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2  VITEK® 2 bioART® 

Here at the ACL Central Laboratory in Rosemont, Illinois, the 
Microbiology laboratory performs Microbiology testing for 
eight hospitals (three of which are teaching facilities) and 
receives an equal volume of tests from Outreach clients.  
One-third of our staff of 75 technologists are trained to report 
susceptibilities from three VITEK® 2 systems connected to 
two separate Laboratory Information Systems (LIS). The LIS 
system for hospital inpatient results (SunQuest) uses real-time 
quality assurance parameters.  The second, less sophisticated, 
LIS system (Commercial Lab) reports outreach results and all 
quality assurance is performed manually.

Susceptibility reporting is one of the most dynamic and 
complex areas in clinical microbiology. Each year new 
CLSI recommendations are published; new mechanisms 
of organism resistance are discovered and need to be 
identified; and new antibiotics are added. In order to 
implement and support these changes we had relied on 
“cheat sheets”, sticky notes, and email notifications to inform 
the staff of new policies and procedures. Our laboratory has 
recently implemented bioMérieux’s Advanced Reporting 
Tool (bioART®) for the VITEK® 2 system as a means to 
help execute these changes. This is a marked improvement 
on the less desirable methods previously mentioned. 
In this day and age of doing more with less and being 
LEAN, bioART® allows us to customize our susceptibility 
reporting rules and our technologists are less burdened with 
researching our policies and procedures for each isolate.

bioART® rules can be easily built as required so there is 
true real-time quality assurance. Rules can be customized to 
suppress antibiotics from susceptibility reports based on any 
number of conditions including: final interpretation, MIC value, 
bacterial phenotype, and even a specific organism or group of 
organisms. Non-formulary antibiotics can also be suppressed 
so that they are not included in the Advanced Expert System™ 
(AES) analysis. Even the whole susceptibility report can be held 
up for review.

Any report, whether it is released or held for review, can have 
customized site-specific comments added to the VITEK® 2 
printed report. These comments can be written to alert 
technologists to the action they must take. For example, adding 
an interpretative comment to the susceptibility report or to 
perform ancillary tests for that particular isolate. 
The comments allow us to eliminate the use of extraneous 
notes and guarantee that each situation will be handled 
appropriately and in the same way.

Here are a few examples of bioART® rules used in 
our laboratory:

1.  Reminder to set up an ancillary test (colistin Etest®) for any

Pseudomonas aeruginosa isolate that tests intermediate or
resistant to a carbapenem (imipenem) per a request from 
our Infectious Disease department.
If organism is Pseudomonas aeruginosa
And Antibiotic is Imipenem, Interpretation I, R
Then Add comment:  Set colistin Etest®.

In this scenario, the susceptibility is not held for review.

2.  Reminder to set up an ancillary test (vancomycin Etest) 
for any Methicillin Resistant Staphylococcus aureus with a
vancomycin MIC ≥ 2mcg/mL.  This rule is based on recent
guidelines from the Infectious Diseases Society of 
America (IDSA).

If organism is Staphylococcus aureus
And Test Cefoxitin Screen is POS
And Antibiotic is Vancomycin, MIC ≥ 2
Then Suppress from reporting Vancomycin
And Add comment: Set vancomycin Etest®.

In this scenario the Staphylococcus aureus susceptibility 
results will not be held up for the technologist’s review 
and will autofile.

3. This rule will remind the technologist of an action to
take (add a comment to the susceptibility report) when
reporting a Staphylococcus isolate that does not express an
inducible clindamycin resistance.

If Organism is Staphylococcus
And Antibiotic is Clindamycin, MIC      0.5
And Antibiotic is Erythromycin, MIC ≥ 1
And Test Inducible Clindamycin Resistance is NEG
And Add comment: Add comment to clindamycin result: 
This isolate does not demonstrate inducible Clindamycin
resistance in vitro.

The organism Staphylococccus in this rule is a group of 
organisms consisting of all Staphylococccus species.

4. Sometimes several actions need to be taken such as
stopping a report for technologist’s review, a reminder for
setting up ancillary tests, and suppressing antibiotics from the
report.  In addition, several bioART® rules may need to be
written so all scenarios are covered. The bioART® function
does not allow an either/or situation when selecting
antibiotics so a rule needs to be written for each one.  
For Enterobacteriaceae isolates with an elevated carbapenem
MIC, a rule is written for each carbapenem (ertapenem,
imipenem, meropenem) to stop the report for the
technologist’s review and to set up ancillary tests such as the
Modified Hodge Test and a Metallo Beta-Lactamase Etest.®  

Bridget Blumer, B.S. MT (ASCP)
ACL Central Laboratory
Rosemont, Illinois

Utilizing VITEK® 2 bioART® Rules To 
Enhance Accurate Susceptibility Reporting  
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If Organism is Enterobacteriaceae
And Antibiotic is Ertapenem, MIC ≥ 1
Then Stop for review
And Add comment: Set Modified Hodge Test and Metallo
Beta Lactamase Etest if ceftriaxone, ceftazidime, or
cefotaxime is I or R. Do not report penicillin/penicillin
inhibitors, cephalosporins, carbapenems or monobactams.

If Organism is Enterobacteriaceae
And Antibiotic is Imipenem, MIC ≥ 2
Then Stop for review
And Add comment: Set Modified Hodge Test and Metallo
Beta Lactamase Etest if ceftriaxone, ceftazidime, or
cefotaxime is I or R.  Do not report penicillin/penicillin
inhibitors, cephalosporins, carbapenems or monobactams.
 
If Organism is Enterobacteriaceae
And Antibiotic is Meropenem, MIC ≥ 2
Then Stop for review
And Add comment: Set Modified Hodge Test and Metallo
Beta Lactamase Etest if ceftriaxone, ceftazidime, or
cefotaxime is I or R.  Do not report penicillin/penicillin
inhibitors, cephalosporins, carbapenems or monobactams.

These rules remind the technologist to suppress the 
appropriate antibiotics and set up the ancillary tests if the 
aforementioned criteria is met, and while still allowing 
us to report any antibiotics not affected by the Modified 
Hodge Test or Metallo Beta-Lactamase Etest until they can 
be verified.

As stated earlier, our laboratory reports patient results into two 
LIS systems in which one has a real-time quality assurance 
program.  Being part of a large laboratory system does have 
its downside when requesting immediate revisions which 
take time to be built, test and implement. bioART® rules can 
be built and tested by us at our convenience. If any tweaking 
needs to be done – there is no waiting or requisitions to fill 
out. In addition, some susceptibility changes may be temporary 
and the bioART system allows us to disable a rule at any time.  

Since implementing the VITEK® 2 bioART® rules in 
our laboratory it has removed most of the burden from 
technologists to memorize the ever changing scenarios of 
susceptibility reporting and therefore removing chances 
of error, our reports are more consistent, and allows us to 
preserve accuracy in our susceptibility reporting.



 4  Klebsiella oxytoca

William M. Janda, Ph.D., D(ABMM)
Professor of Pathology, Microbiology, and Immunology
Director, Clinical Microbiology Laboratory
University of Illinois Medical Center
Chicago, Illinois

At the present time, the genus Klebsiella includes includes six species: K. 
pneumoniae, K. oxytoca, K. granulomatis, K. variicola, K. singaporensis, 
and K. alba.2,11,16,18,21 Three of these species – K. pneumoniae, K. oxytoca, 
and K. granulomatis – are associated with infections in humans. K. 
pneumoniae is further divided into three subspecies: K. pneumoniae 
subsp. pneumoniae, K. pneumoniae subsp. ozaenae and K. pneumoniae 
subsp. rhinoscleromatis.  K. pneumoniae subsp. pneumoniae is a well-
recognized cause of pneumonia, urinary tract infections, liver abscesses, and 
bacteremia.16,17 K. pneumoniae subsp. ozaenae is associated with ozena, 
an infection characterized by chronic atrophic rhinitis, pneumonia, otitis 
media, urinary tract infections, and bacteremia.  K. pneumoniae subsp. 
rhinoscleromatis is the cause of rhinoscleroma, a granulomatous respiratory 
tract infection involving the nasal passages.  K. granulomatis, formerly 
known as Calymmatobacterium granulomatis, is a fastidious gram-negative 
bactererium that causes donovaniasis, a genital ulcer disease seen primarily in 
South and Central America, Asia, and Africa. K. oxytoca, like K. pneumoniae 
subsp. pneumoniae, is associated with nosocomial infections of the urinary 
and respiratory tracts, in particular. Like K. pneumoniae subsp. pneumoniae, 
K. oxytoca constitutively produces ß-lactamases that confer resistance to 
amino- and carboxypenicillins, and may also become multiply-resistant 
with the acquisition of genes encoding extended-spectrum ß-lactamase 
enzymes (ESBLs).5 K. variicola, K. singaporensis, and K. alba are newly 
described species that have been isolated from plants, soil, and, rarely, clinical 
samples.11,16,18,21 In 2001, former members of the genus Klebsiella – 
K. planticola, K. ornithinolytica, and K. terrigena – were transferred to the 
new genus Raoultella as R. planticola, R. ornithinolytica, and R. terrigena.6

Over the 20 to 25 years, K. oxytoca has emerged as the etiologic agent of  an 
acute hemorrhagic colitis syndrome that is temporally related to the receipt of 
penicillin agents and is associated with the production of a specific cytotoxin.  
Several case reports and studies in the English, French and Japanese scientific 
literature suggest that the prevalence of  antibiotic-associated hemorrhagic 
colitis (AAHC) due to K. oxytoca is increasing. Therefore, it is important that 
laboratorians become familiar with this new clinical syndrome, the types of 
patients in which this condition may develop, and the detection and reporting 
of K. oxytoca when it is present in diarrheal stool specimens. This review 
describes AAHC caused by K. oxytoca, the mode of action of the K. oxytoca 
toxin responsible for the syndrome, and the recognition and reporting of this 
agent in stool specimens from patients.

The first reports of possible involvement of K. oxytoca in cases of 
hemorrhagic enterocolitis appeared from Japan in the mid-to-late 80’s, with 
the observation of high fecal burdens of K. oxytoca in Japanese patients who 
developed hemorrhagic enterocolitis after receiving penicillin derivatives.4  
In 1989, Minami and colleagues identified certain K. oxytoca strains obtained 
from Japanese patients with hemorrhagic diarrhea that produced a low-
molecular-weight “cytotoxin” related  to C. difficile toxin A.13 This cytotoxin 
induced rounding of cultured cell lines, including HEp-2, Vero, CHO-K1, and 
HeLa cells, and resulted in death of 70% to 80% of these cells within 48 
hours. The amount of cytotoxin required to cause cell rounding and death of 
50% of the cell culture monolayers was cell line-dependent and ranged from 
0.6 μg/ml to 1.4 μg/ml. This cytotoxin was partially purified by gel filtration 

and reversed-phase high-performance liquid chromatography and further 
characterized as to molecular structure and mode of action.  Using this 
cytotoxin preparation and HEp-2 cells, the toxin was demonstrated to cause 
inhibition of both DNA and RNA synthesis.7,14 Additional characterization 
of the cytotoxin revealed that it is heat-labile (i.e., inactivated by heat 
treatment at 60o C for 30 minutes), stable to treatment with pronase or 
trypsin, and produced during the logarithmic growth phase, with maximum 
production during the early stationary phase. The cytotoxin appears to be 
chromosomally encoded and nuclear mass resonance (NMR) and FAB mass 
spectrometry indicate that it is a small molecule with a molecular weight 
of 217 daltons and the chemical formula C8H15O4N3.14 Injection of purified 
cytotoxin into ligated ileal and colonic loops in rabbits caused mucosal 
hemorrhage and fluid accumulation, while similar preparations from non-
toxigenic K. oxytoca strains did not cause any of these effects.12 These results 
suggested that K. oxytoca strains that were able to produce this cytotoxin 
were responsible for the pathogenesis of AAHC. 

In 2006, Hogenauer and colleagues studied 22 consecutive patients who 
had AAHC but were negative for C. difficile.9  All underwent diagnostic 
colonoscopy and the diagnosis of AAHC was based on clinical history (use 
of antibiotics before onset of diarrhea) and endoscopic features associated 
with segmental hemorrhagic colitis. Stool specimens were cultured for all 
recognized enteric pathogens, including C. difficile and C. difficile toxins, 
and were examined for the presence of K. oxytoca. In order to determine 
the prevalence of  intestinal K. oxytoca, stool specimens from 385 healthy 
subjects who had not taken antimicrobial agents within the prior four 
weeks were also examined for the presence of K. oxytoca. Among the 22 
patients, 6 were diagnosed with AAHC and K. oxytoca was isolated from 
the stool of 5 of 6 patients. All stool specimens were negative for other 
enteric pathogens. These five patients were receiving penicillin derivatives 
as outpatients when cramping and bloody diarrhea developed suddenly 
after 3-7 days of antibiotic treatment. Two of the 5 patients who were K. 
oxytoca-positive had also been taking NSAIDS at the time of disease onset. 
All five patients had leukocytosis (mean of 16,500/mm3) and elevated 
C-reactive protein. Colonoscopies performed on the five patients showed 
segmental hemorrhagic colitis localized predominantly in the right colon 
along with mucosal edema and hemorrhage and with rectal sparing in all 
cases. No pseudomembranes were observed. Among the stool specimens 
obtained from healthy subjects, K. oxytoca was found in only 6 (1.6%) of the 
385 healthy subjects. K. oxytoca isolates from the five AAHC patients were 
analyzed for cytotoxin production along with two toxin-negative control 
K. oxytoca ATTC strains.9  After overnight growth in broth, the organisms 
were removed by centrifugation/filtration and the supernatant (100 ul of a 1:1 
dilution with PBS) was added to HEp-2 cell culture monolayers. 
After incubation for 48 hours at 37oC, the monolayers were examined under 
a microscope. Cytotoxicity, as evidenced by cell rounding and death, was 
observed with all five K. oxytoca clinical isolates, while the two control 
K. oxytoca strains had no effects on the cultured cells.  

In the same report, Hogenauer and colleagues established an animal model 
for AAHC using Sprague-Dawley rats.9 The animals were split into 6 groups 
and received all various combinations of a cytotoxic K. oxytoca strain orally 
with and without amoxicillin/clavulanate and with and without indomethicin 
(a non-steroidal anti-inflammatory drug). Animals that received the organism 
along with amoxillin-clavulanate and indomethicin became colonized with 
K. oxytoca and developed right-sided hemorrhagic colitis. Among the control 
animals that did not receive antibiotic, colonization of the gut with K. oxytoca 
did not occur and the animals did not develop disease. Examination of 

Klebsiella oxytoca and Antibiotic-Associated Hemorrhagic Colitis
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tissue from the colon of infected animals revealed histopathology similar to 
that seen in humans with K. oxytoca AAHC.  Culture of the infected colonic 
tissue from the animals yielded the same K. oxytoca isolate that was orally 
administered to the affected animals. The results of this animal model 
essentially fulfilled the tenets of Koch’s postulates, establishing cytotoxin-
producing K. oxytoca strains as the causative agent of AAHC.

Several other reports in the literature have since confirmed the association 
of K. oxytoca with AAHC. The first case report of K. oxytoca AAHC in North 
America described a 79-year-old-male from San Diego who presented with 
a new onset of diarrhea, abdominal pain, and hematochezia.3  Based on an 
abdominal CT examination, the patient underwent emergency sigmoidal 
colonoscopy because of  concern for impending colonic performation. In 
a case report from Japan, Philbrick et al described a 63 year old man who 
developed K. oxytoca AAHC after taking amoxicillin for sinusitis prophylaxis 
following a dental implant procedure five days earlier.15 Sweetser and 
colleagues described a case of K. oxytoca AAHC in a 67-year old female 
who underwent a sigmoid resection with primary anastomosis procedure 
for recurrent diverticulitis.20 The patient presented 3 days after the surgery 
with explosive, voluminous diarrhea containing red and white blood cells. 
Imaging of the colon revealed mucosal enhancement suggesting infectious 
or inflammatory colitis, and the flexible sigmoidocopy showed a granular 
and edematous colonic mucosa with yellow and white pseudomembrane 
formation, which had not been previously reported for K. oxytoca-associated 
AAHC. In 2010, Shinjoh, Iwata, and Takahashi reported the first two pediatric 
cases of K. oxytoca-associated AAHC.19 The patients were a 14 year-old female 
and an 11-year-old female who was receiving amoxicillin for treatment of 
tonsillitis due to group A ß-hemolytic streptococci. A third pediatric case 
involved a 15-year-old male who presented with an acute E. coli urinary 
tract infection with upper urinary tract involvement.8  Three days after 
treatment with amoxicillin-clavulanate, the boy developed acute abdominal 
pain with bloody diarrhea. Ultrasound revealed thickening and hyperemia 
of the terminal ileum, caecum, and ascending colon and diarrheal stool 
specimens yielded K. oxytoca as the only agent in the stool; this isolate was 
demonstrated to produce the cytotoxin by tissue culture assay. 

Isolates of K. oxytoca from cases of AAHC have been studied and compared 
with other strains of the same species and with other members of the 
genus Klebsiella.  In the report by Hogenaur and colleagues, all five 
cytotoxin-producing isolates were resistant to ampicillin/amoxicillin due 
to the constitutive ß-lactamase produced by K. oxytoca strains.9 One of 
the five isolates was also resistant to clarithromycin, and one isolate was 
resistant to cefotaxime due to production of an ESBL.  Other studies have 
shown that individual AAHC patients may simultaneously carry multiple, 
genotypically distinct toxigenic and non-toxigenic K. oxytoca strains. In a study 
by Joainig and colleagues, stool isolates of  K. oxytoca were obtained from 
13 AAHC patients, 14 patients with non-hemorrhagic gastroenteritis, and 13 
asymptomatic carriers.10 These strains were compared with K. oxytoca strains 
isolated from the urinary tract (10 isolates), the respiratory tract (16 isolates), 
blood cultures (13 isolates), and wounds (16 isolates).  Nine (60%) of the 15 
isolates recovered from the stool of AAHC patients were cytotoxin-positive, 
as were 8 (57%) of 14 stool isolates from patients with acute/chronic colitis, 
and 6 (46%) of 13 stool isolates from asymptomatic carriers.  While 2 (15%) 
of 13 isolates from blood cultures and 6 (36%) of 16 isolates from cutaneous 
infections were cytotoxigenic, none of the respiratory tract and urinary 
tract isolates of K. oxytoca produced cytotoxin. Toxigenic and nontoxigenic 
K. oxytoca strains may therefore be present in both symptomatic and 
asymptomatic individuals, but patients with AAHC have significantly more 
toxigenic strains in the stool than asymptomatic persons. In one study, AAHC 
patients harbored 4 X 106 cfu of toxigenic K.oxytoca per ml of stool, while 
asymptomatic patients harbored <101 cfu of toxigenic K. oxytoca per ml 

of stool.22 Other studies have also shown that patients with AAHC without 
C. difficile but with K. oxytoca in the stool had significantly higher rates of 
cytopathic K. oxytoca strains than a control group of healthy carriers of K. 
oxytoca.1  Cytotoxin production appears to be specific for K. oxytoca and is 
not seen in K. pneumoniae or in other Klebsiella species that have 
been examined.10

In summary, K. oxytoca AAHC may develop suddenly after receipt of 
penicillins or penicillin derivatives (e.g., amoxicillin) . Some patients may also 
have a history of recent use of NSAIDS.  The diarrhea is characterized by 
presence of blood and mucous, the absence of C. difficile and the presence 
of hematochezia. The antimicrobial agent apparently selects for K. oxytoca, 
which are resistant to broad-spectrum penicillin derivatives, resulting in 
overgrowth of the organism in the gut and the elaboration of cytotoxin by 
some strains.  Colonoscopy usually shows segmental (i.e. left-sided, right-
sided or pancolonic) hemorrhagic colitis involving the transverse/ascending 
colon with rectal sparing.  On histopathology, bowel abnormalities include 
acute inflammation with eythema, edema, ulcerations, and purpura, with a 
diffusely hyperemic mucosa, submucosal hemorrhage, and fibrinopurulent 
damage. Patients will have a marked leukocytosis, and an elevated C-reactive 
protein. This condition is usually self-limited, with spontaneous resolution 
of symptoms occurring within a few days after cessation of the offending 
antibiotic. K. oxytoca AAHC should be suspected if the patient is C. difficile-
negative, has been on antimicrobial therapy, and has symptoms that 
include diarrhea with hematochezia.  K. oxytoca can be isolated from the 
stool, biopsy specimens collected during colonoscopy, or intra-luminal fluid 
from patients. Colonic biopsy specimens and diarrheal stool may yield the 
organims in pure culture. Consequently, heavy growth or a preponderance 
of K. oxytoca in these specimen types from patients with consistent illness 
should be reported to the physician. K. oxytoca may also be a rare cause 
of severe infectious colitis in patients without a history of antibiotic use.3  
Because of the role of  toxigenic K. oxytoca in the pathogenesis of AAHC, 
laboratories may want to consider adding a comment to the final laboratory 
report if K. oxytoca is found in the stool in significant numbers: “Toxigenic 
strains of Klebsiella oxytoca have been associated with antibiotic-associated 
hemorrhagic colitis (AAHC). Patients usually respond to withdrawal of  
antimicrobial agents.”

See page 8 for references
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Exciting New Media From bioMérieux
bioMérieux will soon be introducing the newest addition to our 
chromID™ line of chromogenic media. chromID™ C. difficile 
is a selective and differential chromogenic media for the 
detection and identification of Clostridium difficile in stools of 
symptomatic patients.  This media contributes to the diagnosis and 
epidemiological monitoring of C. difficile, which is a causative agent 
of pseudomembranous colitis and is the number one etiological 
agent in nosocomial or antibiotic-associated diarrhea.1 A study by the 
Association for Professionals in Infection Control & Epidemiology 
indicated that 13 of every 1,000 patients were either infected or 
colonized with C. difficile.2 The financial burden of C. difficile has been 
estimated to run from $2,871 to $4846 per case for primary infection 
and from $13,655 to $18,067 per case for recurrent infections.3 
Control of this pathogen within institutions has been difficult due to the 
ability of the organism to form spores and spread to other patients. 
Although controversial, there have been calls for culturing to help 
contain this pathogen.4 

chromID™ C. difficile media is rapid and easy to use and does not 
require technical expertise to identify positive cultures. C. difficile 
colonies produce easy to read dark grey or black colonies upon the 
media, in only 24 hours versus 48 to 72 hours with conventional 
media. The media shows superior recovery over conventional media. A 
study of 474 isolates comparing percent recovery showed chromID™

C. difficile recovery of 99% versus 55% with other culture media.5 

This media will help laboratories isolate organisms for further testing 
and will assist infection preventionists in controlling this pathogen. 
By rapidly identifying colonized patients, appropriate infection 
prevention measures can be implemented which may prevent 
transmission of the organism. Hospitals should examine their current 
C. difficile prevention measures and determine whether or not to 
include proactive surveillance cultures.
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5. Refer to chromID™ C. difficile agar (CDIF) Instructions for Use.
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