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ABSTRACT

Objective: To evaluate the microbiological, clinical and therapeutic factors associated with bacteremia
caused by Enterobacter species.

Methods: One hundred and twenty-seven cases of bacteremia caused by Enterobacter species over a period of ten years from January
2006- December 2015

in a teaching hospital in Kuwait were enrolled in a retrospective study. Organisms detected by blood culture (BACTEC) were identified
by commercial identification systems (API20E, Vitek2). Antimicrobial susceptibility was determined by disc diffusion method and
Vitek 2. Medical records of the cases were reviewed to study the clinical and therapeutic factors related to the bacteremia.

Results: Enterobacter bacteremia accounted for 1.78% of all bacteremias during this period of study, E. cloacae being the lead-
ing species (84.25%). The incidence rate in 2006 was 1.19/1000 bacteremic cases ,and 1.88/1000 cases in 2015. One hundred and ten
(86.61%) cases were hospital acquired.

Underlying diseases were detected in 92.12%, the most common being renal disease (59.09%). The most common source of
bacteremia was the intravascular catheter (50.39%). Antimicrobial resistance was as follows: third generation cephalosporins
29.92%. ESBL producers were 16.53%. AmpC beta lactamase production was observed in 89.76% of the isolates. Resistance to cefepime
, piperacillin —tazobactam, trimethoprim sulfamethoxazole and cefoxitin was 16.53% , 16.53% , 7% and 89.76% respectively. All were
sensitive to carbapenems, aminoglycosides and ciprofloxacin except for one strain that was resistant to carbapenems.  The response
to therapy was 90.55%.

Conclusions: Enterobacter bacteremia is mostly nosocomial in origin. Intravascular device related bacteremia is a significant clinical
problem. AmpC beta lactamase production is a major factor in deciding antimicrobial therapy in Enterobacter bacteremia. In serious
infections, carbapenems, ciprofloxacin and aminoglycosides may be the antibiotics of choice with colistin being the only choice if the strain

is multidrug resistant.

Introduction

Enterobacter species are ubiquitous in nature and are
frequent colonizers of hospitalized patients. With in-
creasing use of medical support and indwelling devices,
nosocomial bacteremia [1,2,3]due to Enterobacter species has
become more frequent in those with prolonged hospitalisa-
tion. Enterobacter species which commonly colonise or
infect humans are E. cloacae, E. aerogenes, E. saka-
zakii, E. gergoviae, E. taylorae,. and E.amnigenus [4].

Methods

Case analysis

The microbiological records at Al-Amiri hospital, a 500
bedded teaching hospital in Kuwait, were screened to
identify patients with  Enterobacter bacteremia over a
ten year period from January 2006 to December 2015.

A total number of 84,895 blood samples for culture and
sensitivity were received during this period of study of
which 7100 samples were confirmed positive for various
organisms. Out of the positive blood cultures, 127 were
found to harbour different species of Enterobacter.

Organism identification and antibiotic susceptibility
tests

Blood culture samples were processed by BACTEC 9240
system (Becton Dickinson Diagnostic Instrument Systems,
Spark , MD, USA) and positive samples were sub-cultured
on blood agar, chocolate agar and MacConkey agar and
the plates incubated at 37 °C for 24 hrs. The organisms
were

identified by commercial identification systems for
Gram negative rods (API 20E; bio Merieux SA, France
and Vitek 2). Antimicrobial susceptibility was determined
by Vitek 2 and disc diffusion method using Clinical and
Laboratory Standards Institute (CLSI)[5]) to the following
antibiotics : cefotaxime,

cefepime, cefoxitin, gentamicin, amikacin, ciprofloxacin,
piperacillin-tazobactam,  trimethoprim-sulfamethoxazole,
imipenem and meropenem. Double disc antagonism meth-
od was used for the detection of AmpC beta lactamase.
Double disc synergy test and E —test (AB Biodisk, Solna,
Sweden) were used for the detection of extended spectrum
beta lactamases (ESBLs).

The medical records of 127 patients with Entero-
bacter bacteremia were retrospectively reviewed. The
bacteremia was labelled as Enterobacter bactere-
mia if the blood culture collected at the stage
of acute infection in the patient (eg. high grade
fever) turned positive for one of the species of En-
terobacter.  The infection was termed nosocomial if
it occurred more than 48 hours after hospitalization.
Patients who were not hospitalized but developed
bacteremia due to their frequent regular visits to
the hospital for peritoneal or haemo dialysis were
also grouped under those with nosocomial bactere-
mia.

The various sources of bacteremia were grouped as
intra-abdominal, urine, intravascular catheter, bed-sore,
sputum/endotracheal secretion, surgical wound, or un-
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known, if no source identified. The source of bacteremia
was confirmed if the organism isolated from the same
was a similar species of Enterobacter and had a similar
antibiogram to that isolated from blood.

Diverse factors like age, sex, and risk factors like un-
derlying disease, bladder catheterization, intravenous
catheterisation, previous antibiotic therapy especially
with third generation cephalosporins and the period
of stay in hospital prior to bacteremia were assessed.

Temperature, vital signs and inflammatory markers of the
patient after starting antibiotic therapy was evaluated and
this gave a measure of the clinical response in the
patient .

Statistical analysis of data was done using SPSS statistical
package.

Results

In this study, 7100 positive blood cultures were ob-
tained during the study period, of which 127 were
positive for Enterobacter. Enterobacter bacteremia, there-
fore, accounted for about 1.78% of all bacteremias.

Microbiological and therapeutic factors E. cloacae 107 (
84.25 %) was the leading species followed by E. aerogenes
19 (14.96%) and E. sakazakii ~ 1( 0.78%).

Of the 127 isolates of Enterobacter, 38 (29.92%)
were resistant to the third generation cephalospor-
ins, 21(16.53 %) being ESBL producers, 13 (61.90%)
by E.cloacae and 8 (38.09%) by E.aerogenes. AmpC beta
lactamase production was observed in 114 (89.76% of
the isolates (table 4). Isolates with combined Amp C
and ESBL was observed in 15 (11.81%). Resistance to
cefepime (4™ generation cephalosporin) was at 16.5%.
Resistance to piperacillin-tazobactam, co-trimoxazole
and cefoxitin were at 16.5%, 7% and 89.7% respectively
(Table 1). All the isolates were susceptible to
carbapenems, aminoglycosides and ciprofloxacin except
one strain which was resistant to the carbapenems and
intermediate to ciprofloxacin. The strain of E . saka-
zakii isolated was found to be sensitive to all the
above mentioned antibiotics. The MIC (minimum in-
hibitory concentration) range in pg/ml for the ESBL and
the non-ESBL producers of Enterobacter species is sum-
marized in Table 2.

The MIC values for the single carbapenem resistant strain
of E. cloacae were as follows: cefotaxime >64 pg/ml, cefo-
taxime-clavulanic acid > 1 pg/ml ,cefepime 6pg/ml, imipen-
em 32 pg/ml, meropenem 32ug/ml, ciprofloxacin 1.5ug/ml.
The isolate was sensitive to aminoglycosides, cotrimoxazole
and colistin (MIC 0.38 pig/ml).

Clinical and therapeutic factors

Out of the 127 cases of Enterobacter bacteremia,
69(54.3%) were males and 58(45.6%) were females. The
age groups affected ranged from a 12 day old
neonate to an 89 year old male. Maximum preva-
lence of Enterobacter bacteremia was seen in the
age group 40-79 yrs (71.6%).

The bacteremia was nosocomially acquired in 110
(86.6%).

The risk factors observed were as follows: underlying dis-
ease 117(92.12%),
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intravascular catheterisation 64(50.39%),bladder catheteri-
sation50 (39.3%), hospital stay > 2 weeks 55 (43.3%), treat-
ment with antibiotics in the past 1 month 56 (44.09%), post-
surgical 12(9.4%) (Table 3).

The most common underlying disease observed
was renal disease 75 (59.05%), followed by diabetes
51 (40.15%) and cardiovascular disease 24 (18.89%). An
underlying gastrointestinal pathology was seen in 19
(14.96%) cases. Other diseases collectively contributed
to 14 (11.02%) cases which include tuberculosis, carci-
noma, auto immune disorders and neurovascular pa-
thology (Figure 1).

The source of infection could be identified in 97 (
76.3%) and in 30 (23.6%), the source was unknown. In-
travascular device/site was the main source in 64 (50.39%)
cases followed by  respiratory (sputum, endotracheal )
12(9.4%) urine 11 (8.6%), intra-abdominal ( bile, ascitic
fluid, drain fluids) 6 (4.7%) and sources like bed sore and
synovial fluid in 4 (3.14%) cases. (Table 4).

Ninety one (71.6% ) cases were on empirical anti-
biotic treatment. The treatment in these cases was
modified according to the results of the antibiot-
ic sensitivity tests (Figure 2). Seventy (55.11%) were
treated with meropenem, 22 ( 17.32%) with pipera-
cillin-tazobactam, 17 (13.38%) with ciprofloxacin and 8
(6.2%) with cefepime.

Aminoglycosides were used in combination with the
above antibiotics in 25 (19.6%) cases. Amikacin courses
were for short duration usually extending for 3-5
days. Of the ten (7.87%) cases that were initially on
ceftriaxone, five were changed to meropenem due to
lack of clinical progress. The remaining five, however
responded to ceftriaxone , probably because these iso-
lates were not ESBL or Amp C producers and perhaps
due to the added effect of amikacin.

Overall response to therapy was observed in 115 (90.55%)
cases. The cause of death in the remaining cases was
not related to the bacteremia but were due to cardio-pul-
monary arrest in 4 cases, end stage renal failure in 5 and
wide spread carcinomatous metastases in 3.

ANOVA test revealed that the values for the age groups
40-49, 50-59,60-69 and 70-79 years were significantly higher
than those compared to age groups 0-9, 10-19, 20-29,30-39
and 80-89years.

p-value<0.05. We are currently unable to offer any scientific
explanation for the difference in the values observed in
these age groups.

Discussion

In this study, E . cloacae accounted for the majority of
bacteremic episodes caused by Enterobacter species. This
is in accordance with most of the previous studies
on Enterobacter bacteremias [6,7,8 ] with the exception
of one study [9] where E. aerogenes was the leading
species.

The bacteremia was nosocomially acquired in 110
(86.6%) cases [10,11,12,13].

Of the 76.3% cases, where the source of bacteremia
was known, the intravascular cannula was the most
common source (50.39%), thereby suggesting that intra-
vascular device related blood stream infection is a signifi-
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cant clinical problem[14]. The source of bacteremia was
unknown in 23.6 % cases.

Underlying disease was observed in 92.12% with renal dis-
ease being the predominant disease (59.05%) in these
patients.

Among the diverse risk factors observed in this study
, 44.09% cases were exposed to broad spectrum antibiotics
in the past 30 days prior to the onset of bacteremia and
43.3% had a stay in hospital for more than 2 weeks before
the bacteremic episode. A 12 day old neonate with En-
terobacter bacteremia was a preterm baby with vesico-
ureteric reflux Grade 4 and a small right kidney and
was empirically treated with cefotaxime.

The antibiotic resistance pattern  showed 30% of
the species to be resistant to the third generation
cephalosporins. ESBL production was seen in 16.5% and
combined ESBL with AmpC in 11%. All isolates had
MICs in the susceptible range for carbapenems except
one strain which was carbapenem resistant (imipenem
MIC 32pg/ml, meropenem MIC 32ug/ml). This strain
showed intermediate susceptibility to ciprofloxacin
(MIC 1.5ug/ml). Colistin MIC was 0.38ug/ml and the
patient, a post surgical case, was treated with colistin
(intravenous and nebulisation) successfully. The patient
underwent tracheostomy and prolonged mechanical
ventilation and a prolonged hospital stay of more than
2 months before the onset of bacteremia. The sources of
infection in this case was the intravenous cannula and
the sputum/ endotracheal secretion.

Enterobacter species have an inducible chromosomally
encoded cephalosporinase (Amp C p lactamase) the
induction of which, on exposure to third generation
cephalosporins, results in resistance to these antibi-
otics [15,16 ]. Broad spectrum cephalosporin resistance
has been shown to complicate the treatment of En-
terobacter bacteremias in several studies [15,17].

The fourth generation cephalosporin (cefepime ) [16] is
relatively stable to Amp C p lactamase and has moder-
ate activity against Enterobacter species.

Carbapenems, although being strong inducers of
Amp C  lactamase, remain stable to the action of
these enzymes, and are therefore most reliable anti-
biotics to treat Enterobacter bacteremias. The other
drugs indicated are aminoglycosides and fluoroqui-
nolones, with cefepime being a distant choice [18].

In the treatment of carbapenem resistant Enterobacter iso-
lates, ciprofloxacin can be used ,if susceptible. Otherwise,
colistin becomes the ultimate drug of choice .

Conclusions

Enterobacter bacteremia is common in hospitalized
patients with underlying diseases and in those with
instrumentation like intravascular catheterization and
mechanical ventilation. Cannula related infections are
amongst the most important nosocomial infections.
Strategies to prevent device related bacteremias should
be strictly adhered to. In the wake of emerging car-
bapenem resistant strains of Enterobacter species, clini-
cians should be alert to the judicious use of antibiotics
to curb the growing menace of antibiotic resistance. In
the presence of prompt and appropriate antibiotic
therapy, Enterobacter bacteremia, however, does not
adversely affect the outcome in most patients.
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Table 1
ANTIMICROBIAL RESISTANCE PERCENTAGE (126/127
Enterobacter bacteremia cases)

ANTIBIOTIC RESISTANCE
Cefotaxime 29.92

Cefoxitin 89.76
Amikacin,Gentamicin 0

Ciprofloxacin 0
Piperacillin-tazobactam 16.53
Trimethoprim/Sulphamethoxazole |7

Meropenem, Imipenem 0

Cefepime [16.53
Table 2

MIC Range (ug /ml) - 126/127 Enterobacter bacteremia
cases

Antibiotic ESBL Non ESBL
Cefotaxime 16 ->256  [0.047 - 1.0
Cefotaxime-clavulanicacid [0.75 - 1.0 0.032 - 0.5
Ceftazidime 32->32 0.5->1.0
Ceftazidime-clavulanic acid |0.25 - 4.0 0.094 - 1.5
Cefepime 16 - 64 0.023 - 0.094
Gentamicin 0.125 - 0.25 [0.064 - 0.25
Amikacin 1.0-15 0.75-1.5
Ciprofloxacin 0.004 - 0.38 0.006 — 0.38
Imipenem 0.19 - 0.38 0.125 - 0.38
Meropenem 0.032 - 0.094 10.012 - 0.064

Table 3
Risk factors associated with the 127 cases of Enterobacter
bacteremia

Prior
antibiotic Stav in
I treat- Y]
ntra- | o hospi- Un-
Total ?;?}?_der I/;scu- (within t;lee(ii Post |der-
oo [cteri- |cath- DRSS |prior to S48
zation |eteri- |P onset of |8
zation |OnSet of bactere- case
bactere- .
™ i)
127 |50 64 56 55 12 117
% 39.3 50.3 441 433 9.4 921
Table 4

Source of infection in relation to Enterobacter bacteremia
-127 cases

Source No.(%) of associated
cases of bacteremia

Intravenous cannula 64 (50.3)

Sputum/endotracheal secretion 12 (9.4)

Intra-abdominal 6 (4.7)

Bed-sore 4(3.1)

Urine 11 (8.6)

Unknown 10 (37.03)

Figure -1 Undelying Diseases in relation to Enterobacter Bac-
teremia.
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Figure 2 Therapy in relation to Enterobacter bacteremia — 17. World Health Organisation . WHO Strategy for Containment of Antimi-
126/127 cases crobial Resistance. Accessed July 18, 2007.
18. Fraser SL : Enterobacter infections. e Medicine 2015.

Acknowledgement
& We are grateful to the staff at the Microbiology laboratory
of Al ~Amiri hospital, Kuwait for their technical help.
1]
M
10 # Pemaminge Treated
i f
.f‘Fr ¢
’ ‘{u" 4 oy
References

1. Greenwood D, Slack R, Peutherer ] : Klebsiella, Enterobacter, Proteus and
other Enterobacteria. A Guide to microbial infections: Pathogenesis, Immu-
nity, Lab diagnosis and Control 1997; 28 : 276- 283.

2. Fryklund B ,Tullus K , Burman LG . Epidemiology of enteric bacteria in
neonatal units — influence of procedures and patient variables. ] hospital
infect 1991;18 :15-21.

3. Friedman L, Failey C, Davis JM ,McGowan | E, Dellinger R P, Barie P S:
Maximising Nosocomial Infection Management with Newer Therapeutic
Approaches and Techniques In An Era of Increasing Microbial Resistance-
A Surgical Perspective (Slides with Transcript) CME.

4. Forbes BA, Sahm DF, Weissfeld AS : Enterobacteriacae. Bailey and Scott s
Diagnostic Microbiology 2002 ; 25 : 365- 377.

5. Clinical and Laboratory Standards Institute. Performance standards for
antimicrobial susceptibility testing; Twenty-second informational supple-
ment.2012; M100-522 32(3):44-49

6. Klebsiella, Enterobacter, Serratia, Citrobacter spp. bacteremia, England, Wales
and Northern Ireland : 2003 CDR Weekly 2004; volume 14 No.21.

7. Bodey GP, Elting LS , Rodriguez s. Bacteremia caused by Enterobacter : 15
years of experience in a cancer hospital. Rev . Infect . Dis ; 13(4) : 550 —
8.(ISSN:0162-0886)

8. E.Bouza, M. Garcia de la Torre , A . Erice , E.Loza . Enterobacter bactere-
mia. An analysis of 50 episodes, Archives of internal medicine 1985 June ;
145 (6).

9. Deal EN, Micek S T, Ritchie D J, Reichley R M, Dunne W M, Kollef M H
: Predictors of In- Hospitality Mortality for Bloodstream Infections Caused
by Enterobacter Species or Citrobacter freundii.Pharmacotherapy 2007; 27(2):
191-199.

10. Pittet D, LN, Woolson RF , Wenzel RP : Microbiological factors influenc-
ing the outcome of nosocomial blood stream infections : a 6 year validated
, population based model . Clin Infect Dis 1997; 24 : 1068 — 78.

11. Y. Ye, JB. Li, D.Q.Ye and Z] Jiang : Enterobacter bacteremia; Clinical
features , risk factors for multi resistance and mortality in a Chinese Uni-
versity Hospital . ] infection control 2006 ; 34 (5) : 252 — 257.

12. Gaynes R, Edwards J R, and NNIS System : Overview of nosocomial in-
fections caused by Gram- negative bacilli. Clin Infect Dis. 2005; 41:848-854.

13.  Wisplinghoff H, Bischoff T, Talent S M, Seifert H, Wenzel R P, Edmond M
B: Nosocomial blood stream infections in US hospitals : Analysis of 24,179
cases from a prospective nation wide surveillance study. Clin Infect Dis.
2004 ; 39 : 309-317.

14. Fletcher: Catheter related blood stream infections. Continuing education
in Anaesthesia, Critical Care And Pain (Oxford Journal) 2005; 2 :49-51
J Microbial Immunol Infect 2006 ; 39 : 67 — 72.

15. Kang CI1,Kim SH,6 Park WB, Lee KD, Kimn HB, Oh M D, Kim E
C, Choe KW : Blood stream infections caused by Enterobacter species:
Prediction of 30 day mortality rate and impact of broad spectrum cepha-
losporin resistance on outcome. Clin Infect Dis. 2004 ; 39 : 812 — 818.

16. Mandell G L, Bennett ] E, Dolin R : Cephalosporins. Principles and
Practice of Infectious diseases 4™ edition 1995; 16: 247-260

IJSR - INTERNATIONAL JOURNAL OF SCIENTIFIC RESEARCH 139




