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Abstract 
 

 Experimental chronic pneumonia was established in normal BALB/c mice employing a virulent 

encapsulated strain of Klebsiella pneumoniae B5055. A single exposure to the bacterial pathogen 

resulted in acute pneumonia that resolved within a week. To achieve the chronic state of lung infection, 

repeated infection was given via intranasal route. Mice were inoculated with 50ul of 10
4
 CFU/ml each 

on day 0, 7 and 14. There were two peaks observed in the assessment of the lung bacterial load and pro 

inflammatory cytokine generation following the first and the third infection, respectively. On day 18 of 

infection, histopathological examination revealed extensive chronic inflammatory changes in the lungs 

of infected mice which coincided with high lung bacterial load. Tissue damage was also assessed 

through analysis of malondialdehyde (MDA), lactate dehydrogenase (LDH), and nitric oxide generation 

in the lung homogenates of the infected mice. 

 

Keywords: Chronic pneumonia, Klebsiella pneumoniae, mice, cytokines. 
 

1.  Introduction 

 

 Lower respiratory tract infections have always 

remained a cause of concern for medical fraternity 

throughout the world. Gram negative bacteria are 

the predominant causative agents of these 

infections. Amongst these, Klebsiella pneumoniae 

is commonly associated with both community 

acquired and nosocomial pneumonia resulting in 

severe lung infection with high mortality rates or 

establishment of chronic pneumonia in untreated 

cases [1, 2]. At times, even the immunocompetent 

elderly as well as the healthy non-elderly adults 

are at a risk of developing pneumonia [3]. 

 Well characterized animal models, that mimic 

clinical infections in man, are very useful in 

providing precise insight into the pathogenesis of 

infectious diseases as well as in evaluation of 
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antibiotic treatment schedules in human infections 

under similar conditions of intensity and duration 

of infection. There are several animal models 

described in literature in relation to acute 

pneumonia, but very few studies are available 

where chronic pulmonary infection has been 

established in experimental animals. Initially, 

Berendt et al. [4] and Domenico et al. [5] 

developed chronic bronchopneumonia in rats with 

K. pneumoniae.  However, the use of mice in 

experimental studies has increased over the last 

two decades due to economic factors, easy 

availability and the genetic similarity between 

mice and humans [6]. Iizawa et al. [7] were the 

first to establish chronic pulmonary infection in 

mice by aerosol inoculation of K. pneumoniae. 

These workers also investigated the susceptibility 

of different strains of mice to experimental 

infection. But high mortality in experimental 

animals observed in the earlier or later phase was 

the main limitation in these studies. 

 In the present study, an effort was made to 

establish chronic pneumonia in normal BALB/c 

mice with K. pneumoniae. The mice were infected 

with the bacteria three times at weekly intervals 

via intranasal route and the host response in terms 

of inflammatory changes was studied.  

 

2. Materials and Methods 

 

2.1 Bacterial strain 

 Klebsiella pneumoniae B5055 strain (serotype 

O1:K2) obtained from Dr. Mathia Trautman, 

Department of Medical Microbiology and 

Hygiene, University Of Ulm, Germany, was used 

in the study. Bacterial strain maintained on 

nutrient agar slants, was grown in static culture in 

nutrient broth at 37
o 

C for 18h, harvested by 

centrifugation at 2400g for 15 min. Following 

three consecutive washings, the organism was 

suspended in phosphate buffered saline (PBS, 

0.2M, pH 7.2) to the desired concentration.  

 

2.2 Maintenance of organism 

 The bacterial strain was maintained at –70°C 

in tryptic soy broth (Hi media, Mumbai) 

containing 20% glycerol. For each experiment, 

bacteria were revived from the stock, inoculated in 

tryptic soy broth and finally streaked on tryptic 

soy agar. 

 

2.3 Animals 

 Specific pathogen free BALB/c mice of either 

sex, 4-6 weeks old, weighing 20-25g procured 

from the Central Animal House, Panjab 

University, Chandigarh, were used in the study. 

Animals were kept in clear polypropylene cages 

and fed on standard antibiotic free synthetic feed 

(JBD Agencies Pvt. Ltd., India) and water ad 

libitum. The study protocol was approved by the 

institutional ethical committee of Panjab 

University for animal experimentation. 

 

2.4 Induction of chronic pneumonia by 

intranasal route 

 To establish chronic pneumonia by K. 

pneumoniae B5055, mice were given three 

intranasal doses of 10
4
 CFU/ml each. Following 

the first instillation of 50l inoculum on day zero, 

two repeated doses were administered 

subsequently, on day 7 and day 14. Mice were 

sacrificed at different time intervals post infection. 

Lungs were removed aseptically and were 

examined for bacterial counts and histopathology.  

 

2.5 Bronchoalveolar lavage (BAL)  

 Bronchoalveolar lavage was performed to 

obtain BAL cells and fluid as described by 

Laichalk et al. [8]. Following exposure of trachea, 

mice were intubated with a polyethylene catheter 

(1.0mm OD) and BAL was performed with 1ml 

sterile PBS. 0.5-0.6 ml lavage was retrieved from 

each mouse, centrifuged at 10,000 rpm for 5 min. 

Supernates were collected and stored at -80
0
 C for 

cytokine analysis and pellet was stained with 

Wrights’ Giemsa solution to determine PMN 

count in BAL fluid.   

 

2.6 Harvesting of Lungs for Biochemical and 

Cytokine analysis  

 On different days, mice were sacrificed and 

pulmonary vasculature was perfused with 1ml 

PBS containing 5mM EDTA. After removal, 

whole lungs were homogenized in 1ml PBS, 

homogenates incubated on ice for 30 min and then 

centrifuged at 1500g (10 min). Supernates were 

passed through 0.45µ filter and stored at -80
0
 C.  
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2.7 Biochemical Estimations  

 Nitric oxide level in BALF of infected mice 

was studied through nitrite estimation following 

the colorimetric method of Griess as described by 

Tsai et al.  [9]. Malondialdehyde (MDA) was 

estimated in infected lungs according to the 

modified method of Wills et al. [10]. Lactate 

dehydrogenase (LDH) enzyme activity was 

measured in the lung tissue homogenates by a 

photometric assay of Vassault et al. [11].  

 

2.8 Cytokine Estimations  

 The quantification of TNF–α in BALF was 

done by using standard ELISA set (Pharmingen, 

B.D., U.S.A.). IL-1β and IL-10 were quantified 

using standard ELISA Kits (Calbiochem, U.S.A.) 

as per manufacturer’s instructions. 

 

2.9 Statistical analysis  

Each experiment was done three times. All the 

results were analyzed by applying Students ‘t’ 

test and by calculating ‘ p’ values. Data is expressed 

as mean ± standard error.  

 

3. Results 

 Chronic pneumonia was established in the 

BALB/c mice with K. pneumoniae B5055. 

Animals were given three intranasal challenges, 

each consisting of 50 l of 10
4 

CFU/ ml inoculum. 

Infection was given on day 0, 7 and 14. There was 

a high bacterial load on the third day of infection 

followed by a decline in lung bacterial load till 

day 7 and again a steady increase in the lung 

bacterial load after second and third infection. 

Elevated bacterial counts were observed till 20
th

 

post infection day and declined gradually 

thereafter (Fig. 1). 

 

 

 
Figure 1: Bacterial counts in the lungs of mice infected with K. pneumoniae B5055 induced chronic pneumonia. Error 

bars indicate the standard errors of mean. 4 mice were sacrificed at each time point. The experiment was done in 

triplicate. 

 

 

 The corresponding lung pathology revealed 

severe acute inflammatory changes in the lungs of 

infected mice on the third day of infection (Fig. 2 

b). After the second infection (14
th

 post infection 

day), mild chronic inflammatory changes in the 

alveoli were observed. However, extensive 

chronic inflammation characterized by 

lymphocytes, plasma cells and macrophage 
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infiltrate, was observed after the animals were 

given the third infection. On 18
th

 post infection 

day, chronic abscess formation was noted with 

fibroblastic proliferation around the bronchioles 

along with alveolar destruction at certain places 

(Fig. 2 c, d). From 24
th

 day onwards, moderate 

peribronchiolar and alveolar inflammation could 

be seen with partial resolution of chronic 

infection. 

 

 

(a) 

 

 
 

 

 

(b) 

 

 
 

 

(c) 

 

 
 

 

(d) 

 

 
 
Figure 2: Representative photomicrographs of 

hematoxylin and eosin stained sections of lungs from 

mice with chronic pneumonia induced with K. 

pneumoniae. (H&E x 200) (a) Normal uninfected lung. 

(b) Day 3.  Bronchiole contains mucopus and 

destroyed wall; surrounding alveoli show loss of 

aeration, infiltration by neutrophils and intraluminal 

oedema fluid. (c) Day 14. The alveoli show presence of 

luminal infiltrate of macrophages and a few 

lymphocytes admixed with plasma cells. (d) Day 18. 

The field shows an abcess cavity containing necrotic 

slough and neutrophilic exudate. The wall of the cavity 

is composed of young fibrous tissue and infiltration by 

lymphomononuclear cells.   
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Table 1: Levels of Nitrite, MDA and LDH in the lung homogenates of mice with chronic pneumonia induced 

by K. pneumoniae B5055. Data is expressed as mean ± standard error. * denotes that p > 0.05 when compared to 

the uninfected controls; p < 0.05 for all other values when compared to levels of the control group. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Nitrite production was assessed, in the BALF 

of infected mice, during the course of chronic 

infection (Table 1). There was a sharp rise in the 

levels of nitrite in the lungs of infected mice on 

the third day post first infection. The levels 

decreased and again increased after the second and 

third infection and remained significantly high till 

20
th

 post infection day in infected mice as 

compared to uninfected controls (p<0.05), 

followed by a steady decrease till 30
th

 day. Similar 

pattern was observed in malondialdehyde (MDA) 

production and lactate dehydrogenase (LDH) 

enzyme activity in the lung tissue of infected mice 

(Table 1). 

 Cytokine generation was also studied in the 

BALF of experimental animals during the course 

of chronic pneumonia. Two peaks were observed 

in the levels of pro–inflammatory cytokines, 

TNF– and IL–1, after the first and the third 

infection with K. pneumoniae B5055. The levels 

for both the cytokines were statistically significant 

when compared to the uninfected controls shown 

as day 0 (p< 0.01). With subsequent decrease in 

the lung bacterial load, there was also a 

corresponding decrease in the production of TNF–

 and IL–1 in the lungs of infected mice (Fig. 3) 

There was a slow and gradual increase in the 

levels of anti–inflammatory cytokine IL–10 

in the lungs of infected mice with maximum 

cytokine generation on day 28 (p<0.05). 

Thereafter, the levels of IL-10 declined.  

 

4. Discussion 

 

The severity of a lung infection is primarily 

determined by the virulence of the infecting 

strain. In the present study, K. pneumoniae 

B5055 strain was employed to induce chronic 

pneumonia in the experimental mice. This strain 

belongs to serotype 01:K2 which is the most 

commonly isolated serogroup from human 

clinical situations [12]. Selection of mouse for 

the model, coupled with the choice of 

frequently isolated strain from clinical 

situations, makes it more relevant to be able to 

extrapolate the results of the present study in 

relation to patients suffering from pneumonia 

caused by this organism. Limited studies are 

available where animal models have been used 

to describe chronic pneumonia by K. 

Days post first 

infection 

Nitrite production 

(mM/ml) 

LDH production(U/mg 

protein) 

MDA production(ng/mg 

protein) 

Uninfected controls 12 ± 4 0.7 ± 0.3 0.8 ± 0.3 

3 112 ± 7  8.1 ± 0.5 6.8 ± 0.4 

7 50 ± 5  4.3 ± 0.3 5.0 ± 0.4 

14 65 ± 5 5.5 ± 0.4 5.6 ± 0.4 

16 85 ± 7 7.1 ± 0.4 6.7 ± 0.5 

18 105 ± 8 8.2 ± 0.8 6.9 ± 0.6 

20 95 ± 6 8.0 ± 0.7 6.8 ± 0.7 

22 75 ± 5 7.5 ± 0.5 6.6 ± 0.6 

24 50 ± 5 7.3 ± 0.6 6.2 ± 0.5 

26 35 ± 3 6.2 ± 0.3 5.3 ± 0.3 

28 15 ± 3 * 6.1 ± 0.2 5.0 ± 0.3 

30 15 ± 3 * 5.4 ± 0.2 3.5 ± 0.2 
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pneumoniae. Initially, Berendt et al. [4] 

described bronchopneumonia in rats, by 

intranasal inoculation of bacteria, but they 

eventually abandoned their model due to high 

mortality in the early phase of infection. The 

authors emphasized economical, practical and 

statistical advantages of using a rodent model. 

Domenico et al. [5] produced chronic lobar 

pneumonia model by intratracheal inoculation 

of bacteria in rats but again encountered the 

problem of an increase in lung bacterial counts 

coupled with the death of animals. These 

workers highlighted the importance of virulence 

of pathogenic strain used to induce lung 

infection in experimental animals. They 

demonstrated that, employing appropriate K. 

pneumoniae strain has a strong bearing on the 

nature and extent of the disease produced. 

Variants within a single population of same 

strain show marked difference in pathogenicity 

which is mainly attributed to CPS production 

[13]. In the present study, chronic pneumonia 

was established in normal BALB/c mice with K. 

pneumoniae B5055, which is a highly virulent 

encapsulated strain. 

 

 

 

Figure 3: Levels of TNF-, IL-1 and IL-10 in the BALF of mice with experimentally induced chronic pneumonia 

employing K. pneumoniae. Error bars indicate the standard errors of mean. * denotes that the levels of cytokines were 

not statistically significant (p > 0.05) when compared to the uninfected controls (day 0). On the other days, statistically 

significant difference (p< 0.05) was observed when cytokine levels were compared to the control values. 

 

 

 Chronic pulmonary infection in mice by K. 

pneumoniae has so far been reported only by 

Iizawa et al. [7]. These workers observed a 

marked variation in susceptibility of a mouse 

strain to an experimental respiratory tract 

infection, besides high mortality towards the 

later part of observation period. In all these 

reports, experimental animals were exposed to 

only one infection dose of K. pneumoniae. 

However, in the present study, a single 

intranasal exposure to the K. pneumoniae 

B5055 strain resulted in only acute pneumonia 

with signs of resolution after a week [14, 15]. In 

order to achieve the chronic stage of infection, it 

is imperative that the bacterial count does not 

fall below a particular limit or get completely 

eliminated from the host thereby mitigating the 

need for repeated inoculation. Hence, to 
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successfully establish chronic changes in the 

lungs of mice, three infection doses of 10
4
 

CFU/ml each were given intranasaly, at weekly 

intervals. The method of repeated exposures to 

a pathogen has also been successfully employed 

to establish chronic mucosal infections in mice 

including reports from our laboratory [16, 17, 

18].  

 Domenico et al. [5] observed the formation 

of chronic abscess, surrounded by a wall of 

collagen fibres, on 9
th

 day of infection. On the 

other hand, Iizawa et al. [7] reported that 

marked hyperplasia of lymphoid tissue was 

observed around the bronchi at 3 weeks post-

infection time. However, no fibrosis was 

reported in their model. In the present study, the 

course of chronic pneumonia exhibited two 

peaks in the lung bacterial counts followed by a 

decline. Pathological findings in the infected 

lungs revealed extensive chronic inflammation 

on the 18
th

 post infection day. Chronic abscess 

formation with fibroblastic proliferation around 

the bronchioles and alveolar destruction at 

certain places was noted. Maximum tissue 

destruction was also demonstrable, through high 

generation of MDA and LDH, in the lungs of 

infected animals. However, high nitric oxide 

production preceded a decrease in the lung 

bacterial load. This showed that nitric oxide 

seemed to play an antibacterial role in 

containing the chronic infection in a similar way 

as it does in acute pneumonia [9]. The 

characterization of the inflammatory response 

manifested in the form of pathological changes 

can be further studied in detail by employing 

specific cell markers. 

 In the present study, the inflammatory 

response generated during chronic pneumonia 

induced in mice by K. pneumoniae B5055 was 

assessed through the generation of pro-

inflammatory (TNF- and IL-1) and anti-

inflammatory (IL-10) cytokines. Two peaks of 

TNF- and IL-1 were observed which could 

be attributed to the presence of high number of 

bacteria in the lungs of infected animals at those 

time periods. These elevated levels of the 

cytokines were succeeded by a fall in the lung 

bacterial load thereby suggesting a protective 

role played by the pro inflammatory cytokines. 

This is the first study to describe the course of 

cytokine generation during the inflammatory 

process of K. pneumoniae induced chronic 

pneumonia. The beneficial role of TNF- and 

IL-1 production during K. pneumoniae 

induced acute pneumonia is well known [8, 19, 

20]. To what extent these cytokines are 

important for the host defence during the course 

of chronic inflammatory response, needs further 

consideration. The kinetics of anti-inflammatory 

cytokine, IL-10, produced in the BALF in the 

present study showed that there was a gradual 

increase in the cytokine generation after the 3
rd

 

infection. This increase in the production of IL-

10 coincided with a corresponding decline in 

TNF- and IL-1 concentrations and also a 

subsequent decrease in the severity of infection. 

Thus, IL-10 appears to play a protective role in 

controlling the chronic infection by down 

regulating the inflammatory process. This anti 

inflammatory cytokine has also been shown to 

play an important role in ameliorating excessive 

inflammation during experimental chronic 

pneumonia induced by P. aeruginosa [21].  

 The present study brings out that chronic 

pneumonia can be successfully established in 

normal mice provided the bacteria are not 

cleared from the lungs. This can be achieved by 

repeated exposure of the host to the pathogen. 

Also, no mortality was observed till the end of 

the observation period which overcomes the 

limitations of earlier models and thus provides 

consistent results. The mouse model of chronic 

pneumonia described in this study, thus presents 

an ideal situation to obtain a deeper insight into 

the pathogenesis of K. pneumoniae and the 

interplay between various host and pathogen 

mechanisms.   
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