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Epidemiological characteristics of 
Klebsiella ozaenae infection and its 
antibiotic susceptibility: Experience of 
a tertiary care hospital in the Eastern 
Province of Saudi Arabia
Reem AlJindan

Abstract:
BACKGROUND: Klebsiella ozaenae (K. ozaenae), a forgotten pathogen that normally colonizes the 
upper respiratory mucosa, can be associated with severe and invasive infections. The objectives of 
this study were to determine the frequency of isolation of K. ozaenae at the microbiology laboratory 
in a tertiary hospital and the scope of diseases associated with it and to characterize its antimicrobial 
susceptibility pattern.
MATERIALS AND METHODS: This cross‑sectional study analyzed the retrospective data, from 
2002 to 2021, on cases with laboratory‑confirmed isolation of K. ozaenae at a tertiary care hospital. 
The primary outcome was to identify the scope of K. ozaenae infections and their antimicrobial 
susceptibility patterns. K. ozaenae isolation was done by cultivation on microbiological culture 
media, whereas its identification and antimicrobial susceptibility pattern were performed using either 
Microscan or Vitek automated systems. Data was gathered and analyzed in Excel. The percentage 
of resistance was calculated as the number of resistant isolates from the total isolates multiplied by 
100. Similarly, the percentage of sensitivity was calculated as the number of sensitive isolates from 
total isolates multiplied by 100.
RESULTS: K. ozaenae was detected in 59 cases during the study period. K. ozaenae was 
associated with urinary tract infections (39%), nasal infections (18.6%), other respiratory tract 
infections including sinusitis, bronchiectasis, and pneumonia (16.9%), and wound infections (15.3%). 
It was also associated with invasive infections such as bacteremia (3.4%) and abscesses (3.4%). 
K. ozaenae showed susceptibility to multiple antibiotic classes, but was resistant to ampicillin, 
piperacillin, nalidixic acid, and nitrofurantoin. K. ozaenae isolates from urinary tract infections had 
higher antibiotic resistance percentage than isolates from other infections, particularly to amoxicillin/
clavulanic acid (P = 0.007, 95% confidence interval [CI]: 1.84–375), ciprofloxacin (P < 0.0001, 95% 
CI: 4.6–111.2), and trimethoprim/sulfamethoxazole (P < 0.001, 95% CI: 3.1–63.6).
CONCLUSION: Our data show that K. ozaenae is a pathogen with a spectrum of diseases wider 
than expected and a unique antibiotic susceptibility pattern in urinary tract infections.
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Introduction

Klebsiella ozaenae (K. ozaenae) is a member of 
the Klebsiella genus and shares multiple 

phenotypic and biological characteristics 
with Klebsiella pneumoniae species.[1] K. 
ozaenae could be differentiated biochemically 
from K. pneumoniae by its inability to use 
malonate as a source of carbon (malonate 
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test) or produce acetyl methyl carbinol from glucose 
fermentation (Voges–Proskauer test).[1] The close 
biochemical and genetic similarities between these 
two pathogens led to the classification of K. ozaenae as 
a subspecies of K. pneumoniae.[2] However, the more 
comprehensive genetic classification methods employing 
the analysis of the pan‑genome composition have allowed 
the identification of K. ozaenae as a species of the Klebsiella 
genus rather than a subspecies of K. pneumoniae.[3]

K. ozaenae is a Gram‑negative capsulated bacillus that 
was isolated in 1983 from the nasal discharge of a patient 
with ozaena.[2] Since then, K. ozaenae has been considered 
a normal inhabitant of the oral and nasopharyngeal 
mucosa and associated with the rare condition of 
atrophic rhinitis accompanied by the discharge of an 
unpleasant smell, called ozaena. However, numerous 
reports have implicated K. ozaenae as a cause of serious 
invasive infections. Cholecystitis as well as urinary tract 
infection from K. ozaenae was reported in an obese female 
with diabetes mellitus.[4] Splenic abscess after dental 
infection was caused by K. ozaenae in a female with sickle 
cell disease.[5] K. ozaenae was identified in the blood of a 
female patient with a kidney transplant for 38 years with 
a minimum immunosuppression regimen.[6] K. ozaenae 
was reported not only in patients with comorbidities but 
also in a sepsis case of a healthy young Filipino male.[7] 
Albeit very rare, K. ozaenae has been reported in three 
cases of rhinoscleroma.[8] Rather more lethal infections 
with multiple organ involvement were also reported 
from K. ozaenae in patients with diabetes mellitus.[9,10]

Naturally, K. ozaenae is susceptible to several antibiotics 
including quinolones, cephalosporins, aminoglycosides, 
and tetracyclines.[11] However, K. ozaenae strains 
harboring drug resistance genes such as CTX‑M and 
SHV have been reported.[12‑14]

Despite the low frequency of the reported K. ozaenae 
infections, a lysate of these bacteria is included in a 
lysate from multiple other bacterial pathogens, called 
OM‑85, to be used as a vaccine to prevent respiratory 
tract infections.[15]

There are no published reports from Saudi Arabia about 
the frequency of K. ozaenae infections in humans although 
there is one report of its association with pulmonary 
lesions in sheep.[16] Therefore, the aim of this study 
was to identify the scope of K. ozaenae infection and its 
antimicrobial susceptibility pattern in a tertiary hospital 
in the Eastern Province of Saudi Arabia.

Materials and Methods

This epidemiological analysis was a cross‑sectional 
study based on data collected retrospectively for the 

period, from January 2001 to December 2021 from the 
medical records at a tertiary hospital in Eastern Saudi 
Arabia. Medical records, electronically archived in a 
healthcare information system at the study hospital, 
were retrieved from the system using the search word 
K. ozaenae. For all hits containing the search word, data 
about age, gender, nationality, type of specimen, date 
of testing, disease condition, isolated microorganisms, 
and antimicrobial susceptibility testing results were 
obtained from the medical records. The ethical approval 
for the study was obtained from the Institutional Review 
Board (IRB) vide letter number: IRB‑2022‑01‑404 dated 
26/10/2022 with a waiver of informed consent since 
there was no direct relation with human subjects in 
this study.

All cases with laboratory‑confirmed isolation of 
K. ozaenae and documented antimicrobial susceptibility 
testing during the period of the study were included in 
the study. Cases where the isolation of K. ozaenae was 
considered commensal, such as the screening of nasal, 
nasopharyngeal, or rectal swabs of hospitalized patients, 
were excluded from the study. In addition, any repeated 
isolation from the same patient during the same hospital 
visit was also excluded.

K. ozaenae was isolated from the following samples: 
urine (midstream urine or urine from catheter), nasal 
swab, nasopharyngeal swab, sputum, bronchoalveolar 
lavage, endotracheal aspirates, ear swab, eye swab, 
blood, wound swab, and liver abscess, wound drainage, 
peritoneal swab, and skin swab. Samples from cesarean 
cut, sigmoidal colon surgery, peritoneal wound, 
and duodenal tissue and nonsurgical wounds such 
as botulinum toxin injection site and skin infections 
were cumulatively classified as wound infection. 
All samples were inoculated on the suitable culture 
media (including chocolate, blood, and MacConkey 
agar depending on the sample type) and incubated as 
per the laboratory policy.

Detection of K. ozaenae and its antimicrobial susceptibility 
testing was performed routinely in the diagnostic 
microbiology laboratory using MicroScan automated 
system (Beckman Coulter, California, USA) for 
samples tested before 2003 and Vitek automated card 
system (BioMerieux, Missouri, USA) for samples tested 
from 2003 onward.

All the above‑mentioned data were tabulated in Excel 
Spreadsheets. The frequency and statistical associations 
were calculated using Excel software. Statistical 
significance was calculated using OpenEpi (Atlanta, 
GA, USA) website and considered significant with 
P < 0.05. The percentage of resistance was calculated as 
the number of resistant isolates from the total isolates 
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multiplied by 100. Similarly, the percentage of sensitivity 
was calculated as the number of sensitive isolates from 
total isolates multiplied by 100.

Results

K. ozaenae was isolated from 59 patients: 20 males (33.9%) 
and 39 females (66.1%) [Table 1]. The mean age of the 
patients was 43 years (range: 1–94 years, standard 
deviation = 21.9 years) and the different age groups are 
shown in Table 1. There was no statistically significant 
difference for K. ozaenae isolation in different age 
groups (P value for Chi‑square for linear trend 0.947).

Most of the patients were Saudis (78%), and the rest 
of the different nationalities comprised two Pakistani, 
two Bangladeshi, two Egyptians, and one patient each 
from Syria, Yemen, Eritrea, Sudan, India, Philippines, 
and Qatar.

K. ozaenae was mostly associated with urinary tract 
infections (39%) and nasal infections (18.6%). Only 
three cases were described as nasal infections without 
a clear description of ozaena. Another case was a facial 
swelling with nasal pain and atrophic nasal signs in 
a patient with sarcoidosis. The remaining cases were 
associated with sinusitis and recurrent nasal infections 
in a patient with plastic surgery at multiple time 
points. Other respiratory tract infections including 
sinusitis, bronchiectasis, and pneumonia constituted 
16.9%. Wound infections (described above) ranked 
third with 15.3%. K. ozaenae was also associated with 
invasive infections such as bacteremia (3.4%) and 

abscesses (3.4%) [Table 1]. Other infections included 
those of the eye and ear [Table 1].

In six cases, K. ozaenae was isolated together with other 
pathogens: one case each of bacteremia, ear infection, 
eye infection, one urinary tract infection, one respiratory 
tract infection, and one wound infection.

Most of the isolated K. ozaenae strains were resistant 
to nalidixic acid (81.8%), norfloxacin (71.4%), and 
ampicillin (72.3%) [Figure 1]. However, most of the 
isolates showed a high percentage of sensitivity 
to multiple antibiotics including piperacillin/
tazobactam, cefuroxime, cefepime, ceftriaxone, 
ceftazidime, aztreonam, meropenem, imipenem, 
tetracycline, gentamicin, amikacin, tobramycin, 
ciprofloxacin, nitrofurantoin, and trimethoprim/
sulfamethoxazole [Figure 1].

Notably, the antimicrobial susceptibility pattern for 
K. ozaenae isolates differed between those from urinary 
tract infections and other infections [Figure 2]. K. ozaenae 
isolates from urinary tract infection were more resistant 
to amoxicillin/clavulanic acid (P = 0.007, 95% confidence 
interval [CI] 1.84–375), ciprofloxacin (P < 0.0001, 95% CI: 4.6–
111.2), and trimethoprim/sulfamethoxazole (P < 0.001, 
95% CI: 3.1–63.6).

Discussion

Our retrospective epidemiological analysis showed 
that despite its low frequency of isolation during the 
period of the study, K. ozaenae was associated with a 
wide range of infections including invasive infections 
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Figure 1: Percentage of resistance of Klebsiella ozaenae isolates to various 
classes of antibiotics (n = 59)

Table 1: Frequency of isolation of Klebsiella ozaenae 
by age and infection site/type among patients at a 
tertiary care hospital, Eastern Province, Saudi Arabia, 
2001-2021
Outcome Male

N (%)
Female
N (%)

Total
N (%)

Total number of cases 20 (33.9) 39 (66.1) 59 (100)
UTI 3 (13.0) 20 (86.7) 23 (39.0)
Nasal infection 2 (18.2) 9 (81.8) 11 (18.6)
Other RTI 5 (50.0) 5 (50.0) 10 (16.9)
Wound infection 7 (77.8) 2 (22.2) 9 (15.3)
Abscess 1 (50.0) 1 (50.0) 2 (3.4)
Bacteremia 1 (50.0) 1 (50.0) 2 (3.4)
Eye infection 0 1 (100) 1 (1.7)
Ear infection 1 (100) 0 1 (1.7)

Age group
≤15 3 (37.5) 5 (62.5) 8 (13.6)
16–30 5 (45.5) 6 (54.6) 11 (18.6)
31–45 3 (21.4) 11 (78.6) 14 (23.7)
46–60 3 (25.0) 9 (75.0) 12 (20.3)
61–75 4 (33.3) 8 (66.7) 12 (20.3)
>75 2 (100) 0 2 (3.4)

RTI=Respiratory tract infection, UTI=Urinary tract infection
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such as bacteremia and abscesses. K. ozaenae was mostly 
isolated from urinary tract infections and was present 
in significant numbers in the samples indicating that 
the infection was caused by that pathogen. This is 
not unusual as it was the reported cause of 4.3% of 
urinary tract infections in pregnant women in Southern 
Ethiopia.[17] Two other studies reported the association 
of K. ozaenae with urinary tract infections.[4,18]

K. ozaenae was first identified as the causative agent of 
nasal discharge from a patient with ozaena.[2] In our 
study, nasal infections were the second‑most common 
infection associated with K. ozaenae. Despite the fact 
that K. ozaenae is considered a normal inhabitant of 
the oral and nasopharyngeal mucosa, its association 
with the clinical condition and its isolation as a single 
pathogen from the sample is suggestive of its role in 
the disease. The other respiratory tract infections in the 
study included pneumonia and respiratory infections 
associated with bronchiectasis and chronic obstructive 
pulmonary disease. Multiple reports have implicated 
K. ozaenae in respiratory tract infections.[19‑21] The 
importance of K. ozaenae in respiratory tract infections 
can also be shown from its inclusion in a lysate from 
multiple other bacterial pathogens, called OM‑85, to 
be used as a vaccine for the prevention of respiratory 
tract infections.[15]

Diverse wound infections and two cases of abscess were 
reported in the study, one of which was liver abscess 
after surgery, indicating the wide range of infections 
that could be caused by this neglected pathogen. 
Several reports in the literature described the isolation 
of K. ozaenae from abscesses such as subphrenic abscess, 
pituitary, splenic, and multiorgan abscesses.[5,9,22,23]

Of the two cases of bacteremia reported in our study, 
one was due to acute pericarditis, in which K. ozaenae 
was isolated as a single pathogen, and the other was a 
case with multiple pathogens including K. ozaenae. This 
is in line with multiple reports in the literature on the 
association of K. ozaenae with blood infections.[7,9,24]

K. ozaenae strains in the study showed 70%–80% sensitivity 
to most antibiotics except ampicillin, piperacillin, 
norfloxacin, and nalidixic acid. In general, K. ozaenae shows 
good susceptibility to multiple classes of antibiotics.[11] 
However, some strains have been reported to harbor drug 
resistance genes such as CTX‑M and SHV.[12‑14]

A remarkable finding in our study, not previously 
described in the literature, is the significant difference 
in antibiotic susceptibility patterns between strains 
isolated from urinary tract infections and other 
infections. However, several studies have reported 
a general increase in the trend of antimicrobial 
resistance in urinary tract infections.[25,26] Furthermore, 
a difference in antibiotic susceptibility patterns based 
on gender and age groups was previously reported 
in urinary tract infections and other infections.[27‑30] 
Therefore, it is tempting to also suggest the possibility 
of a difference in antimicrobial susceptibility patterns 
in a pathogen isolated from different infection sites. 
Such differences have been recognized in hospitals or 
community‑acquired infections. Whether the K. ozaenae 
strains from the urinary tract infections in our study 
are community or nosocomial strains is not known to 
us. It is also possible that the strains that cause urinary 
tract infections are different from other strains or have 
been repeatedly exposed to antimicrobial therapy. Such 
an observation will probably have to be based on a 
larger‑scale study.

Despite the extended period of the study, the small 
sample size and the nature of the retrospective study are 
limitations to the drawing of firm conclusions.

Conclusion

Our data show that K. ozaenae is a pathogen with a 
spectrum of disease wider than expected and a unique 
antibiotic susceptibility pattern in urinary tract infections. 
Further studies are needed to understand the disease 
association and the genetic causes of antimicrobial 
resistance of K. ozaenae.
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