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Fungal Endophthalmitis
Outbreak after Cataract Surgery,
South Korea, 2020
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In November 2020, an unusual increase in fungal endo-
phthalmitis cases after cataract surgery was reported to
the Korea Disease Control and Prevention Agency, South
Korea. We initiated an outbreak investigation to identify
the cause. We identified 156 cases nationwide, 62 con-
firmed and 94 probable. Most case-patients were exposed
during surgery to ocular viscoelastic devices (OVDs) from
the same manufacturer (company A). We isolated Fu-
sarium spp. from 50 confirmed cases. Molecular identifi-
cation of 39 fungal isolates from clinical samples and 13
isolates from OVDs confirmed F. oxysporum caused the
infections. The risk ratio for fungal endophthalmitis from
company A's OVDs was 86.0 (95% CIl 27.4-256.9), much
higher than risk from other manufacturers’ products. We
determined this fungal endophthalmitis outbreak was
caused by a contaminated lot of OVDs and recommend-
ed discontinued use of this product. Early recognition of
outbreaks and joint responses from related government
agencies can reduce risk for fungal endophthalmitis.

Ithough the number of cataract surgery pro-

cedures is increasing globally because of an
aging population, the incidence of postoperative
endophthalmitis is declining because hygiene and
surgical environments have improved (1,2). Post-
surgical fungal endophthalmitis is difficult to diag-
nose because symptoms, such as decreased vision
and eye pain, are nonspecific (3). Most cases of
postoperative endophthalmitis are caused by bacte-
ria, and #75% occur within 1 week after surgery (4).
Because the symptoms of bacterial and fungal en-
dophthalmitis are similar, intraocular fluid culture
is crucial for an accurate diagnosis (5). Preventing
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serious complications such as vision loss requires
immediate diagnosis, vitrectomy, and long-term
antifungal therapy (6,7).

Postoperative endophthalmitis rarely occurs
in South Korea; only ~63 cases are reported per
100,000 cataract surgeries (8). However, the Korean
Ophthalmological Society (KOS) recognized a sud-
den increase in endophthalmitis cases after cata-
ract surgeries during September-November 2020,
when =100 cases were reported nationwide. Cases
included clinical findings of fungal endophthalmi-
tis, including isolation of Fusarium species. Thus, in
November 2020, KOS informed the Korea Disease
Control Agency (KDCA), which promptly collabo-
rated with the Korea Ministry of Food and Drug
Safety (KMFDS) to investigate the unusual increase
in fungal endophthalmitis, identify the cause, and
recommend control measures.

During the epidemiologic investigation, KMFDS
collected commercially available samples of ocular
viscoelastic devices (OVDs) from 6 manufacturers
to conduct quality testing. OVDs are substances in-
jected under the cornea to maintain the shape of the
eye during cataract surgery and remain in the eye-
ball until the last step of surgery, when the OVD is
removed. Thus, contaminated OVDs can cause intra-
ocular infection. We describe an outbreak of fungal
endophthalmitis after cataract surgery and confirma-
tion of the cause through epidemiologic and micro-
biologic investigations.

Materials and Methods

Outbreak Determination

To determine whether the cases reported by KOS
could be classified as an outbreak, KDCA analyzed
data from Health Insurance Review and Assessment
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(HIRA) service records from the previous 3 years.
Among 1,614,961 cataract surgeries performed dur-
ing January 2018-September 2020, we estimated 702
(0.04%) cases of endophthalmitis, among which only
25 (0.002%) cases were presumed to be fungal infec-
tions. Thus, KDCA judged infections that occurred
after September 2020 comprised an outbreak and
suspected the cause was a contaminated batch of
OVDs used in case-occurrence ophthalmology hos-
pitals nationwide.

Endophthalmitis Case Investigation

KDCA documented reported endophthalmitis
cases after cataract surgeries during September 1,
2020-January 11, 2021, in 101 referral centers na-
tionwide. During that time, 182 cases were reported
from certified tertiary hospitals, general hospitals
(including ophthalmology departments), and spe-
cialized ophthalmology hospitals and in 45 referral
centers. KDCA developed 2 epidemiologic investi-
gation forms: 1 for hospitals that performed cata-
ract surgery and 1 for referral centers that treated
endophthalmitis. Ophthalmologists from hospitals
and referral centers completed the epidemiologic
investigation forms. Data collected from 69 hospi-
tals where cataract surgeries were performed com-
prised patients’ demographic information, date
of cataract surgery, date of endophthalmitis diag-
nosis, and the OVD brand and batch used in each
surgery. Data collected from 45 referral centers
comprised patient sample culture results and en-
dophthalmitis treatment methods. In addition, the
KDCA epidemiologic investigation team collected

Sep 1, 2020-Jan 11, 2021
Endophthalmitis cases treated
at 45 referral centers

Fungal Endophthalmitis after Cataract Surgery

and reviewed medical records for all 182 cases from
45 referral centers.

Case Definition

For this outbreak, we defined a case as endophthal-
mitis in a patient who had cataract surgery during
between September 1-November 30, 2020; had >1
of hypopyon, vitreous opacity, artificial lens infiltra-
tion, or retinal infiltration; had been transferred to an
advanced ophthalmological hospital (retinal surgery
hospital) nationwide; and had received antifungal
drugs and surgical treatment under the advice of
KOS. We defined a confirmed case as endophthalmi-
tis in a patient in a referral center who had >1 positive
fungal culture test results from surgical specimens,
anterior chamber fluid, lens, or vitreous body. We de-
fined a probable case as endophthalmitis in a patient
who had negative fungal culture but who received
antifungal treatment after a diagnosis of fungal en-
dophthalmitis. We excluded patients whose samples
tested positive for bacteria and those who had nega-
tive cultures and did not receive antifungal drugs. In
all, the study encompassed 156 case-patients, 62 with
confirmed cases and 94 with probable cases, from 43
referral centers nationwide (Figure 1).

OVD Data Collection

We investigated the brands of OVD and other materi-
als used in the 69 hospitals that performed cataract
surgeries for the 156 identified case-patients. We used
the 2020 HIRA Drug Supplier data records to identify
the quantity of 6 brandstypes of OVDs supplied and
when OVDs were sold to the hospitals.

Figure 1. Flowchart for case-
patient selection during fungal
endophthalmitis outbreaks after
cataract surgery, South Korea,
2020. Surgeries took place at

n =182 69 cataract surgery hospitals
during September 1-November
. . 30, 2020, and cases of Fusarium
Antifungal drug (=) with culture (=) oxysporum endophthalmitis were
n=11 identified during September 1,
Surgical treatment (-) 2020-January 11, 2021.
n=16
> Bacterial culture (+)
n=4
After Nov 2020 cataract surgery (+)
n=1
N = 26 (excluding 6 overlapping cases)
A
N =156

(43 referral centers)
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Laboratory Testing
KDCA designated a pathogen laboratory to conduct
species identification and genotyping tests, includ-
ing sequencing, to confirm whether isolates obtained
from OVDs and patient samples were identical
strains. KDCA sent 39 Fusarium spp. isolates collected
from patients at 16 hospitals and 13 fungal isolates
from OVDs that were collected by KMFDS and 2
university hospitals for sequencing. All 52 isolates
were submitted for matrix-assisted laser desorption/
ionization time-of-flight mass spectrometry analysis
on VITEK MS (bioMérieux, https://www.biomer-
ieux.com) or ASTA MicrolDSys (ASTA Inc, https://
www.astams.co.kr). Sequencing identified the in-
ternal transcribed spacer and D1/D2 domain of 265
ribosomal DNA and Fusarium-specific translation elon-
gation factor 1-alpha (TEF1a) gene. Sequencing analy-
sis was performed by Macrogen (https:/ / www.macro-
gen.com), and we used the BLAST (https:/ /blast.ncbi.
nlm.nih.gov/ Blast.cgi) database to identify species.
We chose 12 clinical isolates for multilocus se-
quencing typing (MLST) analysis to confirm the
genotype by using TEF1a, RPB1, and RPB2 as target
genes (9,10). We selected these isolates because they
were collected from patients whose surgeries oc-
curred during September-November 2020 in 6 cer-
tified tertiary hospitals evenly distributed through-
out the nation. We also used isolates from OVDs

Table 1. Characteristics of patients with fungal endophthalmitis
after cataract surgery, South Korea, 2020

Characteristics No. (%), n = 156 Mean (+SD)
Sex
M 59 (37.8)
F 97 (62.2)
Age range, y 66.3 (10.9)
<59 44 (28.2)
60-69 55 (35.2)
70-79 41 (26.3)
>80 16 (10.3)
Underlying conditions*
None 70 (44.9)
>1 86 (55.1)
Involved eye
Left 65 (41.7)
Right 91 (58.3)
Date of symptom onset
October 2020 35 (22.4)
November 2020 92 (59.0)
December 2020 27 (17.3)
January 1-11, 2021 2 (1.3)
Latent period, dt 24.3 (14.8)
0-14 42 (26.9)
15-28 60 (38.5)
29-42 38 (24.4)
43-56 11 (7.1)
57-70 4 (2.6)
70-84 1(0.6)

*Includes hypertension, diabetes mellitus, heart disease, cerebrovascular
disease, hyperlipidemia, and other conditions.
tTime from surgery to clinical manifestations.
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collected by KMFDS and a university hospital. We
analyzed genotypes of control strains for compari-
son with the outbreak strain. The control strains in-
cluded 2 clinical isolates (1 from an eye specimen and
the other from sputum) obtained before the outbreak
period and 1 environmental isolate from the Korean
Collection for Type Cultures (KCTC; https://kctc.
kribb.re.kr), KCTC strain no. KCTC16654. We per-
formed phylogenetic analysis by maximum-likeli-
hood method using Kimura 2-parameter model and
bootstrap analysis of 1,000 replications in MEGA
version 11.0.11 (11). To elucidate the clustering of
outbreak strains, we collected further outgroup data
from GenBank.

Data Analysis

We found that the monthly number of cataract sur-
geries performed in hospitals and the HIRA records
for the monthly supply of OVDs were almost identi-
cal. Thus, we used the number of OVDs supplied to
estimate the total number of cataract surgeries. We
calculated the risk ratio and 95% CI by comparing the
number of surgeries involving contaminated OVDs
from 1 manufacturer, company A, and the occurrence
of endophthalmitis with surgeries involving the other
5 OVD brands. We used Epilnfo (Centers for Diseas-
es Control and Prevention, https://www.cdc.gov/
epiinfo) for the statistical analysis.

Results

Epidemiologic Investigations

The mean age of the 156 case-patients was 66 years; 55
(35.3%) patients were in their 60s. Most (55%) patients
had >1 underlying condition, including diabetes and
high blood pressure. The left eye was affected in 65
(42%) cases; the right eye was affected in the remain-
ing 91 cases (58%). More women (62%) than men
were affected. The mean time from cataract surgery
to the onset of symptoms was 24.3 days (range 1-84
days) (Table 1).

A batch of fungal-contaminated OVDs was sup-
plied to medical institutions nationwide by 1 manu-
facturer, company A, in September 2020. Ophthal-
mology departments stopped using this product after
KOS recognized the outbreak and contacted KDCA
in November 2020. Correspondingly, the number of
cases of fungal endophthalmitis occurring within 3
months of cataract surgery increased after September
and then decreased again after November; 35 cases
were reported in October, 92 in November, 27 in
December, and 2 in January, the last on January 11,
2021 (Figure 2).
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Fungal endophthalmitis was reported from 14 cit-
ies and provinces nationwide; no cases were reported
for Sejong, Ulsan, or Jeju (Figure 3). In 152 (98%) cas-
es, OVDs from company A were used in cataract sur-
gery. Cases were reported from 65 of the 69 medical
institutions in the study, which comprised 60 clinics,
8 specialized ophthalmology hospitals, and 1 general
hospital (Table 2).

Microbiologic Results

We isolated Fusarium species from 50 (33%) patient
samples, and identified other fungal species in 12
cases, including Aspergillus in 6 cases, Acremonium
in 4 cases, Exophiala in 1 case, and an undetermined
type in 1 case. In addition, 93 cases had negative
cultures and 1 case had an unclear microbial test
result (Table 2).

KMEFDS determined 2 strains of fungus contami-
nated a batch of OVDs from company A. We collected
39 Fusarium isolates from case-patients and all isolates
were confirmed as F. oxysporum by visual and micro-
scopic fungal identification tests and matrix-assisted
laser desorption/ionization time-of-flight mass spec-
trometry in the pathogen laboratory.

Sequencing typing of TEFIa, a Fusarium-specific
target gene, confirmed that the TEF1a sequence of the
F. oxysporum strain registered in the database matched
100% with the submitted query of 630 bp (Figure 4,
panel A). MLST revealed that 12 F. oxysporum isolates
from patients and 2 isolates from the contaminated

Emerging Infectious Diseases « www.cdc.gov/eid « Vol. 28, No. 11, November 2022

OVDs were same type, which we classified as clade
A. Of 3 control strains, 2 strains (1 clinical strain from
an eye specimen obtained before the outbreak pe-
riod and environmental strain no. KCTC16654 from
KCTC) disclosed different MLST types, but the clini-
cal strain from sputum showed the same clade A type
(Figure 4, panel B).

We conducted an onsite epidemiologic investi-
gation on December 21, 2020, at an ophthalmologic
clinic where cases of postsurgery endophthalmitis
had occurred in October 2020. We collected 13 types
of environmental samples from materials and de-
vices used for surgeries, from water tap, and from a
refrigerator in the operating room. We cultured the
environmental samples and found no discernable mi-
crobes, including fungi.

Risk Assessment

We used ophthalmic surgery supply records from
HIRA for the 6 brands of OVDs to estimate the num-
ber of cataract surgeries that occurred during Septem-
ber-November 2020. We assumed that most OVDs
were used for cataract surgery and that 1 OVD was
used per surgery. Then, using patients” medical re-
cords and case-study reports, we determined 62 con-
firmed cases and 94 probable cases of fungal endo-
phthalmitis after cataract surgery occurred during the
study period. We excluded 1 case from our statistical
analysis because it had insufficient information re-
garding the OVD supplied. We calculated the rate of
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Figure 3. Geographic
distribution of cases in fungal
endophthalmitis outbreak after
cataract surgery, South Korea,
2020. Surgeries took place
during September 1-November
30, 2020, and cases of Fusarium
oxysporum endophthalmitis were
identified during September 1,
2020-January 11, 2021.

Gangwon-do

Chungcheong
buk-do

Gyeongsang
buk-do

Daegu

Ulsan

infection for company A OVDs compared with the 5
other OVD brands. We found the incidence risk for
infection for manufacturer A OVDs was 0.3% and risk
for infection from the other 5 OVDs was 0.004%, in-
dicating an 86-fold higher risk for fungal endophthal-
mitis when manufacturer A OVDs were used com-
pared with the other brands (Table 3).

Public Health and Regulatory Actions

On November 23, 2020, as the epidemiologic in-
vestigation began, KDCA recommended that
KOS immediately issue a warning to its surgeons
to stop using the suspected devices. Once fun-
gal contamination was confirmed in a batch of
OVDs from company A, KMFDS implemented

Table 2. Ophthalmic viscoelastic device brands and microbiological spectrum of 156 cases of fungal endophthalmitis after cataract

surgery, South Korea, 2020*

Brand of OVD No. (%) cases Fusarium spp. Other fungust Culture-negative Unknown
A 152 (97.4) 50 11 90 1

B 2(1.4) NA 1 1 NA

C 1(0.6) NA NA 1 NA
D 1(0.6) NA NA 1 NA

E 0 NA NA NA NA

F 0 NA NA NA NA
Total 156 (100) 50 12 93 1

*QOVD, ophthalmic viscoelastic device; NA, not applicable.

tIncludes Aspergillus (n = 6), Acremonium (n = 4), and Exophiala spp. (n = 1), and undetermined type (n = 1).
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Figure 4. Sequence of outbreak
strain matched to Fusarium

Isolate Origin oxysporum strain in a study of
MF-001 A-OVD fungal endophthalmitis outbreaks
MF-020 A-OVD after cataract surgery, South
MF-016 Outbreak Korea, 2020. A) We matched
MF-018 Outbreak 2020ASF-167 translation
MF-049 Outbreak elongation factor 1-a (TEF141)
MF-120 Outbreak gene of the outbreak strain
. MF-058 Outbreak with a control strain (GenBank
- MF-051 Outbreak accession no. MN646762.1)
MF-032 Outbreak B) Phylogenetic tree of the
MF-031 Outbreak concatenated sequences from
MF-022 Outbreak 3 genes (TEF1d, RPB1, and
% | | MF-021 Outbreak RPB2). Phylogenetic data
MF-017 Outbreak include outbreak strain from 2
MF-012 Outbreak A-OVDs, 12 clinical isolates,
C17965 Preoutbreak control 3 preoutbreak controls, and 3
outgroup sequences collected

C17824 Preoutbreak control
7{ K16654 Preoutbreak control
F. triseptatum CBS 258.50
F. foetens CBS 110286

F. udum CBS 747.79 0.01

from GenBank database. Scale
bar indicates the number of
nucleotide substitutions per
site. A-OVD, ocular viscoelastic
devices from company A.

measures to stop production and recall the product
on December 11, 2020.

Discussion

In this investigation of an outbreak of endophthalmi-
tis after cataract surgeries, we identified OVDs as a
common substance used in nearly all the surgical pro-
cedures that led to endophthalmitis and confirmed
fungal contamination in a batch of product from 1
manufacturer. Using genetic sequencing, we identi-
fied F. oxysporum as the causative fungus in patient
samples and isolates from contaminated OVDs.

In 2005, a total of 20 cases of postoperative fungal
endophthalmitis infection caused by contaminated
OVDs were reported in the Czech Republic (12). Simi-
larly, 47 cases of infection caused by intraocular dye
and contaminated medication from the same manu-
facturer were reported in the United States (13). In
addition, retrospective studies analyzing the causes,
treatments, and prognoses on the basis of hospital
medical records over several years and a report on
treatment results in 7 individual cases have been pub-
lished (5,14,15). In 2 previous outbreaks involving
contaminated medical products in the United States,
epidemiologic investigations of the reported medical

institutions identified intraocular dye used in retinal
surgery that was contaminated with F. incarmatum-eq-
uiseti (13) and prefilled saline flush syringes contami-
nated with Burkholderia cepacia complex because of an
inappropriate sterilization process (16). In both out-
breaks, subsequent investigations expanded nation-
wide and documented additional cases (13,16). In this
outbreak, we investigated postoperative infections
reported across South Korea and used data to trace
cases to specific cataract surgery hospitals because no
information was available on the specific medical in-
stitutions where the cases occurred and South Korea
does not have a reporting system for case data, as the
United States does.

Most (70%-95%) post-cataract surgery endo-
phthalmitis cases involve gram-positive bacteria
(17); fungal causes are quite rare, accounting for
<5%. Causative fungi are usually Aspergillus, Candi-
da, Acremonium, and Fusarium spp. (5,7). F. oxyspo-
rum, the causative agent in the outbreak we report,
occurs in plants and soil and secretes mycotoxins
that can cause local and systemic infections in hu-
mans (12). Microbiologic testing identified Fusari-
um spp. in =30% of 156 patient samples obtained.
Because of drugs administered during treatment

Table 3. Relative risk for fungal endophthalmitis after cataract surgery using ophthalmic viscoelastic device from company A, South

Korea, 2020*

Brand of OVD No. casest No. surgeries Incidence risk per 100,000 population Risk ratio (95% CI)
Company A OVD 152 49,193 309.0 86.0 (27.4-269.7)
Other OVDs, referent 3 83,554 3.6

*OVD, ophthalmic viscoelastic device.

TAmong 156 total cases; excludes 1 case that used an OVD without sufficient database information.
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and technical problems during testing, microbio-
logic testing identifies the causative agent in only
30%-50% of endophthalmitis cases (12,18). There-
fore, we did not rule out Fusarium spp. infection in
patients whose samples tested positive for other
fungi or tested negative altogether.

This outbreak occurred at various clinics, spe-
cialized ophthalmology hospitals, and general hos-
pitals across the country over a short period; thus,
we inferred that the possibility of infection from the
environment was small. The incubation period for
bacterial endophthalmitis is relatively short, just 7
days (17). For cases in our outbreak, patient symp-
toms were delayed until =24 days after surgery,
which is a clinical manifestation of fungal endo-
phthalmitis (5); moreover, fungi were cultured in
samples obtained from the eye fluid of some pa-
tients. Therefore, we hypothesized that the most
likely cause of the outbreak was contamination of
the eyeball during surgery with a fungus emanat-
ing from a common source. After the batch of con-
taminated OVDs from company A were supplied
for to institutions for use, the number of reported
fungal endophthalmitis infections rapidly increased,
but after the cause of the outbreak was eliminated,
infections decreased. Because the data collection
period was prolonged, we examined the suspected
causative agent by confirming that the same fungus
was in the suspect OVDs and patient samples before
we conducted the final data analysis. The purpose of
the epidemiologic investigation was to identify the
causative agent for the outbreak; therefore, we did
not conduct a case-control study to determine any
other potential causes. We did not have epidemio-
logic bias when calculating the risk ratio because we
equally applied the conditions, estimated number of
cataract surgeries, and parameters for case inclusion
to contaminated OVDs and other OVDs.

The first limitation of this study is that we ex-
cluded patients who were not sent to a higher-level
hospital and had not undergone surgical treatment;
thus, we might not have identified the actual num-
ber of infected persons. Second, we did not inves-
tigate possible causes of fungal endophthalmitis
other than the OVDs. Third, we did not investigate
other patients whose surgery involved the contami-
nated product but who did not seek care for fungal
infection. However, this study reports a large-scale
fungal endophthalmitis outbreak related to the use
of OVDs. In this case, fungal-contaminated devices
were supplied nationwide beginning in Septem-
ber 2020 and used for surgical procedures in many
facilities. The outbreak was recognized at the end
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of November 2020, by which time >100 cases had
occurred. We surmise delayed outbreak recogni-
tion was mainly due to the ambiguous symptoms
and slow progression of fungal endophthalmitis,
in addition to difficulties in performing fungal
culture. A further follow-up study of infected pa-
tients is needed to determine their prognosis and
to investigate possible factors other than contami-
nated OVDs that could cause fungal endophthal-
mitis. Such a study also could collect samples
from cataract surgery patients for whom similarly
contaminated OVDs were used but who did not
develop infection.

In summary, we identified F. oxysporum as the
cause of an outbreak of fungal endophthalmitis af-
ter cataract surgery in South Korea and confirmed
the association between the causative agent and the
outbreak through an epidemiologic investigation.
We concluded that a batch of OVDs, devices com-
monly used at ophthalmic hospitals nationwide, was
contaminated with F. oxysporum, causing post-cata-
ract surgery fungal endophthalmitis throughout the
country. We identified the same F. oxysporum strain
in contaminated OVDs and in patient samples, and
most cases occurred among patients whose OVDs
came from 1 manufacturer. The data we provide can
help estimate infection factors, provide early recogni-
tion of simultaneous outbreaks, and aid rapid quar-
antine of suspected causative agents in similar cases
in the future.
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