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Abstract

Aims To identify the clinical features and
prognostic factors of endogenous
endophthalmitis caused by Klebsiella
pneumoniae.
Methods This is a retrospective case series
of all patients with Klebsiella
endophthalmitis managed from January 2006
to December 2015 by Kowloon East
Ophthalmic Service. Statistical analysis
involved hypothesis testing on the SPSS 18.0
software (SPSS). A significance level of
Po0.05 was taken.
Results In the 10-year period, K. pneumoniae
accounted for 19 out of 39 cases of
endogenous endophthalmitis (48.7%). The
mean age of patients was 67.9 years. Bilateral
involvement occurred in five patients (26.3%).
More than half of the patients (10/19, 52.6%)
had underlying diabetes mellitus. Most
patients had concurrent liver abscess (18/19,
94.74%). Ten patients (52.6%) had
disseminated intravascular coagulopathy.
Eight patients (42.1%) were in shock. The
overall mortality was 21.1% (4/19). Septic
shock was associated with a significantly
higher mortality (50.0 vs 0%, P= 0.018).
Among the 15 survivors, nine patients (60.0%)
required evisceration and three patients
(20.0%) had no light perception in an
involved eye. Eyes with diffuse posterior
involvement were less likely to have a final
visual acuity of logMAR 0.30 or better than
those with focal posterior involvement (4.76
vs 100% 4.76%, P= 0.002). Patients with
hypopyon were more likely to require
evisceration (85.71 vs 25.00%, P= 0.02).
Conclusions Klebsiella endophthalmitis is
associated with a high incidence of diabetes
mellitus and liver abscess. Prognosis remains
poor. Universal ocular screening and systemic

control in patients with Klebsiella sepsis are
recommended.
Eye (2017) 31, 1569–1575; doi:10.1038/eye.2017.92;
published online 16 June 2017

Introduction

Endogenous endophthalmitis is caused by the
haematogenous spread of a microorganism from
an infective focus across the blood–ocular barrier
resulting in severe intraocular inflammation.
Regional variations exist in the epidemiology of
the causative microorganism. In North America
and Europe, it is commonly caused by gram-
positive bacteria and fungi. However in East
Asia, the microbiological spectrum is dominated
by gram-negative bacteria, especially Klebsiella
pneumoniae.1–4

For K. pneumoniae, endophthalmitis is only
part of an invasive syndrome characterized of
multifocal metastatic infection. Liver abscesses
caused by K. pneumoniae were first described in
the 1980s.5–7 Extrahepatic foci include urinary
tract infection, empyema, peritonitis, splenic
abscess, meningitis, musculoskeletal, and soft
tissue infection.8

The increasing incidence of metastatic
infection by K. pneumoniae in the East Asia in the
recent decade may be explained by the
emergence of a hypervirulent strain of Klebsiella,
exemplified by its hypermucoviscous property.8

Known for its poor visual prognosis,
endogenous endophthalmitis caused by
K. pneumoniae still poses management challenges
for the ophthalmologist. The management
guidelines from the Endophthalmitis Vitrectomy
Study, which focused on postoperative
endophthalmitis, may not be directly
applicable.3,9
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This study, therefore, aimed to identify the systemic
and ophthalmic clinical features of endogenous
endophthalmitis caused by K. pneumoniae. Prognostic
factors related to visual outcome and mortality were
investigated. We also aimed to make recommendations
on the management of Klebsiella endophthalmitis.

Methods

This is a retrospective case series of all patients with
endogenous endophthalmitis due to K. pneumoniae
managed from January 2006 to December 2015 by
Kowloon East Ophthalmic Service, a tertiary eye center
serving a population of ~ 1 million. The service is
provided through United Christian Hospital and Tseung
Kwan O Hospital. The study was approved by the
Research Ethics Committee of the Hospital Authority
(KCKE-11-0098/ER-3) and firmly adherent to the tenets of
the Declaration of Helsinki.

Subjects

The cases were retrieved with the diagnosis of
‘endophthalmitis’ (code 360.00) from the electronic
Clinical Management System of the Hospital Authority,
Hong Kong.
The diagnosis of endogenous endophthalmitis caused

by K. pneumoniae was defined as severe intraocular
inflammation in a patient with clinical sepsis, with a
positive microbiological culture of K. pneumoniae,
especially from the vitreous/aqueous sample or blood
sample. Patients with a potential exogenous cause of
endophthalmitis, including those with recent eye injury,
corneal ulcer or keratitis, previous glaucoma filtration
surgery, and those a history of any intraocular surgery in
the past 6 months were excluded from the study.

Intervention

The patients were arranged for systemic sepsis workup
including of complete blood counts, clotting time,
erythrocyte sedimentation rate, liver and renal function
tests, microbiological culture of the peripheral blood,
urine, and other samples if appropriate. Chest X-ray and
abdominal imaging with ultrasonography and/or
computed tomography were arranged to look for other
infective foci.
All patients were administered intravenous antibiotics,

the regime of which was continuously reviewed and
adjusted by the attending ophthalmologist. Intensive care
was offered to patients with haemodynamic instability.
Drainage of infective foci was performed if appropriate.
Ophthalmological interventions, including vitreous/

aqueous tapping for microbiological culture, intravitreal

injection of antibiotics, were arranged on an urgent basis.
Reinjection of intravitreal antibiotics and/or pars plana
vitrectomy was performed according to the patients’
clinical progress. Evisceration or enucleation was
performed for those with a painful blind eye.

Outcome of interest

Demographic and clinical data concerning the patients’
ophthalmic and systemic condition pertaining to the
sepsis episode were collected from the relevant medical
records. The primary outcome of interest was the visual
outcome, including the visual acuity on the last follow-up
and the proportion of patients requiring evisceration
and/or enucleation. The secondary outcome of interest
was mortality from the sepsis episode.

Statistical analysis

The visual acuity was measured on the Snellen’s charts
and converted to the logarithm of minimal angle of
resolution (logMAR) units for analysis. The following
logMAR denotations were used for non-numerical visual
acuities: finger count= 1.7 logMAR, hand movement
(HM)= 2.0 logMAR, light perception (LP)= 2.3 logMAR,
and no light perception (NLP)= 3.0 logMAR.10 The visual
acuity was defined as NLP after evisceration or
enucleation. For patients with bilateral involvement of
endogenous endophthalmitis, the visual acuity of the
presenting eye was used for statistical analysis.
All statistical analysis was performed on the SPSS 18.0

software (SPSS, Chicago, IL, USA). Descriptive statistics,
student t-test for continuous variables and χ2-test or
Fisher’s exact test for categorical variables were
performed where appropriate. For t-test, equal variances
between the groups were checked. The factors affecting
mortality and the final visual outcome were analyzed.
A significance level of Po0.05 was taken. Regression
analysis was not performed due to the rarity of the
disease of interest.

Results

In the study period, there were 39 cases of endogenous
endophthalmitis, in which 19 cases were caused by
K. pneumoniae. The mean duration of follow-up was
18.45 months (range 1 week to 102 months). The clinical
profile of the patients is shown in Table 1.

Patient profile

The mean age of patients was 67.89± 10.16. There was a
slight predominance for the male gender, with 12 male
patients (63.2%) and seven female patients (36.8%).
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The left eye was involved in nine patients (47.4%), the
right eye involved in five patients (26.3%) and both eyes
were involved in five patients (26.3%).
Ten patients (52.6%) had underlying diabetes mellitus.

Only three patients (15.8%) had underlying liver cirrhosis
or viral hepatitis. One patient had an inadequately treated
liver abscess 2 months before the onset of Klebsiella
endophthalmitis.

Patient presentation

All patients with Klebsiella endophthalmitis presented to
the hospital with sepsis exemplified by a history of fever.
At the time of ophthalmic consultation, only 10 patients
(52.6%) remained febrile.
Concerning the ocular presentation of endophthalmitis,

nine patients (47.4%) complained of blurring of vision.
Conjunctival injection was observed in 15 patients
(78.9%), and hypopyon was observed in seven patients
(36.8%). The mean duration of ocular symptoms before
the first ophthalmic consultation was 6.00± 7.89 days.
Among the 11 patients who were conscious at the time
of ophthalmic consultation, the median presenting visual
acuity was HM (range NLP to logMAR 0.40).
Nevertheless, sepsis was the predominant clinical
presentation of patients with Klebsiella endophthalmitis
—none of them presented first with ocular symptoms.
All patients except two (89.5%) had leukocytosis on

blood test. Ten patients (52.6%) had disseminated
intravascular coagulopathy, defined as widespread
pathological coagulation in the microvasculature, with
the consumption of platelets and clotting factors from the
systemic circulation. On blood tests, these patients had
thrombocytopenia and prolongation of prothromin time
and/or activated partial thromboplastin time. Eight
patients (42.1%) were in shock requiring ionotropic
support.

Laboratory findings and systemic complications

K. pneumoniae was isolated from the blood culture in all
but one patient (94.74%). Anterior chamber and vitreous
tapping, together with intravitreal antibiotic injection,
was arranged for 17 out of 19 patients (89.47%). Apart
from a dry tap, K. pneumoniae was obtained in 6 out of 16
samples. Therefore a positive microbiological yield from a
vitreous sample was 37.5%.
Liver abscess was found in 18 patients (94.74%). For the

remaining patient, K. pneumoniae was isolated from the
urine sample. The extrahepatic infective foci included
empyema (3 patients, 15.79%), meningitis and
ventriculitis (1 patient, 5.26%), perianal abscess (1 patient,
5.26%), psoas abscess (1 patient, 5.26%) and skin abscess
(1 patient, 5.26%).T
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Management

Out of the 19 cases, 16 cases received ocular treatment
within the day of the consultation. Intravitreal antibiotic
injection was arranged for 17 out of 19 patients (89.47%)
as the primary treatment. The mean number of injection
was 1.79± 1.01 (range 0–6). Pars plana vitrectomy was
performed in 3 patients (15.8%). Nine patients required
evisceration (47.4%). The liver abscess was drained under
radiological guidance in 14 out of 18 patients (77.8%).

Antibiotic sensitivity

Among the 17 patients who received intravitreal
antibiotic injection(s), ceftazidime was used in all 17
patients, vancomycin in 13 patients and amikacin in 9
patients.
All 19 patients received intravenous antibiotics

according to the culture sensitivity result and clinical
response. The K. pneumoniae strains isolated from the
culture were all resistant to ampicillin, while being
sensitive to augmentin, cefuroxime, cotrimoxazole, and
gentamicin.

Outcome

The clinical outcome of patients with Klebsiella
endophthalmitis is summarized in Figure 1.
Overall, the mortality rate was 4 out of 19 patients

(21.1%). Among those who succumbed from Klebsiella
sepsis, the median survival from the first ophthalmic
consultation was 29 days (range 8–53 days).
Among the 15 patients who survived the sepsis

episode, 9 patients (60.0%) required evisceration—one of
which required bilateral evisceration. In addition, 3
patients (20.0%) had NLP in an involved eye. Only 3
patients (20.0%) had a final visual acuity of logMAR 0.30
or above in the better eye.

Among the patients with bilateral involvement, the
respective visual acuity of the two eyes was comparable
except in one patient—NLP in the right eye and logMAR
0.10 in the left eye.

Prognostic factors

The mortality was significantly higher in patients who
suffered from septic shock (50.0 vs 0%, P= 0.018).
Although more patients with disseminated intravascular
coagulopathy died in comparison to those without (40.0
vs 0%), the difference did not reach statistical significance
(P= 0.087).
A significantly higher proportion of patients presenting

with hypopyon required evisceration (85.71 vs 25.00%,
P= 0.02). Loss of fundal view on presentation, and the
presenting visual acuity were not significantly related to
evisceration (P= 0.303, P= 0.547 respectively). However,
the patient with the best presenting visual acuity in the
series (logMAR 0.40 in both involved eyes) also had the
best final visual acuity (logMAR 0.05 both eyes).
Among the 24 eyes involved (14 patients with unilateral

involvement and 5 patients with bilateral involvement), 21
eyes had diffuse posterior involvement and 3 eyes had focal
posterior involvement. A significantly lower proportion of
eyes with diffuse posterior involvement than those with
focal posterior involvement had a final visual acuity of
logMAR 0.30 or better (4.76 vs 100%, P= 0.002).

Discussion

Patient characteristics

This is the largest series of endogenous endophthalmitis
caused by K. pneumoniae in Hong Kong Chinese. Among
the 19 patients involved, the mean age was 67.89 years.
The infection was community-acquired in all cases. More
than half of the patients had underlying diabetes mellitus.
This observation was also made in another case series in
Singapore, where 46% of patients had underlying
diabetes mellitus.1

The mechanism by which diabetes mellitus predisposes
to sepsis from K. pneumoniae is still unclear. Although
poorly controlled diabetes mellitus itself could result in an
immunocompromised state, all the patients in this study
were ambulatory before the sepsis episode and clear of an
overt immunocompromised state. In fact, current
literature also pointed out that Klebsiella endophthalmitis
predominantly afflicts otherwise healthy individuals but
not those who are overtly immunocompromised, such as
those undergoing therapeutic immunosuppression or
chemotherapy.11

The possible clinical association may be found in our
knowledge in the colonization behavior of Klebsiella

19 Patients of Klebsiella  
Endophthalmitis

- Unilateral 14/19 (73.7%)
- Bilateral 5/19 (26.3%)

4 Patients Succumbed
- Median survival 29 days 

(range 8-53 days)
15 Patients Survived

- 9 patients (60.0%) required 
evisceration

- 3 patients (20.0%) with NLP in 
an involved eye

- 3 patients (20.0%) with 
logMAR VA 0.30 or above in
the better eye

Figure 1 The clinical outcome of patients with Klebsiella
endophthalmitis.
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pneumonia. In the study by Chung DR et al, a sampling of
1174 individuals in South Korea showed that
K. pneumoniae was present in the gastrointestinal tract of
248 cases. The gastrointestinal tract, therefore, is the
dominant site of colonization.12 Infection occurs when the
colonizing K. pneumoniae is able to invade through the
barriers of the gastrointestinal tract. In poorly controlled
diabetes mellitus, autonomic control of the physiology of
the gastrointestinal tract may be disturbed. The imbalance
between the virulence of the microorganism and host
defence mechanisms therefore facilitates the entry of
colonizing Klebsiella through the lumen of the
gastrointestinal tract into the blood stream. Another
possible route of entry is the aspiration of the
oropharyngeal colonies of Klebsiella into the respiratory
tract.8

In this study, liver abscess, as the primary focus of
infection, was found in over 90% of patients with
Klebsiella endophthalmitis. However, only 15.8% of
patients had underlying liver diseases such as viral
hepatitis or cirrhosis. The close association with liver
abscess was also found in the Taiwan case series by Chen
et al.3 Underlying liver parenchymal and biliary tract
pathology, albeit being predisposing factors to liver
abscess formation, are uncommon in patients with
metastatic Klebsiella infection.13 In fact, the incidence of
liver abscess in endogenous endophthalmitis caused by
K. pneumoniae is much higher than those caused by other
micro-organisms. In the case series by Wong et al,1 liver
abscess was only present in 48% patients of any cause of
endogenous endophthalmitis. The close association
between liver abscess and Klebsiella endophthalmitis is
compatible with the gastrointestinal colonization of the
microorganism, which breaches through host defence
mechanisms, enters the portal circulation and multiplies
in the liver as the first organ downstream from the bowel.

The hypervirulent klebsiella strain

The increasing incidence of metastatic infection including
endogenous endophthalmis in East Asia has been related to
the emergence to a hypervirulent species of K. pneumoniae
in this region.7–8 Genetic susceptibility among different races
has been suggested as a possible reason.14

Hypervirulent K. pneumoniae has virulence factors that
promote colonization, growth and survival post entry. In
a rat subcutaneous abscess model, the growth and
survival of hypervirulent K. pneumoniae is significantly
greater than all four classical K. pneumoniae bacteraemic
isolates; resistant to complement-mediated or neutrophil-
mediated bactericidal activity than 4/4 and 3/4
bacteraemic classical K. pneumoniae isolates,
respectively.11 Therefore in non-immune individuals, the
primary immune system cannot effectively hold back the

infection. Before a specific secondary immune response is
mounted a week later, the microorganism has succeeded
in causing multiple metastatic infective foci.

Prognosis

The visual prognosis for Klebsiella endophthalmitis is
poor. In this study, nine patients (47.4%) required
evisceration. Among the 15 conscious patients, 13 patients
had a final visual acuity of HM or worse, while 11
patients had NLP in an involved eye. The poor visual
outcome is consistent with the findings with the
Singaporean case series by Wong JS et al,1 in which more
than half of the patients had NLP in the involved eye, and
few patients regained useful vision.
In this study, some poor visual prognostic indicators

were identified. Consistent with previous studies, eyes
with diffuse posterior involvement were much less likely
than those with focal posterior involvement to attain a
final visual acuity of logMAR 0.30 or better.1,15 However,
diffuse posterior involvement is a common occurrence in
Klebsiella endophthalmitis, accounting for 87.5% of the
involved eyes in this study.
Eyes presenting with hypopyon, as a measure of the

severity of intraocular inflammation, were also more
likely to require evisceration. During bacteraemia, the
microorganism metastasizes to the vascular choroid. If the
host defence is breached, the microorganism is spilled
over through the retina to the vitreous gel. The amount of
inflammatory cells and debris has to be substantial in
order to be able to get through the zonules and collect in
the anterior chamber, leading to hypopyon.16

Systemically, Klebsiella endophthalmitis is associated
with a high mortality. The overall mortality rate in this
study was 21.1%—higher than the quoted mortality rate
of 6–14% of Klebsiella liver abscesses in the literature.17

In this study, patients with Klebsiella endophthalmitis
characteristically had a high incidence of disseminated
intravascular coagulopathy (52.6%) and septic shock
(42.1%). Although both of these factors are indicators of
systemic inflammatory response, only septic shock was
significantly associated with a higher mortality. After all,
spontaneous hemorrhage due to disseminated
intravascular coagulopathy is uncommon as the bleeding
tendency can be readily corrected with transfusion.
On the other hand, haemodynamic instability affects the
perfusion of all the essential organs in the body and is
more difficult to control even with inotropes.

Management recommendations

Universal screening. In contrast to the classical
symptomatology of endophthalmitis, exemplified by
blurring of vision, eye pain, redness and floaters, Klebsiella
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endophthalmitis may present with only subtle symptoms.
In this study, only less than half of the patients presented
with blurring, and conjunctival redness was not observed
in more than 20% of patients. The visual symptoms were
also under-reported in patients had impaired
consciousness due to septic shock. Given the high
tendency of metastatic ocular infection, universal
screening by the ophthalmologist is recommended for all
patients with Klebsiella sepsis.

The use of antibiotics. Liver abscesses caused by extended
spectrum β-lactamase-producing K. pneumoniae are
uncommon.18 In this study, all the Klebsiella isolates were
only resistant to ampicillin. Antibiotics such as ampicillin-
sulbactam, a third-generation cephalosporin, aztreonam
or quinolone can be used. In particular, third-generation
cephalosporin is recommended due to its good
penetration in the vitreous cavity and cerebral spinal
fluid. Peak vitreous concentrations of at least 2 mg/l can
be achieved.19 In case of extended spectrum β-lactamase-
producing strains, imipenem and meropenem can be
used.20

The role of intravitreal antibiotic injection is supported
by the high yield of K. pneumonie from vitreous tapping
samples in this study (37.5%). Many of the involved eyes
of Klebsiella endophthalmitis were still not rendered sterile
despite the administration of systemic antibiotics.

Drainage of the primary focus of infection. Adherent to the
basic tenets of the treatment of infection, all abscesses
or closed compartment infection should be drained. In
patients with Klebsiella endophthalmitis, drainage of the
liver abscess should be arranged early where appropriate.
In this study, the value of liver abscess drainage is
specifically illustrated by patient WH (Table 1) who had
an inadequately managed liver abscess and presented
with endogenous endophthalmitis only during the second
episode of bacteraemia.
In this study, radiologically guided percutaneous

drainage was performed for all patients. However,
the hyperviscomuous property of hypervirulent
K. pneuomoniae may potentially impede continuous
drainage through the catheter. Open surgical drainage
may have a role in these cases. However, the unstable
haemodynamic state and bleeding tendency of these
patients may limit the choice of intervention.8

The value of early vitrectomy. The benefit of early
vitrectomy is still controversial for endogenous
endophthalmitis. There are studies in favor of early
vitrectomy.21–24 However, the benefit could not be
replicated in other studies.1,25

In this regard, we advocate early vitrectomy for
patients with poor visual prognostic indicators especially

the presence of hypopyon, which is independently
associated with a higher rate of evisceration in this study.
The biological rationale for early vitrectomy is two-fold.
First of all, vitrectomy can rapidly reduce the bacterial
load and inflammatory mediators, which can lead to
devastating tissue damage, in the vitreous cavity.14

Secondly, when the dense vitreous abscess is removed,
diffusion of antibiotics from the blood stream to the
vitreous cavity is facilitated.26 Evisceration should be
reserved for patients with painful blind eyes. However,
aggressive surgical intervention may be limited by the
haemodynamic instability and bleeding tendency of
patients with Klebsiella sepsis.

Conclusion

The ophthalmologist should view endogenous
endophthalmitis due to K. pneumoniae as being part
of an invasive syndrome caused by the microorganism.
A multi-disciplinary approach involving close liaison
with physicians and microbiologists is essential. Apart
from ophthalmic management, systemic control of sepsis
with the right antibiotics and drainage of the primary
abscess are equally important. Nevertheless, the
prognosis of this disease remains poor both visually and
systemically due to the virulence of K. pneumoniae.

Summary

What was known before
K Klebsiella endophthalmitis is associated with poor

prognosis.

What this study adds
K The prognostic factors of Klebsiella endophthalmitis:

hypopyon and diffuse posterior involvement (poor visual
outcome) and septic shock (mortality).
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