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Abstract

Background: Swine influenza A viruses (SIV) infection is among the leading causes of respiratory diseases in a number of
animal species and human, and has been reported to cause substantial losses to pig industry. Previous reports of
serological, molecular, and surveillance studies in commercial piggeries in Nigeria indicated the presence of SIV subtypes
H1N1 and H3N2 in infected pigs; hitherto, there exists lack of studies on the pulmonary pathology and pathogenicity of
SIV in Nigeria. This study investigates the presence of SIV subtype H1N1 antigen in the formalin-fixed paraffin-embedded
lung sections obtained from apparently healthy pigs slaughtered at abattoirs located in Lagos, Ogun, and Oyo States,
Southwest Nigeria using a streptavidin-biotin (ABC) immunoperoxidase (IP) staining. Two hundred four lungs consisting
of 144 grossly pneumonic lungs and 60 apparently normal lungs were randomly collected, fixed in 10% neutral-buffered
formalin, embedded in paraffin wax, and processed for histopathological examination and immunohistochemistry.

Results: The main gross lesions were marked pulmonary edema and mild bilateral consolidation of cranial lobes.
Histopathology revealed suppurative bronchitis, and bronchiolitis with or without concurrent widespread degeneration
and necrosis of epithelial cells (52.08%) and thickening of alveolar septa due to cellular infiltration consisting
predominantly of neutrophils and mononuclear cells (macrophages and plasma cells) (39.58%). The lumina of most
airways contained exudate consisting of neutrophils, desquamated epithelia cells, and necrotic debris. SIV antigen was
immunohistochemically detected in 7/204 (3.43%) samples using SIV-specific (H1N1) monoclonal antibody. Positive cells
exhibited a typical dark-brown reaction in the infected cells. A strong positive immunohistochemical staining was
detected mainly in the alveolar macrophages and bronchial submucosal glandular epithelial cells while less intense
staining was observed in the bronchiolar epithelial cells.

Conclusions: The present study describes the distribution and localization of SIV subtype H1N1 antigens in the lung
tissues of the infected pigs and provides public awareness on the presence of the virus in pig population in Nigeria and
the risk factors associated with the infection. Therefore, people working in pig farms should maintain high level of biosafety
and personal hygiene. This is the first report of immunohistochemical detection of SIV subtype H1N1 antigen in naturally
infected pigs in Nigeria and may indicate rapid dissemination of the virus in susceptible pigs in the study area. A further
molecular epidemiological study to investigate other SIV subtypes circulating in Nigerian pig population is warranted.
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1 Background
The pig husbandry contributes significantly to the pro-
tein supply in the food chain, and serves as a source of
livelihood for many households in Nigeria [1, 8]. How-
ever, the industry is mitigated by infectious diseases such
as the menace of African swine fever that ravaged pig
farms in some parts of Nigeria in recent past [11, 47, 53,
56] as well as respiratory diseases [9, 27, 49, 58]
Respiratory diseases have been reported to be a serious

constrain to intensive swine production and productivity
world-wide [9, 30, 41, 60, 61], and are arguably the most
important health concerns to swine producers [15, 30] be-
cause the presence of respiratory disease in pigs is com-
monly associated with high production losses [52, 61, 62].
Swine influenza A viruses (SIV) is a common and econom-
ically important cause of respiratory disease in pigs [26, 50],
and reported to result in huge economic losses [35, 41].
SIV infection has been recognized as a respiratory disease
in swine since its first appearance concurrent with the 1918
“Spanish flu” human pandemic [35, 54]. The virus is enzo-
otic in most of the pig-producing countries [16, 66] and
known to infect human beings who are in close contact
with sick pigs [6, 28, 43, 51]. Zoonotic infections of humans
with swine influenza A viruses have been diagnosed and
confirmed by isolation of the virus from both pigs and pig
industry workers in many countries [2, 6, 7, 26, 28, 50]. SIV
is a member of family Orthomyxoviridae, containing a gen-
ome of single-stranded RNA segment [14–16, 51]. All in-
fluenza viruses of significance in swine are of type A but
the most common subtypes currently circulating in swine
are H1N1, H1N2, and H3N2 [13, 17, 20, 21, 35, 43, 50].
H3N2 subtype was reported to be the most dominant
under the field conditions [20, 68], while H1N2 was re-
ported to cause large-scale outbreaks of respiratory diseases
in swine population in different parts of the world including
Japan, Republic of Korea, and the United Kingdom [17, 33,
38]. Swine influenza viruses have been detected among
swine populations in different parts of the world, including
North America [40, 45], Europe [64, 66], South America
[57], Australia/Oceania [24, 32], Asia [31], West and Cen-
tral Africa [4, 25, 59], and Nigeria in particular [3–5, 7, 22].
In recent time, Njabo et al. [46] and Meseko et al. [44] also
reported N1H1 in Cameroon and Nigeria, respectively. In
addition, Adeola et al. [5] had earlier reported human H1
and H3 strains of influenza A virues in swine population in
Ibadan, Nigeria. The transmission of the infection has been
reported to occur mainly by oral route from influenza-
infected pigs [34, 18]; lungworms may also transmit the
virus of swine influenza [43]. Following infection, SIV at-
taches and replicates within epithelial cells of the respira-
tory tracts resulting in cell death [35, 38]. The most
consistent gross lesion of SIV infection is mild to moder-
ate lobular, multifocal to coalescing distribution of
consolidation which is most frequently observed in the

cranial, middle, and accessory lobes and often demarcated
from the normal tissue [18, 57, 64]. The hallmark micro-
scopic lesions are necrotizing bronchitis and bronchiolitis
with attenuation of bronchiolar lumen, atelectasis, and
peribronchiolar, perivascular, and interstitial infiltration of
lymphocytes and plasma cells [18, 35, 37, 38, 64] and
intraluminal cellular exudate and necrotic debris [64]. In
situ hybridization and immunohistochemistry results had
previously reported that SIV infects alveolar macrophages
where immune-signals were detected [35, 37, 42, 63]. Al-
though molecular studies and serological evidence of in-
fluenza A viruses in commercial piggeries in Nigeria has
been previously reported [3–5, 7, 44, 48], the pulmonary
pathology and pathogenicity of H1N1 subtype have not
been studied. This study, therefore, describes the pulmon-
ary pathological changes and pathogenesis following natural
infection with swine influenza A virus subtype H1N1and
studies the distribution and localization of influenza
H1N1 virus antigen in the lung from naturally infected pigs
in southwest Nigeria using immunohistochemistry.

2 Methods
2.1 Study animals and sample collection
The pigs were obtained from different farms in southwest
Nigeria including Lagos, Ogun, Osun, and Oyo states and
slaughtered in three major abattoirs located in Abeokuta,
Ibadan, and Oko-Oba, Lagos. Lung samples of slaughter-
age pigs were randomly collected from these abattoirs as
well as from carcasses submitted for post-mortem exam-
ination. A total of 204 lung samples consisting of 144
pneumonic lungs (case group) and 60 apparently normal
lungs (control group) were randomly collected between
February 2014 and September 2015 on 12 occasions, 8
weeks apart. Lung samples were immediately fixed in 10%
neutral-buffered formalin, left to fix for at least 48 h and
later processed for routine histopathology [12] and immu-
nohistochemistry as described by Ceribasi et al. [19].

2.2 Histopathological technique
The 204 formalin-fixed lung tissues were prepared rou-
tinely and stained with hematoxylin and eosin (H&E) for
light microscopic examination.

2.3 Immunohistochemistry protocol
Immunohistochemical (IHC) test was used to detect
SIV-specific antigens. One hundred four selected
formalin-fixed, paraffin-embedded lung tissues were sec-
tioned at 3–5 μm and processed for immunohistochemi-
cal staining. Paraffin-embedded tissue sections were
deparaffinized in xylene, rehydrated through graded al-
cohol, and air dried. Deparaffinized tissue sections were
pen-circled using PAP marker (Vector Lab., USA) and
placed in antigen retrieval solution (Citra, BioGenex,
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CA, USA) using a plastic stander and kept in a micro-
wave for 20 min.
Slides were laid on the humid chamber, flooded with

3% H2O2 (Fisher scientific®, UK), and incubated at room
temperature for 15 min (two times) to quench endogen-
ous peroxidase activity. After washing three times (5
min each) in phosphate-buffer saline (PBS, pH 7.4, 0.01
M) containing 0.1% Tween 20, sections were treated
with power block, IX blocking antibody (Universal
Blocking Reagent, BioGenex, CA, USA) for 20 min to
saturate nonspecific protein-binding sites.
After draining the excess blocking serum, sections were

incubated with anti-influenza A virus (H1N1) monoclonal
antibody (East Coast Bio. Inc., North Berwick, ME, USA)
diluted to 1:1000 in PBS (pH 7.4, 0.01M) containing 0.1%
Tween 20, and kept in a humidified chamber at 4 °C over-
night. Dilutions tested were 1:500, 1:1000, and 1:2000.
The 1:1000 dilution was the optimum, because, at this di-
lution, H1N1 antigen could be clearly detected with min-
imal background staining. After washing with PBS three
times, sections were treated with biotinylated anti-mouse
IgG made in goat secondary antibody (Vector Lab. Inc.,
CA, USA), applied at 1:250 dilution for 1 h at room
temperature in a humidified chamber.
Sections were washed three times and further treated

with a labeled peroxidase-conjugated streptavidin-biotin
complex (Vectastain®, Elite ABC, Vector Lab. Inc., CA,
USA) for 1 h. Preparation was carried out 30 min before
use by diluting one drop of A + one drop of B in 2.5 ml
PBS. After another PBS bath (three times), sections were
incubated with freshly prepared 3,3 diaminobenzidine
tetrahydrochloride (DAB) (Vector Lab. Inc., CA, USA).
The reaction was stopped after colour change (normally
5 min). Finally, sections were washed in running tap
water, counterstained with Gill hematoxylin (Vector Lab.
Inc., CA, USA), dehydrated, and covered with VWR mi-
cro cover glass (VWR®, USA). Separate control slides of
known SIV-positive lung tissue sections as well as
known SIV-negative tissue sections prepared along with
the test slides were used as positive and negative con-
trols respectively, for each IHC run.

3 Results
3.1 Gross pathology
Gross lesions were observed in cranial lobes of all the
pneumonic lungs. The acute lesion was characterized by
pulmonary edema, hyperemia, and frothy exudate in the
airways. There was a mild lobular multifocal consolida-
tion of the cranial lobes of the infected lungs (Fig. 1),
which was evidenced by sharp delineation between the
affected and apparently normal tissues. A tentative diag-
nosis of acute bronchopneumonia was made based on
these gross lesions. Lesions were generally mild because
they were obtained from apparently healthy pigs

3.2 Histopathological findings
Microscopic lesions were found in all the lungs with gross
pneumonic lesions. Based on the histopathological examin-
ation, the lesions were classified into acute (124/144,
86.1%), subacute (17/144, 11.8%), or chronic (3/144, 2.1%)
cases of broncho-interstitial pneumonia. All acute cases (n
= 114) were mainly suppurative bronchopneumonia (BP).
A few lungs showed bronchiolitis with presence of catarrhal
exudate in the bronchiolar lumen (Fig. 2a). Bronchitis and
bronchiolitis were mainly suppurative with concurrent
epithelial hyperplasia and presence of intraluminal cellular
exudate and necrotic debris (Fig. 2b) with attenuation of
bronchiolar lumen, atelectasis, and peribronchiolar, perivas-
cular infiltrates of inflammatory cells (Fig. 2c). This was
recorded in 75/144(52.08%) lungs. Bronchiolitis was associ-
ated with widespread degeneration and necrosis of the epi-
thelial cells (33/144, 22.92%) (Fig. 3a). The main finding in
the alveoli was presence of inflammatory cells consisting
predominantly of neutrophils, macrophages, and plasma
cells (Fig. 3b); this was recorded in 57/144 (39.58%) of the
lungs. A few lung sections showed hyperplasia of bronchial
submucosal glands (Fig. 3c). Sections of nematode worm
(Metastrongylus sp.) were found in the bronchial lumen of
three of the lung samples (Fig. 4a). Acute verminous bron-
chitis with a section of nematode (Metastrongylus apri) was
seen in the bronchial lumen (Fig. 4b), while several worm
larvae sections admixed with mucus and intraluminal cellu-
lar exudate were observed (Fig. 4c).

3.3 Immunohistochemical findings
SIV (H1N1) antigen was detected in 7/204 (3.43%) of
the lungs samples. All positive cases showed a granular
brown staining in the nuclei and cytoplasm of the bron-
chial and bronchiolar epithelial cells and bronchial sub-
mucosal glandular epithelial cells (Fig. 5) in the sections

Fig. 1 Photograph of the lung showing marked pulmonary oedema
and mild bilateral consolidation of cranial lobes (arrowed)
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of the lungs tissues from the infected pigs. Less intense
staining was detected in the cytoplasm of the bronchi-
olar epithelial cells (Fig. 5d, e).

4 Discussion
Swine influenza A viruses infections are endemic in pig-
producing countries around the world [16, 57, 66]. Mo-
lecular and surveillance studies carried out by several
workers in Nigeria indicated the presence of SIV H1N1
subtype [3–7, 44]. The present investigation showed that
natural infection with the influenza A (H1N1) virus may
induced both gross and histopathological lung lesions
similar to those described in natural infections with the
this virus [57, 64]. In the present study, histopathology
revealed suppurative bronchitis, bronchiolitis, and pneu-
monia with concurrent epithelial hyperplasia with or
without widespread degeneration and necrosis of the in-
fected epithelial cells and thickening of alveolar septa
due to cellular infiltration consisting predominantly of
neutrophils and lymphocytes with a few macrophages
and plasma cells. The lumina of most airways were filled
with exudate consisting of neutrophils, desquamated
cells, and necrotic debris. The histopathological findings
of the present study are consistent with SIV infection
and similar to the results of the previous studies of ex-
perimental infections [34, 35, 38] and natural infections
[37, 57, 64]. SIV has been reported to have a tropism for
the respiratory system where it attaches to and replicates
in epithelial cells of the upper respiratory tract [17].

Infection then spreads to bronchi and bronchioles
resulting in loss of cilia, extrusion of mucus, exudation
of neutrophils and macrophages, and necrosis and meta-
plasia of airway epithelium [17]. Previous studies have
also shown that neutrophil infiltration was due to in-
creased levels of certain pro-inflammatory cytokines
such as tumor necrosis factor (TNF-α), interferon (IFN-
α), and interleukin-1 (IL-1 and interleukin-8 (IL-8)) dur-
ing SIV infection [36, 39, 67]. This causes damage to the
respiratory tract and reduces the ability to clear the in-
fection and also decreases macrophage function [23, 55].
In the present study, there was hyperplasia of bron-

chial submucosal glands; this could indicate that the
virus replicate in the submucosal glands resulting in the
observed lesion. However, this observation has not been
previously reported in SIV infection. In this study, three
of the positive cases had section of lungworm in the
bronchial lumen, resulting in verminous bronchitis with
presence of Metastrongylus apri in the bronchial lumen
and worm larvae admixed with mucus and intraluminal
cellular exudate. Metastrongylosis may still present a
major concern for outdoor pig herds in areas at high
parasitic risk in Nigeria especially southwest where pigs
have access to earthworm as in the case of indigenous
free-range pigs. The possibility of SIV being transmitted
by lungworms has earlier been reported [43].
The present result demonstrated that SIV antigens can

be detected in formalin-fixed, paraffin-embedded tissue
specimens of the pig using a monoclonal antibody.

Fig. 2 Photomicrograph of lung sections showing a mild bronchitis and catarrhal exudate in the bronchial lumen (C). H&E stain, Bar = 100 μm. b
Suppurative bronchiolitis with concurrent epithelial hyperplasia (arrowed) and presence of intraluminal purulent exudate desquamated epithelia
cells and necrotic debris (E), and c attenuation of bronchiolar lumen, atelectasis, and peribronchiolar infiltrates of inflammatory cells (P). H&E stain,
Bar = 20 μm
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Positive immunochemical staining for SIV was detected
in the bronchial and bronchiolar epithelial cells, alveolar
macrophages, and bronchial submucosal glands of pigs
in this investigation. In situ hybridization and immuno-
histochemical results had suggested that the major site
of infection of SIV was the bronchial and bronchiolar

epithelial cells. Several studies have earlier reported that
detection of viral antigens was primarily in the bronchial
and bronchiolar epithelial cells as well as and alveolar
macrophages [29, 35, 37, 63]. The immunohistochemical
findings of the present study are consistent with the re-
sults of the previous studies in terms of distribution and

Fig. 3 Photomicrograph of lung sections showing a bronchiolitis with widespread degeneration and necrosis of the infected bronchiolar
epithelial cells (arrowed), b marked thickening of the alveolar septa due to cellular infiltration (C) consisting predominantly of neutrophils and a
few mononuclear cells, and c hyperplasia of bronchial submucosal glands (arrowed). H&E stain, Bar = 20 μm

Fig. 4 Photomicrograph of lung sections showing a acute verminous bronchitis with a section of nematode (Metastrongylus apri) (M) in the
bronchial lumen, b worm larvae sections (L) admixed with mucus and intraluminal cellular exudate. H&E stain, Bar = 100 μm. c Is a higher
magnification of a larva showing cellular exudate mainly composed of eosinophils and a few neutrophils. H&E stain, Bar = 10 μm
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localization of the viral antigens in the lungs [35, 37, 42].
However, in addition, viral antigens were detected in the
bronchial submucosal glands. The histopathological
changes observed in the bronchial submucosal glands
and the detection of the viral antigens in this site could
imply that the virus actually replicate within the epithe-
lial cells of bronchial submucosal glands.
In situ hybridization and immunohistochemistry results

had previously reported that SIV infects alveolar macro-
phages where immune-signals were detected [35, 37, 42,
63]. Destruction of alveolar macrophages by the virus is
an indication of a direct pathogenic effect of SIV and such
changes adversely affect the pulmonary host defense
mechanisms and may lead to secondary viral and bacterial
infections [36]. This accounts for the reason SIV is often
seen in infection with combination of other viruses and
bacterial pathogens including PRRSV, PRCV, Mycoplasma
hyopneumoniae, Actinobacillus pleuropneumoniae, Hae-
mophilus spp., and Pasteurella multocida that result in
porcine respiratory disease complex [52]. A combination
of any of these pathogens with SIV had been reported to

often produce more pronounced and protracted respira-
tory disease and higher mortality than is seen in uncom-
plicated cases of SIV infection [42, 65].
The too low result indicated by IHC test could indicate

low level of clinical form of the infection and that higher
percentage of the cases are still at subclinical level; it is note-
worthy that only subtype H1N1 was targeted and clinical
form of the disease has not been reported in Nigeria before
this time. The present study confirmed the presence SIV
subtype H1N1 in pig herds in Nigeria and provides some
insight into the pathogenesis of the infection and pathogen-
icity of the virus. Zoonotic infections of humans with swine
influenza viruses have earlier been diagnosed and confirmed
by isolation of swine influenza viruses from both pigs and
their caretakers on farms in Nigeria [2, 6, 10]. Therefore, it
is advised that people working on pig farms should maintain
high level of biosafety and personal hygiene.

5 Conclusion
The detection of SIV (H1N1) antigens in the lung of the
infected pigs indicate that natural respiratory disease may

Fig. 5 Photomicrograph of lung sections of SIV-positive control showing a an intense granular brown immunohistochemical staining in the
alveolar macrophages (arrowed), b negative control without immunohistochemical reaction. Streptavidin-peroxidase, DAB. Bar = 10 μm, d, e
intense immunosignal in the bronchial submucosal glandular epithelial cells (arrowed). Streptavidin-peroxidase, DAB. Bar = 10 μm, and f less intense
immunosignal was detected in the nuclei and cytoplasm of the bronchiolar epithelial cells (arrows). Streptavidin-peroxidase, DAB. Bar = 50 μm
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be induced by the virus and possibly in association with
other bacterial and viral pathogens. It is therefore sug-
gested that further studies should be done on the molecu-
lar epidemiology and characterization of the virus
detected in this study to shed more light on the transmis-
sion and genetic diversity of the virus and to determine
the prevalent of other SIV subtypes circulating in Nigerian
pigs.
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