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Mycoplasma bovis is a well-known respiratory pathogen in cattle and has also been reported in 
bison, white-tailed deer and free-ranging pronghorn. Here, we describe an outbreak of pulmonary 
mycoplasmosis in marsh deer within a wildlife reserve in Buenos Aires Province, Argentina. The 
affected marsh deer were part of an extensive grazing system, cohabiting with Pampas deer and 
separated by a fence from cattle and red deer. Over a five-month period, a cumulative incidence and 
mortality rate of 21.15% (11/52) resulted, with all affected animals found dead. Overall, six animals 
presented caseonecrotic and occasionally fibrinous bronchopneumonia. Histopathological examination 
of lung sections from two analyzed animals revealed caseonecrotic bronchopneumonia closely 
resembling pulmonary mycoplasmosis in cattle, and Mycoplasma was isolated through bacteriological 
culture. M. bovis was confirmed via immunohistochemistry and PCR. In one of the lungs, Trueperella 
pyogenes was also isolated, suggesting synergistic mechanism with M. bovis, impairing respiratory 
defense, facilitating infection and exacerbating lung lesions. This study represents the first report of 
M. bovis-associated pneumonia in marsh deer, demonstrating that these deer can develop pulmonary 
disease and lung lesions like those seen in bovine mycoplasmosis. Given the widespread presence of 
M. bovis in cattle in Argentina, we hypothesize that fence-line contact with cattle may have been the 
source of transmission.
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Mycoplasma bovis is a common inhabitant of the respiratory tract in both, healthy and diseased cattle1,2. 
However, infections with M. bovis are often associated to chronic respiratory disease and polyarthritis in calves, 
as well as mastitis in dairy cattle1,3,4. Other clinical manifestations include otitis, keratoconjunctivitis, meningitis 
and endocarditis5. Pneumonia associated with M. bovis is characterized by subacute or chronic caseonecrotic 
or suppurative bronchopneumonia3. This pneumonia has been reported in various species, including beef 
and dairy cattle, bison (Bison bison), white-tailed deer (Odocoileus virginianus) and free-ranging pronghorn 
(Antilocapra americana)6–9. Additionally, in North American bison, M. bovis infections were associated to 
polyarthritis, necrotic pharyngitis and abortion7. Notably, outbreaks of M. bovis-induced mastitis in cattle 
have demonstrated the bacterium’s ability to cross the species barrier when coexist with pigs, posing a potential 
challenge to eradication programs targeting this pathogen10. Epidemiological studies indicate a rising incidence 
of M. bovis pneumonia in cattle across several countries, including the United States of America11,12, Canada13, 
Mexico14, France15, Italy16, Australia17, Pakistan18, Argentina4,19 and Brazil20. The increasing prevalence of M. 
bovis highlights the importance of pathogen surveillance, particularly in wild species, where the identification 
of infectious agents contributes valuable insights into the ecoepidemiology of infectious diseases21. In deer 
species, pneumonia has been associated with Trueperella pyogenes, Escherichia coli, Fusobacterium necrophorum, 
Klebsiella pneumoniae, Mannheimia haemolytica, Mycobacterium spp., Streptococcus bovis, as well as parasitic 
infections caused by Dictyocaulus spp. and Protostrongylus spp22. Furthermore, viral pathogens such as epizootic 
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hemorrhagic disease viruses, blue tongue viruses and herpesviruses remain epidemiologically significant23. 
However, in Argentina, no surveillance has been conducted to detect these viruses in deer populations.

While much is known about M. bovis infections in domestic species, little research has explored its presence 
in wildlife, particularly in cervids such as marsh deer. This species, the largest native cervid in South America, 
primarily inhabits the Esteros del Iberá (Corrientes) and the Paraná Delta (Santa Fe, El Chaco, Formosa, 
Buenos Aires, and Entre Ríos) in Argentina24. Marsh deer populations face several threats, including habitat 
destruction, disease, and hunting25. As a result, the species is classified as vulnerable on the International 
Union for Conservation of Nature’s Red list26, while in Argentina, it is hold an endangered status24. Diseases 
has played a significant role in recent mortality events. A study investigating marsh deer die-offs in Argentina 
from 2014 to 2017 identified multiple infectious agents, including Fasciola hepatica, gastrointestinal parasitosis 
and hemoparasites (Trypanosoma spp., Anaplasma spp.), as potential causes25. Given the ongoing conservation 
concerns for marsh deer, understanding the role of infectious diseases, including M. bovis, is critical for 
management and protection efforts.

To the best of our knowledge, there are no reports of respiratory disease associated with M. bovis in wildlife 
animals in South America affecting deer. This study represents the first report of M. bovis-associated pneumonia 
in marsh deer in a nature reserve in Argentina, highlighting that these deer can develop pulmonary disease and 
lung lesions similar to those observed in bovine mycoplasmosis.

Results
In a 5-month period, between June and October 2024, 11 of 52 (21.15%) marsh deer were found dead in a 
wildlife reserve located in north-central Buenos Aires Province, Argentina. The deer, along with pampas deer 
(Ozotoceros bezoarticus), were bred extensively on natural land for later wildlife reintroduction. Red deer 
(Cervus elaphus) and cattle also live in the reserve, but they are kept in separate paddocks fenced off from the 
marsh deer. Grossly, in all 6 autopsies, the lungs presented bilateral, cranioventral red, clear to dark consolidation 
(approximately 30 to 60%), and multiple coalescing protruding white nodules (Fig. 1A). At the cut surface, the 
lung parenchyma presented multiple caseous nodules characterized by white exudate surrounded by fibrosis. 
In 2 cases, fibrinous diffuse pleuritis was also observed. Microscopically, in the two lung samples analyzed, 

Fig. 1.  Pulmonary mycoplasmosis pathological findings in marsh deer (Blastocerus dichotomus). A. Gross 
lung findings. Cranioventral caseonecrotic bronchopneumonia characterized by multiple coalescing 
protruding white nodules (black arrows). B and C. Microscopic lung findings. Multifocal caseonecrotic 
bronchopneumonia with foci in bronchioles and alveoli characterized by a hypereosinophilic core of 
necrotic debris (asterisk) surrounded by neutrophils, a rim of macrophages, occasional lymphocytes, and 
fibroblast proliferation. Hematoxylin and eosin. 10x (B) and 40x (C). D. Immunohistochemistry. Positive 
immunolabeling for M. bovis in lungs staining the margin of the caseonecrotic foci and, to a lesser extent, at 
the center of the necrotic foci. 10x.
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multifocal caseonecrotic bronchopneumonia was observed (Fig. 1B). These foci were centered in bronchioles 
and alveoli characterized by eosinophilic material with mild admixed cellular debris delimited by a variable 
number of degenerated leukocytes that maintain cellular figures (ghost-like remnants) and a small number of 
active macrophages with scattered lymphocytes and some fibroblasts (caseonecrotic centers), surrounded by 
variable amounts of neutrophils, a rim of macrophages with scattered lymphocytes, and, in some areas, mild 
fibroblast proliferation (Fig.  1C). Some bronchioles and bronchi presented multifocal segmental epithelial 
necrosis. In 1 case, multiple foci of necrosis with abundant neutrophils, intralesional bacteria and a thin rim of 
macrophages (abscesses) as well as interlobular enlargement by fibrinous exudate and fewer mixed inflammatory 
cells (neutrophils, macrophages and lymphocytes) were observed. Additionally, the latter had fibrinous diffuse 
pleuritis. Gram staining of the lungs revealed short, round-tipped, gram-positive bacilli within abscesses and 
intravascularly. Ziehl–Neelsen staining of both lungs was negative. Immunohistochemistry for M. bovis in both 
lungs revealed positive immunolabeling, characterized by intense, dark brown, granular, stained structures in 
the margin of the caseonecrotic foci and, to a lesser extent, at the center of the necrotic foci (Fig. 1D). Positive 
staining was also observed within bronchioles and bronchiolar epithelial cells and the cytoplasm in some host 
cells. Few macrophages with positive staining were present within the airway lumina, peribronchiolar septa, 
or alveoli. Through routine bacteriological culture, Trueperella pyogenes was identified from the lungs of case 
1. In selective culture for Mycoplasma, typical fried egg-shaped colonies were observed in both lung samples. 
Colonies of Mycoplasma from lung culture were detected as Mycoplasma spp. and M. bovis by both PCRs.

Discussion and conclusion
The diagnosis of caseonecrotic bronchopneumonia by M. bovis was based on pathological features and 
confirmed by immunohistochemistry (IHC), bacteriological culture and PCR in the two lungs analyzed. To 
our knowledge, this is the first report of pulmonary mycoplasmosis in marsh deer. Although we cannot confirm 
that mycoplasmosis was the primary cause of death in the 11marsh deer, we strongly suggest its crucial role 
as both a primary and/or secondary pathogen, facilitating opportunistic infections by other bacteria like T. 
pyogenes27isolated from one lung. This interaction between M. bovis and T. pyogenes could be synergistic, 
with M. bovis impairing the respiratory defense system and facilitating T. pyogenes infections, as seen in other 
ruminants8,21.

The pathological findings in the lungs, caseonecrotic bronchopneumonia, are characteristic of mycoplasmosis, 
as thoroughly reported in cattle and bison3,6,7,19. Caseonecrotic nodules are distinctive lesions with caseous 
necrosis that fill small bronchioles, alveoli or interlobular septa, where leukocytes undergo a distinctive form of 
necrosis maintaining their ghost-like cellular outlines3,19. Also, the abundant M. bovis detected in necrotic foci of 
both affected lungs via IHC and distribution, evidences strong influence of the bacteria in the pneumonic process, 
associated to fatal mycoplasmosis in cattle3,11. Although, M. bovis pneumonia is well documented in cattle3,11, 
cases in wildlife are rare6–8, often leading to an underestimation of its potential impact. In deer, pneumonia is a 
significant disease associated to a range of bacterial, parasitic, and viral pathogens22,23. While M. bovis has been 
rarely reported in these animals, its role in pneumonia outbreaks may be overlooked. Nevertheless, it has been 
detected from both captive white-tailed deer, free-ranging pronghorn and free-ranging mule deer (Odocoileus 
hemionus)6,7,9,23,28,29. Alongside our findings, this evidence highlights the importance of considering M. bovis in 
the differential diagnosis of respiratory diseases in deer.

T. pyogenes is likely a secondary opportunistic pathogen30 commonly associated with subacute to chronic 
pneumonia in ruminants31however, its presence correlates positively with the isolation of Mycoplasma spp. in 
bovine respiratory diseases. This interaction suggests a possible synergistic effect, exacerbating lung disease3,12. 
Particularly, in wildlife, T. pyogenes is an important emergent pathogen associated with pneumonia and 
extrapulmonary abscesses29,30. However, no such findings have been reported in marsh deer30. Dyer et al.6 
described an outbreak of respiratory disease in white-tailed deer coinfected with M. bovis and T. pyogenes as 
herein. Additionally, in cattle, most cases of M. bovis pneumonia involve coinfections with other pathogens, 
including T. pyogenes, such as P. multocida, E. coli, M. haemolityca and H. somni27. These coinfections intensify 
the severity of respiratory disease in cattle, where M. bovis causes degeneration and impairment of ciliated 
respiratory epithelial cells, predisposing the lungs to secondary infection32,33, in which the typical caseonecrotic 
foci of M. bovis infection develop into abscesses with a fluid purulent center in coinfection with T. pyogenes3. The 
latter could be the case herein, exacerbating lung lesions with subsequent high mortality.

Other pathogens such as viral and parasitic agents are commonly involved in respiratory diseases in co-
infection with M. bovis3,27. Unfortunately, these tests were not carried out as samples were not conserved after 
bacteriological analysis.

The host species of origin in this outbreak is unknown. Given, that in areas where marsh deer are distributed, 
such as national or provincial parks of Argentina, cattle and marsh deer often cohabit. In this outbreak, although 
cattle and marsh deer did not share the same paddocks, they were separated only by a fence. Given the high 
prevalence of asymptomatic infections in cattle and the rare detection of M. bovis in wildlife, transmission 
from a livestock reservoir to marsh deer seems likely. Cattle is known to act as carrier in clinically healthy 
animals, with variable disease expression, and intermittent shedding, maintaining M. bovis in populations3,34. 
This situation generates a possible scenario where cattle could transmit the disease to deer, implicating potential 
risk of transmission to wildlife with subsequent outbreaks as described. Mycoplasmosis, in other species, such 
as bison, has been shown to cause outbreaks with high mortality35, and for this reason, monitoring marsh deer 
in Argentina is important. Serological studies monitoring M. bovis prevalence in marsh deer and nearby cattle 
could provide valuable insights into the presence of subclinically infected deer and help identify potential 
risk factors associated with elevated antibody levels and subsequent outbreaks. Specifically, determining the 
prevalence of M. bovis in coexisting cattle and deer would enable the implementation of preventive measures 
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based on the findings. Whenever possible, these efforts should be complemented by postmortem examinations 
and laboratory testing to enhance diagnostic accuracy.

This report highlights the circulation of M. bovis in animal species other than cattle. A high incidence of 
M. bovis has been recently reported in cattle in Argentina4,19,36, reinforcing the high circulation of the bacteria, 
which could easily reach other species, such as the marsh deer described herein. Further studies are necessary to 
gain knowledge of M. bovis behaviour as primary or secondary agent in wildlife species, together with detection 
of other agents, such as viruses and parasites, potentially involved in respiratory diseases as co-infections.

The occurrence of M. bovis-associated pneumonia in wildlife highlights the importance of pathogen 
surveillance, as identifying infectious agents provides valuable insights into the ecoepidemiology of infectious 
diseases. This is especially critical herein for marsh deer, an endangered species, where eradication programs are 
essential for its conservation.

Methods
Epidemiological data, including location, affected animal species, rearing system, incidence and mortality and 
coexistence with other species, were collected. Autopsy was carried out in 6 animals, but only samples of 2 were 
collected for bacteriological and pathological studies. Sections of the lung, heart, kidney and small and large 
intestine were fixed by immersion in 10% neutral-buffered formalin (pH 7.2) for 48 h and embedded in paraffin. 
Four-micrometer sections were prepared routinely and stained with H&E. Sections of the lungs were selected for 
Gram staining, Ziehl–Neelsen staining and immunohistochemistry for the detection of M. bovis in both cases33. 
Briefly, blocks of selected paraffin-embedded tissues were subsequently subjected to M. bovis IHC. Epitope 
retrieval was performed by autoclaving the samples in citrate buffer at pH 6.0 for 10 min at 105 °C. IHC staining 
of M. bovis tissues was performed with a rabbit anti-M. bovis polyclonal antibody applied for 18 h. at a dilution 
of 1:5000. Negative controls were prepared by replacing the primary antibody with nonimmune rabbit serum.

In addition, lung samples from both animals were collected for bacteriological culture and specialized 
Mycoplasma culture4. First, the samples were cultured on Columbia agar plates supplemented with 15% sterile 
equine blood (ASC) (Laboratorios Britania SA, Los Patos, CABA, Argentina). These plates were incubated 
for 24–72 h at 37 °C in an atmosphere with 10% CO2. For selective Mycoplasma culture, lung samples were 
inoculated onto Mycoplasma Base Medium with Selective Mycoplasma supplement -MM-(Oxoid Ltd., Wad 
Road, Basingstoke, UK) and Columbia Blood Agar -CBA- (Oxoid Ltd., Wad Road, Basingstoke, UK) with 
7% bovine blood and MacConkey agar -MC- (Oxoid Ltd., Wad Road, Basingstoke, UK). All the plates were 
incubated at 37 °C, with MM under 5% CO2, with CBA under 10% CO2 and with MC under aerobiosis and 
examined at 96, 48 and 24 h, respectively. The genera were classified in accordance with Bergey’s Manual of 
Systematic Bacteriology. Plates containing colonies compatible with Mycoplasma were stained with Dienes´ 
stain (Dienes, 1967) and observed via binocular stereomicroscopy. For molecular analysis, DNA was extracted 
with a commercial kit according to the manufacturer’s instructions (PuriPrep-S, Inbiohighway, Argentina) and 
processed first by no-species specific nested PCR targeting the 16–23 S rRNA intergenic spacer region37 and then 
by M. bovis-specific PCR38.

Data availability
The data will be provided upon request to the corresponding author, Juan Agustin Garcia (garcia.juanagustin@
inta.gob.ar).
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