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Abstract: 
Introduction: Diseases caused by Streptococcus pneumoniae are the cause of global concern. S. pneumoniae is 
common causative agent of pneumonia, bacteremia and meningitis which lead to morbidity and mortality, even 
after being treated in hospital. S. pneumoniae shows resistance for multiple antimicrobial drugs as penicillin, 
clindamycin, erythromycin, clarithromycin, tetracycline, chloroamphenicol, trimethoprim/sulfamethoxazole. 
Present study is conducted to find distribution of multidrug resistance among penicillin resistant pneumococci 
isolated from respiratory specimen.  
Aims & Objectives: To find distribution of multidrug resistance among penicillin resistant pneumococcal 
strains isolated from respiratory specimen with age distribution.  
Material & Methods: The study was conducted in the Department of Microbiology Gajra Raja Medical 
College, Gwalior (M.P.) for a period of one year. Respiratory samples were collected from patients of all age 
groups suffering from lower respiratory tract infection and identification of pneumococci was done. 
Antimicrobial susceptibility testing done. Penicillin resistance and resistance for other antimicrobial drugs was 
screened. Data was statistically analyzed by odds ratio, p-value <0.05 was considered statistically significant.  
Result: Pneumococci isolated maximum from patients under 5 years and >50 years age group. 24 isolates 
(48%) showed penicillin resistance. Among other antimicrobial drugs resistance was maximum for 
erythromycin (46%) followed by tetracycline (38%), cotrimoxazole (36%), cefotaxime (30%) and ciprofloxacin 
(14%). Statistically significant correlation between penicillin resistance and multidrug resistance among S. 
pneumoniae isolates [odds ratio 3.31, 95% confidence interval, (CI) 1.02-10.72, p value 0.045 (i.e. p<0.05)]. 
Conclusion: Pneumococci can cause disease at any age though more frequently at extremes of age. Multidrug 
resistance is common among the penicillin resistant pneumococcal isolates. Antimicrobial-susceptibility testing 
must be done for pneumococcal isolates. 
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Introduction 
 

Diseases caused by Streptococcus pneumoniae 
(pneumococcus) are the cause of global concern. S. 
pneumoniae is common causative agent of 
pneumonia, bacteremia and meningitis which lead 
to morbidity and mortality, even after being treated 
in hospital [1]. Community acquired pneumonia 
caused by it is leading cause of mortality in 
children under 5 years of age [2].  

Studies have shown that few serotypes usually 
cause most of pneumococcal infections and shows 
antibiotic resistance [1]. Serotypes even show multi 
drug resistance (MDR) which is defined as 
resistance for three or more classes of antibiotics 
[3]. First MDR strain was isolated in Johannesburg 

in 1977 from sputum of a child. Resistance for 
penicillin and multiple antibiotics was first 
recognized in serotype 6A and 19A of 
pneumococci in South Africa [4]. Antimicrobial 
resistance among pneumococci is major concern 
globally and the treatment of diseases caused by the 
bacteria gets complicated [5].  Pili and capsule are 
important virulence factor among pneumococci 
[6,7].  

Various studies have shown that previous 
antimicrobial agents exposure is an important 
predisposing factor for drug resistance especially 
for invasive infections of pneumococci including 
pneumonia [4,5]. Carriage serogroups, CNS related 
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disorders along with MDR are independently 
associated with pneumococcal molecular 
epidemiology [8]. MDR strains belong to different 
serogroups/types and vary in different countries 
which include 6A/B, 9, 14, 15A, 15B, 15C, 7B, 
23F, 19A, 19F, 24 [4, 6, 7, 9]. Penicillin resistance 
and MDR is more frequent in invasive 
pneumococcal disease than non-invasive diseases 
[10]. Epidemiology of Streptococcus pneumonia 
found high prevalence of multi drug resistance in 
Asian countries especially among serotype 19A [9].  

MDR is higher among isolates obtained from 
respiratory specimens than among isolates of blood 
[3]. S. pneumoniae shows resistance for penicillin, 
clindamycin, erythromycin, clarithromycin, 
tetracycline, chloramphenicol, 
trimethoprim/sulfamethoxazole [3,6,10,11]. 
Prevalence of isolates with erm (B) and mef (A) 
genotype and multi drug resistance is increasing 
among pneumococci [12].  

Pneumococcal vaccines have reduced the incidence 
of pneumococcal disease among children, but it 
leads to emergence of new serotypes as 8, 10A, 
12F, 15A, and 24F. Several studies showed 
serotype 15A is resistant for multiple antimicrobial 
drugs [13].  

Present study is conducted to find distribution of 
multidrug resistance among known penicillin 
resistant pneumococci isolated from respiratory 
specimen. 

Aims & Objectives  

• To find age distribution of patients with 
pneumococci isolated from their respiratory 
specimen. 

• To find distribution of multidrug resistance 
among penicillin resistant pneumococcal 
strains isolated from respiratory specimen.  

Materials and Methods  

Study design- Prospective 

The study was conducted in the Department of 
Microbiology Gajra Raja Medical College, Gwalior 
(M.P.) for a period of one year in 2016- 2017. 

• Respiratory samples were collected from 
patients of all age group suffering from lower 
respiratory infection. 

• Identification and confirmation of 
pneumococci was done based on colony 
characteristics, gram staining and biochemical 
reactions as per standard protocol. 

• Antimicrobial susceptibility testing done by 
Kirby Bauer's disc diffusion method  

• Penicillin resistance was screened by using 
oxacillin (1µg) disk followed by Minimum 
Inhibitory Concentration (MIC) detection by 
agar dilution method according to CLSI 
guidelines. 

• Antibiotic susceptibility for other antimicrobial 
drugs as Tetracycline (30 μg), Cotrimoxazole 
(25 μg), Cefotaxime (30 μg), Ciprofloxacin (5 
μg) and Erythromycin (15 μg) was carried out 
by the Kirby Bauer disk diffusion method on 
Muller-Hinton sheep blood agar (MH-SBA) 
and resistance against them was detected. 

• Multidrug resistance was defined as 
intermediate resistance or resistance to 
penicillin plus resistant to at least three classes 
of antibiotics. 

Statistical analysis: Data was statistically analyzed 
by odds ratio, p-value <0.05 was considered 
statistically significant. 

Result 

A total of 50 pneumococcal isolates were obtained 
from respiratory samples collected from patients 
suffering from lower respiratory infection.

 

 
Figure 1: Distribution of diseases associated with Pneumococcal isolates 

CAP-23

COPD-21

Bronchiectasis-3

Aspiration
Pneumonia-2
OTHERS-1



 
  

International Journal of Toxicological and Pharmacological Research           e-ISSN: 0975-5160, p-ISSN: 2820-2651 
 

Gupta et al.                                         International Journal of Toxicological and Pharmacological Research 

61   

Fig. 1 shows distribution of diseases associated with Pneumococcal isolates. Pneumococci was isolated from 
patients of community –acquired pneumonia (CAP) 23 cases (46%) Chronic obstructive pulmonary disease 
(COPD) 21 cases (42%), bronchiectasis 3 cases (6%), aspiration pneumonia 2 cases (4%) and others 1 case 
(2%).  

Table 1: Age wise distribution of pneumococcal isolates 
Age group  No. of isolates 
≤2 years 12 (24%) 
2-5 years 3 (6%) 
5-20 years 4 (8%) 
20-50 years 5 (10%) 
≥50 years 26 (52%) 
Total 50 
Table 1 shows pneumococcal isolates are 12, 3, 4, 5 and 26 in age group ≤2 years, 2-5 years, 5-20 years, 20-50 
years and ≥50 years respectively. 

Table 2: Resistance pattern of pneumococcal isolates for penicillin based on Minimal inhibitory 
concentration (MIC) value 

Penicillin-susceptible  MIC ≤ 0.06 μg/mL  26 (52%) 
Penicillin intermediate-resistant  MIC 0.12 – 1 μg/mL  09 (18%) 
Penicillin-high resistance  MIC ≥ 2 μg/mL  15 (30%) 
Table 2 shows out of total 50 pneumococcal isolates, 09 isolates (18%) showed intermediate resistance and 15 
isolates (30%) high resistance to penicillin. 

Table 3: Antibiotic susceptibility of pneumococcal isolates for other antibiotics by the Kirby Bauer disk 
diffusion method 

Drugs  Resistant zone size Isolates  
Tetracycline  ≤ 22 mm 19(38%)  
Cotrimoxazole  ≤ 15mm 18(36%)  
Cefotaxime  ≤ 25 mm 15(30%)  
Ciprofloxacin  ≤ 16 mm 07(14%)  
Erythromycin  ≤ 19 mm 23 (46%)  
Table 3 shows resistance was maximum for erythromycin (46%) followed by tetracycline (38%), cotrimoxazole 
(36%), cefotaxime (30%) and ciprofloxacin (14%) among pneumococci. 

Table 4: Multidrug resistance among penicillin resistant and penicillin sensitive pneumococci isolated 
from respiratory specimen. 

 Isolates resistant for other 3 or more 
antimicrobial drugs (MDR) 

Isolates resistant for less than 3 
antimicrobial drugs 

Total 

Penicillin resistant isolates 17 07 24 
Penicillin sensitive isolates  11 15 26 
 
Table 4 shows out of 24 penicillin resistant 
pneumococcal isolates, 17 isolates were multidrug 
resistant while among 26 penicillin sensitive 
pneumococcal isolates, 11 isolates were multidrug 
resistant. Statistical analysis show odds ratio 3.31, 
95% confidence interval, (CI) 1.02-10.72, p value 
0.045 (i.e. p<0.05) which suggests statistically 
significant correlation between penicillin resistance 
and multidrug resistance among pneumococcal 
isolates obtained from respiratory specimens. 

Discussion 

Present study shows pneumococcal isolates are 12, 
3, 4, 5 and 26 in age group ≤2 years, 2-5 years, 5-
20 years, 20-50 years and ≥50 years respectively. 
Samples were from patients having community –
acquired pneumonia (CAP) 23 cases (46%), 
chronic obstructive pulmonary disease (COPD) 21 
cases (42%), bronchiectasis 3 cases (6%), 

aspiration pneumonia 2 cases (4%) and others 1 
case (2%).  

Study of Chawla K et al [4] found 56% patients are 
of >50 years of age and 34% patients having age 
30-50 years with 46% cases were from community-
acquired pneumonia, 40% having COPD, 8% 
having bronchiectasis, and 6% having aspiration 
pneumonia. 48.65% isolates were found among 31-
60 years age group in study of Kulkarni N et al. 
[14] thus pneumococcal isolates are more common 
among children under 5 years of age and in older 
patients while it varies with nature of disease 
invasive or noninvasive and site of infection. In our 
study, 30% pneumococcal isolates showed 
resistance, 18% intermediate resistance to penicillin 
(total 48%) while 52% were penicillin sensitive 
which is similar to study of Khademi F et al. [15] 
which showed penicillin resistance in 46.9% cases. 
Study of Amari S et al [16] showed penicillin 
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resistance in 57.2% and 42.8% penicillin sensitive 
isolates while Kulkarni N et al [14] found 70% 
penicillin resistance, Patil S. et al [17] found 
61.75% penicillin resistance and Sharma S et al 
[18] found 7.4% resistance, 36.8% intermediate 
resistance for penicillin. Study of Chawla K et al 
[4] showed penicillin resistance in 4% and 
intermediate penicillin resistance in 10% cases and 
study of Kim JS et al [19] showed 2.8% resistance 
and 11.1% intermediate resistance for penicillin G. 

In this study antimicrobial drug resistance was 
maximum for erythromycin (46%) followed by 
tetracycline (38%), cotrimoxazole (36%), 
cefotaxime (30%) and ciprofloxacin (14%) among 
pneumococci. Study of Amari S et al [16] 
conducted among children in Morocco shows 
resistance for erythromycin is 17.9 % and for 
tetracycline is 20.9% among pneumococcal isolates 
from respiratory specimens. Study of Chawla et al 
[4] showed maximum resistance (24%) for 
tetracycline and cotrimoxazole followed by 
ciprofloxacin and erythromycin having 14% 
resistance for each. Study of Khademi F et al [15] 
showed 41.1% resistance for erythromycin, 39.9% 
for tetracycline, 8.3 % for ciprofloxacin, 8.3% for 
cefotaxime along with 63.9% for 
trimethoprim/sulfamethoxazole, 53.2%, for 
azithromycin, 31.7% for clindamycin, 20% for 
chloramphenicol and also for other antimicrobials 
among S. pneumoniae.  

Study of Kim JS et al [19] showed 75%, 69.4%, 
66.7%, 38.9% and 19.5% resistance for 
tetracycline, erythromycin, clindamycin, 
cotrimoxazole and cefotaxime respectively among 
S. pneumonia isolates from invasive specimens of 
nonmeningitis patients.  

Study of Kulkarni N et al [14] found 80% 
resistance for erythromycin and 40% resistance for 
clindamycin. Study of Patil S. et al [17] found 
73.76%, 54.41% and 7.14% resistance for 
tetracycline, trimethoprim/ sulphomethoxazole and 
cefotaxime respectively while 94.78%, 57.5% and 
47.37% intermediate resistance for erythromycin, 
ofloxacin and levofloxacin respectively.  

Study of Sharma S et al [18] found maximum 
76.5% resistance with 11.8% intermediate 
resistance for cotrimoxazole while 36.8%, 
23.5%,17.6% resistance with 14.7%, 19.1%,11.8% 
intermediate resistance for tetracycline, 
erythromycin and ciprofloxacin respectively, 
though the resistance vary with the non-invasive 
and invasive nature of infection.  

Thus penicillin resistance and multidrug resistance 
is common among pneumococci especially for 
erythromycin, tetracycline, trimethoprim 
/sulphomethoxazole and clindamycin. So empirical 
therapy should be initiated keeping this in mind.  

Present study shows statistically significant 
correlation between penicillin resistance and 
multidrug resistance among pneumococcal isolates 
obtained from respiratory specimens who are 
similar to study conducted by Chawla et al [4] and 
Amari S et al [16]. 

Conclusion 

Pneumococci can cause disease at any age though 
more frequently at extremes of age. Multidrug 
resistance is common among the penicillin resistant 
pneumococcal isolates.  

Antimicrobial-susceptibility testing must be done 
for pneumococcal isolates among all age groups, to 
aid clinicians to select effective antimicrobial agent 
for pneumococcal infections.  

Limitations of study 

As study was hospital based only patients seek 
medical care were included in study and also a 
small scale study so the result may not be the exact 
reflection of whole population. 

References 

1. Koul PA, Chaudhari S, Chokhani R, 
Christopher D, Dhar R, Doshi K, Ghoshal A, 
Luhadiya SK, Mahashur A, Mehta R, Nene A, 
Rahman M, Swarnakar R. Pneumococcal 
disease burden from an Indian perspective: 
Need for its prevention in pulmonology 
practice. Lung India. 2019 May-Jun;36(3):216-
225.  

2. Cillóniz C, Garcia-Vidal C, Ceccato A, Torres 
A. Antimicrobial Resistance Among 
Streptococcus pneumoniae. Antimicrobial 
Resistance in the 21st Century. 2018 Mar 7:13–
38. 

3. Golden AR, Baxter MR, Davidson RJ, Martin 
I, Demczuk W, Mulvey MR, Karlowsky JA, 
Hoban DJ, Zhanel GG, Adam HJ; Canadian 
Antimicrobial Resistance Alliance (CARA) 
and CANWARD. Comparison of antimicrobial 
resistance patterns in Streptococcus 
pneumoniae from respiratory and blood 
cultures in Canadian hospitals from 2007-16. J 
Antimicrob Chemother. 2019 Aug 1;74(Suppl 
4):iv39-iv47.  

4. Chawla K, Gurung B, Mukhopadhyay C, Bairy 
I. Reporting Emerging Resistance of 
Streptococcus pneumoniae from India. J Glob 
Infect Dis. 2010 Jan;2(1):10-4.  

5. Desai H, Richter S, Doern G, Heilmann K, 
Dohrn C, Johnson A, Brauer A, Murphy T, 
Sethi S. Antibiotic resistance in sputum isolates 
of Streptococcus pneumoniae in chronic 
obstructive pulmonary disease is related to 
antibiotic exposure. COPD. 2010 Oct;7(5):337-
44 

6. Dzaraly, N.D., Mohd Desa, M.N., Muthanna, 
A. et al. Antimicrobial susceptibility, serotype 



 
  

International Journal of Toxicological and Pharmacological Research           e-ISSN: 0975-5160, p-ISSN: 2820-2651 
 

Gupta et al.                                         International Journal of Toxicological and Pharmacological Research 

63   

distribution, virulence profile and molecular 
typing of piliated clinical isolates of 
pneumococci from east coast, Peninsular 
Malaysia. Sci Rep 2021;11: 8220 

7. Yamba Yamba L, Uddén F, Fuursted K, Ahl J, 
Slotved HC, Riesbeck K. Extensive/Multidrug-
Resistant Pneumococci Detected in Clinical 
Respiratory Tract Samples in Southern Sweden 
Are Closely Related to International 
Multidrug-Resistant Lineages. Front Cell Infect 
Microbiol. 2022 Mar 22; 12:824449.  

8. Imai S, Ito Y, Ishida T, Hirai T, Ito I, Maekawa 
K, Takakura S, Iinuma Y, Ichiyama S, 
Mishima M; Kansai Community Acquired 
Pneumococcal Pneumonia Study Group. High 
prevalence of multidrug-resistant 
Pneumococcal molecular epidemiology 
network clones among Streptococcus 
pneumoniae isolates from adult patients with 
community-acquired pneumonia in Japan. Clin 
Microbiol Infect. 2009 Nov; 15(11):1039-45. 

9. Kim SH, Song JH, Chung DR, Thamlikitkul V, 
Yang Y, Wang H, Lu M, So TM, Hsueh PR, 
Yasin RM, Carlos CC, Pham HV, Lalitha MK, 
Shimono N, Perera J, Shibl AM, Baek JY, 
Kang CI, Ko KS, Peck KR; ANSORP Study 
Group. Changing trends in antimicrobial 
resistance and serotypes of Streptococcus 
pneumoniae isolates in Asian countries: an 
Asian Network for Surveillance of Resistant 
Pathogens (ANSORP) study. Antimicrob 
Agents Chemother. 2012 Mar; 56(3):1418-26.  

10. Wang CY, Chen YH, Fang C, Zhou MM, Xu 
HM, Jing CM, Deng HL, Cai HJ, Jia K, Han 
SZ, Yu H, Wang AM, Yin DD, Wang CQ, 
Wang W, Huang WC, Deng JK, Zhao RZ, 
Chen YP, Yang JH, Wang C, Che YR, Nie XZ, 
Wang SF, Hao JH, Zhang CH. Antibiotic 
resistance profiles and multidrug resistance 
patterns of Streptococcus pneumoniae in 
pediatrics: A multicenter retrospective study in 
mainland China. Medicine (Baltimore). 2019 
Jun; 98(24):e15942. 

11. Thummeepak R, Leerach N, Kunthalert D, 
Tangchaisuriya U, Thanwisai A, Sitthisak S. 
High prevalence of multi-drug resistant 
Streptococcus pneumoniae among healthy 

children in Thailand. J Infect Public Health. 
2015 May-Jun;8(3):274-81 

12. Jenkins SG, Brown SD, Farrell DJ. Trends in 
antibacterial resistance among Streptococcus 
pneumoniae isolated in the USA: update from 
PROTEKT US Years 1-4. Ann Clin Microbiol 
Antimicrob. 2008 Jan 11; 7:1. 

13. Arushothy R, Ramasamy H, Hashim R, Raj A 
S S, Amran F, Samsuddin N, Ahmad N. 
Multidrug-resistant Streptococcus pneumoniae 
causing invasive pneumococcal disease 
isolated from a paediatric patient. Int J Infect 
Dis. 2020 Jan; 90:219-222. 

14. Kulkarni N, Routray A, Taur S. A Multicenter 
Evaluation of Overall Susceptibility and 
Antimicrobial Resistance Among 
Streptococcus pneumoniae Isolates. Cureus. 
2023 Jul 17; 15(7):e41984. 

15. Khademi F, Sahebkar A. Is Penicillin-
Nonsusceptible Streptococcus pneumoniae a 
Significant Challenge to Healthcare System? A 
Systematic Review and Meta-Analysis. 
Scientifica (Cairo). 2021 May 27; 
2021:5573345 

16. Amari S, Warda K, Bouraddane M, Katfy M, 
Elkamouni Y, Arsalane L, Zerouali K, Zouhair 
S, Bouskraoui M. Antibiotic Resistance of 
Streptococcus pneumoniae in the Nasopharynx 
of Healthy Children Less than Five Years Old 
after the Generalization of Pneumococcal 
Vaccination in Marrakesh, Morocco. 
Antibiotics (Basel). 2023 Feb 23; 12(3):442. 

17. Patil S, Chen H, Lopes BS, Liu S, Wen F. 
Multidrug-resistant Streptococcus pneumoniae 
in young children. Lancet Microbe. 2023 
Feb;4(2):e69 

18. Sharma S, Sharma M, Ray P, Chakraborti A. 
Antimicrobial Susceptibility Pattern and 
Serotype Distribution of Streptococcus 
pneumoniae Isolates From a Hospital-Based 
Study in Chandigarh, North India. Cureus. 
2022 Jan 19; 14(1):e21437.  

19. Kim JS, Jung BK, Kim JW, Kim GY. 
Prevalence and Antimicrobial Susceptibility of 
Streptococcus pneumoniae Isolated from 
Clinical Samples in the Past 8 Years in Korea. 
Biomed Res Int. 2021 Apr 28; 2021:6615334.

 


