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ABSTRACT

The ovine respiratory complex (ORC) in lambs presents three main clinical presentations: hyperacute, acute and
chronic. The hyperacute form presents vascular damage and lesions in the upper respiratory tract and regional
lymph nodes, which can be confused with another type of septicaemia. The chronic forms are the most frequent
presentations of ORC, although they are mostly abattoir findings and the lesions are located in the lung and in the
pleura. The acute form is the most common causing mortality and shares lesions with the other two forms, vascular
damage, lesions in upper respiratory tract and consolidated lung injury. These lesion patterns determine the type
of sampling for microbiological analyses. Bacteria are the most important agents of ORC in lambs and the cultures
with the presence of Pasteurellaceae and/or Mycoplasmas spp. represent more than 80% of the total. However,
these bacteria are part of the microbiota of the respiratory system and, moreover, these cultures are usually mixed.
The most frequently isolated agents depend on the type of lesions and the age of the affected animal. In lactating
lambs, Manneheimia haemolytica is the most common for both hyperacute and acute forms, whereas Pasteurella
multocida is in chronic forms. During the fattening period, the most common isolated cultures are Bibersteinia
trehalosi, Mannheimia haemolytica and Pasteurella multocida for hyperacute, acute and chronic forms,
respectively. However, this can only be used as a guide for a correct sampling. The results obtained from the
microbiological analysis are necessary to implement treatment or specific preventive plans.

The present manuscript is completed by other four articles included in this journal, dealing all of them with
different approaches of ovine respiratory complex in lambs.

Keywords: ovine respiratory complex, Mannheimia haemolytica, Bibersteinia trehalosi, Pasteurella multocida,

Mycoplasmas, sheep.

1. Introduction.

In the previous articles, three mean types of presentations of the respiratory disorders in lambs
have been established and it has been commented how these patterns can be more frequently associated
with the presence of an etiological agent (Navarro et al., 2019). In this article these clinical presentations
will be deeply defined and practical recommendations for the sampling of each of these patterns will be
made. Finally, the most important bacterial aetiologies found in these presentations will be shown. All

this will be carried out through an eminently practical approach that allows the veterinarian to face the

1



39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74

diagnosis, implement a treatment and design specific prevention plans against ovine respiratory complex

(ORC).

2. Lesion patterns

Before defining the most characteristic lesions of each one of these presentations observed in the
ORC, we must remember that, as it has been defined in the previous articles of this special issue various
diseases are grouped under this denomination. Each of these diseases is characterized by a series of
lesions that we divide into different lesion patterns. These lesion patterns have been established
according to the location of the most important lesions (upper and lower respiratory tract), the damage
of the lymphoid tissue associated to the respiratory system, the type of pneumonia and the degree of
chronicity of these lesions. However, all these patterns can be present at the same time in the same flock

and even in the same lamb.

2.1. Hyperacute clinical form, septicemic lesions.

The main characteristic of this type of presentation of ORC is the sudden death of lambs that
usually present a good body condition in which hardly any presence of clinical signs is observed. The
lesions are located mainly in the upper respiratory airways and the presence of haemorrhages is very
frequent. Sometimes, it is possible to observe the exit of haemorrhagic fluids through the nostrils. In the
lung, the lesions are usually diffuse with predominance of vascular damage, in which haemorrhages and
alveolar oedema are remarkable (De las Heras and Ferrer, 2001).

The lymphoid tissue of the whole respiratory system is enlarged, haemorrhagic and even necrotic
(Figure 1). The damage is especially intense in the retropharyngeal lymph nodes and tonsils (Gilmour
and Gilmour, 1985). It should be remembered that tonsils in sheep are composed by a total of six areas
that are located around the epiglottis and proximal part of the oesophagus (Casteleyn et al., 2011). These
patterns are often associated with situations in which lambs suffer high stress, such as weaning and heat
stress, which reduces the immune response allowing the growth of bacteria and / or the production of
large amounts of toxins. The necrosis of the lymphoid tissue may be the main macroscopic feature that
allows us to differentiate these lesion patterns, that have traditionally been associated with septicemic
pasteurellosis, from other septicemic or toxic processes such as clostridial diseasess (Gilmour and
Gilmour, 1985). This sort of ORC presents the greatest degree of complication in anatomopathological
and microbiological diagnosis (Navarro et al., 2019). Choosing the correct sampling organ and
interpretation of microbiological analyses will be especially important in the diagnosis of this type of

cases.



75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110

2.2. Chronic pattern.

In contrast to the septicemic lesions, chronic patterns are characterized by lesions in the lower
respiratory tract and a low presence of vascular damage. They are the most common form of ORC in
lambs (Navarro et al., 2019) although, in most of the cases, they do not cause the death of the animal
and are just findings at the necropsy or at the slaughterhouse (Hervas et al., 1996; Goodwin et al., 2004;
McRae et al., 2016). However, these lesions cause decreases in production indicators (growths, feed
efficiency and yield carcass) and a deterioration of product quality (less fat in the carcass and less
lifespan of meat) (Gonzalez et al., 2016). Depending on the severity of the lesions, the lambs may show
severe symptoms for a long period of time with a relevant loss of body condition or just arrive at the
abattoir without any clinical signs.

Animals affected by a chronic ORC present consolidated lung lesions that may be associated
with atypical pneumonia or be the result of the evolution of an acute injury. Several types of pneumonias
can be observed in these lambs, suppurative bronchopneumonia, with or without interstitial pneumonia,
are the most common (Lopez and Martison, 2017). These pneumonias usually affect the apical lobes
maintaining a lobular distribution and are characterized by the large presence of inflammatory cells and
purulent or mucopurulent exudate in the bronchi, bronchioles and alveoli. Sometimes these injuries
suffer complications such as pleural adhesions, abscesses, renal amyloidosis, associated with the
presence of numerous abscesses, or fibrinous / fibrous pericarditis (Donachie, 2000; Lindstrom et al.,

2018). When this occurs, the risk of death increases, and productive declines are more important.

2.3. Acute ovine respiratory complex pattern.

Between the chronic and hyperacute patterns are located the acute patterns that are very variable
depending on how close they are to each of them. Hence, acute patterns share characteristics with the
other two patterns, so upper respiratory tract lesions with vascular damage are observed and consolidated
pulmonary lesions. The proximity to chronic or septicemic patterns depends on factors such as the
immune system status, the agent involved or the presence of toxins. These animals show severe clinical
signs and usually die in two or three days (Bell, 2008). These lesion forms are frequently found at the
necropsy of lambs in both farm and feedlot (Navarro et al., 2019). This pattern has traditionally been
associated with pasteurellosis, in most of the cases, however, many other agents have been isolated in
pure and massive cultures from these lesions.

The most characteristic pneumonic lesion found in this pattern is fibrinous bronchopneumonia,
which is often accompanied by fibrin in the pleura (De las Heras and Ferrer, 2001; Benavides et al.,
2015). Histologically, it is characterized by the presence of exudate, haemorrhages, inflammatory cells,

oat-cells, and necrosis (Donachie, 2000). In addition, lesions in the upper respiratory tract can be
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observed altogether with lung lesions, haemorrhages in the nasal cavity and tonsillar necrosis.

Frequently, septicemic lesions can also be accompanied by haemorrhages in heart and brain.

3. Sampling for microbiological examination

Bacteria are the most important microorganism among the infectious agents associated with the
presence of ORC compatible lesions. The knowledge of the agent involved in the cases of ORC is
necessary to carry out preventive measures based on the immunization of the lambs. However, in order
to succeed in the performance of the microbiological analyses it is important to consider several factors
such as the sample to be taken, its conservation and the previous treatments of the sampled lamb.

In live lambs the samples can be taken by deep nasal swab or by bronchoalveolar lavage. These
techniques allow obtaining information from live animals although they present limitations in the
interpretation of the results. The main disadvantage of these samples is the poor correlation between the
agents isolated from these samples and those obtained from samples taken at necropsy from the same
animals. In addition, the proportion of cultures without growth is normally higher in bronchoalveolar
lavages than in the samples taken during the necropsy (Valero et al., 2017).

The best results are obtained from samples taken at necropsy. According to our knowledge, results
are optimized if the samples are taken considering the lesion pattern presented by the necropsied animal
(Table 1). Whenever possible, it is preferable to analyse samples of consolidated lung lesions, while the
injured regional lymph nodes will be the most indicated in the absence of a pneumonic lesion. The
choice between delivery of injured organs or swabs depends on the mode of preservation that can be
carried out until samples arrive to the laboratory (in case of difficulties, swabs are better) and interest in

a specific point to be analysed (in this case, swabs are better).

4. Bacteria associated with ORC in lambs

Several infectious agents, including virus, parasites and bacteria have been associated with
respiratory diseases in lambs. Some viruses such as parainfluenza 3 virus (Lehmkuhl and Cutlip, 1982;
Sharp, 1990), respiratory syncytial virus (Wellemans, 1990) and border disease virus (Thabti et al.,
2002) have also demonstrated their ability to reproduce the disease experimentally, however their role
in natural outbreaks of ORC is poorly studied. On the contrary, the importance of bacteria in the
development of the disease has been much better analysed. Mannheimia haemolytica (MH), Pasteurella
multocida (PM), Bibersteinia trehalosi (BT) and Mycoplasma spp. are the most commonly isolated
agents from bacterial pneumonias (Bell, 2008; Lacasta et al., 2008; Gonzalez et al., 2016). In Spanish
fattening housed lambs that suffered ORC, MH, PM, BT, Mycoplasma spp. and Escherichia coli
represented more than 80% of the isolates, however more than 80 different species were identified

(Table 2).
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However, these bacteria exist principally as commensal organisms of the nasopharynx and tonsils
of lambs. Furthermore, in microbiota studies, Pasteurellaceae and Mycoplasma have been found in
ovine healthy lungs (Glendinning et al., 2016). Nevertheless, it is under stressful conditions
(environmental, husbandry and management), immunodeficiency or respiratory viral-infection that they
can cause respiratory diseases (Brogden et al., 1998; Zecchinon et al., 2005). In relation to this point,
two studies were carried out by our group in order to confirm the presence of Pasteurellaceae by deep
swab of the nasal cavity of lambs without clinical signs. In the first one, 100 healthy lambs were sampled
on arrival at the feedlot and the presence of one or more species of Pasteurellaceae was identified in
50% of the lambs. In the second survey, 20 healthy lambs were analysed from the day of arrival at the
feedlot until their sale, taking samples every two weeks (4 samples per lamb). In this study it was found
that all the animals presented at least two positive samples throughout the fattening period, although
only three animals were positive during the whole period. These studies on feedlot lambs agree with the
results presented by the previous studies.

Another point that must be taken into account is that the growth of several species in the same
sample was the most common result in samples of fattening lambs. However, there were differences
among species; while in 26% of the BT isolates their culture was pure and massive, only 17%, 7% and
2% were pure cultures in MH, PM and Mycoplasma isolates, respectively (Gonzalez et al., 2016). In
any case, the cultures in which Pasteurellaceae and/or Mycoplasmas were identified represented 82%
out of the total of cultures with growth, for that reason, these agents are briefly described here below

(Table 3).

4.1. Mannheimia haemolytica.

Mannheimia haemolytica is the most frequent agent isolated from respiratory diseases of lambs
in different countries, production systems and ages. However, in a study carried out in Spain on 209
lung cultures of lambs of different ages, it was observed that the frequency of cultures in which MH was
identified was reduced from 59%, in lambs that died before 32 days of life, to 34%, in lambs that died
with more than 65 days of life. This reduction was even greater in the pure cultures of MH, where it was
reduced from 43% to 2% in the same study (Gonzélez, 2016).

Mannheimia haemolytica is divided into 13 serotypes, among which, serotype A2 is the most
frequent in most of the studies performed on samples taken at necropsy (Frank, 1982; Prince et al., 1985;
Donachie, 1995; Vougidou et al., 2012; Gonzalez et al., 2013). According to the experimental infection
studies conducted by Odugbo et al., serotypes A7, A9 and A2 were the most pathogenic (Odugbo et al.,
2004). This could explain the differences found on MH serotypes isolated in Spain according to the
origin of the samples. In the case of samples taken from animals died from ORC, the main serotype was

A2 (Gonzalez et al., 2013), while serotype A7 was the most frequent when the sample was obtained
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from slaughterhouse pneumonic lesions (Pinto, 2016) (Table 4). Moreover, A2 was the only serotype of
MH isolated from hyperacute forms in Spain (Gonzalez et al., 2013).

In addition, several of these serotypes can coexist in the same animal or flock. In this sense, a
study published by Frank, showed, in 49 studied flocks, that in 65% of the cases more than one serotype
was isolated from the same flock and in more than 8% of the flocks, at least 5 serotypes were detected
(Frank, 1982). Moreover, in the study conducted by Pinto on samples obtained from pneumonic lesions
at the slaughterhouse, it was observed that in 23% of the samples was identified more than one MH

serotype (Pinto, 2016). This must be taken into account when establishing ORC control plans.

4.2. Bibersteinia trehalosi.

Formerly known as Pasteurella haemolytica T biotype, it is divided into four serotypes and it is
located in the tonsils of healthy animals. BT is isolated mainly in lambs that die older than one month
of life, since BT colonizes the tonsils from the first three weeks of life, replacing the MH population
that was located in them (Al Sultan and Aitken, 1985). BT has generally been associated with
septicemic pasteurellosis (Donachie, 2000), however, 15 serotype was isolated mainly from sheep with
consolidated lung lesions while 4 serotype was found in sheep with septicaemia (Odendaal and Henton,

1995). The same results were reported for lambs in Spain (Gonzalez et al., 2013).

4.3. Pasteurella multocida.

The frequency of isolation of PM varies according to the countries studied, while in a study carried
out in the UK it represented 1% (Bell, 2008), in surveys carried out in Spain it signified 11% and 19%
at necropsies of young lambs (Lacasta et al., 2008) or fattening lambs (Gonzalez et al., 2016),
respectively. In addition, PM was the main isolated agent in consolidated lung lesions taken at abattoir
in a study conducted in Mexico (Blanco-Viera et al., 1995). These data are corroborated by a study
carried out on 209 cultures from necropsies of lambs, in which PM was identified in 11%, 28% and 67%
of the samples of dead lambs younger than 28 days of age, between 28 and 65 days of life and older
than 65 days, respectively (Gonzalez, 2016).

Pasteurella multocida is divided into 5 serogroups, of which, serogroup B in Asia and serogroup
E in Africa are associated with haemorrhagic septicaemia (Rajeev et al., 2011). Two studies carried out
on lambs samples taken at the slaughterhouse found that serogroup A was the most frequently found,
followed by serogroup D and no isolations of serogroups B or E were identified (Blanco-Viera et al.,
1995; Pinto, 2016). This agrees with the data obtained from the necropsies of fattening lambs performed

by Gonzalez, in which PM was isolated mainly from consolidated lung lesions (Gonzalez, 2016).
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4.4. Mycoplasma spp.

A large number of Mycoplasmas have been related to the presentation of lung lesions in sheep;
the most frequent are Mycoplasma ovipneumoniae and Mycoplasma arginine (Nicholas et al., 2008;
Chazel et al., 2010). However, defining the proportion of Mycoplasmas spp. found in the samples is
complicated due to the difficulties that its culture represents (Carmichael et al., 1972). Therefore, other
techniques have been proposed, such as immunohistochemical tests or the use of PCR tests (Kilic et al.,
2013). The use of these techniques increases the detection of Mycoplasma spp. as it was shown in a
work carried out by Moreno, in which Mycoplasma ovipneumoniae was the agent most frequently
identified at slaughterhouse lung lesions when immunohistochemical techniques (Moreno, 1994) or
PCR (Lindstrom et al., 2018) were used. In other studies that used cultures to measure the frequency of
isolation, 28% of Mycoplasma spp.-positive samples were found when the origin was consolidated lung
lesions taken at the slaughterhouse (Luzon, 1999) or 14% when the samples were taken from
consolidated lung lesions during the necropsy (Gonzalez et al., 2016).

However, Mycoplasmas spp. are rarely isolated in pure culture, although consolidated lung lesions
were reproduced by experimental infection without the presence of other agents (Jones et al., 1982).
Recently, a study carried out at the University of Idaho under farm conditions investigate the role of
Mycoplama ovipneumoniae, and it was observed that the animals exposed to it presented a greater
number of clinical respiratory signs, increased microscopic pulmonary lesions in the slaughterhouse and
reduction of average daily growths during the fattening period (Besser et al., 2019). The mechanisms
that favour infection by other bacteria were defined by Niang et al., who observed that, in infected lambs,
the phagocytic capacity of the macrophages was reduced and the defence provided by the mucociliary
layer decreased (Niang et al., 1998). These data were corroborated by our team with a retrospective
study conducted on 402 samples taken from consolidated lung lesions of dead lambs due to ORC. It was
observed that the proportion of BT-positive cultures remained the same whether or not there was
presence of Mycoplasma spp. However, the proportion of MH identification increased from 60% to 69%
in the cultures in which Mycoplasma spp. was also found, although it was not statistically significant
(p=0.085). The differences were highly significant for the presence of PM. When Mycoplasma spp. was

also found in the culture, the risk to find PM in cultures increased 2.7 times (39% vs. 63%)).

5. Relationship between lesion pattern and aetiology in lambs with ORC.

As a summary, it is possible to conclude that the aetiology presents differences among the clinical
presentations of ORC in lactating and fattening lambs (Table 5). First, hyperacute forms have a greater
variety of isolates than the rest of the forms and this is where the greatest number of pure cultures are
found. It should be noted that MH in pure culture was the agent most frequently isolated in this clinical

presentation during lactation, however during the fattening period pure culture of BT was the most
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frequent isolate. In the acute forms, the MH culture was the most identified, in pure culture during
lactation and in mixed culture with PM during the fattening period. In contrast, in chronic forms, PM
was the most common agent in pure culture during lactation and in combination with MH in the fattening
period. Furthermore, in lactation, MH was the most important agent in the hyperacute and acute forms
and PM in chronic form, while in the fattening period the most frequent agents were BT, MH and PM

for hyperacute, acute and chronic forms, respectively.

6. Concluding remarks.

There are several patterns of ORC lesion that correspond to different clinical pictures and that
vary according to age of the lamb. The accurate identification of these patterns allows the veterinarian
to guide a correct sampling and to know the bacteria most frequently isolated in this kind of lesions.
However, these data should be valued as a guide that can never substitute the sampling for
microbiological analysis, because all these agents can be present in all the clinical forms and mixed

cultures are very recurrent.
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397

398

399

400  Table 1. Practical recommendations for sampling of bacterial lesions associated with ORC in lambs

401  during necropsy or slaughtering according to the pattern of lesions.

402
Lesion pattern Lung Regional lymph Brain*
nodes
Hyperacute ]
' ] - Tissue / Swab Swab
(septicaemia)
Acute or chronic ) _
' Refrigerated / Frozen Tissue / Swab Swab
(pneumonia)
Abattoir
_ Refrigerated -- -
(pneumonia)

403  *If there is pus in meninges.
404
405

406
407  Table 2. Results of isolates from necropsies and abattoir samples related to ORC in lambs. 2,321

408  microbiological cultures were performed, with no bacterial growth in 422 samples (18.18%) and 3,827
409  isolates in total. Bacteria isolates have been aggregated into Pseudomona, Moraxella, Streptococcus and

410  Sthaphylococcus genus for convenience.

411

Isolate Frequency (%)
Mannheimia haemolytica 25%
Bibersteinia trehalosi 7%
Pasteurella multocida 21%
Mycoplasma spp. 16%
Escherichia coli 13%
Genus Pseudomonas 4%
Genus Streptococcus 3%
Genus Moraxella 2%
Genus Staphylococcus 2%
Others 7%
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417
418

419
420
421
422
423
424
425
426
427
428
429
430
431
432
433

Table 3. Results of cultures from necropsies and abattoir samples related to ORC in lambs. 2,321

microbiology cultures were performed with 422 samples with no bacterial growth (1818%) and 3,827

isolates.
Culture Presence of Mycoplasma spp. | Absence of Mycoplasma spp.
MH 2% 9%
PM 5% 3%
BT 1% 4%
My 1% --
MH+PM 13% 18%
Mixed Paste 7% 20%
EC -- 4%
No Pasteurellas -- 13%

MH+PM: mixed culture of Mannheimia haemolytica and Pasteurella multocida; MH: pure culture of
Mannheimia haemolytica; MH+PM+My: mixed culture of Mannheimia haemolytica, Pasteurella
multocida and Mycoplasma spp.; PM: pure culture of Pasteurella multocida; BT: pure culture of
Bibersteinia trehalosi; My: pure culture of Mycoplasma spp; Mixed Paste: mixed culture of
Pasteurellaceae and other bacteria; Mixed Paste + My: mixed culture of Pasteurellaceae, Mycoplasma
spp and other bacteria; EC: pure culture of Escherichia coli; No Pasteurellas: culture without

Pasteurellaceae or Mycoplasma spp.

Table 4. Results of serotypes of Mannheimia haemolytica according to origin of samples: necropsy (86
isolates) or abattoir (92 isolates). It has been compiled from the studies of Gonzalez et al., and Pinto,

C.E. (Gonzalez et al., 2013; Pinto, 2016).

Serotypes of Mannheimia Necropsy | Abattoir
haemolytica
Al 12% 3%
A2 29% 5%
AS - 7%
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435
436
437
438
439
440
441
442

443

444
445
446
447
448

449

450

Table 5. Results of Pasteurellaceae cultures from necropsies samples related to ORC in lambs. 1,217
microbiology cultures were performed with 127 samples with no bacterial growth (10.43%). The results

have been presented in percentages frequency according to the lesion pattern: hyperacute (123), acute

A6 2% 11%
A7 2% 13%
A8 2% 5%

A9 4% 8%

All - 1%

Al2 18% 8%

Al13 - 1%

Al4 2% 0%

Al7 - 1%
NT* 29% 38%

*Not typable.

(790) and chronic (177) and the moment of lamb death: lactation (217) vs. fattening period (873).

Hyperacute Acute Chronic

Culture (22% no growth) (6% no growth) (19% no growth)
Lactation | Fattening | Lactation | Fattening | Lactation | Fattening
MH + PM -- 13% 16% 28% 18% 41%
MH 48% 13% 41% 15% 29% 19%
PM 3% -- 22% 12% 32% 11%
BT -- 46% -- 9% -- 3%
MH + BT -- -- -- 7% -- 3%
Mixed Paste 25% 13% 3% 21% 9% 22%
No 25% 17% 18% 7% 12% 3%
Pasteurellas

MH+PM: mixed culture of Mannheimia haemolytica and Pasteurella multocida; MH: pure

culture of Mannheimia haemolytica; PM: pure culture of Pasteurella multocida; BT: pure culture

of Bibersteinia trehalosi; MH+BT: mixed culture of Mannheimia haemolytica and Bibersteinia

trehalosi; Mixed Paste: mixed culture of Pasteurellaceae and other bacteria; No Pasteurellas:

culture without Pasteurellaceae.
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Figure legends:

Figure 1. Most relevant gross lesions according to the ORC presentation form in lambs.
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