
mycobacteria species to persist in the environment for 
several years, especially in soil and litter, facilitates 
the transmission of the infection [20].

Oral infection is the primary route of mycobac-
teria affection in birds. However, the extensive affec-
tion of the respiratory system in some cases suggests 
an airborne infection. Thus, ingestion of contaminated 
feed and water, and inhalation of contaminated drop-
lets from infected or carrier birds are believed to be the 
primary routes of M. avium infection [25]. In addition, 
skin abrasions around the eyes may be considered an 
infection route [23]. Regarding egg-borne infection, 
M. avium has been found in eggs of naturally infected 
chickens, but hatched chicks have failed to develop 
the disease.

Recovered chronic carriers and wild birds usu-
ally serve as major reservoirs and shedders of M. 
avium, thus exposing other birds, animals, humans, 
and the surrounding environment to the bacterium 
and facilitating its spread for years [12]. Rearing 
birds in free-range systems and retaining breeders for 
several years are also possible contributors to infec-
tion spread. Moreover, maintaining older flocks or 
multi-aged populations without adequate cleaning 
and hygiene, especially in overcrowded conditions, 
leads to persistent mycobacterial infection and human 
exposure. The infection may also be transmitted via 
contaminated shoes and equipment, as well as through 
cannibalism.
Clinical Picture in Birds

The clinical signs of avian mycobacteriosis in 
poultry can be non-specific or pathognomonic [26]. 
The disease is usually chronic, persistent, and wast-
ing. These may be prolonged for several weeks or 
months before death. Mycobacterial infection in birds 
is mostly enteric and differs from respiratory forms 
which are commonly described among mammals. 
Therefore, the disease first involves the gastrointes-
tinal tract and liver, with a subsequent spread to other 
organs [13]. Mycobacteriosis shows three periods of 
infection: a latent period, a lesion development period, 
and a cachexia period [26]. The latent period during 
the first 7  days of infection shows no lesions, but 
hypersensitivity reaction tests reveal positive results. 
The lesion development period occurs from day 8 to 
17 post-infection, in which the bacilli multiply in lym-
phoid tissues, the thymus glands show atrophy, small 
tubercles with few bacilli are developed, and serum 
antibody titers develop. The cachexia period lasts 
from day 18 until death.

Once the mycobacterial infection has been 
established, infected birds show depression, ruffled 
feathers, unthriftiness, fatigue, loss of weight, whit-
ish mucoid diarrhea, dyspnea, swelling of the eye-
lids, conjunctivitis, and decreased egg production. 
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Advanced and progressive cases show weakness and 
lethargy, anemia, pale comb and wattle, maintained 
appetite, severe emaciation with loss of pectoral 
muscles, a prominent keel bone, unilateral lameness, 
walking with a peculiar jerky hopping gait, paralysis, 
ocular affections, and finally death [23]. Death may 
occur in a few months in some cases, while in other 
cases, sudden death, despite good body condition, 
may occur due to the rupture of the liver or the spleen 
with internal hemorrhaging [26].

Typical lesions of mycobacteriosis are present 
primarily in the gastrointestinal tracts of birds and 
are also found in their other organ systems [12]. The 
lesions vary among species and may be tuberculoid or 
non-tuberculoid. Three forms of mycobacteriosis have 
been described in avian species. These include classic 
tuberculosis in most organs, the intestinal form, and 
the non-tuberculous form which is almost macroscopi-
cally unrecognizable [26]. Deep intestinal ulcers filled 
with caseous material have also been observed. Later, 
ulcers appear as tumor-like nodules attached to the gut 
wall. Tuberculous nodules are present on the intes-
tines, liver, and spleen, and may spread to all internal 
organs. The characteristic tuberculous nodules range 
in size from irregular pinpoints to several centime-
ters across, and are grayish-yellow or grayish-white 
in color. The spleen eventually assumes an irregular 
“knobby” appearance due to the presence of multi-
ple irregular nodules. Hepatomegaly, and sometimes 
liver rupture, which can cause internal hemorrhag-
ing, have been observed, and intestinal nodules can 
often be palpated externally. Furthermore, tuberculous 
lesions can extend to the joints, causing arthritis and 
even paralysis. Finally, pulmonary tuberculous lesions 
have been seen in pigeons and waterfowl [27], and are 
infrequently detected in the ovaries, testes, heart, skin, 
conjunctiva, and bone marrow [28].
Zoonosis and Public Health Significance

Avian mycobacteriosis is a potential zoonotic 
disease, especially among immuno-suppressed indi-
viduals who are in contact with infected birds [17]. It is 
classified as a List B disease of the World Organization 
for Animal Health (OIE) with a public health threat. 
The disease is considered an important veterinary and 
economic threat to birds. Infected, recovered carriers, 
and untreated birds, could all be potential reservoirs 
resulting in zoonosis. In addition, humans can get 
mycobacteriosis through the consumption of insuffi-
ciently cooked meat of infected birds [21].  Figure-1 
shows the different routes of human infection with 
avian mycobacteriosis.

The primary mycobacterial species that infects 
humans is M. tuberculosis. Birds, especially psittac-
ines, may acquire mycobacteriosis through con-
tact with infected owners. In New  York City and 
Switzerland, green-winged macaws have been 
observed to develop osteomyelitis, multifocal gran-
ulomatous panniculitis, and granulomatous hepatitis, 

and have been confirmed as positive for M. tuberculo-
sis [9]. Bird owners in both cases confirmed positive 
pulmonary tuberculosis. In addition, two veterinarians 
in Switzerland revealed positive tuberculin skin test 
after handling diseased birds [12]. However, M. avium 
is the second most common cause of pulmonary infec-
tion in humans, as serotype 1 has been isolated from 
patients with endobronchial lesions [29]. Furthermore, 
M. avium serovars 1, 4, and 8 have been isolated from 
patients with immune deficiency syndrome acquired 
immunodeficiency syndrome (AIDS), while serovars 
4, 8, 9, 16, and 19 have been isolated from non-AIDS 
patients in the United States [30]. Mycobacteriosis 
caused by M. avium in humans is a progressive dis-
ease which is characterized by pulmonary disease, 
localized lymphadenitis, and a disseminated form of 
infection [31].
Diagnosis of Infection

Routine diagnoses and epidemiological surveys 
of avian mycobacteriosis are challenging to perform 
due to the absence of a specific clinical picture, the 
chronic nature of the infection, the intracellular nature 
of the organism, and the difficulty of utilizing inex-
pensive, highly sensitive diagnostic techniques [32]. 
Despite these challenges, diagnosis is based primar-
ily on culture as the gold-standard technique [33], 
microscopic examination of acid-fast bacilli using 
Ziehl-Neelsen stain, and the molecular detection of 
genes IS6110, IS901, and IS1245 using polymerase 
chain reaction (PCR) techniques as confirmatory 
diagnosis [34, 35]. These techniques are considered 
the most specific and sensitive laboratory tests for a 
definitive diagnosis of mycobacteriosis [4].

Mycobacterium grows on selective media such 
as Lowenstein–Jensen, Herrold’s, Middlebrook 7H10 
and 7H11, or Coletsos medium supplemented by 1% 
sodium pyruvate. Typically, smooth colonies can be 
produced within 2–4  weeks, but conventional bio-
chemical tests are time-consuming and may not always 
distinguish between different species. Therefore, a 
miscellaneous group of mycobacteria is usually clas-
sified as M. avium complex.

Figure-1: Different routes of human infection with avian 
mycobacteriosis [Source: Figure prepared by the author].
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The tuberculin test is a rapid field hypersensi-
tivity-allergic test for determining the presence of 
mycobacteriosis in fowl [33]. The technique involves 
intradermal inoculation of one wattle site with 0.05–
0.1 mL of a purified tuberculin protein derivative pre-
pared from M. avium, while the other wattle is kept 
as a non-inoculated control site. The inoculated site 
should be observed within 24 h for a swelling reaction. 
However, this test is not suitable for all bird species, 
such as waterfowl. In addition, it may show false-neg-
ative results twice during the course of an infection, 
once during the early infection, and again during the 
late infection. These results are usually seen after the 
exhaustion of the bird’s immune system. It is notewor-
thy that tuberculin testing is unreliable in some avian 
species.

The whole-blood stained-antigen agglutination 
test could be used for a rapid diagnosis of M. avium 
in all species of birds. However, the potential of 
false-positive reactions is a drawback. Serologic iden-
tification testing, such as hemagglutination inhibition, 
complement fixation, enzyme-linked immunosor-
bent assay (ELISA) with monoclonal antibodies, and 
high-performance liquid chromatography, has all been 
used to confirm diagnoses [33]. However, these tech-
niques are each unique, and are species-specific and 
not available for all avian species. Sero-agglutination 
is useful in that it allows for the classification of 
M. avium complex organisms into 28 serovars [36]. 
Baghal et al. [37] considered the ELISA test as not 
sensitive but highly specific and used it to detect 
antibodies in experiments using M. avium serovar 2 
challenged chickens which showed false-positives 
reactions. Serovars 1–6, 8–11, and 21 have been 
identified with M. avium subsp. avium and M. avium 
subsp. hominissuis, while serovars 7, 12–20, and 25 
have been identified with M. intracellulare. Avian 
tuberculosis in birds is caused by M. avium subsp. 
avium serotypes 1, 2, or 3. If the isolated strain is not 
one of these three serotypes, further identification 
tests (e.g., IS901 PCR) should be utilized.

Different species of Mycobacterium may be rap-
idly identified using nucleic acid hybridization probes. 
However, identification errors have been detected due 
to cross-reactivity [38]. Recently, molecular techniques, 
such as real-time PCR, have been developed to detect 
species belonging to the M. avium complex [39].
Prevention and Treatment

Complete eradication of mycobacterial infec-
tion is difficult because of the chronic carrier status 
and the intermittent shedding of bacteria by infected 
birds. According to the recommendations of OIE [33], 
certain procedures should be applied to obtain myco-
bacteriosis-free flocks. These recommendations 
include replacing old equipment with new equipment, 
removal of litter and contaminated soil, thorough 
cleaning and disinfection, proper fencing to prevent 
the unrestricted movement of birds, elimination of old 

flocks, burning of infected birds, and quarantining of 
newly introduced birds for 60 days followed by retest-
ing for avian tuberculin.

Mycobacteriosis is regarded as a serious problem 
for valuable endangered bird species, so these birds 
should be checked regularly. In addition, continuous 
surveillance programs and early diagnosis of myco-
bacteria should be performed in imported psittacine 
birds [40].

Members of the M. avium complex are classified 
in Risk Group 2 for human infection and should be 
handled appropriately [5]. Handling infected birds on 
farms, and live cultures of M. avium in laboratories, 
should be accomplished with adequate care. Infected 
birds should be kept away from humans, particularly 
the elderly and especially immunocompromised indi-
viduals [41].

Governments, especially in developing coun-
tries, should prohibit the slaughtering of birds in 
homes and encourage the use of authorized or licensed 
abattoirs [42]. In addition, attention should be given 
to awareness creation programs targeted at poultry 
producers and consumers regarding the predisposing 
factors of avian mycobacteriosis in both birds and 
humans [42].

Treatment of infected birds with mycobacterio-
sis is controversial and difficult due to weak responses 
from the host. Moreover, treatment is considered 
expensive and may take up to 12–18  months [43]. 
Difficulties associated with the treatment are related 
to the continuous development of resistance among 
the M. avium complex to various antimicrobials. 
Multidrug resistance in mycobacteria species is 
defined as the resistance to isoniazid and rifampicin, 
at a minimum [33]. This resistance may be due to 
some intrinsic factors, such as the complicated lipoid 
cell wall structure, presence of mycolic acid, develop-
ment of specific antibiotic resistance genes, and gene 
mutations [16, 44, 45]. Some important genes pres-
ent in M. avium, such as rpoB, otrB, rpsL, and inhA 
have shown mutations that encoded for multiple drug 
resistance. For instance, resistance to streptomycin is 
attributed to a mutation in the rpsL gene encoding a 
ribosomal protein (16S rRNA) [46]. In Egypt, emerg-
ing multidrug-resistant M. avium in both apparently 
healthy and diseased domestic house-reared chicken, 
ducks, and geese has been shown to have mutations 
of the IS901, inhA, rpoB, rpsL, and otrB genes [35]. 
Treatment protocols for psittacine birds are based on 
those used in humans [17]. At present, azithromycin 
is the most effective antibiotic used in the treatment 
of avian mycobacteriosis [47]. Recently, azithromycin 
combined with clofazimine showed a strong in vitro 
antibacterial activity against M. avium [35, 48].

There is no currently available vaccine for myco-
bacteriosis in birds. Vaccination of chickens with frac-
tions of M. avium reduced the severity of liver lesions 
and decreased the number of bacilli but did not prevent 
the infection after homologous strain challenge [49]. 
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However, oral vaccination of chickens with live M. 
intracellulare serovar 6 (M. avium serovar 6) and the 
combination of intramuscular vaccination with inacti-
vated plus live M. intracellulare serovar 7 and serovar 
Darden (M. avium serovars 7 and 19) showed prom-
ising results [2, 34]. It is noteworthy that the human 
Bacille Calmette-Guérin vaccine was tested in poultry 
but resulted in little benefit.
Conclusion

Avian mycobacteriosis is considered a chronic 
and highly contagious zoonotic List B disease by the 
OIE. Although the disease induces chronic affection 
in avian species, these birds are also a potential source 
of infection among humans. Therefore, great attention 
is warranted toward this dangerous infection, both 
in veterinary and human medicine. More research of 
mycobacteriosis control methods in different avian 
species should be conducted, and the regular appli-
cation of antibiotic sensitivity testing is necessary 
to detect the most effective drugs for managing the 
Mycobacterium. Finally, continuous monitoring and 
surveillance programs of poultry flocks are required 
to decrease the incidence of avian mycobacteriosis, 
and humans should be vigilant and careful during the 
handling of indicated bird species, especially psitta-
cine species.
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