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We examined epidemiological aspects and bacterial resistance patterns of bacteria isolated from intensive care unit
(ICU) patient samples. During a 10 month period (from June 2006 to March 2007), 812 samples of blood, urine and
cerebral spinal fluid (CSF) from 553 hospitalized patients, in ICU wards, including pediatric surgical, neonatal,
adult surgical I, adult surgical II, general pediatrics, neurosurgical I, neurosurgical II, and internal medical, were
collected. Minimum inhibitory concentration (MIC) of antibiotics for bacteria isolates was determined by the E-test
method. The internal medicine ICU with 28.7% admissions gave the largest contribution. Coagulase negative
staphylococci at frequencies of 66.7 % and 36.5 % and E. coli at 20.9% were the bacteria most frequently isolated
from the blood, CSF and urine samples, respectively. Samples taken from patients 20-40 years old were the most
frequent (32.2%), while the group of patients over sixty years contributed least (18.5%). Both Gram-positive and -
negative isolates expressed resistance to most of the penicillins and cephalosporins tested. Combined therapy with
vancomycin and meropenem or imipenem gave the most effective treatment against Gram-positive and Gram-
negative isolates based on empirical therapy. High frequencies of multiresistant bacteria in ICUs warn us to
administer a few effective antibiotics in our hospitals more wisely in order to reduce selective pressure on sensitive
strains. This could help save the life of ICU patients and prevent of spread of resistant isolates in these critical
wards. Due to continuous changes in antibacterial susceptibility patterns, periodical antibacterial sensitivity
assessment in ICUs should be mandatory.
Key-Words: Intensive care unit, minimum inhibitory concentration, multidrug-resistant bacteria.

Patients with severe underlying disorders requiring
intensive care are particularly prone to nosocomial infections
caused by opportunistic pathogens or hospital strains of
bacteria [1].These strains are often resistant to many
antimicrobials, because of selective pressure due to extensive
use of broad-spectrum antibiotics [2,3]. The application of
hospital-wide antibiograms to guide clinicians in the initial
choice of antibiotics is a rational and recommended approach,
given the differences in susceptibility patterns among
hospitals [1]. Susceptibility patterns may also vary among
individual hospital wards [4,5]. If organisms that are more
resistant are isolated from patients in the intensive care unit
(ICU) but not in other hospital wards, this important
information could be masked by the use of a hospital-wide
antibiogram [2]. This is particularly important for the
effectiveness of empirical therapy in critically ill patients.

There are a few published reports available on microbial
analysis of patients’ samples, determination of antibacterial
susceptibility patterns, and duration of stay and effects of
previous antibiotic therapy on patterns of antibacterial
susceptibility in the region. Such data could be beneficial for
the indication of appropriate antibiotics, reducing the length
of stay in the hospital, as well as for reducing the morbidity/
mortality rate. Furthermore, findings of such regional studies

could be projected to other parts of the world.

Material and Methods
Hospital Setting

We analyzed 812 non-duplicate blood, CSF and urine
samples from 553 patients hospitalized in eight ICUs of
Nemazee hospital (1,000 beds), affiliated with the Shiraz
University of Medical Sciences, from June 2006 to March 2007.
One, two, or three different samples were taken from each
patient, depending on the infection sites. The criteria for
nosocomial infections, i.e., infection symptoms observed at
least after 48 hours post admission, with no signs of infection
when admitted to the ICU wards, were met for all the samples.
Depending on the underlying disorders requiring intensive
care, patients were admitted to eight specific ICUs as follows:
pediatric surgery (four bed unit), adult surgical I (six bed unit),
neurosurgical I (nine bed unit), general pediatrics (10 bed unit),
neonatal (10 bed unit), internal medical (11 bed unit), adult
surgical II (five bed unit) and neurosurgical II (four bed unit).
All necessary information, including demographic data,
history of antibiotic therapy and duration of stay was collected
in questionnaires.

Ethics Consideration
Written informed consent was obtained from all patients

enrolled in the study, which was approved by the ethics board
of Shiraz University of Medical Sciences.

Microbiological Cultures
Clinical samples for microbiological culture comprised

peripheral blood, urine and CSF. Cultures were processed
using standard microbiological methods. Blood cultures were
run using an automated Bactec 92490 (Becton Dickinson
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Table 1. Duration of hospitalization in different intensive care unit wards.

Hospitalization Patients Internal Neuro Adult Neuro General Adult Neonatal Pediatrics
(days)  n (%) Medical Surgical I Surgical I Surgical II Pediatrics Surgical II n (%) Surgical

n (%) n (%) n (%) n(%)  n (%)  n (%) n (%)
<7 329 (59) 99 (62) 50(50) 53 (68) 45 (60) 35(52) 15 (54) 22 (78) 9 (53)
7-14 165(30) 44 (28) 41 (40) 15 (20) 21 (28) 22 (34) 11 (39) 6 (22) 5 (29)
>14 59(11) 16 (10) 10 (10) 10 (12) 9 (12) 9 (14) 2 (7) - 3 (18)
Total 553 (100) 159 (100) 101 (100) 78 (100) 75 (100) 67(100) 28 (100) 28 (100) 17(100)

Table 2. Distribution of positive and negative cultures from intensive care unit patient isolates, ranked by patient age.

Age (year) Patients n(%) Negative culture Positive culture Total samples  p value
n (%) n (%)  n (%)

<20 155 (28) 183 (30) 53 (28) 236 (29.1) 0.91
20-40 189 (34) 197 (32) 65 (34) 262 (32.3) 0.91
40 -60 110 (20) 124 (20) 40 (21) 164 (20.1) 0.91
>60 99 (18) 116 (18) 34 (17) 150 (18.5) 0.91
Total 553 (100) 620 (100) 192 (100) 812 (100) 0.91

Table 3. Antibacterial susceptibility pattern of Gram-positive bacteria isolated from patients in intensive care unit wards.

Antibiotics Coagulase-negative staphylococci Enterococci Streptococci
MIC Susceptibility MIC Susceptibility MIC Susceptibility
50 90 Pattern (%) 50 90 Pattern (%) 50 90 Pattern (%)

S R S R S R
Penicillin G >32 >32 2.3 97.7 >32 >32 11.1 89.9 8 - 0 100
Vancomycin 2 4 100 0 1 2 89.5 10.5 1 2 100 0
Imipenem 4 >32 59.1 40.1 16 >32 26.3 73.7 1.5 3 100 0
Meropenem >32 >32 40.1 50.9 >32 >32 5.3 94.7 >32 >32 0 100
Ceftriaxone >32 >32 11.4 88.6 >32 >32 0 100 >32 >32 0 100
Ceftazidime >256 >256 25 75 >256 >256 0 100 >256 >256 0 100
Cefotaxime >32 >32 34.1 65.9 >32 >32 5.3 94.7 >32 >32 0 100
Cefazolin 64 >256 0 100 >256 >256 5.3 94.7 >256 >256 0 100
Ciprofloxacin >32 >32 27.3 72.7 >32 >32 5.3 94.7 >32 >32 0 100
Co-trimoxazole >32 >32 63.6 36.4 >32 >32 5.3 94.7 >32 >32 0 100
Ampicillin 16 64 5.6 94.4 4 >256 52.6 47.2 3 8 100 0
Piperacilline/
Tazobactam 8 >256 50 50 32 >256 36.8 63.2 4 6 100 0
Clindamycin >256 >256 18.2 81.8 >256 >256 94.7 5.3 >256 >256 0 100

Figure 1. Percent of samples from the intensive care unit
patients.

Figure 2. Percent of positive and negative culture results for
urine, blood and cerebral spinal fluid (CSF) samples.
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Diagnostic Instrument System Sparks, Mds). The Bactec
bottles were incubated in the Bactec system as
recommended by the manufacturer for seven consecutive
days. During the seven day incubation, when the system
indicated positive results, three to five drops of blood
culture samples taken up with 1 mL sterile syringes were
inoculated onto blood agar or chocolate agar containing
5% whole sheep blood and incubated aerobically overnight.
The pure cultures were then stained with Gram’s stain. The
bacteria were identified based on morphological characters,
Gram’s stain and biochemical tests. Urine samples were
cultured on eosine methylene blue (EMB) agar and on blood
agar containing 5% whole sheep blood, and CSF samples
were cultured on blood agar or chocolate agar containing
5% whole sheep blood. All the cultures were incubated
aerobically, except the urine samples, which were incubated

Figure 3. Distribution of bacteria isolated from urine, blood
and cerebral spinal fluid (CSF)samples.

Multidrug-Resistant Bacteria Isolated in an ICU
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on chocolate agar in 10% CO2. Further identification of the
bacteria was carried out based on Gram staining and
standard biochemical tests.

Antibacterial Susceptibility Testing
Susceptibility of the isolated strains to 14 antibacterial

agents was checked with the E test (AB Biodisk, Solna,
Sweden). MIC breakpoints for each antibiotic were determined
according to the manufacturer’s recommendations. American
Typing Culture Collection isolates of E. coli (ATCC 25923)
and Staphylococcus aureus (ATCC 25922) were used as
controls for MIC determination. Sets of antibiotics, including
amikacin, gentamicin, imipenem, meropenem, ceftriaxone,
ceftazidime, cefotaxime, cefazolin, ciprofloxacin, co-trimoxazole,
vancomycin, penicillin G, ampicillin and piperacilline/
tazobactam were used to evaluate the in vitro susceptibility
of bacterial isolates to these antibiotics.

Statistical Analysis
Data collected from patients were compared using Chi-

square, comparing the effects of length of stay in the hospital
or previous antibiotic therapy on positive and negative culture
results. The significance level was defined as p<0.05

Results
Samples consisting of urine (65%), blood (25.7 %) and

CSF (9.2 %) were collected from patients (Figure 1). The rate
of positive cultures for blood samples was higher than that
for urine and CSF samples (Figure 2). Coagulase-negative
Staphylococci (CNS) and E. coli were most frequently isolated
from patient samples (Figure 3).

The number of hospitalized patients in the different wards
was 17, 28, 28, 67, 75, 78, 101 and 159, corresponding to
pediatric surgery, neonatal, adult surgical II, general
pediatrics, neurosurgical II, adult surgical I, neurosurgical
I and internal medical ICUs, respectively. The internal
medicine ICU accounted for 28.7% of the admissions.
Frequencies of admitted patients in each ward and length
of hospitalization are shown in Table 1. Patients from 20 to
40 years old were the most prevalent in our ICUs (Table 2).
The patients previously treated with antibiotics tended to
have positive cultures (87.5%) more frequently than the
patients who were not treated with antibiotics (81%,
p=0.022). The in vitro evaluation of effectiveness of
antibiotics against Gram positive and negative bacteria
revealed that most pencillins, cephalosprins and
clindamycin would not be effective in controlling infections
in these ICU patients. Among the carbapenems, imipenem
was most effective against Gram-positive bacteria (26% to
100%), while meropenem had the highest activity against
Gram-negative bacteria (50% to 94%). Patterns of antibiotic
sensitivity for Gram-positive and Gram-negative bacteria
isolated from ICU patients are shown in Tables 3, and 4,
respectively. Staphylococcus aureus was isolated from just
one blood culture.

Discussion
Surveys of the prevalence and antibacterial susceptibility

patterns of bacterial isolates are important for determining
appropriate empirical therapy for infections in critically-ill patients
[4,5]. Also, epidemiological analysis of patient data can be
informative for appropriate management of patients in ICUs.

Coagulase-negative Staphylococci (CNS) were isolated
from 66.7% of the blood and 36.5% of the CSF samples. These
values are high compared with data from German ICUs [5], but
are similar to those of some other reports [6]. The high prevalence
of CNS isolates warns us that special attention should be given
to controlling the dissemination of these opportunistic bacteria
in ICU patients. Appropriate antibiotic therapy and control
measures could be adopted to prevent cross contamination of
multidrug-resistant CNS bacteria from previous ICU patients to
new patients and hospital staff [6,7]. Furthermore, CNS bacterial
isolates are normal flora of skin and common contaminants of
patient samples. Therefore, contamination of patients’ samples
with this potential contaminant should be taken into account
when handling the patients. Nevertheless, evaluation of patients’
symptoms, including fever and determination of time to positivity
of CNS isolates in suspicious Bactec bottles can help to
differentiate between potential contaminants and true pathogens
[8,9]. Enterococci are also important pathogens for patients
hospitalized in the ICU [10], particularly in view of the increasing
frequency of resistance to vancomycin. Among our isolates, we
detected only 10.5% resistant enterococci to vancomycin.
Nevertheless, vancomycin can serve as an antibiotic to control
our CNS and streptococci infections and is relatively appropriate
for enterococci. Other investigators have also reported that
vancomycin is still effective in controlling Gram-positive bacterial
infections [11]. The streptococci were all susceptible to
vancomaycin, ampicillin and piperacilline/tazobactam. It seems
safe therefore to administer ampicillin to control streptococcal
infections. Only one vancomycin-sensitive S. aureus strain was
isolated from samples. Other reports have indicated that S. arueus
are the most commonly isolated bacteria from ICU patients [12,13].
Distribution patterns of nososomial infections could be adapted
to antibiotic consumption and the types of antiseptics and
disinfectants used in hospitals [14-16]. Overall, vancomycin can
effectively control Gram-positive cocci, while the high rate of
bacterial resistance to cephalosporins and clindamycin implies
that these drugs should not be used in our ICU wards. The
MIC50 and MIC90 for vancomycin varied from 1 to 4µg/mL (Table
3), which indicates that this antibiotic should be effective at
tolerable doses in patients [11]. In addition, imipenem was
superior to meropenem for treatment grampositive bacteria.

The species of Gram-negative bacteria isolated from urine,
blood, and CSF samples varied. In urine samples, E. coli was
more prevalent, while in the blood and CSF, Acinetobacter and
Enterobacter predominated, respectively (Figure 3). It is to be
expected that E. coli is the common colonizing or infecting agent
of the urinary tract system. Furthermore, Enterobacter spp. are
also important pathogens that are frequently isolated from patients
hospitalized in ICUs. Acinetobacter was isolated from CSF

Multidrug-Resistant Bacteria Isolated in an ICU
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samples at a relatively high frequency (18.2%), when compared
to urine (13.4%) and blood (10.6%) samples. Of particular concern
is an increase in multidrug resistance of Acinetobacter isolated
from both ICU and non-ICU hospitalized patients [17,18]. In our
study, we also recorded imipenem-resistant Acinetobacter
strains. Imipenem-resistant Acinetobacter with a 16.7% resistance
rate were found in our ICUs, which is close to the rate (17.1%)
recently reported in a European study [19]. We also found that
patients who had previously been treated with antibiotics had
more positive cultures than those who had not. This result is
consistent with some other reports that previous antibiotic
therapy can favor predominance of antibiotic-resistant isolates
[20]. Meropenem proved more effective against Gram-negative
bacteria than imipenem. Previously, we reported superiority of in
vitro activity of meropenem over imipenem for burn patients
infected with P. aeruginosa [21].

We recorded more patients 20-40 years old in our ICUs, while
other investigators found patients over 60 years to be more
frequently admitted to ICUs [22]. One explanation for this
discrepancy could be population distribution, that is in Iran has
a younger population than many countries where such studies
have been undertaken. Differences in social activities, nutrition,
smoking and high rates of car accidents may also contribute to
this variation. Sixty-five percent of the patients were admitted to
the internal, adult surgery and neurosurgery ICUs. As also
reported in other studies, most of the patients were suffering
from malignancies [23,24] or were admitted to ICUs as a result of
car accidents [25]. The high prevalence of patients in these wards
means that measures should be taken to reduce such problems.

In conclusion, the high frequency of multidrug resistant
bacteria in ICUs suggests that we need to prescribe broad-
spectrum antibiotics more wisely in order to reduce pressure
on sensitive strains. This could be beneficial for saving ICU
patients and preventing the spread of resistant isolates in
these critical wards. It appears that a combination of vacomycin
with meropenem or imipenem can effectively treat most of our
ICU patients who have bacterial infections when empirical
therapy needs to be considered. However, clinical efficacy of
monotherapy or combined administration of these antibiotics
remains to be assessed. To overcome inappropriate treatment
of patients, periodical antibacterial susceptibility surveys for
nosocomial infections in ICU wards are warranted.

Acknowledgements
We express our deep gratitude to the vice-chancellor for

research of Shiraz University of Medical Sciences and the
Professor Alborzi Clinical Microbiology Research Center for
their financial support. Our special thanks also go to Dr.
Hassan Khajehei for his editing assistance.

References
1. Singh A., Sen. M.R., Anupurba S., et al. Antibiotic sensitivity

pattern of the bacteria isolated from nosocomial infections in
ICU. J Commun Dis 2002;34:257-63.

2. Fridkin S.K. Increasing prevalence of antimicrobial resistance in
intensive care units. Crit Care Med 2000;29(Suppl.4):64-8.

3. Wroblewska M.M., Swoboda-Kopec E., Rokosz A., et al. Epidemiology
of clinical isolates of Candida albicans and their susceptibility to
triazoles. Int J Antimicrob Agents 2002;20:472-5.

4. Namias N., Samiian L., Nino D., et al. Incidence and susceptibility
of pathogenic bacteria vary between intensive care units within
a single hospital: implications for empiric antibiotic strategies.
J Trauma 2000;49:638-45.

5. Geffers C., Zuschneid I., Sohr D., et al. Microbiological isolates
associated with nosocomial infections in intensive care units:
data of 274 intensive care units participating in the German
Nosocomial Infections Surveillance System (KISS). Anasthesiol
Intensivmed Notfallme Schmertzther 2004;39:15-9.

6. Hsueh P.R., Liu Y.C., Yang D., et al. Multicenter surveillance of
antimicrobial resistance of major bacterial pathogens in intensive
care units in 2000 in Taiwan. Microb Drug Resist 2001;7:373-82.

7. Rahbar M., Gra-Agaji R., Hashemi S. Nosocomial blood stream
infections in Imam Khomeini Hospital, Urmia, Islamic Republic
of Iran, 1999-2001. East Mediterr Health J 2005;11:478-84.

8. Cockerill F.R. 3rd., Reed G.S., Hughes J.G., et al. Clinical comparison
of BACTEC 9240 plus aerobic/F resin bottles and the isolator
aerobic culture system for detection of bloodstream infections.
J Clin Microbiol 1997;35:1469-72.

9. Kumar Y., Qunibi M., Neal T.J., et al. Time to positivity of neonatal
blood cultures. Arch Dis Child Fetal Neonatal Ed 2001;85:182-6.

10. Christiansen K.J., Turnidge J.D., Bell J.M., et al. Australian Group
on Antimicrobial Resistance. Prevalence of antimicrobial
resistance in Enterococcus isolates in Australia, 2005: report
from the Australian Group on Antimicrobial Resistance. Commun
Dis Intell 2007;31:392-7.

11. Levine D.P. Vancomycin: a history. Clin Infect Dis
2006;42Suppl1:5-12.

12. Fridkin S.K., Gaynes R.P. Antimicrobial resistance in intensive
care units. Clin Chest Med 1999;20:303-16.

13. Johnson A.P., Henwood C., Mushtaq S., et al. Susceptibility of
Gram-positive bacteria from ICU patients in UK hospitals to
antimicrobial agents. J Hosp Infect 2003;54:179-87.

14. Weber D.J., Rutala W.A. Use of germicides in the home and the
healthcare setting: is there a relationship between germicide use
and antibiotic resistance? Infect Control Hosp Epidemiol
2006;27:1107-19.

15. McDonnell G., Russell A.D. Antiseptics and disinfectants: activity,
action, and resistance. Clin Microbiol Rev 1999;12:147-79.

16. Sheldon A.T. Antiseptic “resistance”: real or perceived threat?
Clin Infect Dis 2005;40:1650-6.

17. Hanberger H., Garcia-Rodriguez J.A., Gobernado M., et al. Antibiotic
susceptibility among aerobic Gram-negative bacilli in intensive
care units in 5 European countries. 2007.

18. Karlowsky J.A., Draghi D.C., Jones M.E., et al. Surveillance for
antimicrobial susceptibility among clinical isolates of
Pseudomonas aeruginosa and Acinetobacter baumannii from
hospitalized patients in the United States, 1998 to
2001.Antimicrob Agents Chemother 2003;47:1681-8.

19. Wroblewska M.M., Rudnicka J., Marchel H., et al. Multidrug-
resistant bacteria isolated from patients hospitalized in Intensive
Care Units Int. J Antimicrob Agents 2006;27:285-9.

20. Bantar C., Alcazar G., Franco D., et al. Impact of antibiotic
treatment on bacterial resistance rates from patients with
hospital-acquired infection. J Chemother 2007;19:673-6.

21. Japoni A., Alborzi A., Kalani M., et al. Susceptibility patterns and cross-
resistance of antibiotics against Pseudomonas aeruginosa isolated
from burn patients in the South of Iran. Burns 2006;32:343-7.

22. Rapoport. J., Teres. D., Steingrub. J., et al. Patient characteristics
and ICU organizational factors that influence frequency of
pulmonary artery catheterization. JAMA 2000;283:2559-67.

23. Tabei S.Z., Heydari S.T., Mehrabani D., et al. Current substance
use in patients with gastric cancer in Southern Iran. J Cancer
Res Ther 2006;2:182-5.

24. Hashemi-Bahremani M., Parwaresch M.R., Tabrizchi H., et al.
Lymphomas in Iran. Arch Iran Med 2007;10:343-8.

25. Montazeri A. Road-traffic-related mortality in Iran: a descriptive
study. Public Health 2004;118:110-3.

Multidrug-Resistant Bacteria Isolated in an ICU


