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Abstract

Background: The spectrum of resistance to antibiotics by Klebsiella pneumoniae is gradually increasing.
Aim: The objective of the study is to detect the resistance pattern of Klebsiella pneumoniae in patients
attending general hospitals, Azare Bauchi state Nigeria. Method: An antimicrobial sensitivity test was
carried out to detect the susceptibility of Klebsiella pneumoniae to different classes of antibiotics as
recommended by the CLSI guidelines. Basic culture techniques, Gram Staining, and biochemical tests were
used to identify the isolates and the patterns of resistance to different classes of antibiotics were determined
using the disc Antibiotic Susceptibility Test. Results: Fifty-two (52) bacterial isolates were identified from
60 urine samples, Klebsiella pneumoniae recorded the highest occurrences rate with 32 (61.5%) followed
by Escherichia coli 8(15.4%), Staphylococcus aureus 7(13.5%) then Streptococcus species 5(9.6%).
However, the identified isolates were higher in male patients with 30(69.7%) and 22 (42.3%) in female
patients out of 52(100%). Amoxicillin and penicillin were resistant to Beta-lactam with 12 mm and 10 mm
zone of inhibition, Levofloxacin is resistant to Fluoroquinolones with 5 mm zone of inhibition, Gentamycin
and Streptomycin were resistant to Aminoglycoside were with 8mm and 2mm zone of inhibition and
Erythromycin is resistant to Macrolide with 8 mm zone of inhibition. K. pneumoniae resistant to almost all
classes of antibiotics was recorded, this implies that the rate of mortality and virulence of the pathogen is
increasing thus; further research should be conducted on hypervirulent strain to compare virulence with
resistivity.
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1. Introduction

Antibiotic-resistant bacteria have become one of the main threats to human health. Reckless use and
misuse of antimicrobials (WHO, 2021), includes the use of antibiotics in animal feed (Timothy et al,.
2012), over-prescription of antibiotics, poor infection control in health care, hygiene, and sanitation
(Maillard et al, 2020). These and the ability of bacteria to acquire multiple resistance genes by bacteria
may lead to the development of Extensive and Pan drug-resistant strains. Hudson et al., (2014) categorize
this drug-resistant into three and define them as follow: Multi-Drug Resistance (MDR) defined as non-
susceptibility to at least two or more antimicrobial agent in a particular family, Extensive Drug Resistance
(XDR) is non-susceptibility to at least one agent in two or fewer antimicrobial families while Pan Drug
resistance (PDR) refers to isolate that is nonsusceptible to one or two agents in all the antimicrobial
families.

Classic Klebsiella pneumoniae strains are opportunistic bacteria infecting immune-compromised
individuals in both community and hospital settings (Pamakova, 2012). CKp acquires resistance genes
through plasmid transfer, some encode multiple antibiotics resistance. Recent evidence implicates human
misuse and plasmids as the primary source of the resistance genes (Ma et al,.2021).
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The concepts of PDR and XDR are dynamic and changing as a result of the available antimicrobial
categories, which vary with time and country (Sahah et al., 2021). Drug Resistance usually emerges among
gram-negative bacilli, especially Enterobacteriaceae because of their prevalence in hospital settings
(Ruppe, 2015). Antimicrobial monotherapy, including the old drug such as polymyxin, may no longer
provide satisfactory efficacy to cure bacterial infection (WHO, 2021). These resistances have contributed
to the development of hypervirulent Klebsiella pneumonia (hvKp) which can infect both immunocompetent
and immunosuppressed individuals (Pamakova, 2012).

HvKp strain has been discovered all around the globe resisting almost all recurrent use antimicrobial agents
most especially in Africa and China (Reshman et al, 2020) Considering the danger force by hvKp and its
resistance to the available antibiotics, this study seeks to isolate, identify and categories the susceptibility
profile of Hyper-virulent Klebsiella pneumonia to the available drugs. This and scarce literature on
multiple-drug-resistant Klebsiella pneumoniae in Azare and its environs necessitate this study.

2.0 Materials and method

2.1 Study Area

The general hospital Azare is located in Azare Bauchi state Nigeria on latitudes 11°.4027"°N, 10011°28E
and longitude 11.67417° N, 10.191110E. The hospital has a pathology unit with microbiology,
parasitological, and chemical pathology laboratory saddle with diagnosing many patients from the
metropolis and environs.

2.2 Sample Size

The sample size for this research was determined using Sarmukaddam and Gerald, 2006 formula for sample
size determination. The sample was calculated at a 95% confidence level and a previous prevalence rate of
4.2% for Klebsiella pneumonia in the study area

N=Z2(P)Q
LZ
Where N= Sample size
Z= Statistics for a level of 95% confidence interval = 1.96
P= Prevalence rate of multidrug resistant Klebsiella pneumoniae from previous studies = 4.2%.
L = level of significance (allowable error) = 5% or 0.05
Q=1-p
N= (1.96?) x 0.04x (1-0.02)
(0.05) 2

=3.8416 x 0.04x 0.98
0.0025

N= 60.24
2.3 Sample Collection
Midstream urine samples were collected in sterile wide mount containers from both male and female
patients within all age groups attending General Hospital Azare and immediately transported to the Bauchi
state university, Microbiology laboratory for further processing.

2.4 Gram staining

A drop of sterile distilled water was placed on a clean grease-free slide. The inoculated loop is heated until
it becomes red. The loop was allowed to cool and bacterial isolates were picked and smeared on the drop
of water on the slide. The slide was air dry and fixed by gentle heating. The slide was then flooded with
crystal violet for 1 min. The stain was washed off with an excess of distilled water. Gram’s iodine was
poured over the slide for 1 min. The slide was then washed and stained with ethyl alcohol. Finally,
counterstaining was done with safranin for the 30s. Slides were washed again and observed under the
microscope oil immersion X100 objective lens. The gram-positive organisms appear purple while the gram-
negative organisms appear red.
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2.5 Biochemical Test

2.5.1 Catalase Test

A small amount of overnight pure isolate was transferred to the surface of a clean, dry glass slide using a
sterile loop; a drop of 3% H»O, was placed on the slide and mixed. A positive result was identified by the
rapid rise of oxygen within 10 seconds as evidenced by bubbling.

2.5.2 Coagulase Test

An overnight culture was placed using a sterile wire loop in a test tube containing 2mls of serum, coagulase-
positive bacteria secret Coagulase enzyme which coagulates the serum by activating prothrombin.

2.5.3 Indole Test

Using a sterile wire loop a peck of an overnight pure culture was transferred on Tryptone broth and
incubated at 37°C for 24hours. After incubation, 5drops of Kovac's reagent were placed into the test tube,
Indole production is indicated by the production of pink to red color. The result was compared with the
control test tube.

2.3.4 Methyl red and Voges Proskauer Test

Two test tubes containing MR-VP Broth were inoculated with overnight pure culture and were Incubate at
35 °C for 24hours. A few drops of the methyl red indicator solution(C.I. Acid Red 2 or methyl red reagent)
were added to the first tube for the Methyl Red test while Barrett’s A and Barrett’s B reagents. (5% alpha-
naphthol, followed by 0.2 mL of 40% KOH) were added to the second tube for the VVoges-Proskauer test
following the method of Lautenbach et al,. (2002).

2.5.5 Citrate Test

Koser’s citrate medium was prepared by weighing 2.5g of Sodium citrate, 1.5g of Ammonium Phosphate,
0.2g of Magnesium sulfate, 1g of Potassium Dehydrogenate Phosphate, and 0.1g of Bromothymolblue and
dissolved in 1 liter of distilled water, homogenized and dispensed into test tubes then, the test tubes were
corked with cotton wool. A peck of each isolate was inoculated into Koser’s citrate medium and incubated
at 37°C for 72 hours.

2.6 Antimicrobial Susceptibility Test

Klebsiella pneumoniae isolates were subjected to an antibiotic susceptibility test using the Kirby-Bauer
disc diffusion method as per the CLSI guidelines. The turbidity of inoculums was adjusted to 0.5
McFarland’s standard. Then isolates were inoculated on a Muller-Hinton agar plate.

2.6.1 Multidrug-Resistant Assay for Klebsiella pneumoniae

Amoxicillin, Penicillin, Rocephin Antibiotic discs from Beta-lactam class were placed using sterile forceps
and pressed gently to confirm proper contact with the medium and incubate at 37 for 24 hrs. The zone of
inhibition was measured and interpreted.

2.6.2 Extensive drug Resistant Assay for Klebsiella pneumoniae

Antibiotic discs, three each from Beta-lactam, Fluoroguinolones, and Aminoglycoside classes were placed
using sterile forceps and pressed gently to confirm proper contact with the medium and incubate at 37 for
24 hrs. The zone of inhibition was measured and interpreted.

2.6.3 Pan drug Resistant Assay for Klebsiella pneumoniae

Antibiotic discs, three each from Beta-lactam, Fluoroquinolones, Aminoglycoside, and Macrolides classes
were placed using sterile forceps and pressed gently to confirm proper contact with the medium and
incubate at 37 for 24 hrs. The zone of inhibition was measured and interpreted.

Categorize using Hudson et al; (2014) establish a definition for MDR, XDR, and PDR

3.0 Results

3.1 Characteristics of the sampled population
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Out of the Sixty (60), samples collected 22(36.7%) were male while 38(63.3%) were female, most of the
patients were from age group 31-40 years and above 41 years however, there were few patients in the age
group 11-20 year and not in the age group below 10 years as presented in table 1.

Table 1: Characteristics of the test population

Age Sex Frequency
Male Female
<10 0 0 0(0%)
11-20 6 1 7(11.7)
21-30 7 8 15(25%)
31-40 7 12 19(31.7%)
>41 2 17 19(31.7%)
Total 22 38 60(100%)

3.2 Distribution of positive isolates by Age and Sex of the patients

Fifty-two (52) bacterial isolates were identified from 60 urine samples, Klebsiella pneumoniae recorded
the highest occurrences rate with 32 (61.5%) followed by Escherichia coli 8(15.4%), Staphylococcus
aureus 7(13.5%) then Streptococcus species 5(9.6%). However, the identified isolates were higher in
male patients with 30(69.7%) and 22 (42.3%) in female patients out of 52(100%) as shown in table 2.

Table 2: Distribution of positive isolates by Age and Sex of the patients

Isolates Sex Frequency (%)
Male Female
Staph. Aureus 4 3 7(13.5%)
Escherichia coli 2 6 8(15.4%)
Klebsiella pneumonia 22 10 32(61.5%)
Streptococcus species 2 3 5(9.6%0)
Total 30 22 52(100%)

3.3 Distribution of Klebsiella pneumoniae by type of Resistance

Figure 1, shows a distribution of 32 Klebsiella pneumoniae isolates by the types of resistance, 3 (9.4%)
are pan-drug resistant strain, 10(31.2%) were extended-drug resistant strain while 19 (59.3%) were
multidrug-resistant strain out of the 32(100%) positive Klebsiella pneumoniae.
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Klebsiella pneumoniae (n = 32)

m MDR m XDR PDR

Figure 1: Distribution of Klebsiella pneumoniae by type of Resistance

Key:

MDR Multi-Drug Resistance
XDR Extended-Drug Resistance
PDR Pan-Drug Resistance

3.4 Antibiotic Susceptibility pattern Klebsiella pneumoniae by different classes of antibiotics

Out of the thirty-two (32), Klebsiella pneumoniae isolates tested for susceptibility to Beta-Lactam class of
antibiotics, Amoxicillin and penicillin were resistant with 12 mm and 10 mm zone of inhibition while Rocephin
was intermediate with 16mm zone of inhibition as presented in table 3. From table 4, Levofloxacin is resistant to
fluoroquinolones with a 5 mm zone of inhibition, while Ofloxacin and Ciprofloxacin were intermediate with 14mm
and 15 mm zone of inhibition. Gentamycin and Streptomycin were resistant to Aminoglycoside were with 8mm
and 2mm zone of inhibition and Erythromycin is resistant to Macrolide with 8 mm zone of inhibition. The
antibiotics were resistant to most of the Klebsiella pneumoniae isolates. The pattern of the resistance is reported
based on the CLSI standard as shown in table 5. However, Klebsiella pneumoniae resist almost all the antibiotics
whereas Rocephin with 16mm, Ofloxacin with 15mm, and Ciprofloxacin 14mm zone of inhibition were
Intermediate while Streptomycin shows a high resistance susceptibility pattern. The equal resistant pattern was
recorded in Beta-Lactams, Fluoroquinolones, Aminoglycoside, and Macrolide.

Table 3. Antibacterial activity of one class antibiotic on Klebsiella pneumoniae (MDR)

S/IN  Antibiotic Efficacy Class Zone Of Inhibition Susceptibility
1 Amoxicillin 30 pg Beta Lactams 12mm Resistance
2 Penicillin 10 ug Beta Lactams 10mm Resistance
3 Rocephin 25 ug Beta Lactams 16mm Intermediate
Keys: Keys:

Based on CLSI Guideline:
Resistance <14mm,
Intermediate 14-18mm
Sensitive 19mm>
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Table 4: Antibacterial activity of more than two classes of antibiotics on Klebsiella pneumoniae (XDR)

S/IN_ Antibiotic  Efficacy Class Zone of Inhibition Susceptibility
1 Amoxicillin 30 pg Beta Lactams 12mm Resistance
2  Penicillin 10 ug Beta Lactams 10mm Resistance
3 Rocephin 25 Ug Beta Lactams 16mm Intermediate
4 Ciprofloxacin 10 pug  Fluoroguinolones 14mm Intermediate
5 Levofloxacin  30ug  Fluoroquinolones 5mm Resistance
6 Ofloxacin 10 ug  Fluoroquinolones 15mm Intermediate
7 Gentamycin 10ug  Aminoglycoside 8mm Resistance
8 Streptomycin  10ug  Aminoglycoside 2mm Resistance

Keys:

Based on CLSI Guideline:
Resistance <14mm,
Intermediate 14-18mm
Sensitive 19mm>

Table 5: Antimicrobial activity of almost all classes of antibiotics on Klebsiella pneumoniae (PDR)

SIN Antibiotic Efficacy Classes Zone Of Inhibition Susceptibility
Pattern
1 Amoxicillin 30 ug Beta Lactams 12mm Resistance
2  Penicillin 10 ug Beta Lactams 10mm Resistance
3 Rocephin 25 ug Beta Lactams 16mm Intermediate
4 Ciprofloxacin 10 ug  Fluoroquinolones 14mm Intermediate
5 Levofloxacin  30pug  Fluoroquinolones 5mm Resistance
6  Ofloxacin 10 ung  Fluoroquinolones 15mm Intermediate
7 Gentamycin 10 ug Aminoglycoside 8mm Resistance
8 Streptomycin 30 g Aminoglycoside 2mm Resistance
9 Erythromycin 10 pg Macrolide 8mm Resistance

Keys:

Based on CLSI Guideline:
Resistance <14mm,
Intermediate 14-18mm
Sensitive 19mm>
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4.0 Discussion
4.1 Multidrug-Resistant Klebsiella pneumoniae (MDR-KP)
Resistant to commonly used antibiotics within the same class by Klebsiella pneumoniae is quite frequent in this
part of the country. This study recorded a resistance to amoxicillin and penicillin which are the most prescribed
antibiotics within the Beta-lactam class. A similar pattern was reported (Tugal et al; 2015). MDR-KP, when
contracted, may be very difficult to treat or get rid of, Ireland factsheet on MDR-KP report that Taking antibiotics
can encourage MDR-KP to multiply in the body, so they should only be taken for a much more serious reason.
Antibiotics are available to treat MDR-KP infection but they probably will not clear MDR-KP entirely from the
body. (Arena et al; 2021, Lemmen et al; 2014) report MDR-KP was treated using a combination of
Ertapenem/meropenem on multiple occasions despite the elevated MICs.

4.2 Extended Drug-Resistant Klebsiella pneumoniae (XDR-KP)

This study utilizes frequently prescribed drugs from the classes of antibiotics tested, this drug might have been
ineffective in the treatment of the most prevalent etiological agent causing community-acquired infection most
especially enteric bacteria like Klebsiella pneumoniae, the resistance pattern recorded in this study is similar to what
was reported by Silpi, et al (2016). Recent studies (Sahah et al., 2021) report a case of XDR-KP in the united stated
and, (Giovanni et al., 2022, Yang et al., 2007) in China which corroborates with this study, enteric bacteria resistant
to an antibiotic within two or more classes have been increasing rapidly in many countries. The trend in the
occurrences of XDR —KP indicates that they are most prevalent in nosocomial and pneumonia patients as reported
(Wu et al., 2021).

4.3 Pan Drug-Resistant Klebsiella pneumoniae (PDR-KP)

The quest in search of an effective drug for the treatment of excessive resistant strain might have been led to
mismanagement of broad-spectrum antibiotics; this is creating bacterial strains that are resisting one or two
antibiotics in almost every class of antibiotics. This trend is reported in India by Silpi, et al., (2016) and, Anna et
al., (2021) in China. Maet al., (2021) and Zowawi et al., (2015 explain that immunocompromised and drug addicts
are at risk of harbouring pan-drug resistant bacterial strains because of their recurrent use of a drug or toxic
substances.

5.0 Conclusion

Based on the findings of this study, we can conclude that out of every 60 clinical urine samples there are 50%
enteric bacteria likewise out of every 30 nosocomial bacterial isolates there is 3 (9.4%) Pan-Drug resistant (PDR)
strain. Thus, there is a need to search for other alternative treatments for Multidrug-resistant strains. This also
justifies those resistant strains are becoming more difficult to cure. With Pan drug-resistant Klebsiella pneumoniae,
almost all diseases caused by this bacterium will become life-threatening with increased mortality.
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