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Objective Antibiotic-associated hemorrhagic colitis is
a distinct form of antibiotic-associated bloody diarrhea
(AABD) in which Clostridium difficile is absent. Although
the cause is not exactly known, reports have suggested
the role of Klebsiella oxytoca and/or C. difficile.

Materials and Methods Between 2001 and 2006, stool
samples of 21 consecutive patients with AABD were
cultured for common enteric pathogens and K. oxytoca, and
were tested for the presence of parasites and C. difficile
toxin A + B within the first 24 h of their initial admission and
a colonoscopy was performed when available. The patients
were followed up prospectively by telephone interviews.

Results The occurrence of symptoms ranged between

6 h and 14 days following the first dose of the antibiotic
responsible and the duration of the AABD ranged between
6 h and 21 days. The antibiotic responsible was oral
ampicillin/sulbactam in 18 (85%) cases. C. difficile toxin
A + B production by enzyme-linked immunosorbent assay
and K. oxytoca growth in stool cultures were detected in
six (29%) and 11 (51%) of 21 patients, respectively.
Endoscopic morphology and histology in a limited number
of patients revealed no more than a nonspecific
inflammation and acute colitis, respectively.

Introduction

Diarrhea is a frequent adverse effect of antibiotic therapy,
with an incidence varying between 5 and 25%, depending
on the antibiotic used [1]. Hemorrhagic colitis is also
a well-known complication of treatment with antibiotic
agents. Antibiotic-associated colitis is generally considered
to be caused by an overgrowth of toxin-producing Clos-
tridium difficile in the colon; however, a subset of patients
may be identified as having a distinct form of antibiotic-
associated colitis and this is called antibiotic-associated
hemorrhagic colitis (AAHC) because of Kiebsiella oxytoca
[2,3]. Toffler er al. [4] were the first to describe this form
of colitis during therapy with penicillins. The disease has
also been reported after antibiotic therapy with quino-
lones and cephalosporins [5,6].

In contrast to antibiotic-associated colitis induced by
C. difficile, AAHC is considered to resolve spontaneously
after cessation of the antibiotic responsible [4,5,7].

Recent evidence suggests that K. oxyzoca, a Gram-negative
facultative aerobic enterobacterium found in surface water,
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sewage, soil, and plants and present in up to 38% of adult
stool samples, is a cause of AAHC [6,8]. K. oxyfoca con-
stitutively produces chromosomal B-lactamases that confer
resistance to aminopenicillins. Strains that overproduce
these B-lactamases or extended-spectrum B-lactamases may
cause AAHC because of an overgrowth by the selective
pressure of the antibiotics used.

Few cases of AAHC have been reported in the litera-
ture [4,7,9-12]. The onset is usually sudden, with severe
lower abdominal pain and cramping, and up to 20 loose
stools in 24 h. These clinical findings are not specific for
AAHC and may exist in the presentation of any form of
colitis.

The exact causes of AAHC still remain controversial.
Sakurai and colleagues were the first to report the pre-
sence of K. oxyfoca in patients with AAHC after oral
ampicillin treatment in 1979. Since then, individual cases
and small series of C. difficile-negative K. oxytoca-positive
AAHC have been reported in the literature. Most of these
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reported cases have a history of treatment with B-lactam
antibiotics [2,6,7,9,13].

Currently, allergic reactions, mucosal ischemia, and infec-
tion with K. oxyfoca are the main suggested mechanisms
for the development of AAHC [2,4,7,14]. It has been
more than 2 decades since the first report on the role of
K. oxytoca in AAHC was published; however, definitive
proof was not provided until the fulfillment of Koch’s pos-
tulates by Hogenauer ez @/. [6]. Their findings suggested
that cytotoxin-producing K. oxyfoca is the causative organ-
ism in at least some cases of AAHC. A number of reports
on the role of K. oxytoca in AAHC have been published
recently [2,6,9,13], but none of these have investigated

its long-term follow-up and relation to inflammatory
bowel disease (IBD).

Our study investigated the role of K. oxyfoca in a cohort of
21 patients with community-acquired antibiotic-associated
bloody diarrhea (AABD) and their outcome with a long-
term follow-up in regard to its relation with IBD.

Materials and methods

Patient series of acute hemorrhagic colitis

Description of terms

The term AABD has been used to indicate patients
presenting with diarrhea and hematochezia following the
use of oral antibiotics, whereas AAHC has been used to
indicate patients with AABD whose stool culture revealed
K. oxytoca. C. difficile-associated diarrhea has been used to
indicate patients who tested positive for the production
of the C. difficile toxin.

Patient selection

From January 2001 to November 2006, patients with
AABD admitted to the Istanbul University, Cerrahpasa
Medical Faculty, a 1500-bed tertiary care center, were
questioned to determine whether they fulfilled the fol-
lowing criteria: (a) no previously diagnosed IBD and (b)
history of use of antibiotics preceding bloody diarrhea.
A total of 24 patients were recruited into our study.

Clinical data, colonoscopy, and microbiologic study
Clinical history and physical and endoscopic examination
findings for each patient were documented on a standard
form. Clinical data included age, sex, drug intake (aspirin,
NSAID, oral contraceptive, etc.), the dose and duration
of antibiotics used, evolution, and treatment of diarrhea.
Laboratory, abdominal ultrasound and/or computed tomo-
graphy, colonoscopic, and histopathologic findings (when
the patient provided consent), the results of C. difficile
toxin A + B, and growth for K. oxyzoca in stool culture were
recorded for each patient. Colitis was verified by endo-
scopy and histopathology when the patient provided
consent.

Each patient was subjected to a colonoscopy and their
stool was cultured for common enteric pathogens
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[Salmonella spp., Shigella spp., Campylobacter spp., Aero-
monas spp., Yersinia spp., and enterohemorrhagic Fscher-
ichia coli (EHEQC)], examined for parasites (Giardia lamblia
and Entamoeba listolytica), and tested for C. difficile toxin
A+ B using an enzyme-linked immunosorbent assay
(R-Biopharm, Darmstad, Germany). Stool specimens from
patients were examined for K. oxyfoca using MacConkey
agar plates, and bacterial identification was performed
using the API 20E test (bioMérieux, Marcy I’Etoile,
France).

Long-term follow-up

A telephonic interview was conducted with the patients
in December 2010. The information obtained about their
current health status, the use of any antibiotics, and
recurrence of diarrhea/hemorrhagic colitis was documen-
ted on a standard form. Patients were invited to the
hospital for an examination when necessary.

Results

Three out of 24 patients with AABD were excluded from
the study because of a lack of either stool cultures or
follow-up information. Of the 21 patients with AABD
who were evaluated, six underwent a colonoscopy with a
biopsy within 24 h of admission, whereas the rest did not
agree to the procedure mainly because of the sudden
disappearance of their symptoms within hours. Colono-
scopy revealed segmental hemorrhagic colitis with rectal
sparing in all cases (Fig. 1, left). K oxytoca growth was
found in the fecal samples of three patients who under-
went a colonoscopy. Colitis was predominantly localized
in the ascending and the transverse colon. Colonoscopic
findings of the six patients revealed erythema in all,
superficial ulcerations in four, and pseudomembranes in
one patient. The latter patient tested positive for both
C. difficile toxin A+ B and K. oxytoca in stool culture.
Histology of biopsies taken from every patient undergoing
a colonoscopy (# = 6) revealed nonspecific acute colitis in
every case. K. oxytoca was isolated from the stool in 11
(52%) and C. difficile toxin A + B was positive in six (29%)
of the patients. No other enteric pathogens (Sa/monella
spp., Shigella spp., Campylobacter spp., Aeromonas spp.,
and EHEC) or parasites (Giardia lamblia and Entamoeba
histolytica) were recovered from the stool samples.

The characteristics of the patients and the clinical and
endoscopic features of colitis are shown in Table 1. All of
the patients were outpatients at the onset of diarrhea.
The stool was bloody at the onset of diarrhea in the
majority of patients (76%), but turned bloody in the rest
of the patients during the first 24 h of diarrhea. Although
three patients recovered completely upon cessation of
antibiotics, the rest were empirically treated with metro-
nidazole before the diagnosis was established. The time
period during which hemorrhagic colitis occurred follow-
ing the intake of antibiotics varied as follows: 33% of the
patients within the first 24 h, 52% of patients within the
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Fig. 1

B

Colonoscopy of a patient with antibiotic-associated hemorrhagic colitis showing segmental hemorrhagic colitis of the ascending colon (left) and the

same site following cessation of antibiotics (right).

Table 1 Characteristics of the prospective cohort of 21 patients
with acute antibiotic-associated bloody diarrhea
Mean age (years) (range) 34.1 (20-52)
Female sex (%) 12 (57)
Clinical setting
Outpatients at the onset of diarrhea (%) 21 (100)
Bloody stool at onset (%) 16 (76.2)
Mean days from antibiotic intake to the onset of AAHC 3.2 (0.25-14)
(range)
Mean total duration of bloody diarrhea-days (range) 3.9 (0.25-21)
History of use of the offending antibiotic previously (%) 1 (4.8)
Clinical features
Bloody diarrhea (%) 21 (100)
Mucus in stools (%) 10 (47.6)
Fever (%) 7 (83.3)
Antibiotics received
Ampicillin/sulbactam (%) 18 (85.7)
Amoxicillin/clavulanate (%) 2 (9.5)
Levofloxacin (%) 1(4.8)
Microbiologic studies
Klebsiella oxytoca (%) 11 (52.4)
Clostridium difficile toxin A+ B (%) 6 (28.6)
C. difficile-negative K. oxytoca-positive (%) 5 (18.3)
C. difficile-positive K. oxytoca-positive (%) 6 (28.6)
Common enteric pathogens 0
Treatment
Cessation of antibiotics only (%) 3 (14.3)
Cessation of antibiotics + metronidazole (%) 18 (85.7)
Outcome
Recurrence of hemorrhagic colitis (%) 1 (4.8)

AAHC, antibiotic-associated hemorrhagic colitis.

first 48h, and 90% of patients within the first 5 days.
Only one patient developed symptoms 14 days after the
intake of antibiotics. Five (24%) patients had K. oxytoca-
positive C. difficile-negative AAHC, whereas all six
patients who were C. difficile toxin A+ B positive were
also positive for K. oxytoca.

The characteristics of the 11 patients with AAHC are
presented in Table 2. One of the patients (patient no. 4)
was diagnosed with IBD during the follow-up period.

Interestingly, she had a history of AABD before recruit-
ment into our study. Moreover, her stool tested positive
for C. difficile toxin A + B and bloody diarrhea lasted less
than 5 days in all the patients except her. She reported
recurrent episodes of bloody diarrhea during the follow-
up period and was subsequently diagnosed with ulcera-
tive colitis. The patient was later cured with colectomy.
Four of the patients were receiving NSAIDs at the time
of the diagnosis of AAHC, and three of these patients
were found to have both C. difficile toxin A+ B and
K. oxytoca.

The white blood cell count of the patients with AAHC
ranged from 6.4 to 29 x 10%/1, with a mean value of
13 x 10”/1. Seventy-one percent of patients had white cell
counts of more than 10 x 10°/1. Serum C-reactive protein
(CRP) levels ranged from 1 to 322 mg/l, with a mean
value of 82mg/l (0-5mg/l) (Table 3). The CRP levels
of the patients with both (. difficile toxin A+ B and
K. oxytoca were found to be significantly higher than those
who had one or neither (149 vs. 55mg/l, P=0.002).
Other routine biochemical tests for the liver and kidney
were within the normal range during admission.

Discussion

Antibiotic-associated diarrhea can range from mild and
self-limiting forms for most patients, who do not require
treatment or alteration in the course of therapy, to colitis,
a potentially life-threatening condition [15]. Although
AAHC and C. difficile-associated diarrhea share some clini-
cal symptoms, AAHC is a distinctly separate form of
colitis. It is characterized by the absence of toxin-
producing C. difficile, the lack of pseudomembranes on
colonoscopy, and a sudden occurrence of bloody diarrhea
during antibiotic treatment. K. oxyfoca was recently found
to be one of the causative agents of AAHC [2,6,9,16].
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Table 2 Characteristics of the 11 patients with antibiotic-associated hemorrhagic colitis who were positive for Klebsiella oxytoca
Indication  Clostridium Additional therapy Time from start of Outcome of
Patient Antibiotic triggering  for antibiotic difficile toxin before the onset  antibiotics therapy to ~ Time to long-term follow-up
number Age Sex AAHC therapy A+B of AAHC onset of AAHC (days) recovery Therapy (2-7 years)
1 27 F Ampicillin-sulbactam Sinusitis Negative None 3 3 Symptomatic® No recurrence®
2 43 F Ampicillin-sulbactam Sinusitis Positive None 3 2 Metronidazole®  No recurrence
3 41 M Ampicillin-sulbactam Sinusitis Positive None 2 3 Metronidazole No recurrence
4 31 F Amoxicillin-clavulanate Sinusitis Positive None 1 21 Metronidazole Ulcerative colitis
5 49 M  Ampicillin-sulbactam Tonsillitis Positive NSAID 1 2 Metronidazole No recurrence
6 36 F Ampicillin-sulbactam Tonsillitis Positive NSAID 14 2 Metronidazole No recurrence
7 28 F Ampicillin-sulbactam Tonsillitis Positive NSAID 1 2 Metronidazole No recurrence
8 51 M Ampicillin-sulbactam Sinusitis Negative None 4 4 Metronidazole No recurrence
9 22 M Ampicillin-sulbactam Sinusitis Negative NSAID 2 5 Metronidazole No recurrence
10 25 M Ampicillin-sulbactam Sinusitis Negative None 3 3 Metronidazole No recurrence
11 46 F Ampicillin-sulbactam Sinusitis Negative None 2 3 Metronidazole No recurrence

AAHC, antibiotic-associated hemorrhagic colitis; F, female; M, male.

2Symptomatic treatment included cessation of antibiotics and administration of intravenous fluids.
®No recurrence indicates that the antibiotic responsible was not used and hemorrhagic colitis did not recur.

°Metronidazole treatments were given empirically.

Table 3 White blood cell counts and C-reactive protein levels
of 21 patients with acute antibiotic-associated bloody diarrhea

Patient Clostridium difficile toxin Stool WBC CRP
number A+B culture (10%7) (0-5mg/l)
1 Negative K. oxytoca 12.7 75
2 Positive K. oxytoca 14 80
3 Positive K. oxytoca 13.5 82
4 Positive K. oxytoca 12.4 322
5 Positive K. oxytoca 12.6 210
6 Positive K. oxytoca 7.6 100
7 Positive K. oxytoca 16.4 101
8 Negative K. oxytoca 17.2 90
9 Negative K. oxytoca 9 70
10 Negative K. oxytoca 11 18
11 Negative K. oxytoca 12 60
12 Negative No growth 9.5 1
13 Negative No growth 7.1 8
14 Negative No growth 9.8 20
15 Negative No growth 13.6 48
16 Negative No growth 10.8 100
17 Negative No growth 13 80
18 Negative No growth 6.4 20
19 Negative No growth 211 90
20 Negative No growth 15 70
21 Negative No growth 29 77

CRP, C-reactive protein; K. oxytoca, Klebsiella oxytoca; WBC, white blood cells.

Spontaneous resolution usually occurs after cessation of
the antibiotic [13]. Moreover, in experiments performed
by two groups of researchers in Japan, some K. oxytoca
strains isolated from patients with AAHC were shown to
be capable of producing a cytotoxin that was toxigenic in
cell cultures and inducing mucosal damage and epithelial
cell death in isolated loops from rabbit ileum [17-19].
The ability of K. oxyroca to induce disease after antibiotic
treatment most likely represents an overgrowth of the
toxin-producing bacterium because of an alteration in the
colonic microbiota [20].

The clinical features of AAHC in our patients were
similar to those described previously [4,5,7]. We did not
perform cytotoxicity assays with cell cultures for bacteria
isolated from our patients. However, K oxyroca was
detected in large quantities in all the patients who had
AAHC in our study, suggesting that the administration of

antibiotics alters the intestinal flora and promotes the
growth of K. oxyroca. Large quantities of this microorgan-
ism apparently produce large amounts of cytotoxin, thus
causing hemorrhagic colitis. It is currently not known
whether patients who develop AAHC are colonized with
K. oxytoca before or following antibiotic therapy. The prev-
alences of K. oxyfoca among healthy individuals in Turkey
and our patient group are 3 and 52%, respectively, which
suggests a strong correlation between K. oxyfoca and
AABD (P <0.05, }(2) [21]. Nevertheless, any presence of
healthy carrier individuals may make one think whether
K. oxytoca 1s a cause, consequence or innocent bystander
in patients with AAHC.

Diarrhea in patients with AABD may be either bloody
from the beginning or the appearance of blood may even
take longer than 48h [19]. Diarrhea was bloody at the
onset in 16 (76%) of our patients and progressed to
hematochezia in most of the patients in less than 24 h.

AAHC has been observed mainly in young and otherwise
healthy outpatients after a brief treatment with penicillin
derivatives. Either amoxicillin or amoxicillin/clavulanic
acid seems to be responsible for the majority of AAHC
cases in the literature [6,10,12,13,16,22-25]. Eighteen
(86%) of 21 patients with AABD and 10 (91%) of 11
patients with AAHC had a history of oral ampicillin/
sulbactam use in our study. Poor absorption of the drug
may have caused an overgrowth of K. oxyfoca, resulting in
high cytotoxin concentrations that induce mucosal damage,
which may have been responsible for the high rate of
ampicillin/sulbactam causing AAHC in our patients [26,27].

There are increasing numbers of case reports and small
case series in the literature suggesting K. oxyfoca as the
cause of AAHC; two case reports, in which K. oxyfoca was
the presumed cause of colitis in patients who had not
received antibiotic therapy, are noteworthy [9,28]. They
suggest that, under certain circumstances, K. oxyfoca may
be pathogenic even in the absence of antibiotics.
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Fig. 2

Severe circumferential pancolitis of the patient with antibiotic-associated bloody diarrhea receiving NSAIDs (left) and control colonoscopy (right).

To our knowledge, the coexistence of K. oxyfoca with
C. difficile toxin A + B has not been noted previously in the
literature. In our study, all the patients who tested pos-
itive for C. difficile toxin A+ B also had positive stool
cultures for K. oxyroca. This coexistence may be the result
of common risk factors including exposure to antibiotics or
some specific antibiotic (ampicillin/sulbactam)-related
issues, but this requires further study.

The patients who tested positive for C. difficile toxin
A + B were outpatients. A recent article by Kuntz ez 4/ [29]
reported that the epidemiology of C. difficile infection
(CDI) is changing, with community-associated CDI occur-
ring in populations not traditionally considered ‘high risk’
for the disease.

The level of CRP as a marker of inflammation in AAHC
has not been studied in the literature. The CRP levels
of the patients with the coexistence of C. difficile toxin
A+ B and K oxytoca were significantly higher than those
who had one or none (149 vs. 55 mg/l, P =0.002), which
may imply that the presence of both K. oxyroca with
C. difficile could cause a more severe inflammation of the
colonic mucosa.

Histologic findings in patients with AAHC are similar to
those in patients with other toxin-induced forms of
colitis, such as colitis because of EHEC or Shigella spp., or
in patients with ischemic colitis with abnormalities mainly
in the right colon [14,30,31]. Colonoscopic findings were
similar in our patients, affecting the right colon and some
segments of the transverse colon without any suggestive
evidence of specific macroscopic morphology.

We observed the use of NSAIDs in four (19%) of our
patients with AABD, as have other investigators [6,7,14].

The use of NSAIDs has also been reported to be associated
with colitis and diarrhea of various causes [32-36]. In their
experiments in rats, Hogenauer and colleagues showed
that the concomitant administration of indomethacin and
inoculation of K. oxyroca tended to cause more severe colitis
and to induce erosion. Thus, NSAIDs appear to aggravate
colitis caused by potentially pathogenic bacteria in the in-
testinal lumen [6]. One of the three patients with AABD,
who was excluded from the study because of a lack of a
stool culture, was regularly taking NSAIDs for osteoarti-
cular disease. She had presented with diarrhea and melena.
Her colonoscopy revealed severe circumferential pancolitis
with ileitis (Fig. 2, left). Although the clinical picture
resembled underlying severe IBD, the disappearance of
symptoms and colonoscopic findings upon cessation of
NSAID and antibiotics supported the role of the combi-
nation of both drugs in aggravation of colitis in patients
with AABD (Fig. 2, right).

The toxicity of NSAIDs in the small bowel and the colon
is considered to be related primarily to the direct mucosal
effects of these drugs. Exposure of the small bowel
mucosa to NSAIDs is believed to lead to the loss of
intracellular integrity and an increase in permeability. This
damage to the small intestinal barrier then allows further
injury and subsequent inflammation because of intralum-
inal factors, such as bile and bacteria including toxigenic
strains of K. oxyroca [37]. There is some evidence to
support an association between NSAID use and flares in
IBD [37], but little data that associate the use of
antibiotics directly with flares.

Antibiotics may have a triggering effect on mucosal inflam-
mation in patients with subclinical IBD. A significant link
between the use of antibiotics and an exacerbation of
symptoms may be through the development of CDI [38,39].
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However, it is unclear whether these infections simply
trigger symptoms in patients with IBD that resolve on
resolution of the infection or whether they actually trigger
a flare of intestinal inflammation that outlasts the infec-
tion [40]. The clinical and endoscopic profiles of both
conditions might not be very different from each other. Only
persistent disease or intermittent recurrence might be an
indicator of IBD, as found in one of our patients.

AAHC is usually a self-limiting condition following the
cessation of antibiotics. Metronidazole was given empiri-
cally to 10 of 11 patients with AAHC. As metronidazole is
not effective against K. oxyfoca, which suggests spontaneous
remission of AAHC, only patients with C. difficile toxin
A+ B may have benefitted from empiric metronidazole.

This study confirms that AAHC, as a distinct entity in
relation to K. oxyroca, is seen in half of the patients with
AABD. However, whether any hitherto unrecognized
organism other than K. oxyfoca and C. difficile or a non-
infectious etiology might have been responsible for the
rest of the AABD cases is still a debate. Nearly all cases
with AABD developed within a week following the use of
antibiotics and remained flare free during the long-term
antibiotic-free follow-up. The use of antibiotics may trig-
ger a subclinical IBD in patients who initially present
with AABD. In some of the patients with AAHC,
K. oxytoca may coexist with C. difficile toxin A + B.
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