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Molecular detection and pathological modifications of Klebsiella pneumoniae 
in trachea and lung of rabbits after infected by intranasal instillation route
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Abstract: Klebsiella pneumoniae, one of the more critical zoonotic pathogenic bacteria, causes many diseases, including 
pneumonia, urinary tract infections, bloodstream infections, and sepsis. This study aimed to insulate K. pneumoniae from 
sheep urine and identify it by microbiological method on MacConkey agar and confirmed with 16S-rRNA sequencing 
analysis, then study the pathological changes of bacteria in the trachea and lung of rabbits after infected by intranasal 
instillation route. A total of 24 adult healthy local male rabbits were divided randomly into 2 groups: in the control group, eight 
animals received 50 µL phosphate buffer saline via intranasal instillation. In contrast, sixteen animals received intranasally 
a single dose of K. pneumonia at 106 CFU/50 µL PBS/animal in the infected group. Two animals from the infected group 
and one from the control group were sacrificed at 3 hours, 6 hours, 12 hours, 24 hours, 3 days, 7 days, and 16 days post-
infection. A postmortem examination was performed, and any gross lesions were reported. Trachea and lung specimens 
were then collected and fixed in 10% formalin. The results of the bacterial examination growing on the MacConkey media 
agreed with the results of molecular confirmed by 16S rRNA sequencing analysis. Macroscopic results highlighted severe 
lung congestion and white spot areas in the lung tissue. Microscopic changes in the trachea are characterized by acute 
tracheitis with infiltration of inflammatory cells within a fibro-cartilaginous layer, with sticky exudate consisting of fluid 
collection and inflammatory cells in the tracheal lumen. as well as bleeding and aggregation edematous fluid recorded in 
alveolar lumen, with alveolar epithelial sloughing, interstitial pneumonia, bronchiectasis, and bronchiolitis with emphysema. 
The conclusion of this study could be summarized by addressing the severity of infection at several different times from 
the Intranasal instillation route with the rapid and dangerous ascending progression of pathological lesions in tracheal and 
lung disease post-infected rabbits via Intranasal instillation.
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Introduction
Klebsiella (K.) pneumoniae, a bacterial infection, cau-

ses lesions in the respiratory system, constituting an essen-
tial source of clinical signs and symptoms, primarily upper 
respiratory tract1,2. Furthermore, it is represented as a se-
cond cause of stream infections behind E. coli in animals 
and humans, like infection in the respiratory system, ankylo-
sing spondylitis, and wound infections that lead to septice-
mia or bacteremia3-6. According to immunopathological re-
search7, locally isolated K. pneumoniae have been found 
to form a disproportionately high proportion of ESKAPE 
bacteria, which includes Enterococcus faecium, Staphylo-
coccus aureus, K. pneumoniae, Acinetobacter baumannii, 
Pseudomonas aeruginosa, and Enterobacter species. The-
se bacteria also possess the K1 and K2 genes, demonstra-
ting multi-antibiotic resistance.

Recent publications referred to the capability of K. 
pneumoniae to develop multidrug resistance to many an-
tibiotics, which worsens the economic losses in animals 
due to the added value of the cost of treatment8,9. When K. 
pneumoniae enters the respiratory tract, it can lead to bac-
terial pneumonia or an infection of the lungs. Hence, symp-
toms include chest pain when you breathe or cough, fever 
and chills, shortness of breath, fatigue, a cough that may 

produce phlegm and changes in mental awareness10. Pa-
thological effects of K. pneumoniae in the lung and kidney 
of Balb/c mice post infection intraperitoneally cause acute 
infection after a few hours, and it develops into a chronic 
infection after seven days of reinfection11. The Southern 
sea otters (a federally-listed threatened subspecies found 
almost exclusively in California, USA), which are infected by 
K. pneumonia, recorded bronchopneumonia, tracheobron-
chitis and pleuritis, also, enteritis, acanthocephalan peritoni-
tis, septic peritonitis and septicemia12,13. Therefore, and due 
to few studies about the pathogenesis of K. pneumoniae 
on the respiratory system, this study is designated to spot 
the light on the significant pathogenic effects of K. pneumo-
niae against the principal organs of the respiratory system 
(trachea and lungs) after infection via intranasal instillation 
route, through investigation of experimental infection which 
is evaluated by bacterial spread in the mentioned organs 
assessed by molecular detection and histopathological exa-
mination.
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Materials and methods 

Experimental animals and bacterial isolation
A total of 24 adult local male rabbits were divided into 

two groups. Intranasal instillation gave the control groups 
(eight animals) 50 μL/animal phosphate buffer saline (PBS). 
In contrast, the second group (infected groups) included 16 
animals, given by intranasal instillation route, as a dose (50 
μL/animal) containing 106 CFU/K. pneumonia suspended 
in PBS. Bacteria were isolated from urine that accumula-
ted in the urinary bladder of slaughtered sheep after culture 
on MacConkey agar. After harvesting growing bacteria, in-
fected doses were determined using the Miles and Misra 
method15 to calculate the number of colony-forming units 
(CFU) per mL from the original sample dependent on the 
following equation. The infective dose which was used in 
our study (50 μL/contain 106 CFU) given by intranasal insti-
llation (Average no. of colonies for dilution = CFU/µL × 50 × 
diluted factor). Two animals from the infected group and one 
from the control group were sacrificed at 3 hours, 6 hours, 
12 hours, 24 hours, 3 days, 7 days, 12 days, and 16 days di-
rectly post-infection. A postmortem examination was perfor-
med, and any gross lesions were reported. Tissue samples 
from the trachea and lungs were then fixed in 10% formalin.

Histopathological examination
The tissue specimens collected from the chest region, 

trachea, and lung were fixed in 10% formalin for 72 hours 
and processed for slide preparation and staining with He-
matoxylin and Eosin (H&E) stain16. Histopathological chan-
ges were observed under a light microscope.

Results

Bacterial identification
The bacterial isolates were isolated from urine that 

aggregated in the urinary bladder from 25 samples), in di-
fferent slaughter sheep, appear in (Fig. 1) on MacConkey 
agar, and are characterized by large, convex, heavy mucoid 
colonies pinkish to reddish.

Molecular detection (16S rRNA) primer by PCR 
technique

Figure (2) shows the PCR product of the 16S-rRNA 
gene (1250 bp) from bacterial DNA, stained with Red safe 
stain; the product was electrophoresis on 1.5% agarose at 
(5 volt/cm2. 1x TBE buffer) for (1:30 hours). M: DNA lad-
der (100). M: marker (10000 base pair). Lane (1-7) positi-
ve16S-rRNA.
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Table 1. According to Srinivasan et al. (2015)20. the sequence of primers used in this study.

Figure 1. Klebsiella pneu-
moniae on Macconkey agar 
appears as a pinkish color, 
convex, heavy mucoid colo-
nies colony (after 24 hrs., at 
37 °C).



3

Histopathological examination
No apparent pathological alteration in the trachea and 

lungs appeared in animals within the control group. Animals 
in the infected group, after observation of the trachea and 
lungs recorded a white spot area appeared in the lung and 
heart, with congestion in lung tissue, through gross appea-
rance in the chest region of rabbit after 3 hours from in-
fected by (50 μL/106 K. pneumonia) intranasal instillation. 
While under light microscope, histopathological section of 
rabbit trachea at 3 hours post infection by (50 μL/106 K. 
pneumonia) by intranasal instillation show, neutrophils also 
infiltration of inflammatory cells neutrophils and macropha-
ges, within fibro-cartilaginous layer recorded at 6 hours 
(Fig.3), while at 24 hours post infection, trachea showed 
severe infiltration of inflammatory neutrophils and MNCs 
(Fig.4), and sticky exudate consist from fluid collection, and 
inflammatory cells in the tracheal lumen appeared after day 
3 post bacterial infection (Fig.5), as well as, necrotic epi-
thelial cells in the lumen of trachea with multifocal MNCs 
infiltration show after seven days of infection (Fig.6), but at 
the end of experiment congestion and large abscess for-
med from aggregation of necrotic neutrophils surrounded by 
fibrous connective capsule and ulceration of pseudo-strati-
fied columnar epithelium after day 16 of infection (Fig.7). 
More distant, histopathological section of lung at 3 hours 
post infection by (50 μL/106 K. pneumonia) by Intranasal 
instillation show, hemorrhage and pink homogenous fluid 
in alveolar lumen, and inflammatory cell infiltrate within in-
terstitial tissue (Fig.8). On the other hand, edematous fluid 
with dilation and alveolar epithelial sloughing, also infiltra-
tion of inflammatory cells neutrophils and MNCs was seen 
at 6 hours post infection (Fig.9), at 24 hour) also, at day 7, 
post-infection lung suffering from emphysema with fibrotic 
knobs with thickening of alveolar space and infiltration of 
inflammatory cells between alveolar septa (Fig.10)

Discussion
The genus Klebsiella, in general, was extensively stu-

died in both animals and humans. However, there was little 
research done about pathogenesis and complications of the 
respiratory system, especially during infection (trachea and 
lung ) by K. pneumoniae through the intranasal instillation 
route, and the role of PCR amplification is done among he-
terogeneous adjacent elements to get DNA fingerprints that 
can be easily for analyzed by using a software program to 
recognize patterns13. As a lactose-fermenting species, K. 
pneumoniae produces pinkish-colored and mucoid colony 
growth on MacConkey agar. In a study using 50 human and 
50 sheep urine samples, Al-Rubaei17 also found that K. pneu-
moniae could be isolated and diagnosed by culturing the 
samples on MacConkey, blood, EMB, XLD, and BHI agars.

Histopathological examination of lesions in the trachea 
and lungs of rabbits infected with K. pneumonia via intrana-
sal instillation revealed cellular degeneration and an inflam-
matory response of the respiratory system between three 
and six hours after infection. Mitochondrial damage caused 
by K. pneumoniae infection plays a crucial role in various 
forms of cellular damage, especially in apoptosis epithelial 
cells, as evidenced by changes in mitochondrial function or 
damage markers (Mitochondrial membrane potential, oxi-
dative stress, and Ca2+ concentrations), which in turn indu-
ced cell damage17,18. These concepts are in agreement with 
the observation of Abdullah et al.2, who reported intensive 
lung effects after 48 and 72 hours of infection that exhibited 
congestion of blood vessels and infiltration of polymorpho-
nuclear cells, occurring after infected mice with 0.2 mL of 
7.5×104 CFU K. pneumoniae isolated from urine of human 
and cattle in Baghdad city.

The severe interstitial pneumonia, accompanied by 
MNC infiltration at 6 hours post-infection, as well as severe 
inflammatory reactions represented by infiltration of MNCs 
into tissue parenchyma at 24 hours post-infection, which 
developed into necrosis to broad areas of trachea and lung, 
in addition to scattered hemorrhages and congestion with 
acute to chronic inflammation. It has been reported that the 
respiratory response against Klebsiella infection may occur 
by lung tissue stimulation to release caspase-11, which is 
required for limiting the outgrowth of bacteria in lung pa-
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Figure 2. The result of the PCR te-
chnique revealed that all K. pneu-
moniae isolates owned the 16S 
rRNA genes.
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Figure 3. Histopathological 
section in rabbit trachea at (3 
hours) post-infection by (50 μl/ 
106 K.pneumonia) by intranasal 
instillation show acute tracheitis 
congestion B.V with infiltration 
of inflammatory cells mainly 
neutrophils (H&E stain 10X).

Figure 4. The histopathological 
section in rabbit trachea at (6 
hours) post-infection by (50 μl/ 
106 K. pneumonia) by Intrana-
sal instillation shows infiltration 
of inflammatory cells neutrophi-
ls and macrophages within the 
fibro-cartilaginous layer  (H&E 
stain 10X).

Figure 5. The histopathological 
section in rabbit trachea after 
(day 3) post-infection by (50 μl/ 
106 K. pneumonia) by Intrana-
sal instillation show sticky exu-
date consisting of fluid collec-
tion and inflammatory cells in 
the tracheal lumen (H&E stain 
40X).
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Figure 7. The histopatholo-
gical section in rabbit lung at 
(3 hours) post-infection by  
(50 μl/ 106 K. pneumonia) 
by (Intr.Ins.) show hemorr-
hage and pink homogenous 
fluid in the alveolar lumen,& 
inflammatory cell infiltrate 
within the interstitial tissue 
(H&E stain10X).

Figure 8. The histo-
pathological section in 
rabbit lung at (6 hours) 
post-infection by (50 μl/ 
106 K. pneumonia) by 
(Intr.Ins.) show edema-
tous fluid  with dilation 
and alveolar epithelial 
sloughing, as infiltra-
tion of inflammatory 
cells neutrophils, and 
MNCs (H&E stain 
40X).

Figure 6. The histo-
pathological section 
in rabbit trachea at 
(day 16) post-infec-
tion by (50 μl/   106 
K. pneumonia) In-
tranasal instillation 
shows congestion, 
a large abscess 
formed from the ag-
gregation of necro-
tic neutrophils su-
rrounded by fibrous 
connective capsule 
a, and ulceration 
of pseudo-stratified 
columnar epithelium 
(H&E stain 10X)
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Figure 9. Histopathological 
section in rabbit lung at (24 
hours) post-infection (50 μl/ 
106 K.pneumonia) by(Intr.
Ins.) show, active hypere-
mia with interstitial pneu-
monia also bronchiectasis   
(H&E stain 10X).

Figure 10. The histopathological 
section in rabbit lung at (day 7) 
post-infection by (50 μl/ 106 K. 
pneumonia) by (Intr.Ins.) shows 
emphysema with fibrotic knobs 
with thickening of alveolar space 
and infiltration of inflammatory 
cells between alveolar septa   
(H&E stain 10X).
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renchyma11. Additionally, the present study is supported by, 
who reported severe acute inflammatory changes a few 
hours post-infected mice by 1×109 K. pneumonia, which is 
characterized by dilated congestion of blood vessels asso-
ciated with the presence of edematous fluid in interstitial tis-
sues, accompanied by fibrin and infiltration of PMNs mainly 
neutrophils.

The aggregates of swirling MNCs, with streaming fibro-
blasts and fibrin, fill and conform to the airway. This may 
occur due to response to chronic inflammation against bac-
terial infection, causing an increase in macrophage activa-
tion as well as cell recruitment to the site of infection that 
leads to an increase in pro-inflammatory cytokine, mainly 
TNF, that represents the primary signal important in granu-
loma formation, as an immune response against K. pneu-
monia13. The current finding may support the idea of (7), 
which revealed that pro-inflammatory cytokines release in 
K. pneumonia infection could lower the host's innate immu-
ne response.

Conclusions
In conclusion, rabbits were used to investigate the pa-

thogenesis of intranasal instillation dosing with K. pneumo-
nia, which was found to spread from the trachea to the lungs 
at 3, 6, 12 and 24 hours, 3, 7, and 16 days after infection 
with 50 μL/106 K. pneumonia, as determined by bacterial 
isolation, molecular identification, and histopathological pic-
tures.
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