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Abstract

Pneumonia has been identified as one of the limiting factors to pig production. Some of
the pneumonia-inducing agents include Mycoplasma hyopneumoniae (MHYQ), the
primary cause of enzootic pneumonia and Metastrongylus species. which are widely
distributed lungworms commonly found in indigenous free-range pigs. This paper
describes the pathological findings of 6 cases out of 204 lungs randomly collected from
slaughtered pigs in Southwest Nigeria. Samples of the lungs were collected from the
cases for bacterial culture, histopathology and detection of MHYO antigens using
immunohistochemisty. Gross lesions were severe acute lobular bronchopneumonia
(104/204, 50.98%) and greyish discrete nodules in the lungs. Microscopically, there were
varying degrees of lymphoid hyperplasia of bronchial-associated lymphoid tissue (BALT)
(82.2%), suppurative bronchiolitis with widespread bronchiolar epithelial cells necrosis
(57.4%) and granulomatous bronchopneumonia with presence of Metastrongylus spp.
and bronchiolar intraluminal cellular exudate consisting predominantly of eosinophils
(2.9%). Pasteurella multocida was the most isolated bacterial pathogen (49.0%) either
as a single pathogen or in combination with other pathogens from the infected lung
samples. Immunohistochemical labelling showed strong MHYO antigens on the surface
of bronchial epithelial cells in infected lungs (86/204). This is the first report of
granulomatous bronchopneumonia due to Metastrongylus spp. associated with a co-
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infection of MHYO and Pasteurella multocida in Nigerian indigenous pigs. It is suggested
that metastrongylosis may be more common than reported in this study. The detection
of respiratory pathogens such as Mycoplasma. hyopneumoniae, Metasrongylus spp. and
Pasteurella  multocida suggest that they are potential contributors to
bronchopneumonia observed in this study.

Keywords: Granulomatous bronchopneumonia, Metastrongylus species, Mycoplasma hyopneumoniae, Pasteurella

multocida, Pig

Introduction

The pig industry in Nigeria has recorded remarkable
growth, especially in the South (Nwanta et al., 2011).
Pig production is mainly based on commercial and
small semi-commercial systems in peri-urban and
rural areas, where it contributes significantly to the
urban food supply, and economic returns (Adetunji &
Adeyemo, 2012). Pneumonia has been identified as
one of the limiting factors to swine husbandry
(Alawneh et al., 2018; Galdeano et al., 2019; Olaniyi
et al., 2020c). The condition has been reported to be
a significant cause of production losses and high
mortality in finishing pigs (Choi et al., 2003; Fraile et
al., 2010; Shima et al., 2014; Asenso et al., 2015). In
Nigeria, it was reported that about 60% of mortality
in pigs was directly attributable to pneumonia
(Olaniyi et al., 2020c).

Pneumonia associated with co-infections in pig farms
involving multiple organisms is well documented and
is more frequently encountered than single infections
in pig farms (Opriessnig, et al., 2011; Saade et al.,
2020). The term porcine respiratory disease complex
(PRDC) is often used to describe co-infection involving
viruses and bacteria (Pieters & Maes 2019; Saade et
al., 2020). Marruchella et al. (2012) reported
coinfection of porcine circovirus type 2 and
Metastongylus elongatus. Mycoplasma
hyopneumoniae which causes porcine enzootic
pneumonia occurs worldwide and has been
recognized as a serious impediment to global swine
production (Garcia-Morante et al., 2016; Raymond et
al., 2018; Ferraz et al., 2020; Olaniyi et al., 2020c). It
is important in PRDC, usually in association with
pathogenic bacteria (Amass et al., 1994; Reams et al.,
1994; Opriessnig et al., 2011; Pieters & Maes 2019;
Saade et al., 2020). PRDC may manifest clinically in
more than 70% of the pigs as poor feed conversion,
reduced weight gain, and coughing (Maes et al., 2018;
Surendran et al., 2019; Pallarés et al., 2021).

Porcine lungworms belong to the genus
Metastrongylus (roundworm) with the intermediate
host being an earthworm (Taylor et al., 2016). The
adult lungworm has a predilection for the bronchi and
bronchioles (Nssien & Adesehinwa, 1999, Taylor et
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al., 2016). Different stages of Ascaris suum have also
been observed in the airway of pigs (Wallgren &
Pettersson, 2022). Grossly, lungworm lesions were
reported to be usually mild or even absent; however,
presence of larval stages, adult worm and eggs may
cause verminous or nodular inflammation of the
airway and pneumonia (Marruchella et al., 2012)
which may cause obstruction of the bronchi and
bronchioles (Poglayen et al, 2016) resulting in
bronchitis and bronchiolitis, respectively (Stockdale,
1976). These can be compounded by management,
environmental factors and nutritional deficiencies
(Marruchella et al., 2012), as well as some pathogenic
bacteria such as Pasteurella multocida (Wallgren &
Pettersson, 2022). Although there were previous
reports on the prevalence of metasrongylosis in
Nigeria (Stockdale 1976; Nssien and Adesehinwa,
1999) and other countries (Sibila et al., 2010; Oba et
al., 2021; Wallgren & Pettersson, 2022). Report of co-
infection associated with Metastrongylus spp., M.
hyopneumoniae and Pasteurella multocida is scanty
in literature, only a few reports such as those of
Wallgren & Pettersson (2022) in Sweden, Oba et al.
(2021) in Northern Uganda and Sibila et al. (2010) in
wild boars and had been documented. In Nigeria,
despite high prevalence of pneumonia and
metastrongylosis, co-infection associated with MHYO
and Metastrongylus spp. has not been previously
reported. This paper presents six cases of
granulomatous bronchopneumonia in slaughter-age
pigs due to Metastrongylus spp. associated with a co-
infection of M. hyopneumoniae, and P. multocida.

Materials and Methods

Ethical statement

Ethical approval was obtained from the Animal Care,
Use and Research Committee of the College of
Veterinary Medicine, Federal University of
Agriculture, Ogun State, Nigeria (Reference number:
FUNAAB-ACURC/20/0013). Consent of the pig owners
and butchers was sought prior to the commencement
of the study.
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Sample collection

Two hundred and four (204) lungs were sampled
randomly comprising 144 pneumonic and 60 grossly
normal lungs at the Ibadan Municipal central abattoir,
Bodija, Ibadan and Oke-Aro pig farm, Lagos, Lagos
State and slaughter slabs at Edo, Ekiti, Ondo and Osun
States, all in Southwestern Nigeria. The selection was
based on high daily slaughter capacity ranging from
20-30 pigs. Lung samples were collected and kept in
an ice pack prior to transportation to the laboratory.
Fresh samples of the lungs were submitted for
bacterial culture and some portions were fixed in 10%
neutral buffered formalin for at least 48 hours and
thereafter, they were processed for histopathological
and immunohistochemical staining. Histopathology
was carried out at histopathology laboratory,
Department of Veterinary Pathology, Federal
University of Agriculture, Abeokuta, Nigeria while
immunohistochemistry was performed at the
Department of Pathology, College of Veterinary
Medicine, University of Georgia, Athens, USA.

Histopathology

The formalin-fixed tissues were trimmed and
routinely processed before being embedded in
paraffin wax, Sections (3um) were stained with
haematoxylin and eosin (H&E) staining as previously
described (Bancroft & Gamble, 2014). Sections were
examined carefully with the light microscope
(Olympus, CX21FS1) at X10 and X40 objective lens to
evaluate the airways, lymphoid aggregates, air spaces
and interstitium. Hyperplasia of the bronchial-
associated lymphoid tissue (BALT) was scored as
absent (0); mild (+); moderate (++); marked (+++) and
extensive (++++) (Hansen et al., 2010). Parasite
identification was according to Bowman (2014) and
Lopez (2016).

Bacteriology

Lung samples were cultured for bacterial pathogens
on appropriate media (Barrow & Feltham, 1993;
Cheesbrough, 2006). Briefly, samples were placed in
sterile buffered peptone water (BPW) incubated at
37°C for 14 hours (overnight) before inoculation on
MacConkey Agar, Chocolate Agar and Blood Agar
(Oxoid® Basingstoke, England). Morphology and
biochemical tests were used for identification of
specific bacteria

Immunohistochemistry

To confirm the infection with MHYO in the infected
lung tissues, an immunohistochemical (IHC) test using
monoclonal antibody directed against MHYO-specific
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antigen was performed. Immunohistochemical test
was carried out using a heat-induced epitome
retrieval technique using citrate base antigen
retrieval unmasking solution to detect MHYO-specific
antigen as previously described (Olaniyi et al., 2020b).
Briefly, paraffin-embedded lung tissue sections were
deparaffinized by microwaving for 20 minutes and
treated with antigen retrieval unmasking solution
(Citra, BioGenex, CA, USA) using heat-induced
method. Non-specific binding was prevented by
blocking with hydrogen peroxide and blocking serum
(Fisher scientific’, UK). Sections were incubated with
the primary antibody (1:500 dilution) (MHYO
monoclonal antibody with identification number
D79DI-7) and kept overnight at 4°C. After washing
with phosphate buffer saline (PBS, pH 7.4) 3 times,
sections were treated with biotinylated anti-mouse
IgG (Vector Lab. Inc., CA, USA) applied at 1:250
dilution for one hour at room temperature in a
humidified chamber. Sections were washed 3 times
and further treated with peroxidase-congugated
streptavidin-biotin complex (Vectastain®, Elite ABC,
Vector Lab. Inc., CA, USA) for one hour. After another
PBS bath (3 times), sections were incubated with 3, 3
diaminobenzidine tetrahydrochloride (DAB) (Vector
Lab. Inc., CA, USA). The reaction was stopped after
colour change (normally 5-10 minutes). Finally,
sections were washed in running tap water,
counterstained with Gill haematoxylin (Vector Lab.
Inc., CA, USA), air-dried and covered with VWR micro
cover glass (VWR®, USA).

Results

One hundred and four lungs (104/204, 50.98%)
showed gross pneumonic lesions of various
morphological patterns. Out of 104 lungs, 91 lungs
(87.50%) showed lesions consistent with acute
lobular bronchopneumonia. Thirteen lungs (12.50%)
had lesions ranging from mild congestion to
hepatization in the diaphragmatic lobes, while 3 lungs
(2.9%) had multifocal grayish discrete nodules
containing creamy viscid exudate, measuring 1-2 cm
in diameter in the left caudal lobe (Plate 1).

Section of lungworm (Metastrongylus spp.) and
several worm larvae were found in the bronchial
lumina admixed with mucus and inflammatory cells
predominantly of eosinophilsin 6 lung samples (2.9%)
(Plate lla, b, c). There was hyperplasia of BALT with
formation of lymphoid nodes and compression of the
airway (Plate llla, b). Severe thickening of the alveolar
septa with concurrent granulomatous reaction in the
lung parenchyma was also observed (Plate IVa, b).
Two of the cases showed severe suppurative
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bronchiolitis with concurrent degeneration and
necrosis and acute inflammatory cells
consisting predominantly of neutrophils with a
few lymphocytes and macrophages in the
bronchiole and airspaces (Plate Va, b).

Six bacterial pathogens were identified.
Pasteurella multocida was the most isolated
pathogen 51 (49.0%) from grossly pneumonic
lungs and was isolated either as single
pathogen or in association with other
pathogens especially B-haemolytic
Streptococcus spp. 33 (31.7%. There was
moderate growth of Haemophilus spp. from 24
(23.1%) lung tissues and low Staphylococcus
spp. 5 (4.8%) lung tissues. From the other lung
samples, a few mixed non-pathogenic bacteria
including Escherichia coli and Proteus spp. were

isolated (Table 1). Plate I: Piglung with two discrete nodules in the left caudal lobe
of the lung (arrows)

Plate II: Bronchus sections of the pig lungs showing (a) Metastrongylus spp. (M) in the bronchial lumen (b) worm
larvae (L) admixed with mucus and intraluminal cellular exudate (E). H&E stain, Bar = 100 um. (c) Higher
maghnification of a worm larva from (b). H&E stain, Bar = 10 um

Plate IlI: Lung sections showing (a) mild lymphoid hyperplasia of BALT with formation of lymphoid nodes (N) (b)
severe lymphoid hyperplasia of BALT with formation of a bigger lymphoid node which compreseds the bronchiole
(B). H&E stain, Bar = 100um
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Plate IV: Lung sections showing (a) granulomatous reaction within the lung tissue with eosinophils in the centre

(arrow). H&E stain, Bar = 100um. (b) Higher magnification of (a). H&E stain, Bar = 10um

.
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Plate V: Lung sections showing (a) acute suppurative bronchiolitis with intra-luminal cellular exudate consisting
predominantily of neutrophils (arrow) (b) chronic bronchiolitis with lymphoplasmacytic infiltration (arrow) and
widespread epithelial cell necrosis (arrowhead). H&E stain, Bar = 10um

Table 1: Frequency of bacterial pathogens isolated from lungs that had CVPC (n = 104) and APNL (n = 60)

Pathogen CVPC APNL
n % n % p- value

B- haemolytic Streptococcus spp. 33 31.7 3 5.0 <0.05
Pasteurella multocida 51 49.0 7 11.7 <0.05
Haemophilus species 11 10.6 3 5.0 <0.05
Staphylococcus species 05 4.8 4 6.7 <0.05
Escherichia coli 02 1.9 20 333 NS
Proteus species 02 1.9 23 38.3 NS

NS = Not significant, CVPC = Cranio-ventral pulmonary consolidation, APNL = Apparently normal lung

Mycoplasma hyopneumoniae antigens were strongly
immunolabelled and detected as a granular brown
reaction on the bronchial and bronchiolar epithelial
cells of all positive lung tissues that showed
bronchopneumonia (42.2%) (Plate Vla). There was
also less intense immunosignalling of the
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mononuclear cells in the BALT in one of the samples
(Plate VIb).

Discussion

Porcine Respiratory Disease Complex (PDRC) is due to
a number of pathogenic microbes including M.
hyopneumoniae, Pasteurella multocida and
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Plate VI: Photomicrograph of lung sections showing (a) Strong immuolabelled MHYO antigens on the surface of
the bronchiolar epithelial cells (arrow) (b) MHYO-infected cells bearing mild immunolabelled antigens in the BALT
(b) (arrow). IHC, Gill haematoxylin counterstain, Bar = 10um

Actinobacillus pleuropneumoniae (Choi et al., 2003;
Hansen et al., 2010; Fablet et al., 2012). Respiratory
parasites and migratory stages of helminths have also
been reported to have an impact on the PRDC
(Wallgren & Pettersson, 2022). In this study, the
mechanism leading to MYHO-lungworm interaction
leading to co-infection is not known. A few studies
have investigated the interaction of pathogens in
cases of co-infections and their molecular
consequences in the porcine respiratory tract of
infected pigs. However, no clear elucidation of the
mechanism shaping the complex interaction between
the pathogens has been reported (Saade et al., 2020).
The finding of this study is similar and agrees with
other studies that reported high prevalence of
pneumonia in pigs (Oba et al., 2021; Sibila et al., 2010;
Wallgren & Pettersson, 2022).

A study carried out by Oba et al. (2021) established a
co-infection of M. hyopneumoniae and
Metastrongylus spp. in matured swine of Northern
Uganda, and increased risk in pigs with multiple
pathogens and Metastrongylus spp. infection, this
suggests possible interactions in the infected pigs.

It is therefore plausible to suggest that MHYO and
other opportunistic bacterial infections may
overwhelm the host immune response, which could
possibly trigger a severe reaction resulting into
granulomatous bronchopneumonia. Immune
compromise as a result of lymphoid hyperplasia of
the BALT had been previously reported in pigs with
MHYO infection (Cheebrough 2006; Bancroft &
Gamble, 2014; Olaniyi et al., 2020b).

In the present study, bacterial culture from the lung
yielded Pasteurella multocida and B-haemolytic
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Streptococcus spp. Severe suppurative bronchiolitis,
necrosis and desquamation of the airway epithelium
recorded in this study had been reported in cases of
infections  with  Pasteurella  multocida  and
Streptococcus suis by Reams et al. (1994); and swine
influenza A virus (HIN1) infection (Valheim et al,
2011; Janke, 2014; Lopez, 2016; Olaniyi et al., 2020a).
In this study, the demonstration of MHYO antigens on
the airway epithelial cells further confirms the role of
MHYO. This has also been demonstrated by by
Sarradell et al. (2003), Lorenzo et al. (2006), Redondo
et al. (2009) and Olaniyi et al. (2020a).

Parasitic pulmonary helminths have been reported in
wild boars (Ewing et al,, 1982; de-la-Muela et al.,
2001) and in slaughtered pigs (Marruchella et al.,
2012; Taylor et al., 2016) but are quite scarce now
(Wallgren & Pettersson, 2022). In Nigeria, a high
prevalence of 61.38% was reported in indigenous pigs
(Nssien & Adesehinwa, 1999). The appropriate
housing design with concrete flooring, reduce access
to earthworm, has tremendously reduced the
prevalence of metastrongylosis in many countries
(Marruchella, 2012) including Nigeria. Prevalence of
2.9% recorded in this study supports this assertion.
None the less, verminous pneumonia due to M. apri
could still be a major challenge to feral and outdoor-
reared pigs (Marruchella et al., 2012). Lungworm
infection in pigs is associated with few helminth
parasites (Ewing et al., 1982; Leignel et al, 1997;
Poglayen et al., 2016). The findings of the present
study could not conclude on the number of parasite
species involved, therefore, further molecular studies
are thus warranted. Lack of pasture rotation as well
as allowing pigs to have access to moist soil which is
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the ideal habitat for earthworms have been reported
to contribute to the incidence (Stockdale 1976).
Therefore, these factors are to be taken into
consideration in pig management if free-range is to
be adopted. In addition, regular deworming has also
been advocated using Ivermectin 1% injectable
(lIvomec®). The efficacy of this drug in pigs had long
been documented (Leignel et al., 1997). On the other
hand, hygience, vaccination, chemotherapy and good
husbandry are effective for control of M.
hyopneumoniae  (Pieters &  Maes  2019).
Unfortunately, no vaccine is available to control
MHYO in Nigeria at present. It is suggested that
further molecular studies be carried out on M.
hyopneumoniae strain circulating in Nigeria pigs with
a view to developing appropriate vaccine to control
the infection.

In conclusion, the present study recorded more
pneumonic changes in pigs, and also demonstrated
lesions due to Metasrongylus spp. associated with M.
hyopneumoniae, and P. multocida in slaughtered pigs
in Nigeria. The detection of respiratory pathogens
such as M. hyopneumoniae, Metasrongylus spp. and
P. multocida suggests that they are potential
contributors to lung pathology observed in this study.
The high prevalence of pneumonic lesions recorded
underscores the need to place more emphasis on
virus-bacterium-parasite synergism rather than the
widely reported virus-bacterium and virus-virus
synergism in pigs respiratory diseases. In Nigeria,
metastrongylosis may be more common than
reported herein. The 2.9% reported in this study is
significant because a larger percentage of these
slaughtered pigs were from commercial piggeries. It
is suggested that further molecular studies be carried
out on M. hyopneumoniae strains circulating in
Nigerian pigs to develop an appropriate vaccine to
control the infection.
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