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Abstract 

Objectives: Group B Streptococcus is a primary source of pneumonia, which is a leading cause of 
death worldwide. During the last few decades, there has been news of growing antibiotic re-
sistance in group B streptococci to penicillin and different antibiotic agents. This clinical study 
retrospectively analyzes antimicrobial resistance in inpatients who were diagnosed with group B 
streptococcal pneumonia. 
Methods: All of the required information from inpatients who were identified to have group B 
streptococcal pneumonia was sourced from the database at the Department of Internal Medicine 
of HELIOS Clinic Wuppertal, Witten/Herdecke University, in Germany, from 2004–2014. Anti-
microbial susceptibility testing was performed for the different antimicrobial agents that were 
regularly administered to these inpatients. 

Results: Sixty-six inpatients with a mean age of 63.3 ± 16.1 years (45 males [68.2%, 95% CI 
60.0%–79.4%] and 21 females [31.8%, 95% CI 20.6%–43.0%]) were detected to have group B 
streptococcal pneumonia within the study period from January 1, 2004, to August 12, 2014. Group 
B Streptococcus had a high resistance rate to gentamicin (12.1%), erythromycin (12.1%), clindamycin 
(9.1%), and co-trimoxazole (3.0%), but it was not resistant to penicillin, cefuroxime, cefotaxime, or 
vancomycin (P < 0.0001). 
Conclusion: No resistance to penicillin, cefuroxime, cefotaxime, or vancomycin was detected 
among inpatients with pneumonia caused by group B streptococci. 
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Introduction 
Group B Streptococcus (GBS) is still a main cause 

of both community- and nosocomial-acquired pneu-
monia, and the associated mortality rates are increas-
ing significantly around the world [1]. At the begin-
ning of the antibiotic era in the mid-1970s, GBS was 
susceptible to all classes of antibiotics, such as peni-
cillin, cephalosporins, and erythromycin [2]. Over the 
following decades, GBS became resistant to a variety 
of antibiotics, evolving from a considerable medical 
curiosity to a worldwide health problem. The treat-

ment outcomes in cases of pneumonia due to antibi-
otic-resistant GBS have not been studied enough to 
understand the clinical significance [3]. 

This study was performed to discover which an-
tibiotics were ineffective in the management of group 
B streptococcal pneumonia during the past 10 years. 
All necessary data for this study were sourced from 
the hospital records of inpatients who were treated 
because of community- or nosocomial-acquired group 
B streptococcal pneumonia, according to the Interna-
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tional Statistical Classification of Diseases (ICD J15.3), 
at the Department of Internal Medicine of the HELIOS 
Clinic, Witten/Herdecke University, Wuppertal, 
Germany [4,5]. 

This comprehensive investigation was per-
formed to detect antibiotic resistance over a 10-year 
period according to susceptibility testing in the tra-
cheal or bronchial secretions and blood cultures of 
patients with group B streptococcal pneumonia. The 
number of antibiotics used and the failure of antimi-
crobial treatments were monitored in the study pop-
ulation during the study period. The rapid identifica-
tion of an effective antibiotic for GBS would shorten 
both the duration of the disease and the length of the 
hospital stay, and patient mortality should be re-
duced, as well. 

Material and Methods 
Patients 

This qualitative, observational control study 
retrospectively examined antibiotic resistance in pa-
tients who were identified to have group B strepto-
coccal pneumonia. All of the required information 
was retrieved from the hospital database of the 
HELIOS Clinic, Witten/Herdecke University, Wup-
pertal, Germany, from January 1, 2004, to August 12, 
2014. All patients with pneumonia caused by GBS and 
who were over 18 years of age were considered for 
this clinical study. 

Definition of Pneumonia 
Acute infection of lung tissue due to social con-

tact is referred to as community-acquired pneumonia, 
whereas nosocomial-acquired pneumonia is devel-
oped during a stay in the hospital [5]. The final diag-
nosis of either community- or nosocomial-acquired 
pneumonia is made using X-ray investigations and 
sputum analysis [6,7]. The specific criteria that were 
used for the clinical diagnosis of pneumonia in the 
present study were that the patient was hospitalized, 
exhibited the presence of new areas of infiltration on 
chest X-ray, and had new clinical symptoms, includ-
ing a minimum of two of the following: difficulty 
breathing, fever over 38°C, sputum production, or 
cough.  

Tested Antibiotics 
The susceptibility of GBS to the following anti-

microbial agents was examined with the PHOENIXTM 
automated system (Becton Dickinson, Heidelberg, 
Germany): penicillin, ampicillin, piperacillin, ampi-
cillin-sulbactam, piperacillin-tazobactam, cefuroxime, 
cefotaxime, ciprofloxacin, levofloxacin, erythromycin, 
co-trimoxazole, clindamycin, gentamicin, and van-
comycin. 

The number of times that each antimicrobial 
agent was administered for the management of group 
B streptococcal pneumonia during hospitalization 
was calculated. The antibiotic that was the most 
commonly used for treatment and the most often 
tested for antibiotic susceptibility was compared with 
the other antimicrobial agents. The antibiotic with the 
lowest resistance rate was also compared with the 
other antibiotics tested in the antibiograms. 

For GBS, inhibition zone diameter breakpoints 
were used in keeping with the Clinical and Labora-
tory Standards Institute (CLSI) 2004–2011 laboratory 
agreement guidelines [8]. In 2011, the Europe-wide 
standards for susceptibility testing (EUCAST) were 
adopted in place of the CLSI's for this study because 
the EUCAST sets standards for almost all of the 
pathogens on which our tests are based [9]. 

Identification and Antimicrobial Susceptibility 
Testing 

GBS was identified based on growth on Colum-
bia blood agar (Becton Dickinson, Heidelberg, Ger-
many) after 18–48 hours at 37°C in 5% CO2, as well as 
with the use of MALDI-TOF-MS (Bruker, Bremen, 
Germany). Software suitable for the interpretation of 
susceptibility testing results using the EUCAST 
breakpoints for 2011–2014 was used in the antimicro-
bial susceptibility testing [9]. 

The disc diffusion method established by Kir-
by-Bauer was used for the susceptibility testing to 
detect antibiotic resistance [10]. In cases of discrepan-
cies or insufficient readings, the calculation of the 
minimum inhibitory concentration (MIC) was carried 
out with the E-test for particular antimicrobials, and 
the results were determined in accordance with the 
criteria of the EUCAST [9]. Intermediate isolates were 
grouped along with resistant isolates. 

Microbiology 
The diagnostic procedures used were tracheal 

washes during bronchoscopy, tracheal secretions, 
throat smears, and expectoration. For bronchoscopy, 
approximately 20 ml of isotonic saline solution was 
infused into the bronchi after the patient was given 
local anesthesia, and washings were collected using 
the flexible fiber-optic bronchoscope into three sepa-
rate, antiseptic, 40-ml specimen containers (ArgyleTM, 
Covidien, Neustadt an der Donau, Germany). Throat 
smears were taken using commercially available cot-
ton sticks (MEUS Srl Ltd., Piove di Sacco, Italy), 
turning the cotton stick while pressing lightly on the 
pharynx of patients suspected to have pneumonia. 
Expectorates were collected in 30-ml sterilized reser-
voirs for expectoration (Salivette®, SARSTEDT, 
Nümbrecht, Germany). 
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Thus obtained, the bronchial and tracheal secre-
tions and the sputum were examined after Gram 
staining under light microscopy at 80–1,000-times 
enlargement with a minimum of five fields of vision, 
in accordance with the criteria created by Bartlett [11]. 

Blood Cultures 
To detect GBS from the bloodstream, approxi-

mately 20 ml of blood was collected by puncturing a 
vein using a blood-collection needle, and then vac-
cinated into two special blood-culture media, BD 
BACTEC™ Instrumented Blood Culture Systems 
(Becton Dickson, Dickinson and Company, Heidel-
berg, Germany).  

The duration of the hospital stay was evaluated 
in all inpatients diagnosed with group B streptococcal 
pneumonia. Additionally, the number of actual 
deaths during hospital stays was analyzed in the 
study population, and the survival probabilities were 
calculated according to the Kaplan–Meier method. 

Ethics Statement 
The ethics committee of Witten/Herdecke Uni-

versity examined this investigation as well as all in-
vestigational procedures. After approval of this trial, 
the committee waived the requirement for obtaining 
written consent due to the retrospective study design. 

Statistical Analysis 
Categorical numbers are stated as percentages, 

and numeric variables are given as means and stand-
ard deviations. The statistical computations were ex-
ecuted at a 95% confidence interval (CI) for the sex of 
hospitalized patients with community- or nosocomi-
al-acquired group B streptococci pneumonia. A cal-
culation by chi-square test for two independent, or-
dinary regular samples of three possibilities was 
conducted to detect the following: whether GBS was 
sensitive, intermediate, or resistant to antibiotics; the 
differences in antibiotic resistance between the sexes; 
and the differences in acquisition of pneumonia be-
tween the sexes [12]. A calculation by the chi-square 
test for sex differences of two possibilities was per-
formed to compare the different detection techniques 
of GBS and the number of deaths between the sexes. 
One-way analysis of variance (ANOVA) for the in-
dependent sexes was used to compare the duration of 
hospital stays. In addition, statistical two-sided ex-
aminations were completed. A P value of < 0.05 was 
considered statistically significant. 

Results 
Overall, 66 inpatients among 6,932 pneumonia 

inpatients (1.0%, 95% CI 0.8%–1.2%), with an average 
age of 63.3 ± 16.1 years (45 males [68.2%, 95% CI 

60.0%–79.4%] and 21 females [31.8%, 95% CI 
20.6%–43.0%]), were discovered to have community- 
or nosocomial-acquired pneumonia due to GBS (ICD 
J15.3) in the hospital records of the Department of 
Internal Medicine of HELIOS Clinic Wuppertal from 
January 1, 2004, to August 12, 2014. Males were more 
likely to develop pneumonia caused by GBS; howev-
er, there was no tangible inter-gender difference in 
antibiotic resistance (Table 1). There were 48 patients 
(72.7%) with community-acquired pneumonia, 11 
patients (16.7%) with nosocomial-acquired pneumo-
nia, and 7 patients (10.6%) with aspiration pneumo-
nia. A gender difference was not detected in type of 
acquisition of pneumonia (Table 2).  

Fifty-one inpatients were eliminated from this 
study because either they had another infectious dis-
order due to GBS or because direct access to their data 
at the Division of Neurology was not allowed.  

In this trial, the most commonly administered 
antibiotics for patients with pneumonia due to GBS 
were the combinations of piperacillin-tazobactam 
followed by ampicillin-sulbactam (Table 1). 

Compared to gentamicin, no resistance was 
found to penicillin, ampicillin, piperacillin, ampicil-
lin-sulbactam, piperacillin-tazobactam, cefuroxime, 
cefotaxime, or vancomycin in any inpatients with 
community- or nosocomial-acquired pneumonia 
triggered by GBS; this finding is statistically signifi-
cant (P < 0.0001; Table 1). GBS had the highest level of 
antimicrobial resistance to gentamicin when com-
pared to penicillin (P < 0.0001; Table 1). 

GBS also had an elevated level of resistance to 
erythromycin when compared with gentamicin (P < 
0.0001; Table 1). A statistical comparison of erythro-
mycin, to which GBS had a high level of antimicrobial 
resistance, and penicillin, to which GBS had no anti-
biotic resistance, was also completed (P = 0.008; Table 
1). 

GBS was most often detected in venous blood 
cultures in female pneumonia patients, and in trache-
al secretions in male pneumonia patients (Table 2). All 
discovered GBS cases were from isolates of facultative 
pathogenic GBS strains in patients with pneumonia. 

The mean duration of the hospital stay of inpa-
tients suffering from group B streptococcal pneumo-
nia was 14.6 ± 14.8 days. A gender difference in the 
length of hospital stay was not detected (Table 2). 
There were 7 actual deaths (10.6%, 95% CI 
3.2%–18.0%) related to group B streptococci pneumo-
nia. Therefore, the survival rate was 89.4% (95% CI 
81.5%–97.3%) for all inpatients with community- or 
nosocomial-acquired pneumonia caused by GBS in 
this investigation. Although more male than female 
pneumonia patients died, the difference was not sta-
tistically significant (Table 2). 
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Table 1. Resistance to various antibiotic groups after susceptibility testing, with the number of tested antibiotics and number of anti-
biotics used in treatment of group B streptococcal pneumonia patients and a comparison between the sexes. 

    No. of inpatients 
with group B 
Streptococcus = 66 

No. of males = 45 
No. of 
females = 21 

    

Drug groups Active 
substance 

No. of 
patients 
using anti- 
biotic 

No. of anti- 
biotics 
tested on 
anti-biogram 

Sensitive (%) Intermediate 
(%) 

Resistant (%) P value com-
pared with 
gentamicin 

P value com-
pared with 
penicillin 

P value 
male com-
pared with 
female 

Penicillins Penicillin 1  66  66 (100) 0 0 <0.0001   
 Male 0 45  45 (100) 0 0   1.0 
 Female 1 21 21 (100) 0 0    
 Ampicillin 2  66  66 (100) 0 0 <0.0001 1.0  
 Male 2  45  45 (100) 0 0   1.0 
 Female 0 21 21 (100) 0 0    
 Piperacillin 0 65  65 (98.5) 0 0 <0.0001 1.0  
 Male 0 45  45 (100) 0 0   1.0 
 Female 0 20 20 (100) 0 0    
Penicillin + 
Beta lactamase 
inhibitors 

Ampicillin + 
Sulbactam 

20  66  66 (100) 0 0 <0.0001 1.0  

 Male 11  45  45 (100) 0 0   1.0 
 Female 9 21 21 (100) 0 0    
 Piperacillin + 

Tazobactam 
30  66  66 (100) 0 0 <0.0001 1.0  

 Male 23  45  45 (100) 0 0   1.0 
 Female 7 21 21 (100) 0 0    
Cephalo-sporins Cefuroxime 0 66  66 (100) 0 0 <0.0001 1.0  
 Male 5  45  45 (100) 0 0   1.0 
 Female 3 20 20 (100) 0 0    
 Cefotaxime 0 66  66 (100) 0 0 <0.0001 1.0  
 Male 0 45  45 (100) 0 0   1.0 
 Female 0 21 21 (100) 0 0    
Gyrase inhibitors Ciprofloxacin 2  30  0 29 (96.7) 1 (3.3) 0.393 <0.0001  
 Male 2  21  18 (85.7) 1 (4.8) 2 (9.5)   0.741 
 Female 0 11 0 11 (100) 0    
 Levofloxacin 0 54  17 (31.5) 36 (66.6) 1 (1.9) <0.0001 <0.0001  
 Male 2  36  9 (25.0) 26 (72.2) 1 (2.8)   0.295 
 Female 0 18 8 (44.4) 10 (55.6) 0    
Macrolides Erythromycin 1  66  57 (86.4) 1 (1.5) 8 (12.1) <0.0001 0.008  
 Male 0 45  40 (88.9) 0 5 (11.1)   0.306 
 Female 1 21 17 (80.9) 1 (4.8) 3 (14.3)    
Trimethoprim + 
Sulfonamide 

Co-trimoxazole 0 15  13 (86.7) 0 2 (13.3) <0.0001 0.011  

 Male 0 11  10 (90.9) 0 1 (9.1)   0.726 
 Female 0 4 3 (75.0) 0 1 (25.0)    
Lincosamides Clindamycin 2  66  59 (89.4) 1 (1.5) 6 (9.1) <0.0001 0.025  
 Male 2  45  41 (91.1) 1 (2.2) 3 (6.7)   0.489 
 Female 0 21 18 (85.7) 0 3 (14.3)    
Amino-glycosides Gentamicin 0 66  0 58 (87.9) 8 (12.1)  <0.0001  
 Male 0 45  0 40 (88.9) 5 (11.1)   0.932 
 Female 0 21 0 18 (85.7) 3 (14.3)    
Glyco-peptides Vancomycin 0 66  66 (100) 0 0 <0.0001 1.0  
 Male 0 45  45 (100) 0 0   1.0 
 Female 0 21 21 (100) 0 0    

Note: All significant P values are shown in bold. 

 

Discussion 
During the 10-year period of this qualitative, 

observational control study, GBS did not develop re-
sistance to the following antibiotics used in the ther-
apy of inpatients treated for diagnosed community- or 
nosocomial-acquired pneumonia: penicillin, ampicil-
lin, piperacillin, ampicillin-sulbactam, piperacil-
lin-tazobactam, cefuroxime, cefotaxime, and vanco-
mycin. So-called community-acquired pneumonia is a 
typical acute lower-airway disease that is most com-

monly triggered by GBS and is one of the principal 
causes of increasing numbers of deaths around the 
world. This study found that GBS pneumonia consti-
tutes only about 1% of the thousands of pneumonia 
cases in the period investigated. That undermines, to 
an extent, a common impression that these bacteria 
are some of the most frequent causative pneumo-
nia-prone pathogens, particularly in the elderly [13]. 
Pneumonia is a manifestation of GBS disease that oc-
curs almost exclusively in older debilitated adults. 
The association of pneumonia with central nervous 
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system dysfunction from dementia, neurological im-
pairment from cardiovascular disease, or encephalo-
pathy suggests that aspiration is an important ante-
cedent to the development of lower respiratory in-
volvement [14]. 

 
 

Table 2. The different identification procedures and acquisition of 
group B Streptococcus, duration of hospital stay, and number of 
deaths in hospitalized patients with community- or nosocomi-
al-acquired pneumonia, compared between sexes. 

Samples Male 
(n = 45) (%) 

Female 
(n = 21) (%) 

P value 

Bronchial secretion 11 (24.4) 5 (23.8) 0.807 
Tracheal secretion 16 (35.6) 3 (14.3) 0.137 
Sputum 5 (11.1) 3 (14.3) 1.0 
Throat swab 1 (2.2) 0 0.699 
Venous blood culture 12 (26.7) 9 (42.9) 0.303 
Secretion drainage 0 1 (4.8) 0.699 
Acquisition of pneumonia   0.266 
Community-acquired 
pneumonia 

30 (66.7) 18 (85.7)  

Nosocomial-acquired 
pneumonia 

9 (20.0) 2 (9.5)  

Aspiration pneumonia 6 (13.3) 1 (4.8)  
Duration of hospital stay, 
mean + SD (days) 

15.8 ± 16.6 11.3 ± 10.5 0.264 

No. of deaths 5 (11.1) 2 (9.5) 0.823 

SD: standard deviation 
 
 
 
The first antibacterial therapy is usually empiric 

for patients with pneumonia caused by GBS. For these 
patients, the results of bacteriological cultivation and 
antimicrobial susceptibility testing are seldom ob-
tainable when the pneumonia due to GBS is first di-
agnosed. Any antibiotic selected for empiric therapy 
should be an effective treatment against GBS, have a 
good drug tolerance, and be able to be given in single 
doses. Group B streptococci are the primary cause of 
pneumonia, despite the differing frequencies of the 
appearance of this feared bacterium worldwide. Sub-
stantial geographic differences exist around the world 
in the level of group B streptococci resistance to peni-
cillin [15,16]. 

In the long run, antibiotics such as penicillin lose 
their effect on group B streptococci. The consequence 
of this is that the frequency of group B streptococcal 
pneumonia has progressively increased during the 
last three decades all over the world [17]. One possible 
explanation for penicillin resistance is that the overuse 
of antibiotics for the treatment of pneumonia and the 
abuse of antibiotics for viral infections of the upper 
airways have resulted in increased antimicrobial re-
sistance of GBS to penicillin [18]. In contrast to pre-
vious reports, no resistance to penicillin was found in 
the isolates from respiratory specimens in the present 
study over the last 10 years. An explanation for this 

cannot be provided through this study. There are 
apparently still significant geographical differences in 
the levels of the antimicrobial resistance of GBS to 
penicillin. Therefore, all laboratories should be en-
couraged to record the sensitivities of several antibi-
otics used in their territories simultaneously, in order 
to allow clinicians to advise the use of the most ap-
propriate antibiotic agents in the initial treatment of 
group B streptococcal pneumonia. This study showed 
that penicillin is still a suitable antibiotic for the suc-
cessful management of group B streptococcal pneu-
monia. 

A previous study identified a decreased suscep-
tibility to ampicillin in pneumococcal isolates discov-
ered in sputum [19]. In the case of severe pneumonia, 
this earlier study suggested a combination of amoxi-
cillin therapy with a macrolide or fluoroquinolone 
because of the increasing development of resistance in 
pneumococcal isolates to amoxicillin [19]. Despite the 
small administration rate of ampicillin as a therapeu-
tic agent in this study, it can be administered alone, 
according to the susceptibility testing, for the treat-
ment of pneumonia, particularly in the worst-case 
scenario of the discovery of group B streptococci in 
sputum. In this study, GBS was not resistant to ampi-
cillin in patients with pneumonia in the last decade. 

Microbiological tests also detected no antibiotic 
resistance in group B streptococci to piperacillin in 
this study. Piperacillin has extensive effectiveness on 
Gram-positive and Gram-negative microorganisms; 
moreover, it has shown higher activity against be-
ta-lactamase-producing bacteria than other penicil-
lins. In an earlier study, the activity of piperacillin was 
examined in GBS isolated from patients with infec-
tious diseases of the respiratory tract. From these re-
sults, piperacillin was detected to still be highly effec-
tive currently in relation to the maintenance of fa-
vorable antibacterial activities in several bacterial in-
fections [20]. 

In another previous study, the efficacy of ampi-
cillin-sulbactam in the antibiotic management of in-
patients suffering from pneumococcal pneumonia 
was examined [21]. Ampicillin-sulbactam is a combi-
nation beta-lactamase inhibitor antibiotic that is 
commonly used in hospitals against a large variety of 
microorganisms on the Gram-positive and 
Gram-negative spectrum. The rate of antibiotic re-
sistance to ampicillin was 43% in that previous study, 
and it was concluded that ampicillin-sulbactam 
showed excellent general clinical effectiveness in the 
antibiotic medication of inpatients with communi-
ty-acquired pneumonia [21]. In the present study, 
GBS did not develop resistance to the ampicil-
lin-sulbactam combination, which was frequently 
used as an antibiotic medication for the treatment of 
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patients diagnosed with community- and nosocomi-
al-acquired pneumonia. 

Another beta-lactam-inhibitor combination is 
piperacillin-tazobactam, with wide-ranging antibac-
terial effectiveness on Gram-positive and 
Gram-negative bacteria. Piperacillin is administered 
together with the beta-lactamase inhibitor tazobactam 
exclusively to cancel resistance of bacteria to the anti-
biotic. The effectiveness of piperacillin-tazobactam 
has been proven in previous studies [22]. While still 
showing excellent activity, resistance to piperacil-
lin-tazobactam has increased slightly in recent years, 
according to reports [22]. This study could not 
demonstrate the development of resistance of GBS to 
piperacillin-tazobactam, which increases the useful-
ness of the piperacillin-tazobactam combination for 
the treatment of patients with group B streptococci 
pneumonia. 

Cefuroxime produced great susceptibility testing 
results in hospitalized patients who were suffering 
from streptococcal pneumonia in this study, and it is 
recommended for the medication of pneumonia pa-
tients. All test samples of GBS were sensitive to ce-
furoxime in this study. Clinical investigations have 
reported that cefuroxime is an effective antibiotic 
drug for acute infectious diseases of the respiratory 
tract and other infections [23]. 

Second-generation cephalosporins are also ad-
vised for the first-line treatment of pneumonia. Nev-
ertheless, reports of cefuroxime therapy for penicil-
lin-resistant pneumococcal pneumonia are very lim-
ited, and they do not include cefuroxime-resistant 
cases [24]. 

A third-generation cephalosporin, cefotaxime, 
exhibited excellent activity in the susceptibility testing 
in the present investigation. Due to its 
broad-spectrum activity, cefotaxime is used for the 
treatment of serious infectious diseases, mainly severe 
pneumonia, in clinical practice [25]. 

Although cefuroxime and cefotaxime showed 
effective activity on GBS in the susceptibility testing, 
neither of these two cephalosporins was used in the 
treatment of streptococcal pneumonia patients in this 
study. The non-use of cefotaxime could possibly be 
attributed to an increase in resistance to penicillin and 
cefotaxime after 1996 [26]. 

Susceptibility tests in this investigation revealed 
that GBS strains were extremely sensitive to vanco-
mycin, an antibiotic of the glycopeptide class, which is 
used in the treatment of infectious diseases caused by 
Gram-positive bacteria [27]. Despite increasing antibi-
otic resistance in recent years, vancomycin is the only 
antimicrobial agent to which group B streptococci, the 
most important cause of bacterial pneumonia, has not 
become resistant [27]. 

The fluoroquinolones contain a family of associ-
ated chemical composites, such as ciprofloxacin, 
levofloxacin, etc. The prescription of this medication 
for the management of pneumonia represents major 
therapeutic progress. At the time of their implemen-
tation, these broad-spectrum antibiotics were also 
equally effective against GBS. Despite a very small 
resistance rate of GBS to ciprofloxacin and levofloxa-
cin, as was found in the present study, fluoroquin-
olones continue to be used in the present day for the 
antimicrobial medical treatment of diverse microor-
ganisms in the Gram-positive and Gram-negative 
range [28]. 

The development of resistance of GBS to 
co-trimoxazole has been increasingly reported 
throughout the world [29]. Co-trimoxazole is a com-
bination of two antimicrobial agents, trimethoprim 
and sulfamethoxazole, developed in order to improve 
their positive synergistic effectiveness against 
Gram-positive and Gram-negative bacteria [29]. 
However, an increasing rate of group B streptococci 
resistance to co-trimoxazole was observed over the 
past 10 years in this study. Co-trimoxazole is not 
commonly prescribed for the treatment of pneumonia 
in industrialized countries, but it is often used for the 
treatment of opportunistic infections, including 
pneumonia, in developing countries [29]. 

Macrolides or lincosamides should not be used 
empirically for severe group B streptococcal pneu-
monia before streptococcal strains are found to be 
sensitive in susceptibility testing [30]. A high re-
sistance rate to erythromycin and clindamycin was 
also found in the current study. 

Although penicillin remains the first antibiotic of 
choice for treating pneumonia, macrolides such as 
erythromycin have been used for patients with aller-
gies to beta-lactams and in combination therapies for 
severe pneumonia. While other studies have recom-
mended a combination therapy with penicillin and 
gentamicin against penicillin-resistant GBS, the cur-
rent investigation contradicts these studies with the 
confirmation of a high incidence of gentamicin re-
sistance in GBS. Gentamicin was used most frequently 
for the antimicrobial treatment of pneumonia in a 
previous study [31]. 

Study Limitations 
The results of this study describe the long-term 

evaluation of antimicrobial resistance in GBS at a sin-
gle large university hospital; thus, the outcomes of 
this study cannot easily be applied to other geo-
graphic regions. Additionally, after an evaluation of 
this study, it became apparent that not all of the anti-
biotics were tested at the same frequency when pre-
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paring the antibiograms of inpatients with group B 
streptococcal pneumonia. 

Conclusions 
All of the inpatients with group B streptococcal 

pneumonia in this study exhibited antibiotic re-
sistance to gyrase inhibitors, macrolides, 
co-trimoxazole, lincosamides, and aminoglycosides. 
None of these same patients exhibited antibiotic re-
sistance to penicillin, cefuroxime, cefotaxime, or van-
comycin. 
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