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Abstract. Darniati, Setiyaningsih S, Agungpriyono DR, Handharyani E. 2021. Development of monospecific polyclonal antibodies 
against hypervirulent Klebsiella pneumoniae. Biodiversitas 22: 99-105. The aim of the research was to produce monospecific antibodies 
against Klebsiella pneumoniae serotype K1 and K2. Klebsiella pneumonia isolates were recovered from pneumonic lungs of Aceh 
cattle. The bacteria were identified by rpoB (RNA polymerase β subunit) PCR amplification specific for K. pneumoniae. The presence 
of  capsule cluster gene magA  and k2A  was used to characterize capsular serotype K1 and K2, respectively. Antisera were produced 
using serial immunization of New Zealand White rabbits with K. pneumoniae serotypes K1 and K2. The presence of antibodies was 
determined by using immunodiffusion test and purification was performed by immunoaffinity purification method. K. pneumoniae 
antibodies began to appear on the 14th day after the first injection and progressively intensified after the 1st and 2nd booster. The cross-

reactivity between the antigen was eliminated by absorbing the antisera with the opposite antigen and several serotypes of non-K1/K2. 
After purification, serum protein concentrations were substantially decreased from 58.48 µg/µL and 53.99 µg/µL to 2.38 µg / µL and 
3.72 µg / µL for K1 and K2, respectively). The SDS-PAGE analysis showed two bands with molecular weight at 54 kDa and 25 kDa 
representing the heavy and light chains of immunoglobulin G, respectively. Purified polyclonal antiseras against K. pneumoniae 
serotypes K1 and K2 showed high affinity and specificity for homologous antigens in immunodiffusion and direct agglutination tests, 
and immunohistochemical staining. 
 
Keywords: Immunoaffinity purification, immunoglobulin, Klebsiella pneumoniae, monospecific, SDS-PAGE  

Abbreviations: AGID: Agar Gel Immunodoffusion test, CPS: Capsule polysaccharide, hvKp: Hypervirulent K. pneumoniae, IgG: 
immunoglobulin G, IHC: Immunohistochemical staining, rpoB: RNA polymerase β subunit, SDS-PAGE: Sodium dodecyl sulfate-
polyacrylamide gel electrophoresis  

INTRODUCTION  

Klebsiella pneumoniae is an opportunistic pathogen 

found in the environment (surface waters, vegetation, and 

soil) (Martin and Bachman 2018; Priyanka et al. 2020). K. 
pneumoniae was considered to be one of the most 

important zoonotic bacterial pathogens, and induced 

serious infection mainly due to hypervirulent K. 

pneumoniae (hvKp) strains (Jun 2018; Effah et al. 2020). 

The hvKp infections have been associated with severe 

suppurative pneumonia in sheep and sea lion (Gameel et al. 

1991; Jang et al. 2010), and widely reported as the 

causative agent of mastitis in cattle with a poor prognosis 

(Ribeiro et al. 2008). Pulmonary infections in cattle caused 

by K. pneumoniae infection are very limited, primarily in 

Indonesian local cattle.  

Klebsiella pneumoniae has a number of virulence 
factors, including capsules, endotoxins, siderophores, iron-

scavenging systems, and adhesins (Remya et al. 2019). The 

capsule polysaccharide (CPS) is the important virulence 

factor in K. pneumoniae that mediated antibiotic resistance 

and immune evasion strategies. The hvKp strains produce 

thick CPS (hypermucoviscous) and the majority of isolates 

belong to serotype K1 and K2 (Yeh et al. 2007; Siu et al. 

2012; M'lan-Britoh et al. 2017; Remya et al. 2019; Lin et 
al. 2020). High mortality rates occur in most infections 

with hvKp due to resistance against various available 

antibiotics, making them difficult to treat and control 

(Opoku-Temeng et al. 2019; Li et al. 2019). 

Early diagnosis is crucial for disease control. In clinical 

practice, the diagnosis of disease is carried out through 

observation of clinical symptoms, histopathological 

lesions, and laboratory examinations. Immunodiagnostic 

tests are beneficial to confirm a diagnosis more quickly and 

with certainty (Patterson et al. 2002). Recently, mammalian 

serum has been widely used for diagnostic and therapeutic 

purposes (Ascoli and Aggeler 2018). Rabbit polyclonal 
antibodies were commonly used in various tests, such as 

immunohistochemical staining, enzyme-linked 

immunosorbent assay (ELISA), double diffusion, radial 

immunodiffusion, western blot, and radioimmunoassay 

(Sorden et al. 1999; Majidi and Amirkhiz 2007; Sadeghi et 
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al. 2018). In addition, polyclonal antibodies have been used 

and show a lot of advantages because they are able to bind 

to multi-epitope antigens. The binding of antibodies to 

various epitopes allows polyclonal antibodies to bind to 

specific antigens in various tests making them more 

effective in detecting target antigens (Weber et al. 2017). 

However, some properties of antibodies, such as 

sensitivity, cross-reactivity and specificity, are important to 

improve the accuracy of the assay (Pohanka 2009). In this 

research, we developed polyclonal antibodies monospecific 
anti-K. pneumoniae serotypes K1 and K2 in the rabbits. 

The results of the study provide a new reagent candidate 

for developing diagnostic kit for detecting K. pneumoniae 

during the early stages of infection. 

MATERIALS AND METHODS 

Ethical approval 

All animal experiments and procedures were approved 

by the Animal Care and Use Committee of Research and 

Community Services Institution, IPB University, with 

approval number: 144/KEH/SKE/VII/2019. 

Bacterial isolate 
Klebsiella pneumoniae serotypes K1 and K2 were 

isolated from infected lungs of Aceh cattle. Identification 

of suspected colonies was done by detecting rpoB (RNA 

polymerase β subunit) through Polymerase Chain Reaction 

(PCR) amplification specific for K. pneumoniae. Multiplex 

PCR was performed using PCR Kit (MyTaq™ Red Mix, 

Bioline) and specific primers to target magA (serotype K1) 

and k2A (serotype K2) genes. 

Animal 

Four New Zealand white breed rabbits with 10-16 

months old and 2500-3000 g in weight at the time of the 
study were used in the present study. The study was carried 

out at the rabbit facilities housed individually in galvanized 

wire cages. Each rabbit was fed 120 g of a commercial 

rabbit diet (Vital Rabbit®, 15% protein). In addition, the 

rabbits received multi-vitamin supplements daily. All 

animals were adapted in the rabbit facilities for a week 

before the study. The animals were sedated with ketamine-

xylazine (30/5 mg/kg BB) and saline mixture administered 

by intramuscular route before all procedures and exams. 

Preparation of antigen 

Heat-killed K. pneumoniae serotypes K1 and K2 

isolates were used to induce the production of antibodies. 
Overnight cultured bacteria were transferred to fresh Brain 

Heart Infusion broth (BHIB) medium and incubated to 

early exponential phase of growth. Subsequently, bacteria 

were harvested by centrifugation (10000 × g for 10 min), 

three times with phosphate buffer saline (PBS pH 7.2) to 

eliminate extracellular product. The cell pellets obtained 

were equalized to Mc Farland 2 concentration (1.5 × 108) 

and inactivated in waterbath for 30 minutes at 100°C. The 

bacterial suspension was emulsified in the Freund's 

complete adjuvant (FCA) with 1: 1 (v/v) in ratio.  

Production of antibody 

All rabbits were used and tested for the presence of 

anti-K. pneumoniae antibodies prior to immunization. Each 

two rabbits were given two subcutaneous injections with 1 

mL FCA bacterial emulsion of each serotype at two weeks 

interval. Two weeks later, an intravenous injection was 

carried out with 0.5 mL of bacterial suspension without 

adjuvant. 

To monitor the induction of specific antibody response, 

blood was collected four times at one week interval started 
two weeks after initial injection. Total bleeding was 

performed on day-9 after the last injection. The blood was 

stored at room temperature (± 25°C) for an hour and 

continued with storage at 4°C overnight. The serum was 

separated by aspiration and centrifugation at 2500 rpm for 

15 minutes. Furthermore, serum was heat inactivated at 

56°C for 30 minutes and 0.1% sodium azide was added to 

maintain stability during storage. Serum was aliquoted in a 

1.5 mL tube and stored at -20°C until use. The presence of 

specific antibodies against each serotype was analyzed by 

agar gel immunodiffusion Test (AGID).  

Immunodifusion assay 

Agar gel immunodiffusion test (AGID)  was performed 

to determine immunoreactivity of the antibodies by using 

the method described by Hornbeck (2017) with minor 

modification. Immunodiffusion slide was prepared by 

pouring 5 mL of 1% agarose in phosphate buffered saline 

containing 0.05% Na azide (PBSN) and 2% PEG 6000. Gel 

puncher was used to produce 4 mm well in and 4 mm 

interspace. The peripheral wells were filled with the 

antigens, while the center well was filled with the serum. 

The slide were incubated at 37°C and read at 24, 48, and 72 
h under diffused light. Serum samples showed a line of 

precipitation between the wells of serum and antigens were 

considered positive. 

Antibody purification 

Antibody purification was carried out by 

immunoaffinity purification method. The purification 

process was performed in 2 steps, (1) absorption of 

antibodies with opposite antigen, followed by absorption 

with serotypes non K1/K2 respectively; (2) absorption with 

homologous antigen and elution of specific antibodies. The 

antigens for absorption were prepared according to a 

previously described technique with modifications 
(Hellman et al. 1997). Bacterial culture in log phase were 

harvested from agar plate, suspended in phosphate buffer 

saline (PBS) and washed by centrifugation at 5000 g for 8 

minutes. After the second centrifugation, the cells pellet 

was heated for 1 hour in water bath at a temperature of 96-

100°C. Samples were then resuspended in PBS and washed 

three times. First step of absorption was done by 

resuspending the pellet into opposite rabbit serum ± 10 

µg/mL (K1 antigens to K2 serum; K1 antigens to K2 

serum). The mixture was incubated at 37°C for 2 h and 

followed by incubation at 4°C overnight. The supernatant 
was collected after centrifugation for 30 minutes at 6000g 

and used in the absorption with non-K1/K2 bacteria using 

the same procedure.  
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In the second step, the cell pellet of K1 and K2 antigen 

was resuspended in homologous serum or supernatant from 

first step. An antigen-antibody complex was collected by 

centrifugation after overnight incubation. The specific 

antibody was collected by adding Ig G elution buffer 

(Thermo ScientificTM PierceTM IgG, USA) into pellets and 

incubated for 10 minutes. The suspension was transferred 

into column and centrifuged at a rate of ≥16000g. The 

supernatant (monospecific antibody) was neutralized with 

tris buffer (1M, pH 8) immediately. The monospecific 
antibody characterization was examined by sodium dodecyl 

sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) 

method. 

 

Protein gel electrophoresis 

Purified antibody was analyzed by sodium dodecyl 

sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) 

method using horizontal electrophoresis method 

(Amersham ECL gel box, GE 17 Healthcare), with 12% 

polyacrylamide concentration for separating gel and 4% for 

stacking gel. Sample was dissolved in 2× sample buffer 
(2.5 mL 0.5M Tris pH 6.8; 2.0 mL glycerol; 4.0 mL 10 % 

SDS; 0.2 mL 2-mercaptoethanol; 0.2 mL bromophenol 

blue (1.0%); and 3.2 mL distilled water), and then heated at 

60°C for 5 minutes. Sample suspension was heated for 5 

minutes at 90-100ºC, and a total of 10 μl antibody samples 

and 5 μl protein markers (PM2700 ExcelBand™ 3-color 

Broad Range Protein Marker, SMOBIO Technology, Inc., 

Taiwan) were filled into each well. Protein separation was 

performed by electrophoresis with a voltage of 160 V for 

60 minutes. The gel was then removed from the cassette 

and stained with coomassie solution (40.0% methanol; 
10.0% acetic glacial; and 0.1% blue coomassie). The stain 

was stopped by destaining solution (40.0% methanol and 

10.0% acetic glacial). 

Monospecificity of antibodies 

Direct agglutination test 

Direct agglutination assay was performed according to 

the test procedure described by Sarba et al. (2020). The 

serum and the reagent (safranin stained K. pneumoniae 

antigens) were brought to room temperature (22 ± 5°C) 

before use. Fifty microliters of the reagent and equal 

volume of the serum were gently mixed on a sterile slide 

by rotating for about 2-3 minutes. Any degree of 
agglutination was taken as evidence of seropositivity. 

Immunohistochemical staining 

Tissue section that has been attached on a microscopic 

slide using poly-L-lysine (1%) was deparaffinized, 

rehydrated with distilled water and put under flowing with 

tap water for 5 minutes, then followed by phosphate-

buffered saline (PBS) Tween. The method followed the 

protocol that was supplied with the mouse and rabbit 

specific HRP/DAB (ABC) detection IHC kit 

(Abcam, ab64264®). Blocking endogenous activity was 

performed with immersion in 3% H2O2 at room 
temperature for 10 minutes. Blocking nonspecific protein 

binding used 10% normal goat serum in room temperature 

for 10 minutes. Tissue section was incubated overnight at 

4°C with primary antibody rabbit anti-K. pneumoniae 

polyclonal antibody, and followed by incubation with 

secondary antibody Dako REAL™ envision™/HRP, 

rabbit/mouse (ENV)  for 30 minutes. The streptavidin-HRP 

was applied for 30 minutes at room temperature. The 

section was visualized using Dako REAL™ 

DAB+chromogen in Dako REAL™ substrate buffer 

(K5007). Finally, the section was counterstained with 

Mayer's hematoxylin and mounted with Aquamount (BDH 

Ltd, Poole, UK). 

RESULTS AND DISCUSSION 

Bacterial identification 

Polymerase chain reaction was performed to detect 108 

bp band rpoB (RNA polymerase β subunit) (Figure 1). The 

rpoB gene, has been used as a diagnostic tool for precise 

bacterial identification and as a locus for phylogenetic 

analysis (Alves et al. 2006; Chander et al. 2011; He et al. 

2016). PCR has been used to identify K. pneumoniae 

capsular serotypes both of 1.283bp in magA gene and 

531bp in k2A gene (Figure 2). The magA gene is associated 

to K1 serotype, whereas k2A is associated to K2 serotype 
(Al-Jailawi et al. 2014). Molecular amplification showed 

that magA was conserved gene among K. pneumoniae 

serotype K1 and associated to the hypermucoviscous 

phenotype (Chuang et al. 2006). On the other hand, the k2A 

gene is a capsular genetic determinant specific to which is 

also a hypervirulent serotype and implicated in liver 

abscess with endogenous endophthalmitis (Doud et al. 

2009; Seo et al. 2016).  

 

 
 
Figure 1. Amplification rpoB gene (108 bp) 
 
 

 
 
Figure 2. Amplification of magA gene (1.283) line 2, 6, 7 and 
k2A line 3,4,5 
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Immunoreactivity of antibodies 

Polyclonal antibodies (pAB) are antibodies that have a 

complex mixture of antibodies with different specificity, 

affinity, and display multi-epitope binding properties. The 

presence of rabbit antibodies against K. pneumoniae in 

AGID was detected in the 2nd week after first 

immunization, and progressively increasing after the 1st and 

2nd booster. Strong reaction of antigen-antibody was 

showed by thick precipitin lines before 24 hours (Figure 3). 

The high level of antibody production occurred after the 
second boost via intravenous route. The first immunization 

and booster were considered to differentiate of memory B 

and T cells. Antigens were released from the injection site 

and reached the marginal zone of the spleen/nodes, an area 

that is equipped by macrophages, through the bloodstream 

(Awate et al. 2013; Bronte and Pittet 2013). Memory T 

cells formed several weeks after the first immunization. 

Memory cells confer immediate protection and generate 

secondary responses that are more rapid and a higher 

degree than primary responses (Sallusto et al. 2010). 

Secondary responses were mediated by memory B cells 
that rapidly proliferate and differentiate in response to 

antigenic stimulation generating a burst of plasma cells and 

a marked but transient elevation in serum antibodies 

(Whitton et al. 2004). Furthermore, the 3rd secondary 

responses were mediated by memory B cells that rapidly 

proliferate and differentiate in response to antigenic 

stimulation generating a burst of plasma cells and a marked  

but transient elevation in serum antibodies (Nutt et al. 

2015; Nandin et al. 2017).  

Antibody purification 

Antibodies contain various components of proteins, 
such as transferrin and albumin (Zhang et al. 2015). Hence, 

the antibody has to be purified from other parts in serum 

before characterization. Separation of antibodies can be 

achieved by using several purification methods, such as 

absorption of antibodies (Hellman et al. 1997), 

precipitation of protein with ammonium sulfate (Wingfield, 

1998), purification with a protein A (Hober et al. 2007), 

and immunoaffinity chromatography (Liu et al. 2017).  

In the present study, antibody purification was 

performed using immunoaffinity purification. The antibody 

passed through two-step absorption against heterologous 

and homologous antigens to generate monospecific 
antibody. First step was done with opposite and/or 

heterologous antigens to eliminate cross-reactivity between 

several serotypes. Based on AGID, antibody to each 

serotypes K1 and K2 showed cross-reaction lines before 

heterologous absorption (Figure 4), which could be 

mediated by O-polysaccharide (O-PS) antigens. Although, 

there are more than 90 capsular polysaccharides (K) 

antigens have been identified, K. pneumoniae shows 

limited variability of O-antigens (O1-O9) and consequently 

the immune system can bind to the surface of various K. 

pneumoniae strains expressing the similar O-antigens 
subtypes (Guachalla et al. 2017). Absorption of antibodies 

with opposite antigens (K1 and K2), and several isolates 

non-K1/K2 can remove nonspecific antibodies against 

several serotypes of K. pneumoniae. Cross absorption is a 

powerful method used to minimize cross reactions. Serum 

cross-absorption process can remove antibodies that 

recognize bacterial surface antigens and produce 

monospecific antibodies (Zhang et al. 2011). 

The second stage of purification was carried out to 

increase the antibodies specificity. Purification of 

antibodies with homologous bacteria allowed for antibodies 

to bind to specific epitope on the surface of an antigen 

(Hellman et al. 1997). The interaction of antigen and 

antibody on the AGID slides showed clear precipitation 

lines without cross-reaction lines between the tested 
antigens (Figure 5). However, the line of precipitation 

formed was thinner than the precipitation line before 

purification. This reduction occurred due to the loss of 

nonspecific antibody components during the purification 

process. Purification of antibodies by absorption could 

decrease the titer of antibodies and increase antibody 

specificity (Snider 2000; Zhou et al. 2008; Dong et al. 

2015). Previous research reported that antibodies purified 

by immunoaffinity showed higher sensitivity compare to 

antibodies purified by protein A or ammonium sulfate 

precipitation in the enzyme-linked immunosorbent assay 
(ELISA) (Liu et al. 2017). 

 

  

Figure 3. Immunoreactivity of antigen-antibody K. pneumoniae 
showed the precipitation lines of antigen-antibody serotype K1 
(A) and K2 (B) 
 

 

Figure 4. Cross reaction of antigen-antibody K. pneumoniae 
serotype K1 and K2 before (A) and after cross absorption (B) 
 

 

Figure 5. Sensitivity and specificity of antibodies after 
purification to homolog and heterolog K. pneumoniae serotype 
K1 (A) and K2 (B) 

A B 

A B 

A B 
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Antibody characterization with polyacrylamide gel 

(SDS PAGE) 

The total protein concentration, before and after 

purification was determined using the NanoDrop 2000c 

Spectrophotometer. The techniques enable the assessment 

of protein concentrations with minimal consumption of 

sample (Desjardins et al. 2010). The absorbance of serum 

samples from two groups of rabbits was are shown in Table 

1. The total protein concentrations showed significant 

decrease in protein concentration after purification. A large 
amount of nonspecific protein was lost during the 

purification process.  

The purity of the rabbit polyclonal anti-K. pneumoniae 

serotypes K1 and K2 was verified by the SDS-PAGE 

analysis. The molecular weight (MW) of a serum protein 

can be sodium dodecyl sulfate separated on SDS-PAGE 

(Matsumoto et al. 2019). Antibodies typically consist of 

two identical light chains of approximately 25 kDa and two 

identical heavy chains of approximately 55 kDa (Schroeder 

Jr and Cavacini 2010; Rodrigo et al. 2015; Weber et al. 

2017; Sadeghi et al. 2018). The high molecular weight in 
heavy chains causes slower migration through the gel 

compare to light chains which contain a lower molecular 

weight (Talib et al. 2018). The analysis of SDS-PAGE 

from purified polyclonal antibody showed two bands with 

approximate molecular weight at 54 kDa and 25 kDa 

representing the heavy chain and light chain of the 

produced antibody respectively (Figure 6).  

Monospecificity determination of antibodies 

The monospecificity of the antibodies was 

demonstrated using direct agglutination test against K. 

pneumoniae serotype K1, K2, non-K1/K2 and P. multocida 
antigens, and immunohistochemical staining (IHC) on 

pneumonic lung tissues of Aceh cattle infected with K. 

pneumoniae serotype K1 or K2. Based on direct 

agglutination, monospecific antibodies have the capability 

to bind to the antigens directly and formed agglutinated 

aggregates (Figure 7). Strong signal intensity appeared on 

direct agglutination test and visible in less than 1 minutes. 

Direct agglutination test can be used as an indicator of the 

presence of antibodies against bacteria. In addition, this 

method might be appropriate to be used as an of K. 

pneumoniae antigens and/or antibodies and utilized in 

disease surveillance/clinical laboratories for rapid 
identification of pathogens (Danielsson and Kronvall, 

1974; Parija and Biswas 2011).  

Furthermore, the immunohistochemical examination 

showed immunopositive distribution in the infected tissue 

(Figure 8). This result indicated the high sensitivity and 

specificity of the antibodies. The antibodies could bind to 

the whole or debris antigens in the tissues. The presence of 

K. pneumoniae antigen was detected in all lung tissues 

suspected to be infected with K. pneumoniae. These findings 

are consistent with phenotypic identification and molecular 

detection by polymerase chain reaction (data not shown). 
Specific immunoperoxidase labeling associated with K. 

pneumoniae serotype K1 was found most frequently within 

alveolar and bronchiole cells, while antigens of K. 

pneumoniae serotype K2 were predominantly present in 

interstitial tissue. Macrophages and lung 

pneumocytescontains non-capsulated or disrupted bacteria. 

IHC assay works on specific antigen-antibody reactions, 

this assay has advantages over traditional staining 

techniques using enzymes to identify small amounts of 

protein, enzymes, and tissue structures. The use of 

monoclonal and polyclonal antibodies to detect specific 

antigens on tissue parts is an important application of both 

monoclonal and polyclonal antibodies to determine the 

presence of antigens in tissue (Duraiyan et al. 2012).  
 

 
Table 1. Evaluation of protein concentration in the serum of 
rabbits immunized by K. pneumoniae serotype K1 and K2  
 

Serum samples 

Concentration (µg µL-1) 

Group 1 

(Serotype K1) 

Group 2 

(Serotype K2) 

Before purification 58.48 53.99 

After purification 2.38 3.72 

 

 

 

 
 
Figure 6. Antibody profile on SDS PAGE. Antibodies against K. 
pneumoniae serotype K1 and K2 (line 2, 3: before purification, 
and line 4, 5: after purification). M: Marker 
 
 

 

 
 A B C D 

 

Figure 7. Agglutination test showed monospecificity of 
antibodies K1 and K2 against K. pneumoniae serotype K1 (A), K2 

(B), non-K1/K2 (C) and P. multocida (D) antigens 

     M     K1    K2    K1   K2 
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Figure 8. Immunohistochemical staining showed immunoreactive 
distributions of antigen K. pneumoniae serotype K1 (A) and K2 

(B) in the pneumonic lungs of Aceh cattle 
 
 
 

In conclusion, our study succeeded in producing 

antibody of anti-K. pneumoniae serotype K1 andKk2 in 

rabbits. The antibodies can be produced within 37 days and 

the peak concentration of antibody appeared after the third 

injection via intravenous route. The purified antibody 

showed two bands estimated at 54 kDa and 25 kDa 
representing the heavy and light chain of IgG, respectively. 

These antibodies can be used as a reagent to develop rapid 

immunodiagnostic test tool for rapid diagnosis of 

hypervirulent K. pneumoniae infection based on the 

immunodiffusion, direct agglutination, and 

immunohistochemical assays. 
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