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Abstract

Background: Blood infections are an extensive range of disorders that can vary from limited bacteremia to fatal septicemia. Bac-
teremia refers to the transient presence of a bacterium in the bloodstream. A delay in the diagnosis and treatment of sepsis can
cause mortality, with a 20% - 50% prevalence rate.
Objectives: Due to the changing patterns of antibiotic resistance, as well as differences in patterns over time in different settings,
we decided to identify infectious agents and their antibiotic resistance patterns in blood cultures.
Materials and Methods: This study was conducted at Shahid Beheshti hospital, Hamadan, Iran, during a one-year period (March
21, 2014, to March 22, 2015). From patients with suspected bloodstream infections, 5-10 mL of blood was collected three times and
inoculated into culture bottles. After identifying the types of microorganisms, susceptibility testing was performed according to
CLSI standards, and the results were analyzed with statistical software.
Results: In the present study, 2,130 blood cultures were obtained from 710 patients (384 females and 326 males). Of these cultures,
232 (18.9%) were positive; 107 (46%) and 125 (54%) were from females and males, respectively. Most of the positive cultures were re-
lated to the internal medicine and hematology wards, which had 132 cases (56.9%), and the ICU, with 37 cases (16%). The most frequent
isolates were Pseudomonas aeruginosa, Escherichia coli, Acinetobacter baumannii, and coagulase-negative Staphylococcus aureus, with
prevalence rates of 18.2%, 24.1%, 10.3%, and 10.3%, respectively. The most effective antibiotic against Gram-positive isolates was van-
comycin.
Conclusions: This study revealed that the most effective antibiotics against two Gram-negative and Gram-positive groups were
amikacin and norfloxacin, so it is recommended that these antibiotics be used empirically, at least in the setting where this study
was conducted, before performing the culturing and antibiogram process.
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1. Background

Blood infections are an extensive range of disorders
that can vary from limited bacteremia to fatal septicemia
(1). If the presence of a bacterium is accompanied by its
multiplication in the bloodstream, it is referred to as sep-
ticemia (2). Sepsis is one of the leading causes of mortality
all over the world, and Iran is no exception (3). With delays
in the diagnosis and treatment of sepsis, the mortality rate
may increase up to 50% (4). Despite the high costs of sep-
sis and its treatment, the risk of death remains very high
compared to other diseases (3). Disappointingly, in recent
years, the number of sepsis cases has been rising signifi-
cantly (5).

Studies show that a variety of microorganisms are ca-

pable of causing septicemia, which usually depends on fac-
tors such as different geographical location. For example,
a study on microorganisms isolated from blood cultures
in India reported that S. aureus, coagulase-negative Staphy-
lococci, and Enterobacter are the most common causes
of bloodstream infections, while a similar study in Iran
showed that Pseudomonas and coagulase-negative Staphy-
lococci were seen in blood cultures more often than others
(1, 6).

One of the main challenges in the treatment of blood
infections is the increasing resistance of bacteria to antibi-
otics (7). There are a variety of reasons for this increased
resistance, the most important being the indiscriminate
use of antibiotics; moreover, indiscriminate use of antibi-
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otics can cause side effects, such as drug allergies, changes
in the body’s normal flora, and hiding serious infections
without completely eliminating them (8). Selecting the
most appropriate antibiotics to treat blood infections re-
quires blood cultures followed by susceptibility testing.
However, it should be noted that due to the urgency of
blood infections and the requirement for prompt treat-
ment, there is usually not enough time for culturing and
susceptibility testing. Hence, according to existing guide-
lines, patients are first treated empirically with appropri-
ate broad-spectrum antibiotics, and after the culture re-
sults and antibiotic susceptibility testing, the therapeutic
method is revised. Unfortunately, studies show that ap-
proximately half of the empirical treatments prescribed
by physicians in this situation are not consistent with the
results of cultures and susceptibility tests, which leads to
high antibiotic resistance (9). It is clear that the determina-
tion of the most common organisms isolated from blood
cultures and the antibiotic-resistance patterns in each re-
gion can help to identify the best early antibiotic treatment
for patients with bloodstream infections (10). This will en-
able physicians to prescribe appropriate antibiotics until
receiving the culture and susceptibility test results, and
will increase the cure rate and prevent inappropriate an-
tibiotic use.

2. Objectives

Due to the changing patterns of antibiotic resistance,
as well as differences in the patterns over time in different
settings, we decided to identify infectious agents and their
antibiotic-resistance patterns in blood cultures.

3. Materials andMethods

This cross-sectional study was conducted at Shahid
Beheshti hospital, Hamadan, Iran, over a one-year pe-
riod (March 21, 2014, to March 22, 2015). From patients
with suspected bloodstream infections, 5-10 mL of blood
was drawn three times and the samples were inoculated
into culture bottles containing brain-heart infusion broth
medium. The bottles were incubated at 37°C. In order
to separate the bacterial isolates within 24 hours and for
seven days, subcultures were done on blood agar and Mac-
Conkey agar. First, rapid tests for the detection of isolated
bacteria were performed, such as Gram staining, catalase,
and oxidase. Then, according to these results, as well as
colony morphology and hemolytic type, the standard bio-
chemical tests were performed to identify the genus and
species of organisms (4, 11). To evaluate the antibiotic resis-
tance of the isolates, the Kirby-Bauer disk diffusion test was

used, based on CLSI protocols (12). The antibiotics applied
in this study included trimethoprim-sulfamethoxazole,
vancomycin, amikacin, ciprofloxacin, ceftriaxone, cefo-
taxime, ceftazidime, piperacillin, imipenem, cefazolin,
norfloxacin, gentamicin, azithromycin, and methicillin.
The diameter of the inhibition zone was measured with a
ruler, and the results were compared with standard tables.
Finally, the data were analyzed using SPSS software (version
19.0.0; SPSS Inc., Chicago, IL, USA), and significant differ-
ences in variables were analyzed by the χ2 test.

4. Results

In the present study, 2,130 blood cultures were ob-
tained from 710 patients (384 females and 326 males). Of
these cultures, 232 (18.9%) were positive; 107 (46%) were
from females and 125 (54%) were from males. Most of
the positive cultures were related to the internal medicine
and hematology wards, with 132 cases (56.9%), and to the
ICU, with 37 cases (16%). The frequency of positive cul-
tures from each ward are reported in Table 1. In this
study, 14 types of microorganisms were isolated from the
blood cultures. The most frequent isolates were Pseu-
domonas aeruginosa, Escherichia coli, Acinetobacter bauman-
nii, and Staphylococcus aureus (coagulase-negative), with
prevalence rates of 18.2%, 24.1%, 10.3%, and 10.3%, respec-
tively. Approximately 75% (175 cases) of isolated microor-
ganisms were Gram-negative, as shown in Table 2. Approxi-
mately 25% (57 cases) of the isolated organisms were Gram-
positive, the most frequent of which were Staphylococcus
species (19.8%). The Gram-positive microorganisms are pre-
sented in Table 3. The most effective antibiotic against
Gram-positive isolates was vancomycin. The pattern of
antibiotic resistance in the Gram-negative group showed
that in P. aeruginosa isolates, the highest resistance was to
trimethoprim-sulfamethoxazole (SXT) (87.5%) and ceftriax-
one (71.4%), while the lowest resistance was to imipenem
(16%) and amikacin (19.6%).

Table 1. Frequency of Positive Cultures in All Samples

Ward N(%)

Internalmedicine and hematology 132 (56.9)

ICU 37 (16)

Surgery 20 (8.6)

Pulmonary 19 (8.2)

Intestinal 14 (6)

Nephrology 10 (4.3)
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Table 2. Frequency of Gram-Negative Bacteria Isolates from Blood Cultures

Type of Bacteria N (%)

P. aeruginosa 56 (24.1)

E. coli 42 (18.2)

A. baumannii 24 (10.3)

K. pneumoniae 20 (8.6)

Citrobacterspp. 11 (4.8)

Enterobacterspp. 10 (4.3)

Serratiaspp. 5 (2.1)

Alcaligenes faecalis 3 (1.3)

Salmonella typhi 2 (0.86)

Proteus vulgaris 2 (0.86)

Total 175 (75.42)

Table 3. Frequency of Gram-Positive Bacteria Isolates from Blood Cultures

Type of Bacteria N(%)

CNS 24(10.3)

S. aureus 22(9.5)

Viridans streptococci 8(3.5)

Enterococcus spp. 3(1.3)

Total 57(24.6)

Abbreviation: CNS, Coagulase-negative Staphylococcus.

The E. coli isolates in our study also showed the most
resistance to SXT (88%) and cefazolin (76.1%), while the low-
est resistance was to imipenem (9.5%) and piperacillin (16.6
%). In A. baumannii, the highest resistance was to cefazolin
(95.8%) and SXT (91.7%), and the lowest resistance was to
imipenem (25%) and norfloxacin (37.5%). It is clear that re-
sistance to SXT among the three main Gram-negative bac-
teria isolates (P. aeruginosa, A. baumannii, and E. coli) was
very high, and most of the lowest resistance among these
three bacteria was to imipenem (Table 4). This pattern
of antibiotic resistance showed that the most effective an-
tibiotics against Gram-positive isolates were vancomycin
and norfloxacin, located at the next level. The highest an-
tibiotic resistance of Staphylococcus was to SXT ( > 50%).
Methicillin-resistant S. aureus (MRSA) accounted for 40.9%
of the S. aureus strains in this study. The antibiotic resis-
tance of the Gram-positive microorganisms is shown in Ta-
ble 5.

5. Discussion

Among all of the suspicious samples examined in this
study, the frequency of positive blood cultures was 9.18%,
compared to 4% - 18% in other similar studies (6, 13, 14). The
rates of positive blood cultures in different geographic ar-
eas vary; for example, a frequency of 16% - 44% has been
reported in several studies in India (15-17). In the present
study, 75.4% of the isolates were Gram-negative and 24.6%
were Gram-positive. The Gram-negative rate varies in stud-
ies conducted in Iran, from 33% reported by Deiham (18)
to 85% reported by Saderi et al. (6). In most studies con-
ducted in Asia, the highest prevalence was related to Gram-
negative bacteria, consistent with our results (4, 6, 13, 15-18).
Also, a study conducted by Shahidi et al. over three years
found thatS. aureus,Enterobacter, andPseudomonas, respec-
tively, were the most common bacteria (13).

Although the frequency of the assortment of organ-
isms from blood cultures is usually different among stud-
ies, the types of organisms isolated are usually fixed. The
present study isolated 14 types of organisms, almost iden-
tical to those isolated in other studies, differing only in
prevalence (4, 6, 13, 15-18). In this study, the most ef-
fective antibiotics against P. aeruginosa were imipenem,
amikacin, and norfloxacin. Arora et al. also reported
that amikacin and ciprofloxacin had the greatest impact
against Pseudomonas, which is similar to our results (1). In
studies conducted at different times and in different set-
tings, the most effective antibiotics against Pseudomonas
were usually fluoroquinolones (1, 6, 13, 17, 18). Also in this
study, for the second most prevalent Gram-negative strain,
E. coli, the greatest resistance was to co-trimoxazole, cor-
responding to a similar study in Dezful, Iran (18). The
prevalence of MRSA in this study was 40.9% compared to
an average prevalence of 52.7% in Iran (19). Our survey
showed that the most effective antibiotics against Gram-
positive bacteria were vancomycin (resistance rate 0%) and
norfloxacin (resistance rate 16.85%). Most similar stud-
ies in Iran have reported that the most effective antibi-
otics against Gram-positive bacteria, especially staphylo-
cocci isolated from blood, were vancomycin and fluoro-
quinolones (6, 13, 18). Antibiotic resistance in the Gram-
positive bacteria isolated in this study was relatively low,
and the highest resistance in all Gram-positive isolates was
to co-trimoxazole (60.57%); resistance to other antibiotics
was approximately < 50%. The final aim of this study was
to identify effective antibiotics against agents of blood in-
fection, to be applied as empirical treatment before receiv-
ing culture and antibiogram results. This work will lead to
more effective treatment of these infections, while reduc-
ing the risk of antibiotic resistance.
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Table 4. Antibiotic Resistance Among Gram-Negative Microorganismsa

Type of Bacteria CP IPM CZ NOR CAZ GM AN PIP SXT CTX CRO

P. aeruginosa 14 (25) 9 (16) 4.6 (82.1) 12 (21.4) 19 (33.9) 21 (37.5) 11 (19) 12 (21.4) 49 (87.5) 30 (53.5) 40 (71.4)

E. coli 23 (55) 4 (9.5) 32 (76.1) 20 (47.6) 24 (57.1) 17 (40.4) 8 (19) 7 (16.6) 37 (88) 25 (59.5) 26 (61.9)

A. baumannii 10 (41.6) 6 (25) 23 (95.8) 9 (37.5) 21 (87.5) 19 (79.1) 16 (66) 18 (75) 22 (91.7) 21 (87.5) 21 (87.5)

K. pneumoniae 9 (45) 4 (20) 14 (70) 6 (30) 13 (65) 12 (60) 7 (35) 5 (25) 18 (90) 13 (65) 14 (70)

E. spp. 1 (10) 0 (0) 4 (40) 0 (0) 2 (20) 3 (30) 2 (20) 0 (0) 5 (50) 2 (20) 3 (30)

C. spp. 5 (45.4) 1 (9) 7 (63.6) 2 (18.1) 4 (36) 5 (45) 2 (18) 2 (18.1) 9 (81.8) 6 (54.5) 7 (63.6)

S. spp. 1 (20) 0 (0) 3 (60) 0 (0) 2 (40) 1 (20) 0 (0) 0 (0) 4 (80) 3 (60) 3 (60)

S. typhi 0 (0) 0 (0) 1 (50) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 2 (100) 0 (0) 0 (0)

P. vulgaris 0 (0) 0 (0) 1 (50) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 1 (50) 0 (0) 0 (0)

A. faecalis 1 (33.3) 0 (0) 1 (33.3) 0 (0) 1 (33.3) 1 (33.3) 0 (0) 0 (0) 2 (66.6) 1 (33.3) 2 (66.6)

Abbreviations: AN, amikacin; AZM, azithromycin; CAZ, cefazolin; CP, ciprofloxacin; CRO, ceftriaxone; CTX, cefotaxime; CZ, ceftazidime; GM, gentamicin; IPM, imipenem; ME, methicillin; NOR, norfloxacin; PIP, piperacillin; SXT,
trimethoprim-sulfamethoxazole; V, vancomycin.
a Values are presented as No. (%).

Table 5. Pattern of Antibiotic Resistance Among Gram-Negative Bacteriaa

Type of Bacteria CZ CRO AZM AN CP NOR CTX SXT V GM ME

S. aureus 11 (50) 7 (31.8) 5 (22.7) 6 (27.2) 5 (22.7) 2 (9.1) 6 (27.2) 13 (59.1) 0 10 (45.4) 9 (40.9)

CNS 8 (33.3) 10 (41.6) 11 (45.8) 4 (16.6) 8 (33.3) 3 (12.5) 5 (20.8) 13 (54.1) 0 9 (37.5) 4 (16.6)

Enterococcus spp. 2 (66.6) 1 (33.3) 1 (33.3) 1 (33.3) 2 (66.6) 1 (33.3) 1 (33.3) 2 (66.6) 0 3 (100) 1 (33.3)

Viridans streptococci 3 (37.5) 4 (50) 1 (12.5) 1 (12.5) 3 (37.5) 1 (12.5) 2 (25) 8 (62.5) 0 3 (37.5) 2 (25)

Abbreviations: AN, amikacin; AZM, azithromycin; CP, ciprofloxacin; CRO, ceftriaxone; CTX, cefotaxime; CZ, ceftazidime; GM, gentamicin; ME, methicillin; NOR, norfloxacin; SXT, trimethoprim-sulfamethoxazole; V, vancomycin.
a Values are presented as No. (%).

5.1. Conclusion

The results of our study showed that the most effective
antibiotics against two Gram-negative and Gram-positive
groups were amikacin and norfloxacin. It is therefore rec-
ommended that these two antibiotics be used empirically
in the setting in which this study was conducted, before
performing the culturing and antibiogram process.
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