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Abstract
The human pus sample is the major one received from the Microbiology laboratory for
culture and to study the antimicrobial susceptibility. A total number of 615 pus samples received
to examine the aerobic culture and sensitivity from different IPDs and OPDs of Secondary Care
Hospital in Namakkal District were processed for microbiological profile study and antibiotic
susceptibility test. Analysis of 615 pus samples showed 67.31% culture positivity (Male:Female
ratio=1.30:1.00) with Surgical wards (58.94%) being the major contributor. S.aureus (25.30%)
was the most common organism followed by Enterococcus sp (18.80%). Antibiotic sensitivity
profile of Gram positive bacteria showed sensitivity towards Meropenem (100 %), Amikacin (90.7
%), Piperacillin (67.8 %) and the Gram-negative was highly susceptible to Meropenem (98.2 %)
and Doxycycline (69.0%). A high prevalence of MRSA (50%) was observed. Bacterial DNA was
extracted and 16S rRNA sequencing was sequenced to characterize the highly antibiotic resistant
bacteria and determine taxonomic classification. Pseudomonas aeruginosa isolates were
confirmed by 16s rRNA sequencing which where resistant to amikacin, chloramphenicol,
penicillin- G, tetracycline and vancomycin. Given the surge of antibiotic resistance, an assessment
has been carried out to examine the antimicrobial susceptibility of bacterial isolates from pus
samples to choose appropriate antibiotics for prophylaxis and the treatment of infections.
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Introduction
An inflammatory response to infection in the tissue including skin, ear, tooth, brain, liver,
abdominal tissues, cervix, etc., leads to the formation of pus/abscess formation. Pyogenic bacteria
including Staphylococcus aureus, S. epidermidis, S.pyogenes, Escherchia coli, Streptococcus
pneumonia, Klebsiella pneumonia, Pseudomonas aeruginosa, Mycobacterium tuberculosis or non
bacterial pus forming organisms such as fungi, virus, protozoa, arthropod or surgical site infections
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are major contributors of abscess/pus formation. In order to combat pathogens, the immune system
releases antibodies into the infected area(Abbas AK, Lichtman AH 2014). The more dominant
organism in the pus was Staphylococcus aureus followed by Streptococcus species (Lee et al.
2018). This infection causes serious morbidity, prolonged hospitalization and becomes an
enormous economic burden (Kobayashi and DeLeo 2018). Besides, antibiotic resistance among
these pyogenic bacteria results in improper treatment and management of diseases. The increased
prevalence of drug resistance including methicillin resistant strains of S. aureus and biofilm
formation leads to treatment failures and community spread of these multidrug resistant bacteria.
The drug susceptibility patterns/antibiogram of the bacterial strains isolated from pus/wound swab
samples could be used as a benchmark for understanding and treating sensitive or resistant
pyogenic bacteria.
Several studies have demonstrated the presence of numerous bacterial groups in the pus
and abscess samples isolated from liver, brain, skin and abdomen (Dinda et al. 2013; ReynaFabián et al. 2016; Fan et al. 2017; Belbase et al. 2017; Sapkota et al. 2019). Antibiotic patterns of
these bacterial groups show an increasing trend in the antibiotic resistance and multiple risk factors
are attributed towards this pattern. Sporadic clinical reports can help the clinicians and policy
makers to predict and limit the spread of antibiotic resistant pyogenic bacteria. Therefore, a study
was conducted in a secondary care hospital in Namakkal District, India to study the changing
trends in antimicrobial resistance in various pus isolates. Various predictors and risk factors
associated with the antibiogram of the isolated pyogenic bacteria were understood.

MATERIALS AND METHODS
Sample collection
This is a prospective study in which a total number of 615 pus samples from different tissue
sources were obtained from Inpatient Departments (IPDs) and Outpatient Departments (OPDs) of
secondary care hospital in Namakkal District during the period of January-December 2018.
Isolation of aerobic microbial culture and sensitivity pattern against commercially available
antibiotics were studied to predict the antibiogram of the isolated strains.
Isolation of pus associated bacterial pathogens
The pus samples from patients were collected by sterile disposable cotton swabs and
syringes, then transported and handled immediately under laboratory conditions. The pus samples
were inoculated on Blood agar (BA), MacConkey agar (MA) and Nutrient agar (NA) medium.
The culture plates were incubated for 24 hrs at 37°C. After isolation, the pathogenic strains were
identified by conventional identification techniques such as catalase, coagulase, indole, methyl
red, Voges-Proskauer, citrate, urease, phenyl pyruvic acid and oxidase test (Parajuli et al. 2014).
Antibiotic sensitivity test
The antibiotic sensitivity tests were achieved (Raza et al. 2013) on Muller Hinton agar and
explained according to the CLSI procedure (Clinical and Laboratory Standard Institute, 2012) to
identify the sensitivity pattern of the pathogenic bacterial strains isolated from the pus samples and
grouped as sensitive and resistant. Drug sensitivity detection of MRSA isolates were performed
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by using Cefoxitin disc (30 μg) and S. aureus ATCC 25923 and E. coli ATCC 25922 were used as
control (Chakraborty et al., 2011). Amikacin (30 μg), Chloramphenicol (25 μg), Penicillin- G
(2U/Disc), Tetracycline (30 μg) and Vancomycin (30 μg), Meropenem (10 mcg), Doxycycline (30
mcg), Gentamycin (5 mcg), Cefoperazone (75 mcg), Ciprofloxacin (5 mcg), Norfloxacin (10 mcg),
Nitrofuratoin (300 mcg), Azithromycin (15 mcg), Ofloxacin(5mcg), Piperacillin-tazobactum
(100/10 mcg) were used for determining antibiotic sensitivity of pyogenic bacteria.
Genomic DNA isolation and PCR
Antibiotic resistant Pseudomonas sp. isolates were homogenized with a FastPrep®-24
Instrument using Lysing Matrix-A (MP Biomedicals, USA). The DNA was extracted using high
pure PCR template preparation kit (Roche, Germany) according to manufacturer instruction. The
universal primers were synthesized (Raja et al. 2017) and the cycles were set with denaturation at
95℃ for 2 min, 35 cycles of 95℃ for 1 min, annealing at 52℃ for 45 s and final extension at 72℃
for 5 mins. All other procedures were followed as per our previous work (Raja et al. 2017).
Phylogenetic analysis of Antibiotic resistant Pseudomonas sp. isolates
Closely related sequences have retrieved from the NCBI database, and phylogenetic analysis
has done using the Maximum Likelihood (ML) method. The tree with the highest log likelihood
(-2494.36) is shown. Initial tree(s) for the heuristic search were obtained automatically by applying
Neighbor-Join and BioNJ algorithms to a matrix of pair wise distances estimated using the
Tamura-Nei model, and then selecting the topology with superior log likelihood value. This
analysis involved 5 nucleotide sequences. There were a total of 1581 positions in the final dataset.
Evolutionary analyses were conducted in MEGA X (Kumar et al. 2018).

RESULTS AND DISCUSSION
Out of 615 pus samples obtained in IPDs and OPDs of secondary care hospital in Namakkal
District and processed for aerobic culture and antibiotic sensitivity, 67.3 % (414) samples were
positive with 32.68% (201) samples showed no bacterial growth (Fig. 1A). Among 414 samples,
234 (56.6%) were male patients and 180 (43.4%) were female patients (Fig. 1B) with a male:
female risk ratio of 1.30:1.00. The department-wise distribution of pus samples positive (Fig 1D.)
for aerobic culture showed that the surgery department (58.94 %) was a major contributor followed
by OPD (14.01%), department of general medicine including eye, pediatrics (12.32 %), obstetrics
and gynecology (OG: 11.11%) and trauma care ward (3.62 %) (Fig. 1C). Pyogenic bacteria
isolated from the pus samples were identified based on the biochemical tests and isolated.
Majority of the pus samples showed the presence of the Gram positive bacteria
Staphylococcus Sp. (25.12 %) followed by the other isolates such as Enterococcus (18.80%),
Proteus sp (14.70%), E. coli (13.73%) and Pseudomonas Sp. (8.43%). Coagulase negative
Staphylococcus (CONS: 4.11%) also contributed to collection of pyogenic bacteria. In our study,
a Gram-negative bacteria was found to be the dominant causative of pyogenic abrasion which is
supported by the previous study (Zubair et al. 2011).
Antibiotic resistance is a serious problem and a continuous examination is necessary to screen
the susceptibility of these pathogens and to choose suitable regimens for prophylaxis and
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treatment. Among all the antibiotics tested, meropenem and amikacin was shown to be effective
in treating Gram positive and negative bacteria, in contrast to other antibiotics tested in this study.
Similar studies to understand the antimicrobial sensitivity against bacteria isolated from various
pus cultures in a tertiary hospital have been conducted (Tiwari and Kaur 2010).
S. aureus (25.30 %) is the most common Gram-positive isolate in our study as shown in
previous studies (Lee et al. 2009; Tiwari and Kaur 2010). However, higher rates were reported by
following studies (Kshetry et al. 2016) (37.6%), (Sanjana et al. 2010) (39.6%), (Dibah et al. 2014)
(46.3%), and (Tiwari et al. 2009) (69.1%). The difference in the prevalence of MRSA in various
studies might be due to unreasonable antibiotic used in the selection of pyogenic bacteria.
Staphylococcus sp. was susceptible to Meropenem (100%) and Amikacin (90.7 %) similarly
(Samra et al. 2005) reported 100% sensitivity. Antibiotic sensitivity profile of Gram-negative
bacteria showed high sensitivity to Meropenem (98.2%) followed by Doxycycline (69.0%) and
amikacin (65.7%) (Fig. 2A-B).
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Fig. 1. (A) Distributions of culture positive cases, (B) Gender wise distribution of patients with
pathogen positive samples, (C) department wise distribution of pus samples and (D) department
wise distribution of bacterial pathogens.
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Fig. 2. Antibiotic susceptibility pattern of (A) Gram positive and (B) Gram negative Bacteria
isolated from pus samples
Four Pseudomonas isolates (PS1-4) were found to be resistant to Amikacin (30 μg),
Chloramphenicol (25 μg), Penicillin- G (2U/Disc), Tetracycline (30 μg) and Vancomycin (30 μg)
(Fig 3). The four resistant isolates were subjected to 16S rRNA sequencing followed by
phylogenetic tree construction. The evolutionary history was deduced by Maximum Likelihood
method and Tamura-Nei model (Tamura and Nei 1993). The four isolates were closely similar to
the Pseudomonas aeruginosa. Around 46 isolates of Pseudomonas aeruginosa were isolated
mainly from pus, wound swab, sputum and tracheal aspirate with 63.04% P. aeruginosa isolates
resistant to Ceftazidime, 65.21% to Cefixime, 56.52% to Ceftriaxone and Cefotaxime followed by
56.52% to Piperacillin (Pokharel et al., 2019).Similarly, among 200 P. aeruginosa isolates from
tertiary care hospital, Faisalabad, majority (n=82) were isolated from pus samples with resistance
to β-lactam drugs including carbapenems followed by 95% to levofloxacin and 67% to
doxycycline (Qureshi et al., 2018).
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Fig. 3. Antimicrobial resistance of P. aeruginosa isolates (PS1-4) against Amikacin (Ak-30 μg),

Chloramphenicol (C-25 μg), Penicillin- G (P-2U/Disc), Tetracycline (TE-30 μg) and Vancomycin
(VA-30 μg)
Fig. 4. Evolutionary analysis of antibiotic resistant Pseudomonas sp. by Maximum Likelihood
method

CONCLUSION
A superlative understanding of the causative microbial pathogens present in the wound/pus
infections and their sensitivity and resistance profiles to the currently used antibiotics are discussed
in the current work. It has been concluded that the pus infections are polymicrobic in nature, and
in most cases were associated with Staphylococcus, Klebsiella, Escherchia, Pseudomonas
aeruginosa, Enterococcus proteus, Micrococcus etc. Antibiotic resistance is a serious problem our
results also displayed high rate of antibiotic resistance in all pathogens isolated. Of all the
antibiotics tested, meropenem and amikacin was shown to be the one most likely to be effective in
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treating Gram positive and negative bacteria as, in contrast to other antibiotics tested in this study.
Four Pseudomonas isolates (PS1-4) were found to be resistant to amikacin, chloramphenicol,
penicillin- G, tetracycline and vancomycin. The four resistant isolates were confirmed to be
Pseudomonas aeruginosa as confirmed by 16S rRNA sequencing followed by phylogenetic tree
construction. A continuous examination is necessary to examine the susceptibility of the pathogens
and to choose correct regimens for prophylaxis and treatment.

REFERENCES
Abbas, A.K, Lichtman, A.H. and Pillai, S. 2014. Basic immunology: functions and disorders of the
immune system. 5th Edition. Elsevier Health Sciences.
Abbas, A.K. and Lichtman, A.H.P.S. 2014. Basic immunology: functions and disorders of the
immune system, 5th Edn. Elsevier Health Sciences.
Belbase, A, Pant, N.D. and Nepal, K. 2017. Antibiotic resistance and biofilm production among
the strains of Staphylococcus aureus isolated from pus/wound swab samples in a tertiary care
hospital in Nepal. Ann Clin Microbiol Antimicrobiology. 16: 15.
Clinical and Laboratory Standard Institute, 2012. Performance standards for antimicrobial
susceptibility testing; Wayne; 22nd Informational Supplement: 32(3).
Dibah, S, Arzanlou, M, Jannati, E. and Shapouri, R. 2014. Prevalence and antimicrobial
resistance pattern of methicillin resistant Staphylococcus aureus (MRSA) strains isolated
from clinical specimens in Ardabil, Iran. Iran J Microbiology. 6: 163–168.
Dinda, V, Gunturu, R. and Kariuki, S. 2013. Pattern of pathogens and their sensitivity isolated
from surgical site infections at the Aga Khan University Hospital, Nairobi, Kenya. Ethiop J
Health Science. 23: 141-149.
Fan, S, Wang, J, Li, Y. and Li, J. 2017. Bacteriology and antimicrobial susceptibility of ESBLs
producers from pus in patients with abdominal trauma associated intra-abdominal infections.
Eur J trauma Emerg Surgery. 43: 65-71.
Kobayashi, S.D. and DeLeo, F.R. 2018. Re-evaluating the potential of immunoprophylaxis and/or
immunotherapy for infections caused by multidrug resistant Klebsiella pneumoniae. Future
Microbiology. 13: 1343-1346.
Kshetry, A.O, Pant, N.D, Bhandari, R. 2016. Minimum inhibitory concentration of vancomycin to
methicillin resistant Staphylococcus aureus isolated from different clinical samples at a
tertiary care hospital in Nepal. Antimicrob Resist Infect Control. 5: 27.
Kumar, S, Stecher, G. and Li, M. 2018. MEGA X: Molecular Evolutionary Genetics Analysis
across Computing Platforms. Mol Biol Evolution. 35: 1547-1549.
Lee A.S, de Lencastre, H. and Garau, J. 2018. Methicillin-resistant Staphylococcus aureus. Nat
Rev Dis Prim. 4: 18033.
Lee, C-Y, Chen, P-Y, Huang, F-L. and Lin, C-F. 2009. Microbiologic spectrum and susceptibility
pattern of clinical isolates from the pediatric intensive care unit in a single medical center 6 years’ experience. J Microbiol Immunol Infection. 42: 160-165.

Volume 10 Issue 11 - 2020

68

www.joics.org

Journal of Information and Computational Science

ISSN: 1548-7741

Parajuli, P, Basnyat, S.R, Shrestha, R, Shah, P.K. and Gurung, P. 2014. Identification and
antibiotic susceptibility pattern of aerobic bacterial wound isolates in Scheer memorial
hospital. JSM Microbiology. 2(2).
Parajuli, P, Basnyat, S.R, Shrestha, R. and Shah, G.P. 2014. Identification and antibiotic
susceptibility pattern of aerobic bacterial wound isolates in Scheer memorial hospital. JSM
Microbiology. 2.
Pokharel, K, Dawadi, B.R, Bhatt, C.P. and Gupte, S. 2019. Prevalence of Pseudomonas
Aeruginosa and its Antibiotic Sensitivity Pattern. J Nepal Health Res Council. 17(1): 109113.
Qureshi, R, Shafique, M, Shahid, M, Rasool, M.H. and Muzammil, S. 2018. Molecular detection
of blaVIM Metallo-β-lactamase producing clinically isolated Pseudomonas aeruginosa from
tertiary care hospital, Faisalabad. Pak J Pharm Science. 31(6): 2673-2677.
Raja, R, Hemaiswarya, S, Ganesan, V. and Carvalho, I.S. 2017. Internal Transcribed sequence
(ITS) of Halocafeteria seosinensis (Bicosoecids). Beni-Suef Univ J Basic Appl Science. 6:
266–268.
Raza, S, Chander, A. and Ranabhat, A. 2013. Antimicrobial Susceptibility Patterns of the Bacterial
Isolates in Post-Operative Wound Infections in a Tertiary Care Hospital, Kathmandu, Nepal.
Open J Med Microbiology. 03: 159-163.
Reyna-Fabián, M.E, Zermeño, V. and Ximénez, C. 2016. Analysis of the Bacterial Diversity in
Liver Abscess: Differences Between Pyogenic and Amebic Abscesses. Am J Trop Med
Hygiene. 94: 147–155.
Samra, Z, Ofer, O. and Shmuely, H. 2005. Susceptibility of methicillin-resistant Staphylococcus
aureus to vancomycin, teicoplanin, linezolid, pristinamycin and other antibiotics. Isr Med
Assoc Journal. 7: 148–150.
Sanjana, R, Shah, R, Chaudhary, N. and Singh, Y.I. 2010. Prevalence and antimicrobial
susceptibility pattern of methicillin-resistant Staphylococcus aureus (MRSA) in CMSteaching hospital: A preliminary report. J Coll Med Science. 6.
Sapkota, J, Sharma, M, Jha, B. and Bhatt, C.P. 2019. Prevalence of Staphylococcus aureus
Isolated from Clinical Samples in a Tertiary Care Hospital: A Descriptive Cross-sectional
Study. JNMA J Nepal Med Association. 57: 398-402.
Tamura, K. and Nei, M. 1993. Estimation of the number of nucleotide substituions in the control
region of mitochondrial DNA in humans and chimpanzees. Mol Biol Evolution. 10: 512-526.
Tiwari, H.K, Das, A.K. and Sapkota, D. 2009. Methicillin resistant Staphylococcus aureus:
prevalence and antibiogram in a tertiary care hospital in western Nepal. J Infect Dev Ctries
3: 681-684.
Tiwari, P. and Kaur S. 2010. Profile and sensitivity pattern of bacteria isolated from various
cultures in a Tertiary Care Hospital in Delhi. Indian J Public Health. 54: 213-215.
Zubair, M, Malik, A. and Ahmad, J. 2011. Clinico-microbiological study and antimicrobial drug
resistance profile of diabetic foot infections in North India. Foot (Edinb). 21: 6-14.

Volume 10 Issue 11 - 2020

69

www.joics.org

