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CHANGES IN SUSCEPTIBILITY PATTERN OF STREPTOCOCCUS PNEUMONIA AT 
TAWAM HOSPITAL IN AL AIN , UNITED ARAB EMIRATES DURING  (2004-2011) 

Waheed Uz Zaman Tariq, Awatef Abou Hassanein, Rayhan Hasan Hashmey 

Tawam Hospital in Affilliation with Johns Hopkin's Medicine, Al Ain, UAE 

ABSTRACT 

Objective: Objective of the study was to find out the prevalence and antimicrobial susceptibility pattern of 
Streptococcus pneumoniae isolates at local hospital. 

Study Design: Retrospective study. 

Place and Duration of Study: Microbiology department of Tawam hospital isolates from 2004-2011. 

Material and Methods: A total of  1066 isolates of Streptococcus pneumoniae were obtained from various 
clinical specimens at  Microbiology section of Department of Laboratory Medicine, Tawam hospital, Al Ain, 
United Arab Emirates, from the period stretching over eight  calendar  years; 2004- 2011. We examined the 
data of all the S. pneumoniae isolates from the different body sites since 2004 until 2011, there were changes in 
the antibiotic susceptibility interpretation of S. pneumoniae to some antibiotics especially penicillin and 
ceftriaxone. For this study purpose, the 2011 CLSI guidelines is used retrospectively to interpret the antibiotics 
susceptibility for all the isolates (2004-2011). 

Results: The total number of isolates per year remained stable (p = 0.957). The number of isolates from blood 
showed a significant increase (p<0.05). During the period (2009-2011), most of the isolates were from the 
pediatric patients (<1–15 years of age) and the elderly (51-95 years old). The isolates were fully sensitive to 
levofloxacin and vancomycin. There was no significant change in sensitivity to tetracycline, and  
trimethoprim/ sulphamethaxazole. Until 2010, there was a significant drop in sensitivity to erythromycin 
(p=0.001, OR= 0.8). In 2011, though insignificant, susceptibility dropped to 47.4%. There was a significant drop 
in sensitivity to chloramphenicol (p<0.05, OR 1.2) and clindamycin (p<0.05, OR =0.7). Only 41.3% isolates 
were sensitive to penicillin G (meningitis) in 2004, which remained fairly the same until 2011, when it was 
40.2%. In case of other body sites, the isolates sensitive to penicillin G (non- meningitis) were 98.4% in 2004 
and 98.3% in 2011. The sensitivity to ceftriaxone (meningitis) dropped significantly from 93.3% to 81.2%. 
(p<.001 and OR=0.7). The isolates sensitivity to ceftriaxone (non-meningitis) dropped significantly as well 
from 99.2% in 2004 and 96.6 % in 2011 (p=.014, OR=0.6). There was no significant change in reduced 
sensitivity to penicillin G for meningitis and non-meningitis. There was a significant increase in the 
intermediate sensitivity of S. pneumoniae isolates to ceftriaxone (meningitis) from 5.8% in 2004 to 15.4 % in 
2011 (p<.001 and OR= 1.3) and ceftriaxone (non- meningitis) from 0.8% to 3.4 %.( p<.001 andOR=1.4). 

Conclusions: The resistance of S. pneumoniae to ceftriaxone, erythromycin, chloamphenicol and clindamycin is 
increasing. 

Keywords: Antibiotic susceptibility, Serotypes, Streptococcus pneumonia. 

 

INTRODUCTION  

Streptococcus pneumoniae (S. pneumoniae) 
remains a common pathogen and leading cause 
of morbidity and mortality1. Transmission of S. 
pneumoniae occurs as the result of direct person-
to-person contact via respiratory droplets and 
by autoinoculation in persons carrying the 

bacteria in their upper respiratory tract2. This 
organism continues to be common cause of 
mild to severe and life threatening diseases 
including pneumonia, bacteremia and 
meningitis, and it is also a frequent causes of 
upper respiratory tract infections like otitis 
media and sinusitis3. 

S. pneumoniae was known to be completely 
susceptible to penicillin and other beta-lactam 
antibiotics. However, since 1980s, a dramatic 
increase in antibiotic resistance among               
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S. pneumoniae has been observed in many parts 
of the world. Streptococcus pneumoniae, 
colonizes the nose and pharynx. The 
nasopharyngeal carriage rates are higher in 
children. The carriage rates show geographic 
diversity and seasonal fluctuation1-3. S. 

pneumoniae spreads from person to person by 
the inhalation of respiratory droplets (e.g. 
coughing, sneezing) from an infected person. 
Many people carry this organisma 
symptomatically. Carriers may have more than 
one serotype of the organism. The bacterium 
can sometimes cause severe illness in children, 
the elderly and other people with weakened 
immune systems. S. pneumoniae is the most 
common cause of ear infections (otitis media) 
bacteremia, meningitis, pneumonia, and 
sinusitis, conjunctivitis, sepsis (blood infection) 
in children (4,5) as well as pneumonia in 
immunocompromised individuals and the 
elderly. S. pneumoniae is considered "invasive" 
when it is found in the blood, spinal fluid or 

other normally sterile sites. Invasive disease 
occurs when a person acquires a serotype other 
than the onecarried. 

The emergence of resistance of                    
S. spneumoniae to antibiotics is of major global 

concern. The aim of this study was to highlight 
the significance of S. pneumoniae isolates and 
their pattern of antibiotic susceptibility, over a 
period of eight years. 

MATERIAL AND METHODS 

Total 1066 isloates were selected by non-
probability purposive sampling. The 
identification was made by the conventional 
microbiology methods: optochin sensitivity, the 
API Strep (Analytic Profile Index) strips from 
BioMerieux and Vitek 2 GP identification cards. 
This was carried out at microbiology section of 
department of laboratory medicine,Tawam 
hospital, Al Ain, United Arab Emirates, to cover 
the period stretching over  eight calendar years; 
2004- 2011. 

Table-1: Monthly Distribution of Streptococcus pneumoniae isolates (2004-2011). 

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

2004 10 4 17 10 9 7 9 8 8 7 15 14 

2005 17 17 11 9 13 7 3 6 17 10 12 16 

2006 13 13 14 3 6 5 4 3 11 13 13 10 

2007 11 10 16 15 10 15 14 7 9 11 20 12 

2008 6 13 14 8 14 12 15 6  24 16 15 

2009 11 10 14 14 12 13 5 11 7 8 5 11 

2010 18 15 11 10 11 4 7 8 6 6 11 9 

2011 9 14 18 11 17 7 6 4 5 14 13 10 

Total 95 96 115 80 92 70 63 53 63 93 105 87 

Table-2: Susceptibility of S. pneumoniae isolates to the antibiotics tested. 

 Chloramph
enicol 

Clindamyc
in 

Erythromy
cin 

Levofloxa
cin 

Trimethoprim/S
ulfamethoxazole 

Tetracyclin
e 

Vancom
ycin 

2004 %S 95.0 84.0 71.0 100 43.0 69.0 100 

n 95 84 103 79 7 91 67 

2005 %S 97.0 79.0 69.0 100 49.0 76.0 100 

n 65 103 134 118 39 119 123 

2006 %S 92.0 68.0 59.0 100 41.0 70.0 100 

n 39 93 93 90 56 80 93 

2007 %S 95.0 76.0 57.0 100 38.0 63.0 100 

n 64 143 150 138 73 147 156 

2008 %S 87.9 97.0 61.4 100 54.0 73.4 100 

n 33 125 136 136 100 139 139 

2009 %S 100.0 94.1 69.0 100 53.2 68.7 100 

n 11 17 84 83 79 83 83 

2010 %S 98.9 85.7 52.7 100 50.0 62.0 100 

n 88 21 110 100 98 108 105 

2011 %S 94.2 61.3 47.4 100 54.5 63.8 100 

n 104 31 116 104 101 116 116 

p-value .002 .000 .290 1.000 .236 .063 1.000 

%S: Percentage of isolates susceptible. 
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Based on the available saved data of 
Microbiology Laboratory results, from 2004 

until April 2008 (Laboratory information system 
Epicenter, version 4.0), a retrospective study 
was done. Further data for three more years 
(2009-2011) was added; from newly acquired 
Cerner based Laboratory information System. 
The data regarding S. pneumoniae isolates from 
clinical specimens was evaluated, 
retrospectively. 

Antibiotic susceptibility testing was done 
by the disc diffusion method during the period 
January 2004 and June 2006. For the S. 
pneumoniae penicillin and ceftriaxone 
susceptibility is tested initially with the 
oxacillin disc and in case of its resistance, Etest 
was performed. With effect from July 2006, 
Vitek 2 was used for the antibiotic susceptibility 
after being validated, while the disc diffusion 
method continued to be used for testing S. 
pneumoniae at occasions where the Vitek 2 failed 
or recommended to retest the organism’s 
susceptibility. Although the antibiotic panel is 
standardized, at times when antibiotic is not 

available due to shortage of supply, the isolate 

will not be tested for that antibiotic. 

The Etests (AB Biodisk Solna, Sweden) 
measured minimum inhibitory concentrations 
(MIC) of penicillin and ceftriaxone for S. 
pneumoniae.  The 2011 CLSI guidelines were 
followed for the interpretation of the antibiotic 
disc diffusion and Etests results retrospectively 
because some breakpoints for interpretation of 
MICs and disc zones have changed11. 

The data of S. pneumoniae from the 
epicenter and Cerner was transcribed to the 
WHONET and analyzed by WHONET version 
5.3, a software program for the management of 
microbiology laboratory data. The algorithm 
used for handling repeat isolates was patient 
based and only the first isolate per patient was 
included in the analysis. Repeat isolates of the 
patient from the same body site are considered 
as duplicate and are excluded from analysis. 
For the same patient, isolates from different 

Table-3: Susceptibility of S. pneumoniae isolates to penicillin and ceftriaxone. 

 Ceftriaxone 
(meningitis) 

Ceftriaxone 
(non-meningitis) 

Penicillin 
(meningitis) 

Penicillin 
(non-meningitis) 

2004 %S 93.3 99.2 41.3 98.4 

%I 5.8% 0.8% 0.0% 0.80% 

n 121 121 121 121 

2005 %S 99.3 100 46.8 99.3 

%I 0.7% 0.0% 0.0% 0.70% 

n 141 141 141 141 

2006 %S 95.7 100 44.1 100 

%I 4.3% 0.0% 0.0% 0.0% 

n 93 93 93 93 

2007 %S 94.8 99.4 36.6 100 

%I 4.6% 0.6% 0.0% 0.0% 

n 154 154 154 154 

2008 %S 85.8 98.5 40.6 100 

%I 13.5% 1.5% 0.0% 0.0% 

n 138 138 138 138 

2009 %S 86.9 100 46.4 100 

%I 13.1% 0.0% 0.0% 0.0% 

n 84 84 84 84 

2010 %S 82.3 97.2 40.7 98.1 

%I 14.8% 1.9% 0.0% 1/9% 

n 108 108 108 108 

2011 %S 81.2 96.6 40.2 98.3 

%I 15.4 3.4% 0.0% 1.7% 

n 117 117 117 117 

%S: Percentage of isolates susceptible 
%I; Percentage of isolates Intermediate n: Number of isolates tested 
n: Number of isolates tested 
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body sites are considered separate isolates and 
are included in the analysis. 

Cumulative antibiogram reports of the 

different isolates and antimicrobials for the 
eight calendar years (2004-2011) were 
compared. Kirby-Bauer disc diffusion was the 
method of testing antibiotic susceptibility 
during the years 2004-2006. Isolates of 
pneumococci were tested initially with oxacillin 
disc (1 microgram). Isolates with oxacillin zone 
sizes  ≥ 20 mm are susceptible to penicillin (MIC 
≤ 0.06μg/ml) and ceftriaxone6. The isolates with 
oxacillin zone diameters of ≤ 19 mm are tested 
by etest for penicillin and ceftriaxone. Penicillin 
was tested by etest since vitek 2 does not report 
MIC below 1. 

 

 

Statistical Analysis 

Data had been analyzed by SPSS Statistics 
version 17.0. The percentage of sensitive isolates 

to the different antibiotics tested, the number of 
isolates andtheir distribution during each 
month of the year and the number of isolates 
for the different age groups were recorded. 

Logistic regression was used to assess the 
association between the year of sampling and 
the antimicrobial resistance of S. pneumoniae to 
observe any change in the percentage of 
resistance. The odds ratio (OR) and 95% 
confidence interval (CI) were calculated 

RESULTS 

During the period 2004-2011 total number 
of isolates were 1066 (fig-1), there was no 
significant change in the number of isolates per 

 
Figure-1: Annual Number of S. pneumonia isolates (2004 – 2011). 

 
Figure-2: Cumulative monthly distribution of S. pneumoniae isolates. 
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year (p=0.957). The mean of isolates was133. 
The range was (108 to157). 

The isolates were universally sensitive to 
levofloxacin and vancomycin. There was no 
significant change in sensitivity to tetracycline, 
and trimethoprim/ sulphamethaxazole. Until 
2010 there was a significant drop in sensitivity 
to erythromycin (p= 0.001, OR= 0.8). In 2011, 
though insignificant, susceptibility dropped to 
47.4%. There was a significant drop in 
sensitivity to chloramphenicol (p<0.05, OR 1.2) 
and clindamycin (p<0.05, OR =0.7). 

For the β-lactam antibiotics, the definition 
of susceptibility has been changed, as from 2003 
onwards; it is concentration dependent based 
on the body site. It might be resistant to 
achievable antibiotic level in the CSF. On the 
other hand, it might be susceptible for the 
heavily vascular sites of infection, where it 
reaches by blood i.e. otitis media, sinusitis or 
pneumoniae. The CLSI guidelines set different 
breakpoints for the antibiotics depending on 
whether the S. pneumonie infection is meningeal 
or non-meningeal. CLSI set breakpoints initially 
for ceftriaxone alone until the year 2010 when 
breakpoints for penicillin was set as well. For 
this study purpose, the2010 CLSI guidelines are 
used retrospectively for all the isolates (2004-
2010). 

Only 41.3% isolates were sensitive to 
penicillin G (meningitis) in 2004, which 
remained fairly the same until 2011, when it 
was 40.2%. In case of other body sites, the 
isolates sensitive to penicillin G (non-
meningitis) were 98.4% in 2004 and 98.3% in 
2011. The sensitivity to ceftriaxone (meningitis) 
dropped significantly from 93.3% to 81.2%. 
(p<.001 and OR=0.7). The isolates sensitivity to 
Ceftriaxone (non-meningitis) dropped 
significantly as well from 99.2% in2004 and 96.6 
% in 2011(p=.014, OR=0.6). 

Reduced or intermediates susceptibility to 
beta-lactam antibiotics was also assessed. There 
was no significant change in reduced sensitivity 
to penicillin G for meningitis and non-
meningitis. There was a significant increase in 
the intermediate sensitivity of streptococcus      
S. pneumoniae isolates to ceftriaxone (meningitis) 
from 5.8% in 2004 to 15.4 % in 2011 (p<.001 and 

OR= 1.3) and ceftriaxone (non- meningitis) from 
0.8% to 3.4 %.( p<.001 and OR=1.4). 

DISCUSSION 

During this study the annual number of    
S. pneumoniae isolates did not change during the 
last 8 years. The number of isolates could be 
greater as it is well known that S. pneumoniae is 
the major cause of community acquired 
pneumoniae where the organism is isolated only 
in 5 to 18 percent. Better recovery of the 
organism requires more invasive techniques to 
obtain the specimen to be tested7. 

S. pneumoniae was isolated in a similar 
percentage from the eye, ear and sputum 
during the study.The isolates were more 
significantly increased in the blood. This could 
be of clinical significance as bacteremia is 
serious. In a study of 100 veterans, 19% of 
patients with pneumococcal bacteremia died 
during the first week of infection as compared 
to 4% of patients with no bacteremia8. 

The majority of the isolates were from the 
children and the elderly as it is observed in 
other studies. Isolates were mainly from 
patients in the ≥ 65 and < 2 year old age 
groups9. 

The S. pneumoniae isolates in our study 
were fully sensitive to levofloxacin which is the 
only quinolone tested. Despite the fact that 
levofloxacin and ciprofloxacin exhibit  different 
bactericidal effect on  strains of S. pneumonia10, 
our  levofloxacin results are comparable to 
studies  using both of those quinolones. In other 
parts of the world, there is emergence of 
quinolone resistant isolates. In Saudi Arabia, in 
a study of patients in 4 hospitals (1996-1998)11. 
A total of 1.1% of isolates were resistant to 
levofloxacin. In USA, the resistance to 
levofloxacin was 1%  and 2% to 
ciprofloxacin12,13.  In Canada resistance was 
1.5% in (1993-1994) and became 2.9 in (1997-
1998)14. In Vietnam, resistance to ciprofloxacin 
was 28% (2007)15. Quinolones are highly 
effective in treating community acquired 
pneumonia. Resistance can be acquired by prior 
exposure to quinolones, nursing home 
residence, nosocomial disease and chronic 
pulmonary disease16. 
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In Tawam hospital, 37% of isolates were 
resistant to tetracyclines, a finding similar to a 
study conducted in Saudi Arabia, with 38.5% 
tetracycline resistance17isolates. Resistance to 
tetracyclines in USA was 20%, in Canada 6% in 
other countries 25% to 40 % (18-20) and in 
Vietnam, 75%16. 

There was no significant change in 

Trimethoprim/Sulfamethoxazole susceptibility 
from 43.0% to 54.5 %. The percentage of 
resistance is 45.5% which is similar to the figure 
41% in Kuwait (one year study in 3 major 
hospitals)21 in USA , in (1999-2000) , 29.3 % were 
resistant22 and in Vietnam (2007) 78%16. 

Erythromycin showed significant drop in 
sensitivity. There is a significant variation in the 
figures from the different countries. In this 
study 52.6% of isolates were resistant which is 

higher than the figure (33.3%) seen in one study 
in Saudi Arabia17. In USA macrolides resistance 
was 17-35% (2000-2003)22. Resistance to 
Erythromycin ranged 55% in Asia, 92% 
inVietnam, 70% in Japan23,24. 

While clindamycin, in USA 5-10 percentage 
are resistant18, 38% are resistant in our study. A 
similar figure 33% was seen in the study done 

in the United Arab Emirates25. 

Penicillin resistance was the same during 
the study 59.8%. The figure is similar to that in 
the Gulf area. In Kuwait, one year study in 3 
major hospitals, penicillin was 46% resistant 
and 9% intermediate21.In Saudi Arabia, King 
Faisal Specialist Hospital 172 isolates (1995-
1999), in a 5 years study 51% were resistant to 
penicillin26. In Saudi Arabia, in a 7-years 
retrospective review of invasive pediatric 

 
Figure-3: S. pneumoniae isolates from different body sites. 

 
Figure-4:The percentage ofS. pneumoniae isolates from the different age groups3. 
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pnemococcal diseases in military hospital in the 
Southern region. Penicillin intermediate was 
found in 48.5%, 2.4 % resistant24. In the 2 years 
study, 2004-2005, penicillin resistance in Kuwait 
was 60%27 . In Spain, published in 1998, 49% 
resistant to penicillin28 and in Vietnam 75%15. 

Ceftriaxone non-meningitis resistance 
ranged from 0.8 to 3.4 while the meningitis 
resistance ranged from 6.7 to 18.8. In USA 
resistance to ceftraixone ranges from 1.2% to 
6.9%29. In Saudi Arabia, King Faisal Specialist 
Hospital (1995-1999), in a 5 years study, 
ceftiaxone resistance was 7%26. In Kuwait, one 
year study in a 3 major hospitals, 9% were 
resistant to ceftriaxone21. Cetriaxone resistance 
rate was lower than the isolates from the 
neighboring area. 

Pneumococcal isolates showed higher in 
vitro resistance to penicillin and ceftriaxone. 
This leads to question in the use of those 
antimicrobial agents that have been used 
extensively for treatment in the past. The first 
penicillin resistant S. pneumoniae were isolated 
in Australia in196730. The emergence of 
penicillin resistance continued to increase 
worldwide. The empirical use of penicillin for 
treatment became inadequate thereafter. 
Studies were conducted to evaluate the in vitro 
resistance paralleled with increase in mortality 
or morbidity to use penicillin for treatment. 
Many studies showed that penicillin is still 
effective in treating cases with resistant or 
intermediate susceptibility30-32. In a 10 years 
study in Spain, there was no significant 
difference in mortality between cephalosporin 
sensitive and cephalosporin resistant groups. 
Regarding penicillin, mortality was higher 
(38%) with the penicillin resistant than 
penicillin sensitive (22%)32. But after correcting 
for factors that cause poor prognosis, which 
were more present in the penicillin resistant 
group, there was no significant difference in 
mortality. In study carried out in South Africa 
and in Spain, there was no difference in 
mortality rate between penicillin sensitive and 
penicillin intermediate groups who received 
penicillin treatment32. It is advisable to assess 
the risk factors of penicillin resistance, if the 
patient is severely ill, has meningitis or 

underlying disease30-32. Pallars et al suggested 
using high dose of Penicillin yield good 
response in treating intermediate resistant 
infections32. 

CONCLUSION 

The antibiotic susceptibility of S. 
pneumoniae to levofloxacin, vancomycin, 
trimethoprim/sulfamethoxazole, penicillin and 
tetracycline did not change significantly during 
the last 8 years. There was a significant change 
in sensitivity to chloramphenicol, clindamycin 
and ceftriaxone. 

The number of invasive pneumococcal 
disease in the children <5 years who are the 
target group to be vaccinated should be 
monitored in the country to check the effect of 
the pneumococcal vaccine. After 7- valent 
pneumococcal conjugate vaccine (PCV7) was 
administered in 2001-2002, there was a 
significant drop in the number of invasive 
pneumococcal disease in the children <5 years 
in the year 2003in USA23. 

CONFLICT OF INTEREST 

The authors of this study reported no 
conflict of interest. 

REFERENCES 

1. Cardoso VC, Cervi MC, Cintra OA, Salathiel AS, Gomes AC. 
Nasopharyngeal colonization with Streptococcus pneumoniae in 
children infected with human immunodeficiency virus. J Pediatr (Rio 
J). 2006 Jan-Feb;82(1):51-7. 

2. Marchisio P,Esposito S,Schito GC, Marchese† A, Cavagna R, Principi 
N, et al. Nasopharyngeal Carriage of Streptococcus pneumoniae in 
Healthy Children: Implications for the Use of Heptavalent 
Pneumococcal Conjugate Vaccine. Emerg Infect Dis. 2000 8,5:479-84. 

3. Korona-Glowniak L, Malm A. Characteristics of Streptococcus 
pneumoniae Strains Colonizing Upper Respiratory Tract of Healthy 
Preschool Children in Poland. Scientific World Journal732901. 

4. Tomczyk S, Bennett NM, Stoecker C. Gierice R, Moore MR, wwtney 
CG et al. Use of 13-valent pneumococcal conjugate vaccine and 23-
valent pneumococcal polysaccharide vaccine among adults aged ≥ 65 
years: Recommendations of the advisory committee on immunization 
practices (ACIP).  MMWR Morb Mortal WKY Rep 2014; 63(37):822. 

5. Tsai CJ, Griffin MR, Nuorti JP, Grijalva CG, Changing epidemiology of 
pneumococcal meningitis after the introduction of pneumococcal 
conjugate vaccine in the United States. Clin Infect Dis 2008;46(11):1664-
72. 

6. Tse A, Tseng HF, Greenesk, vellozzicc, Lee GM, Signal identification 
and evaluation for risk of febrile seizures in children following 
trivalent inactivated influenza vaccine in the Vaccine Safety Datalink 
Project, 2010-2011. Vaccine. 2012;30(11):2024-31. 

7. Ghaffar F, Friedland IR,Mccracken GH,Dynamics of nasopharyngeal 
colonization by Streptococcus pneumonia.‖ Pediatr Infect Dis 
1999,18(6): 638-46. 

8. Bogaert D,DeGroot R, Hermans PW, Streptococcus pneumoniae 
colonisation: the key topneumococcal disease,Lancet Infect Dis, 2004; 
4(3): 144-54. 

9. Black S, Shinefield H, Fireman B, Lewis E, Ray P, Hansen JR. Efficacy, 
safety and immunogenicity of heptavalent pneumococcal conjugate 
vaccine in children. Pediatr Infect Dis J 2000;19(3):187-95. 

http://www.ncbi.nlm.nih.gov/pubmed?term=Cardoso%20VC%5BAuthor%5D&cauthor=true&cauthor_uid=16532148
http://www.ncbi.nlm.nih.gov/pubmed?term=Cardoso%20VC%5BAuthor%5D&cauthor=true&cauthor_uid=16532148
http://www.ncbi.nlm.nih.gov/pubmed?term=Cintra%20OA%5BAuthor%5D&cauthor=true&cauthor_uid=16532148
http://www.ncbi.nlm.nih.gov/pubmed?term=Cintra%20OA%5BAuthor%5D&cauthor=true&cauthor_uid=16532148
http://www.ncbi.nlm.nih.gov/pubmed?term=Gomes%20AC%5BAuthor%5D&cauthor=true&cauthor_uid=16532148
http://www.ncbi.nlm.nih.gov/pubmed?term=Gomes%20AC%5BAuthor%5D&cauthor=true&cauthor_uid=16532148
http://www.ncbi.nlm.nih.gov/pubmed/16532148
http://www.ncbi.nlm.nih.gov/pubmed/16532148


Susceptibility Pattern of Streptococcus Pneumonia  Pak Armed Forces Med J 2016; 66(1):14-21 

21 

 

10.  CLSI ? Performance Standards for Antimicrobial Susceptibility 
Testing; Twenty-Second Informational Supplement: 2012; 32(3): 104-5. 

11.  Bartlett JG, Mundy LM. Community-acquired pneumoniae. N Engl J 
Med 1995, 333(24): 1618-24. 

12.  Musher DM, Alexandraki I, Graviss EA, Yanbeiy N, Eid, Inderias LA 
et al. Bacteremic and nonbacteremic pneumococcal . A prospective 
study. Medicine (Baltimore) 2000; 79(4):210-21. 

13.  Robinson KA, Baughman W, Rothrock G, Ba rrch NL, Pass M, Lexau 
C, et al. Epidemiology of invasive Streptococcus pneumoniae infections 
in the United States, 1995-1998: Opportunities for prevention in the 
conjugate vaccine era. JAMA 2001;285 (13):1729-35. 

14.  Odenholt I, Löwdin E, Cars O. Bactericidal effects of levofloxacin in 
comparison with those of ciprofloxacin and sparfloxacin. Clin 
Microbiol Infect. 1998 May;4(5):264-70 

15.  CLSI. 2010. Performance standards for antimicrobial susceptibility 
testing; twentieh351 informational supplement. CLSI document M100-
S20. Clinical and Laboratory Standards352 Institute, Wayne, PA. 

16.  Balkhy HH, Memish ZA, Shibl A, Elbashierand A,  Osoba A.In vitro 
activity of quinolones against S. pneumoniae, H. influenzae and 
Moraxella catarrhalis in Saudi Arabia. 2005;11(1-2) 36.44East Mediter, 
Health J. 

17.  Jones, RN, Mera, RM, Miller, LA, Penfella M, Fr H ScheTR,. 

Pneumococcal conjugate vaccine (PCV7) effect on antibiograms: 
serotype and susceptibility rate changes in the SENTRY antimicrobial 
surveillance program (USA). 44th Annual Meeting of the Infectious 
Diseases Society of America, October 12-15, 2006. Abstract #253. 

18.  File, T, Craig, W, Farrell, DJ, Patterns of antibacterial susceptibility 
among Streptococcus pneumoniae isolates obtained from patients with 
community-acquired pneumonia: update from PROTEKT US year 5. 
44th Annual Meeting of the Infectious Diseases Society of America, 
October 12-15, 2006. Abstract #476. 

19.  Chen DK, McGeer A, de Azavedo JC, Low DE. Decreased 
susceptibility of Streptococcus pneumoniae to fluoroquinolones in 
Canada. Canadian Bacterial Surveillance Network. N Engl J Med 1999; 
341(4):233-9. 

20.  Ho PL, Tse WS, Tsang KW, KWOKTK, Ng TK, Cuengvc et al. Risk 
factors for acquisition of levofloxacin-resistant Streptococcus 
pneumoniae: a case-control study. Clin Infect Dis 2001 Mar 1; 32(5):701-
7. 

21.  Nguyen Quynh Hoa, Nguyen V Trung, Mattias Larsson, Bo Eriksson, 
Ho D Phuc, Nguyen TK Chuc and Cecilia Staisby Lundbo. Decreased 
Streptococcus pneumoniae susceptibility to oral antibiotics among 
children in rural Vietnam: a community study. BMC Infectious 

Diseases 2010, 10:85 
22.  Al Ayed MS, Hawan AA. Retrospective review of invasive pediatric 

pnemococcal diseases in military hospital in the Southern region of 
Saudi Arabia .Ann Saudi Med 2011; 31(5): 469-72. 

23.  Doern GV, Richter SS, Miller A, Miller N, Ricec, Heilmann K et al. 
Antimicrobial resistance among Streptococcus pneumoniae in theUnited 
States: have we begun to turn the corner on resistance to certain 

antimicrobial classes? Clin Infect Dis 2005;41(2):139-48. 
24.  Doern GV, Heilmann KP, Huynh HK, Rhomberg PR coffmas SL, 

Brueggemamm ABs. Bellyou T, Low DE, Howam DJ. Antimicrobial 
resistance among clinical isolates of Streptococcus pneumoniae in the 
United States during 1999--2000, including a comparison of resistance 
rates since 1994--1995. Antimicrob Agents Chemother 2001; 45(6):1721-
9. 

25.  Zhanel GG, Palatnick L, Nichol KA, BellyouT, Low DE, Hawm DJ. 
Antimicrobial resistance in respiratory tract Streptococcus pneumoniae 
isolates: results of the Canadian Respiratory Organism Susceptibility 
Study, 1997 to 2002. Antimicrob Agents Chemother 2003; 47:1867. 

26.  JSTOR: Epidemiology and Infection, Vol.125, No.3(Dec., 2000), pp. 
673-581. 

27.  Thornsberry C, Sahm DF, Kelly LJ, Cntcaley IA, Jones ME, Evengelista 
At. Regional trends in antimicrobial resistance among clinical isolates 
of Streptococcus pneumoniae, Haemophilus influenzae, and Moraxella 
catarrhalis in the United States: results from the TRUST Surveillance 
Program, 1999-2000. Clin Infect Dis 2002; 34 Suppl 1:S4-S16. 

28.  Song JH, Jung SI, Ko KS, Sonjs, Chang HH, KiHK et al. High 
prevalence of antimicrobial resistance among clinical Streptococcus 
pneumoniae isolates in Asia (an ANSORP study). Antimicrob Agents 
Chemother 2004; 48(6):2101-7. 

29.  Hotomi M, Billal DS, Shimada J, Suzumoto M, Yamauchi IC, Juji Lara 
K. et al. Increase of macrolide-resistant Streptococcus pneumoniae-
expressing mefE or ermB gene in the nasopharynx among children 
with otitis media. Laryngoscope 2005; 115(2):317-20. 

30.  Senok A, Al-Zarouni M, Al-Najjar J, Nublusi A, Panigrahi 
D.Antimicrobial resistance among  Streptococcus pneumoniae 
andHaemophilus influenzae isolates in the United Arab Emirates:2004-
2006. J Infect Dev Ctries 2007;1(3):296-302. 

31.  Al-Aqeeli AA, GUY ML, Al-Jumaah SA, Streptococcus pneumoniae 
resistance to penicillin and ceftriaxone in a tertiary care center in Saudi 
Arabia. Saudi Medi J 2002;23(4):400-4. 

32.  Mokaddas EM, Rotimi VO,JAlbert MJ, Implications of Streptococcus 
pneumoniae Penicillin Resistance and Serotype .Distribution in Kuwait 
for Disease Treatment and Prevention. ClinVaccine Immunol2008 
Feb;15(2);203-7. 

33.  Ewic S, Ruiz M, Torres A, Marco F, Martinez JA, Sanchez M et 
al.Pneumoniae acquired in the Community Through Drug-Resistant 
Streptococcus pneumoniae.Am J Respir Crit Care Med 159, (6) June 1999, 
1835-42. 

34.  Lynch JP, M.D., Zhanel GG, Streptococcus Pneumoniae: Does 
AntimicrobialResistance Matter? Semin Respir Crit Care Med. 2009; 

30(2):210-38. 
35.  Chiou CC, Clinical Infectious Diseases2006; 42 (2):234-7. 
36.  Editorial: Therapy for penicillin-resistant Streptococcus 

pneumoniae.1995  The Pathological Society of GreatBritain and Ireland. 
Med. Microbiol.43 (1995), 237-8. 

37.  Minton EJ, Macfarlane JT, Antibiotic resistant Streptococcus 
pneumoniae. Thorax 1996; 5151(Suppl 2): S45- 50. 

 

View publication stats

http://www.uptodate.com/contents/resistance-of-streptococcus-pneumoniae-to-the-fluoroquinolones-doxycycline-and-trimethoprim-sulfamethoxazole/abstract/21
http://www.uptodate.com/contents/resistance-of-streptococcus-pneumoniae-to-the-fluoroquinolones-doxycycline-and-trimethoprim-sulfamethoxazole/abstract/21
http://www.uptodate.com/contents/resistance-of-streptococcus-pneumoniae-to-the-fluoroquinolones-doxycycline-and-trimethoprim-sulfamethoxazole/abstract/21
https://www.researchgate.net/publication/298341153

