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Purpose: Previous studies have reported conflicting results on
the influence of seasons on post-cataract surgery
endophthalmitis incidences. This study aimed to investigate the
seasonality associated with the incidence of postoperative
endophthalmitis, and to evaluate its association with climate
variables in South Korea.

Setting: South Korea.

Design: Retrospective cohort study.

Methods: The postoperative endophthalmitis incidences were
identified using the Health Insurance Review and Assessment
Service claim data from July 2014 to June 2017. The monthly
climate data were obtained from the Korea Meteorological Admin-
istration. The incidences of endophthalmitis were analyzed by the
month of the year, and by the season. The association between
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postoperative endophthalmitis and the climatic variables, including
mean temperature, relative humidity, precipitation, and hours of
sunshine, was investigated.

Results: The incidences were the highest in July, and they were
the most prevalent during the summer months, although fewer
cataract surgeries were performed in the summermonths than dur-
ing the rest of the year. The postoperative endophthalmitis inci-
dences tended to increase with increasing relative humidity and
increasing precipitation.

Conclusions: The incidences of post-cataract surgery
endophthalmitis peaked during the hot and humid months.
Understanding the seasonal and climatic influences on
postoperative infection might help in risk stratification and
outcome improvisation after the cataract surgery is performed.
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Endophthalmitis is a rare, but vision-threatening
complication after cataract surgery, often resulting
in significant morbidity. There have been several re-

ports on the incidence and risk factors of post-cataract
endophthalmitis. At the patient level, a significantly higher
risk has been reported in those who are older,1–4 whose
gender is male,4–6 and have hypertension6 or diabetes mel-
litus.3,6 Surgical risk factors include perioperative contact
with the vitreous,5–7 clear corneal incisions,8 and extracap-
sular cataract surgery procedures.3

Although the patient-related and procedure-related risk
factors associated with the post-cataract surgery endoph-
thalmitis are well established, some nonmodifiable risk
factors at an environmental level remain inadequately ad-
dressed. Specifically, the relationship between the season-
ality and occurrence of the postoperative infection is
controversial. A study in Australia2 found an increased
incidence of post-cataract surgery endophthalmitis in
winter, whereas a report from Switzerland9 documented
higher incidences between the months of April and
June. A study conducted in a province of South Korea10

reported spring as the peak season to develop the infec-
tious endophthalmitis. Although some studies suggested
possible seasonal influence, data from the United States4

suggested no definite climatic influence on the postopera-
tive endophthalmitis incidences.
To date, most reports regarding the seasonality of the

postoperative endophthalmitis incidence are based on in-
vestigations conducted in single centers, or specific
geographic regions. Furthermore, these reports did not
incorporate local weather patterns such as temperature
and humidity. Therefore, this study aimed to determine
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whether the incidence of the post-cataract surgery endoph-
thalmitis is seasonal using a large, population-based,
nation-level database, and to also investigate whether the
seasonality in the incidence of postoperative endophthalmi-
tis can be explained by the weather conditions.
PATIENTS AND METHODS
Database and Data Collection
The National Health Insurance (NHI) covers approximately 98%
of the South Korean population.11 The claims data of the Health
Insurance Review and Assessment Service (HIRA), which include
information about the patients’ diagnosis, treatment procedures,
surgical history, and the prescription-dispensing information,
was a valuable resource for the research. The claims data were
collected when the healthcare service providers sought reimburse-
ments for the healthcare services that the NHI Corporation agrees
to cover. The claims associated with the medical-aid program,
government expenditures, and veteran patients were also
included. A diagnosis-related group (DRG)-based payment pro-
gram was implemented in Korea in 1997 to reduce excessive med-
ical costs and increase health efficiency.12 Cataract surgery has
been assigned to the DRG system since July 2013, and therefore
all cataract surgeries must be filed to HIRA for the reimbursement
and quality assessment.
The HIRA claim data collected between July 2014 and June

2017 were used to select patients who underwent cataract surgery.
Cataract surgery and intraocular lens (IOL) implantation were
identified by the surgical codes: S5119 (phacoemulsification),
S5111 (intracapsular cataract extraction/extracapsular cataract
extraction), S5117 (IOL primary), and S5116 (IOL secondary).
Cases with history of intraocular foreign body (H446, H447),
and combined glaucoma surgery (S5043, S5047, S5049) or total
vitrectomy (S5122, S5121) were excluded. Presumed postoperative
endophthalmitis cases were identified as those diagnosed with en-
dophthalmitis (International Disease Classification codes H440,
H441, H451, H59802), and required secondary intervention (vit-
rectomy [S5122, S5121], and antibiotic injection), and were
claimed within 42 days of the cataract surgery.
The climatic characteristics for the 3-year study period were ob-

tained from the Korea Meteorological Administration. The
monthly statistics for the following climatic variables, average
temperature (�C), average humidity (%), precipitation (mm),
and sunshine period (hours), were extracted.
This study was approved by the Institutional Review Board of

the Yonsei University College of Medicine.
Statistical Analysis
A Chi-square test was used to analyze the significance of seasonal
influence on the postoperative endophthalmitis incidences, both
with respect to the month of the year and the season. The correla-
tion between the postoperative endophthalmitis incidence and the
climate variables (temperature, humidity, precipitation, and hours
of sunshine) was investigated using the Spearman rank correlation
statistics. Logistic regression was performed to analyze the odds
ratio of all the climatic variables, before and after adjusting them
for patient’s age, sex, anterior vitrectomy hypertension status, dia-
betes status, and climatic variables. The adjusted factors included
significant risk factors of post-cataract surgery endophthalmitis
discovered in a previously published study that was analyzed
with the same dataset.6 The regional monthly average climate
data and regional postoperative endophthalmitis incidences were
used in the analysis. All statistical analyses were performed with
SAS Enterprise software (Guide 6.1, SAS Institute, Inc.), and the
P values less than 0.05 were considered statistically significant.
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RESULTS
The analysis comprised 1 498 548 cataract surgery cases
(977 830 patients) that occurred between July 2014 and
June 2017. The seasonal distribution of the cataract surgery
was found to be 29% in spring (March, April, May), 20% in
summer (June, July, August), 24% in fall (September,
October, November), and 27% in winter (December,
January, February).
Presumed cases of postoperative endophthalmitis were

identified in 951 eyes, with an overall incidence rate of
0.063%. The postoperative endophthalmitis incidences
were the most common in July (Figure 1), and the monthly
variation was statistically significant (P! .001). Despite the
lower frequency of cataract surgery in the summer months
than during the rest of the year, summer was found to be the
peak season for the postoperative endophthalmitis inci-
dence (Figure 2), and the seasonal difference was significant
(P ! .001).
The endophthalmitis incidences increased with tempera-

ture (r Z 0.556, P ! .001) (Figure 3, A), humidity
(rZ 0.546, P! .001) (Figure 3, B), and precipitation level
(r Z 0.532, P Z .001) (Figure 3, C). The correlation be-
tween the average monthly hours of sunshine and the en-
dophthalmitis incidence was not significant (r Z �0.064,
P Z .710) (Figure 3, D).
The univariate regression analysis showed that tempera-

tures above 20�C, relative humidity above 60%, and precip-
itation above 100.0 mm were associated with increased
odds of developing postoperative endophthalmitis
(Table 1). The odds decreased with increasing hours of
sunshine.
The multivariate analysis showed that high relative hu-

midity and high precipitation level remained positively
associated with higher odds of developing postoperative en-
dophthalmitis, whereas the temperature and the hours of
sunshine did not show a statistically significant association
(Figure 4).

DISCUSSION
Post-cataract surgery endophthalmitis occurred more
frequently during the summer season in South Korea,
when it is hot and humid with abundant rainfall. Previous
studies have reported conflicting results about the influence
of season on the postoperative endophthalmitis incidence.
A study in Spain documented higher incidence in the
months of May and June,9 and a study in Australia reported
increased incidence in the winter.2 On the other hand, a
study in the U.S. did not find any significant seasonal vari-
ation in the incidences of post-cataract surgery endophthal-
mitis.4 The difference in these results might be attributed to
the differences in the weather and the climate conditions
between these countries. To our knowledge, no study thus
far has investigated the association between the climatic
variables and postoperative endophthalmitis incidences.
This study showed that the incidence of post-cataract sur-
gery endophthalmitis increased with temperature, humidi-
ty, and precipitation. The result is significant because we
have used a large, administrative billing database, in which



Figure 1. Monthly variation in the
incidence of acute endophthalmitis after
cataract surgery.
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all the claimed cataract surgeries were registered during the
3-year study period. South Korea, with an area of
100 210 km2, has a predominantly mountainous terrain,
and therefore, most of its residents are concentrated in
approximately 30% of the land area. Therefore, there is
not a vast disparity in climate between the different areas
of residence within the country, and thus, it is ideal to use
the national database to study the effect of weather condi-
tions on incidence of the postoperative infection.
The Korean peninsula is located in the northeastern part

of the Asian continent, at latitudes of 33� to 43� N, and lon-
gitudes of 124� to 131� E. The 4 seasons in Korea have
distinct climatic characteristics, with considerable disparity
in temperatures and humidity, between the summer and
the winter seasons. It is hot and humid with abundant rain-
fall in the summer, whereas it is cold and dry in the winter.
Heavy rainfall mainly occurs over a period of 30 to 40 days
from late June to July, and this accounts for more than 40%
of the annual precipitation.13 The temperature and relative
humidity are high during the summer season, and they are
low during the winter season.14 Our results showed that
despite the smaller number of cataract surgeries performed
in the summer than during the rest of the year, postopera-
tive endophthalmitis incidences peak around the summer,
especially in the month of July when the heavy rainfall
occurs. This coincides with the results, which indicate an
increase in the incidence of postoperative endophthalmitis
with increasing temperature, humidity, and precipitation.
High humidity and precipitation were associated with
Figure 2. Seasonal variation in incidence of acute endophthalmitis
after cataract surgery.
increased odds of postoperative endophthalmitis even after
adjusting for other climate variables, which might indicate
that higher humidity and precipitation are more likely to
have a greater effect on the development of endophthalmi-
tis than warmer temperatures. This might also explain why
the time of the year when postoperative endophthalmitis is
most common differs between different countries, because
whereas the season is usually defined by the temperature,
precipitation depends on the geographic location and the
time of rainy season differs between the countries. The
highest precipitation and humidity levels of the year in Ko-
rea are most often recorded in July; however, the tempera-
ture is not always the warmest. This coincides with the
result that postoperative endophthalmitis was most com-
mon in July, when heavy rainfall occurs. The incidence
increased with decreasing sunlight hours, because in Korea,
the solar radiation peaks in spring, whereas the summer is
less sunny because of the monsoon season.15 Although the
days are longer in the warm summer season, the actual sun-
light hours are less than other times of the year because of
cloud cover and precipitation.
The reason why postoperative endophthalmitis was

more prevalent in the summer season is unclear. The
impact of climate on ophthalmic infectious diseases de-
pends on the complex vector-environment interaction,
disease transmissibility, human immune response, as
well as the environmental factors such as living conditions
and hygiene.16 A previous study9 reported that the
increased frequency of conjunctival bacteria in a certain
time of the year (April, May, and June) corresponded
with an increased rehospitalization of endophthalmitis pa-
tients after the cataract surgery, thus suggesting the
possible climatic influence on the incidence of the postop-
erative infection. This result seems plausible because the
patient’s external tissues, including the eyelid and the con-
junctiva, are well-known sources of the infecting organism
in cases of acute postoperative endophthalmitis.17 Some
microbes vary in prevalence according to the regional cli-
matic and seasonal variations. The hot, humid conditions
provide optimal conditions for the proliferation of the
bacteria. Pseudomonas aeruginosa, for instance, preferen-
tially grows under warm and humid conditions,18 and
Pseudomonas keratitis occurs more commonly in the trop-
ical climates.19 Bleb-related infections attributable to
Volume 45 Issue 12 December 2019



Figure 3. The association between
the post-cataract surgery endoph-
thalmitis incidences and the
monthly average temperature (A),
the monthly average relative hu-
midity (B), the monthly average
precipitation (C), and the monthly
average hours of sunshine (D).

1714 SEASONAL VARIATION OF POST-CATARACT SURGERY ENDOPHTHALMITIS
Staphylococcus aureus and Streptococcus species are more
prevalent in the warmer period than in the winter.20

The peak incidence of fungal keratitis has also been docu-
mented during the summer.21
Table 1. Univariate regression analysis on the effect of clim
incidences.

Parameter

Post-Cataract Surgery

Endophthalmitis, N (%)

Temperature (�C)
!0 86 (0.06)

0–5 105 (0.05)

5–10 171 (0.06)

10–15 136 (0.07)

15–20 146 (0.06)

20–25 204 (0.07)

R25 103 (0.09)

Relative humidity (%)

50–60 255 (0.05)

60–70 326 (0.06)

70–80 269 (0.07)

R80 101 (0.09)

Precipitation (mm)

!100 623 (0.06)

100–200 226 (0.08)

200–300 73 (0.10)

R300 29 (0.07)

Sunshine (hours)

80–120 61 (0.09)

120–160 113 (0.07)

160–200 315 (0.06)

200–240 269 (0.06)

R240 193 (0.06)

CI Z confidence interval; OR Z odds ratio
*Statistically significant, P value ! .05

Volume 45 Issue 12 December 2019
Another reason for the increased endophthalmitis inci-
dences during the summer months might be attributable
to the effect of weather on human behavior. Not only
does the increased temperature and humidity of summer
ate variables on post-cataract surgery endophthalmitis

OR (95% CI) P Value

1 (reference)

0.85 (0.64, 1.13) .210

1.09 (0.84, 1.41) .487

1.22 (0.93, 1.61) .263

1.12 (0.86, 1.46) .278

1.30 (1.01, 1.67) .037*

1.57 (1.18, 2.08) .006*

1 (reference)

1.29 (1.10, 1.53) .029*

1.49 (1.26, 1.77) !.001*

1.87 (1.49, 2.35) !.001*

1 (reference)

1.39 (1.19, 1.62) !.001*

1.80 (1.41, 2.29) !.001*

1.23 (0.85, 1.79) .417

1 (reference)

0.76 (0.56, 1.04) .113

0.68 (0.52, 0.89) !.001*

0.72 (0.55, 0.96) .004*

0.64 (0.48, 0.86) .005*



Figure 4. Forest plot of multivariate logis-
tic regression analysis for climatic risk
factors associated with post-cataract
surgery endophthalmitis development
(CIZ confidence interval; ORZ odds ra-
tio; Ref. Z reference).
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months enhance microbe survival, they also encourage
greater outdoor and overall human activity than that in
the winter months.
Recently, the influence of seasons on various surgical spe-

cialty outcomes has been investigated. Many have found an
association between the increased rate of postoperative
infection with the summer months and elevated tempera-
ture and humidity. Higher surgical site infection (SSI) rates
were observed during the summer months,22,23 and the
odds of SSI admission increased with increasing monthly
temperature, after controlling for the demographic and
the hospital-level characteristics.23 SSIs after spine surgery
were also more common during the summer months.24

Nonsurgical infection rates have also exhibited seasonal
behavior, spiking during the summer months in both com-
munity and hospital settings. A previous study reported
that the P aeruginosa nosocomial infection rate was associ-
ated with higher temperature, humidity, and precipita-
tion.18 Infections caused by the gram-negative bacteria,
including P aeruginosa, Enterobacter cloacae, Escherichia
coli, Acinetobacter baumannii, and Klebsiella pneumoniae,
increased with the higher temperature.25–27 Similarly, skin
and soft tissue infections caused by S aureus occur more
frequently in summer, and the incidence showed significant
correlation with temperature and humidity.28,29 One of the
reasons for this finding could include the thriving of micro-
bial proliferation under warm and humid environment. In
fact, more bacterial populations were isolated from skin in
high-temperature, high-humidity environments.30 Because
periocular normal flora is a major contaminant in cataract
surgery, this might also explain the increased incidence of
the postoperative endophthalmitis during the summer
season.
The limitations of this study are that we used administra-

tive data and were unable to review the medical records for
identification of causative organisms, and confirmation of
the diagnosis or the treatment. There could have been an er-
ror in coding if some cases were incorrectly coded as en-
dophthalmitis. In addition, unexpected vitrectomy
surgery because of a perioperative complication could not
be distinguished from planned combined surgery, and these
cases were excluded from the analysis. Furthermore, the
study period was limited to 3 years, which is short to
examine the annual trend, which might be affected by the
changing global climatic conditions. In this study, we con-
ducted the analysis on a monthly basis rather than a daily
basis, which might make it limited in representing the exact
climate condition at the time of surgery; however, the daily
climatic data was not available for every day of the year,
which made the analysis not feasible.
In conclusion, we showed that the incidence of post-

cataract surgery endophthalmitis is seasonal, and that the
seasonality of the postoperative endophthalmitis might, in
part, be explained by the weather patterns. With ongoing
global warming and climate change, warmer temperatures
in the future could further increase the risk for the postop-
erative infections. Further investigation is required to eluci-
date the underlying factors that drive the observed variation
in seasonality of the postoperative endophthalmitis inci-
dences, and also to determine ways to mitigate these risks.
Volume 45 Issue 12 December 2019
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Because of the devastating outcome, and the difficulty in
treating the postoperative endophthalmitis, a thorough un-
derstanding of the epidemiology and the associated risk fac-
tors might help with optimizing infection-prevention
strategies.
Vol
WHAT WAS KNOWN
� The individual and surgical risk factors of acute endoph-
thalmitis after cataract surgery have previously been re-
ported. However, there were conflicting results regarding
seasonal influence on postoperative endophthalmitis.

WHAT THIS PAPER ADDS
� Post-cataract surgery endophthalmitis occurred more
frequently in the summer in South Korea.

� The incidence of postoperative endophthalmitis increased
with humidity and precipitation.
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