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ABSTRACT
Background and Objectives: Blood stream infections cause significant morbidity and mortality 

in the world. In this study, we aimed at describing the organisms responsible for septicemia in 
20062007- and their antimicrobial susceptibility that might lead to proper selection of antimicrobial 
agents in hospitalized patients with suspected sepsis.

Materials and Methods: Microbiology reports of 1753 blood specimens collected from inpatients 
of a referral hospital in Iran were retrospectively reviewed. Specimen culture, bacterial identification, 
and disk diffusion susceptibility testing were performed according to The Clinical and Laboratory 
Standards Institute guidelines. Data were analyzed by SPSS, X² Test and the fisher exact Test.

Results: Coagulase-negative Staphylococci accounted for most isolated bacteria (24.61%), in both 
genders. The second and third most frequent isolated bacteria in adults were staphylococcus aureus 
and Stenotrophomonas maltophilia, and in children were Klebsiella pneumoniae and S. aureus. 
Among the all Gram – positive cocci, vancomycin was the most effective agent. The most effective 
antibiotic varied among the Gram-Negative isolates, for example 95.65% of S. maltophilia were 
susceptible to co-Trimoxazole, and amikacin were suitable antibiotic in 85.29% of E. coli.

Conclusion: As the degree of antibiotic resistance rate for blood stream pathogens is alarming, 
it is mandatory to monitor the susceptibility of these isolates in order to avoid inappropriate use of 
antibiotics in hospital wards
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Introduction

Blood stream infections (BSI) are important 
cause of morbidity and mortality worldwide 

(1, 2). For example in the USA, it is estimated that 
about 1020%- of nosocomial infections are due to BSI 
(3). Similarly, in Iran, BSI is one of the most common 
health care- related infections. It is completely clear 
that appropriated antimicrobial therapy of BSI is 
crucial in decreasing morbidity and mortality of this 
kind of infection (4). Although in Iran, antimicrobial 
resistance is a frequent cause of treatment failure of 
BSI.

Severely ill patients with potentially blood stream 
infections are usually treated empirically before the 
susceptibility results of their blood cultures are ready. 
Initial therapy with proper antibiotic agent is of critical 
significance for the survival of the patient (5). For 
selecting the choice of empiric therapy many factors 
should be kept in mind including the kind of pathogen 
that is most probably the cause the infection according 
to age, gender and risk factors and its probable 
antibiotic susceptibility pattern. Subsequently after 
isolation of a pathogen and receiving the results of 
susceptibility testing, the initial antibiotic therapy 
may change, however those information become 
available at least after 24 – 48 hours.

Surveillance of antibiotic resistance is essential 
to monitor the resistance situation. Surveillance 
programs revealed a trend of increasing antimicrobial 
resistance among frequent pathogens of BSI such as 
coagulase-negative Staphylococci and Staphylococcus 
aureus (6). 

In Iran, like many other countries, an organized 
national surveillance programs are not stabilized and 
information about the prevalence of BSI pathogens 
and their antimicrobial susceptibility patterns 
is not available. For each geographical region, 
epidemiological studies are essential to demonstrate 
the previously mentioned data and for controlling the 
local spread of bacterial resistance. The final advantage 
of such programs is preventing the distribution of 
antimicrobial resistance in that geographical area (7, 
8). 

In this study, we aimed at describing the organisms 

that were responsible for septicemia in 20062007- 
and their antimicrobial susceptibility that may lead to 
proper selection of antimicrobial agents in hospitalized 
patients with suspected sepsis.

Materials and Methods

In a retrospective cross sectional study, data from 
Microbiology Laboratory reports of blood cultures 
from Imam Khomeini Hospital complex, Tehran, 
Iran were controlled and considered during 2 years 
(2006 – 2007). This complex is a general and referral 
hospital, and affiliated to the Tehran University of 
Medical Science, Iran. This hospital admits patients 
from all parts of Iran and includes a wide spectrum of 
socioeconomic levels patients.

The standard blood culture method (i.e. two 10-20 
ml blood samples drawn with optimal time interval of 
30 to 60 min between cultures) was performed in this 
hospital. Microbiology reports of all isolates, which 
were separated from aerobic blood culture bottles, 
were reviewed. Septicemia is defined as presence 
of bacteria in the blood, as confirmed by culture 
that is associated with clinical manifestation and 
systemic response. All types of microorganisms and 
susceptibility testing were recorded. However, data 
regarding the clinical significance of each isolate and 
the BSI if was community or hospital acquired, were 
not available. Isolated bacteria were microbiologically 
identified using standard biochemical identification 
methods (9,10). Antimicrobial susceptibility testing 
was performed by the Kirby-Bauer disk diffusion 
method (High Media, India) based on The Clinical 
and Laboratory Standards Institute (CLSI) (11, 12). 
Quality control organisms (American Type Culture 
Collection or ATCC species, including P. aeruginosa, 
E. coli and S. aureus) were utilized to ensure the 
accuracy of the susceptibility testing. Considering 
the high rate of BSI mortality, bacterial isolates that 
showed intermediate susceptibility to an antibiotic 
were categorized as resistant isolates for statistical 
analysis.

Data were analyzed by SPSS software (version 
11.5). 
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Table 1: Frequency of occurrence of bacterial species or groups isolated from blood cultures of hospitalized 
patients (based on age)

Organism
Age < 12 years Age > 12 years

No. Percent No. Percent 

Coagulase negative Staphylococcus 30 44.11 403 23.83

Staphylococcus aureus 9 13.24 280 16.56
E. coli 3 4.41 133 7.87
Klebsiella pneumoniae 14 20.59 109 6.45
Acinetobacter SPP. 2 2.94 116 6.87
Streptococcus pneumoniae 2 2.94 - -
Proteus mirabilis 1 1.47 12 0.71
Serratia SPP. 1 1.47 38 2.25
Stenotrophomonas maltophilia 1 1.47 220 13.01
Enterobacter Spp. 2 2.94 38 2.25
Salmonella typhi 1 1.47 - -
Pseudomonas SPP. - - 42 2.48
Enterococcus - - 117 6.92
Brucella SPP. - - 29 1.71
Yeast 2 2.94 72 4.26
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Results 

In a retrospective cross sectional study during 
two years, 1753 bacteria were identified from blood 
culture. It was found a male predominance between 
two genders, i.e. M=1011 and F=742 or M/F sex 
ratio=1.36.

We divided the patients into two groups, children 
(<12 years old, Mean Age = 8.8yr) and adults 
(≥12years old, Mean Age = 47.2 yr), and evaluated 
the frequency of each isolated organism in total and 
according to those age groups.

Totally, coagulase-negative Staphylococci accounted 
for most isolated bacteria (24.61%), in both genders 
and age groups. The other isolated microorganisms 
of blood cultures were S. aureus (16.43%), S. 
maltophilia (12.57%), E. coli (7.73%), K. pneumoniae 
(6.99%), Acinetobacter Spp. (6.71%), Enterococci 
(5.8%), yeast (4.14%), and others (15.02%) including 
Streptococcus Sp., P. aeruginosa, Enterobacter Spp., 

Serratia Spp. and Proteus mirabilis.
Meanwhile, age and sex distribution pattern of 

each microorganism were different (Tables 1 and 2, 
respectively). The second and third most frequent 
isolated bacteria in adults were S. aureus and S. 
maltophilia, and in children were K. pneumoniae 
and S. aureus. The rate of susceptibility to 
antimicrobial agents for Gram -Positive and Gram-
Negative bacteria is summarized in Table 3 and 4, 
respectively. Among the all Gram – positive cocci, 
vancomycin was the most effective agent, although 
more than 50% of Enterococci showed resistance 
to this antimicrobial agent. In Gram-Negative 
bacilli, the rate of susceptibility to ceftriaxone and 
piperacillin / tazobactam was very low. The most 
effective antibiotic varies among the Gram-Negative 
isolates, for example, 95.65% of S. maltophilia were 
susceptible to co-trimoxazole, or amikacin were 
suitable antibiotic in 85.29% of E. coli.
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Table 2: Frequency of occurrence of bacterial species isolated from blood cultures of hospitalized patients 
(based on sex)

                  
                  Organism

Sex Total
Female Male

Enterobacter Spp. No 16 24 40

Percent 40.0 60.0 100.0

Klebsiella pneumoniae
No 50 73 123

Percent 40.7 59.3 100.0

Serratia Spp.
No 16 23 39

Percent 41.0 59.0 100.0

Staphylococcus aureus
No 111 175 286

Percent 38.8 61.2 100.0

Coagulase negative Staphylococcus 
No 174 236 310

Percent 42.43 57.56 100.0

Enterococcus
No 40 33 73

Percent 54.8 45.2 100.0

Acinetobacter baumanni
No 32 44 76

Percent 42.1 57.9 100.0

E.coli
No 71 64 135

Percent 52.6 47.4 100.0

Stenotrophomonas maltophilia
No 65 156 83

Percent 29.0 71 100.0

Others
No 167 183 350

Percent 47.7 52.3 100.0

Total
No 742 1011 1753

Percent 42.3 57.7 100.0

Table 3: Susceptibility of Gram-positive isolated bacteria to antibiotics

Antibiotics
Coagulase 
negative 

Staphylococci

Staphylococcus 
aureus Enterococcus Non hemolytic 

Streptococci

Amikacin 62.12 45.67 8.82 5.56
Vancomycin 94.69 92.39 48.04 77.78
Co-trimoxazole 36.26 49.48 7.84 33.33
Gentamicin 40.18 41.52 5.88 16.67
Ciprofloxacin 25.17 28.72 8.82 5.56
Clindamycin 37.88 48.44 2.94 33.33
Erythromycin 21.71 40.83 10.78 38.89
Oxacillin 1.39 9.69 0 0
Gloxacillin 36.49 35.29 5.88 22.22
Amoxicillin 0 0.69 27.45 38.89
Ampicillin 0.23 2.42 23.53 44.44
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Discussion
Blood stream infection (BSI or septicemia) is 

potentially life threatening (13). The mortality rate 
of blood stream infection is approximately 27% (2). 
Isolation and identification of the infectious agent is 
necessary for proper antibiotic therapy. Delayed or 
inappropriate antibiotic therapy may cause resistance 
(14). The impact of specific etiologic agents on the 
outcome of BSI has been well documented and it 
clears the need for a better understanding of the 
spectrum of pathogens causing both nosocomial 
and community-acquired BSI (2,6). It is abundantly 
clear that in every hospital surveillance programs 
are necessary to identify changes in the spectrum of 
microbial pathogens causing serious infection and to 
monitor changes in antimicrobial resistance patterns 
in all infections including BSI (1519-). 

In our study, coagulase negative Staphylococci 
were the most frequent cause of BSI in both children 
and adults followed by S. aureus, S. maltophilia and 
E.coli in adults, and K. pneumoniae, S. aureus and E. 
coli in children.

Similar studies in US and Canada (20) reveal the 
predominance of S. aureus (22.8%) followed by E. 
coli (18.8%) and coagulase negative Staphylococci 
(13.3%). In other hand, European arm of SENTRY 
study (21) found out that E. coli (20%), S. aureus 
(17.6%) and coagulase negative Staphylococci 
(17.1%) constituted the three most common causes of 
blood stream infectious agents.

Elouennass et al. (22) worked on the epidemiology 
and susceptibility profile of blood culture isolates 
in an intensive care unit and showed that the most 
frequently identified species were Acinetobacter 
baumanni (13.63%), S. epidermidis (12.6%), S. aureus 

(11.9%), and P. aeruginosa (7%). Enterobacteriaceae 
accounted for 25.54%.

In a clinical hematology unit, Elouennass et al. 
(23) identified that the most frequently species were 
S. epidermidis (36.4%), E.coli (8.7%), P. aeruginosa 
(6.8%) and S. aureus (4.9%).

According to antimicrobial susceptibility in Gram-
Positive isolated bacteria, we found that more than 
90% of Staphylococci were vancomycin susceptible. 
This value was decreased for Enterococci and Non- 
hemolytic Streptococci. Except for vancomycin, the 
two most effective antibiotics for coagulase negative 
Staphylococci were amikacin and gentamycin, for 
S. aureus were co-trimoxazole and clindamycin, for 
Enterococci were amoxicillin and ampicillin and 
for non- hemolytic Streptococci were ampicillin 
and erythromycin. There was no susceptibility to 
amoxicillin in coagulase negative Staphylococci, as 
well as no oxacillin susceptible Enterococci or non-
hemolytic Streptococci.

 In our study, the most prevalent isolated 
Enterobacteriaceae, E. coli, showed the greatest 
susceptibility to amikacin and gentamycin. For 
S. maltophilia, which was the third most frequent 
isolated bacteria and especially was seen in the adults, 
co-trimoxazole and amikacin were the most effective 
agents. Fluit et al. (21) revealed that all Staphylococci 
remained fully susceptible to vancomycin. In 
addition, they found that aminoglycoside compounds 
(in particular, amikacin) provided the best coverage 
against Enterobacteriaceae, with at least 93.4% of 
isolates fully susceptible.

Elouennass et al. (22) found out that the rate 
of methicilin resistant S. aureus was 52.94%, 
Enterobacteriaceae were resistance to third generation 
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Table 4: Susceptibility of Gram Negative isolated bacteria to antibiotics (Percent)

Antibiotics Stenotrophomonas 
maltophilia E. coli Klebsiella 

SPP.
Acinetobacter 

SPP.
Pseudomonas

 SPP.
Amikacin 73.91 85.29 16.26 31.36 60.47
Co-trimoxazole 95.65 33.82 26.83 33.90 6.98
Gentamicin 45.65 41.91 10.57 21.19 32.56
Ciprofloxacin 54.35 21.32 20.33 8.47 39.53
Ceftazidime 46.38 25.74 11.38 15.25 6.98
Imipenem 44.20 38.24 43.90 22.88 30.23
Ceftriaxone 1.45 26.47 7.32 3.39 6.98

Piperacillin /
tazobactum 21.74 13.24 12.20 11.86 16.28
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cephalosporin in 42.6% and the resistance rate for P. 
aeruginosa to the third generation cephalosporin and 
imipenem was 16.6% and 10.5%, respectively.  
Rahbar et al. (24), in a 2-year retrospective study 
in Urmia, Iran reported that P. aeruginosa was the 
predominant isolate and antibiotic resistances of 
isolated bacteria were generally quite high.

The changing spectrum of microbial pathogens 
within the hospital environment and the alarming 
microbial resistance to antibiotic drugs confirm the 
need for local surveillance programs and for national 
programs to monitor the prevalence of resistance 
(21, 25). Resistance data received from surveillance 
programs can use as important information for the 
understanding of the pattern of antibiotic resistance 
and encourage the physician to discontinue the 
misuse of antibiotics, a key point in controlling the 
occurrence and spread of resistance (20). 

Conclusion
As the degree of antibiotic resistance rate for blood 

stream pathogens is alarming, it is mandatory to 
monitor the susceptibility of these isolates in order 
to avoid inappropriate use of antibiotics in hospital 
wards. It is obviously clear that this purpose can really 
achieve by the close correlation between physicians 
and laboratory. 
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