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Purpose: To identify factors associated with the prognosis in Pythium keratitis.
Patients and Methods: The medical records of 25 patients (26 eyes) diagnosed with 
Pythium keratitis at a referral institution were reviewed. The demographic and clinical 
characteristics, treatment, microbiological diagnosis, histopathological features, and out-
comes were recorded. The histopathological specimens were reviewed. The patients were 
divided into a globe removal group and a globe salvage group. Univariate analysis was used 
to identify factors associated with poor outcomes.
Results: Fifteen eyes (57.7%) were removed. Patients in the globe removal group were on 
average 16.4 years older (95% CI 6.98 to 25.88) than those in the globe salvage group, 
received the first medication (either topical antifungals or antibiotics) later than one day after 
the onset of symptoms (RR = 2.75, 95% CI 1.18 to 6.42), and had a maximal diameter of the 
infiltration area ≥6 mm (RR = 3.14, 95% CI 1.17 to 8.45). The globe removal group showed 
satellite, multifocal, or total corneal infiltration patterns (RR = 2.82, 95% CI 1.03 to 7.74) 
and a hypopyon (RR = 3.43, 95% CI 1.26 to 9.35) as risk factors. The histopathological 
examination showed a higher density of Pythium in the globe removal group than the globe 
salvage group (median 376 (interquartile range 323, 620) versus 107 (interquartile range 16, 
260) hyphae per high power field; P = 0.035).
Conclusion: The risk of globe removal in patients with Pythium keratitis increased with 
age, delayed initial topical antifungal or antibiotic treatment, advanced disease at presenta-
tion, and dense Pythium hyphae infiltration of the cornea. Early recognition and treatment are 
critical to successfully eradicate the infection.
Keywords: eye evisceration, eye infections, keratoplasty, penetrating, oomycetes, prognostic 
factors

Introduction
Pythium keratitis is a sight-threatening ocular disease caused by Pythium insidio-
sum, an aquatic oomycete. Incidence of Pythium keratitis were primarily reported in 
the tropical, subtropical area especially Thailand and India.1–4 Direct exposure of 
the cornea to the zoospores, the infectious form of P.insidiosum, can result in the 
development of the disease.5 According to previous reports, a history of exposure to 
contaminated water or vegetative material was an important risk factor for acquir-
ing the infection.1,2,6–8 Various patterns of infiltration are described in Pythium 
keratitis, for example, multiple tentacle-like infiltrations, dot-like lesions, and 
reticular infiltrations.1,2,6,7,9–13
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Pythium keratitis usually progresses rapidly and is 
unresponsive to common antifungal treatment. The reason 
is that the oomycetes lack ergosterol, the main target of 
commonly used antifungal medications, in their cytoplas-
mic membrane.14 Recently, some Pythium keratitis cases 
were successfully treated with antibiotics, such as minocy-
cline, azithromycin, chloramphenicol, and linezolid.1,15,16 

There is no standard treatment regimen for Pythium kera-
titis to date, but most of the patients undergo early ther-
apeutic penetrating keratoplasty (TPK).11 Pythium antigen 
immunotherapy (PIAI) has also been studied, but its effi-
cacy remains controversial.3,8,11 The evisceration and enu-
cleation rates in Pythium keratitis range from 53.3% to 
91% in Thailand.3,4,8,17

Some risk factors of Pythium keratitis were previously 
evaluated, but their effect on the treatment outcome is still 
inconclusive.1,8 In this study, we retrospectively reviewed 
a series of Pythium keratitis patients and their clinical and 
histopathological characteristics and treatment outcomes 
to identify factors associated with globe removal.

Materials and Methods
We retrospectively reviewed the medical records of 
patients consecutively diagnosed with Pythium keratitis 
who received treatment at King Chulalongkorn Memorial 
Hospital (KCMH), Bangkok, Thailand, between 2006 and 
2019. The diagnosis of Pythium keratitis was confirmed by 
either a positive microbial culture or a positive polymerase 
chain reaction (PCR) from a corneal scraping or corneal 
button part after biopsy or TPK. Patients whose document 
was missing were excluded from this study. The demo-
graphic data, clinical characteristics, microbiological diag-
nosis, treatment details, and outcome of each patient were 
extracted from the medical records. We divided the eyes 
into two groups based on the treatment outcome: a globe 
removal group (enucleation or evisceration) and a globe 
salvage group.

The study protocol was approved by the Institutional 
Review Board of the Faculty of Medicine, Chulalongkorn 
University (Certificate of approval no. 1368/2019, IRB 
No. 695/62). The requirement for informed consent was 
waived because of the nature of the study as a retrospec-
tive file review. All patient data was maintained with 
confidentiality. All procedures of the study adhered to the 
guidelines and principles laid out in the Declaration of 
Helsinki 1964 and its later amendments.

Baseline and Clinical Characteristics and 
Outcomes
The following data were collected: age, sex, comorbidity, 
occupation, a history of ocular injury, contamination of the 
eye with water or natural substances (i.e., soil or plant mate-
rials), duration from the onset of symptoms to the first 
medical treatment (either topical antifungals or antibiotics) 
and from the onset of symptoms to the first TPK, follow-up 
time, surgical interventions and treatment outcome.

Data on visual acuity and the clinical characteristics 
described during slit-lamp examination (Topcon SL-D701 
with DC4, Topcon Corporation, Tokyo, Japan) were 
retrieved from the patients’ first visit to our hospital. After 
admission, as part of our treatment protocol, all patients 
suspected of having Pythium keratitis were immediately 
treated with either topical natamycin or amphotericin B. 
The infectious disease unit was consulted subsequently to 
assess the need for PIAI, oral terbinafine, or voriconazole. 
One milliliter of a 2 mg/mL PIA (a crude antigen) solution, 
prepared according to the protocol by Mendoza et al18 was 
injected subcutaneously in laboratory-proven cases. 
Subsequently, six booster doses were scheduled at 0.5, 1, 
1.5, 3, 6, and 12 months. For some cases, treatment with PIAI 
was continued for a year as an adjunct therapy. Complete 
vaccination varied depending on the hospital course, follow- 
up period, and the specialist’s discretion.

TPK was planned in patients, who had a poor response 
to optimal medical therapy, those showing advanced ker-
atitis that extended to the limbus or posterior segment, or 
those with perforation.17 If the infection could not be 
controlled with these measures, or the patient developed 
endophthalmitis, evisceration or enucleation was 
performed.

The following parameters were analyzed: the maximal 
diameter of the area of corneal infiltration, depth of infil-
tration, patterns of infiltration, and presence of an epithe-
lial defect or hypopyon. The maximal diameter of the 
infiltration area and depth of infiltration were classified 
according to the modified Jones’ criteria19 to grade the 
severity of keratitis: diameter (<2 mm, 2–6 mm, >6 mm), 
and depth (anterior 1/3 of the cornea, middle stroma, or 
extension to the posterior 1/3 of the cornea).

Microbiological Examination
At the patients’ initial assessment, a microbiological 
examination was performed for all eyes by scraping the 
corneal lesions using a sterile surgical blade No.15. 
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Specimens were sent for gram staining, 10% potassium 
hydroxide preparation, and cultivation on blood agar, cho-
colate agar, and Sabouraud dextrose agar. The cornea 
specimens harvested during TPK were also sent for micro-
biological examination as described above. P. insidiosum 
was diagnosed by using culture or a PCR-based assay that 
amplified the internal transcribed spacer region and cyto-
chrome oxidase II gene. The PCR-product was subse-
quently subjected to DNA-sequencing analysis.20,21

Histopathological Examination
All specimens were obtained from corneal biopsies, TPK, 
evisceration, or enucleation. They were fixed in 10% neu-
tral buffered formalin and sent for histopathological exam-
ination. The paraffin-embedded tissues were stained with 
hematoxylin and eosin, Gomori methenamine silver, and 
periodic acid-Schiff. As part of this retrospective study, 
slides were re-evaluated by one pathologist who was una-
ware of the patient’s treatment outcome. The density of the 
infiltration with the organism was manually and separately 
counted in the first corneal specimen that was taken out 
from infected eye either the corneal button or corneal 
biopsy, as hyphae per high power field (400x) within the 
field with the highest organism density. The depths of the 
invasion for both organisms and inflammatory cells were 
also recorded. Descemet’s membranes were classified as 
intact or involved, perforated, or detached.

Data Management and Statistical Analysis
Data were collected from patients’ case record forms and 
converted to electronic files using the double-entry techni-
que. The source documents and the electronic data were 
later cross-checked by two investigators to ensure the 
accuracy of the data. Demographic data and clinical char-
acteristics were reported using descriptive statistics. 
Univariate analysis was performed for each variable. 
Multivariate analysis was not performed because of the 
small sample size.

Categorical data were compared using Fisher’s exact 
test. The risk ratio (RR) was calculated and reported with 
the 95% confidence interval (95% CI). Continuous data 
were compared with the Student’s t-test and Mann– 
Whitney U-test. Data analyses were performed using 
IBM SPSS Statistics for Windows, version 22.0 (IBM 
Corp., Armonk, N.Y., USA). A P-value < 0.05 was con-
sidered to be statistically significant.

Results
From 2006 to 2019, 26 eyes of 25 patients (14 males, 11 
females) were diagnosed with Pythium keratitis at KCMH. 
All cases had been treated at other hospitals before they 
were referred to KCMH. The mean age at presentation was 
46.1±14.0 (range 21–73) years. All except one patient 
were admitted to the hospital. None of patients had 
alpha-thalassemia. The mean length of hospital stay was 
30.9±11.9 (range 15–54) days. The mean follow-up time 
was 3.08 years (ranging from 2 months to 13.5 years). Ten 
patients were referred from the East of Thailand. 
Demographic data of patients are summarized in Table 1. 
The demographic details, clinical features, treatment, and 
outcome of each patient are described in Supplementary 
Table 1.

Clinical Characteristics
All patients except one had unilateral involvement. The 
patient with bilateral involvement had a history of waste-
water contact of both eyes. The patterns of corneal infil-
tration were examined and classified into four distinct 
patterns:

(a) Reticular infiltration: single faint lesion in the cen-
ter with reticular (or tentacle-like) spreading 
(Figure 1A);

(b) Satellite infiltration: single dense infiltration sur-
rounded by multiple small infiltrations, indistinct 
edge (Figure 1B);

Table 1 Demographic Data and Possible Predisposing Factors

Demographic Data No. of Eyes (%) 
(n = 26)

Age group

<40 years 8 (30.7)
40–60 years 12 (46.2)

>60 years 6 (23.1)

Comorbidity

Type 2 Diabetes mellitus 1 (3.8)

Hemoglobin E trait 1 (3.8)

Agriculturist 15 (57.7)

History of water contamination 12 (46.2)

History of eye contamination with natural 
substances (ie, soil or plant materials)

13 (50.0)

History of ocular injury 10 (38.5)
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Figure 1 Diagrams of infiltration pattern and clinical slit-lamp photographs. (A1 and A2) Diagram of a reticular infiltration pattern and a photograph of a 21-year-old 
student who had a history of contact-lens wearing and presented at KCMH two days after left eye irritation (Case#21); (B1 and B2) diagram of a satellite infiltration pattern 
and a photograph of a 55-year-old farmer who had a trauma to the right eye from grass leaves (Case#15); (C1 and C2) diagram of a multifocal infiltration pattern and a 
photograph of a 58-year-old farmer who had a trauma of the right eye with soil contamination (Case#24); (D1 and D2) diagram of a total infiltration pattern and a 
photograph of the right eye of a 61-year-old female without a significant history of ocular trauma (Case#10).
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(c) Multifocal infiltration: scattered multi-focal dense 
infiltrations (Figure 1C);

(d) Total infiltration: dense infiltration of the total cor-
nea (Figure 1D).

The baseline characteristics, laboratory results, and the 
clinical course of all patients are summarized in Table 2.

Treatment and Outcomes
Most patients received a combination of at least two anti-
fungal agents either at KCMH or at outside clinics, prior to 
referral. The most commonly used topical regimen was 5% 
natamycin and 1% voriconazole (14 eyes; 53.8%), followed 
by 5% natamycin and 0.17% amphotericin B (11 eyes; 
42.3%). Topical antibiotics, such as 0.5% moxifloxacin (15 
eyes), 1% azithromycin (5 eyes), and 0.2% linezolid (3 eyes) 

were also used. The treatment of 15 eyes (57.7%) also 
included oral terbinafine and itraconazole. Two eyes (7.7%) 
in two patients responded well to medical treatment alone 
(cases 6 and 25), and the treatment regimens in these cases 
are described in Supplementary Table 1.

The infection progressed in 24 eyes (92.3%) despite 
drug treatment. Twenty-one eyes underwent TPK, and 
three eyes had to be eviscerated because of uncontrollable 
disease. The average duration from disease onset to the 
first TPK was 28.9±14.6 days. After the first TPK, 6 of 21 
eyes (28.6%) improved, and no subsequent surgery was 
needed until the patients’ discharge. Recurrence was 
observed in 15 of 21 eyes (71.4%). In seven of these 
(46.7%), we performed evisceration or enucleation and in 
the other eight (53.3%), a second TPK. Three eyes 
improved after the second TPK, while another five eyes 
had to undergo evisceration or enucleation.

Overall, globe salvage was possible in 11 eyes 
(42.3%), whereas the globe had to be removed in 15 
(57.7%) eyes. Seventeen eyes had received at least one 
dose of PIAI (Table 2).

The anatomy was preserved in all globe salvage patients, 
but the visual outcomes were mostly poor (the best corrected 
visual acuity (BCVA) ranged from hand movements to 20/ 
25). The BCVA of 20/25 achieved in a patient with anterior 
stromal reticular infiltration who had BCVA of 20/50 at 
presentation. The details of the clinical characteristics, med-
ical, surgical, and adjunctive management, and treatment 
outcomes are shown in Supplementary Table 1.

Factors Affecting the Treatment 
Outcome
We compared the demographic data, ocular features, and 
histopathological characteristics between the globe salvage 
group and the globe removal group in Tables 3 and 4. The 
box plot analysis showed that there was a statistically 
significant difference in the duration of the disease from 
onset to the first medical treatment between the two groups 
(P = 0.02) (Figure 2). Nine of 11 cases in the globe 
salvage group received their first medical treatment on 
day one after the onset of symptoms.

Histopathological Features
Extensive infiltration of the cornea with acute inflam-
matory cells, extensive cellular necrosis, and stromal 
collagen lamellar fragmentation was found in all speci-
mens. The most common microscopic characteristics of 

Table 2 Clinical and Diagnostic Data

Ocular Features No. of Eyes (%)

Best corrected visual acuity (BCVA)

Worse than 20/200 24/26 (92.3)

20/40 to 20/200 2/26 (7.7)

Pattern of infiltration

Reticular 11/24 (45.8)

Satellite 10/24 (41.7)

Multifocal 2/24 (8.3)

Total infiltration 1/24 (4.2)

Maximal diameter of infiltration area (mm) (mean ± SD) 5.56 ± 1.94

Depth of infiltration

Anterior to mid stroma 11/23 (47.8)

Posterior stroma 12/23 (52.2)

Presence of epithelial defect 23/26 (88.5)

Presence of hypopyon 14/26 (53.8)

Diagnostic laboratory

Positive culture 1/25 (4)

Positive PCR 4/25 (16)

Positive culture, genus and species confirmed by PCR 20/25 (80)

PIAI injection 17/26 (65.4)

In globe salvage case 7/17 (41.2)

In globe removal case 10/17 (58.8)

Surgical interventions

Corneal biopsy 10/26 (38.5)

TPK 21/26 (80.7)

Evisceration or enucleation 15/26 (57.7)

Treatment outcome

Globe salvage 11/26 (42.3)

Globe removal 15/26 (57.7)

Clinical Ophthalmology 2021:15                                                                                                    http://doi.org/10.2147/OPTH.S303721                                                                                                                                                                                                                       

DovePress                                                                                                                       
1695

Dovepress                                                                                                                                               Puangsricharern et al

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com/get_supplementary_file.php?f=303721.docx
https://www.dovepress.com/get_supplementary_file.php?f=303721.docx
http://www.dovepress.com
http://www.dovepress.com


Table 3 Demographic Data and histopathology of Globe Salvage Group versus Globe Removal Group (Categorical Variables)

A. Assessment of Predisposing Factors Globe Salvage n(%), 
N=11

Globe Removal n 
(%), N=15

Risk Ratio for 
Globe Removal

95% CI of 
Risk Ratio

History of water contamination

Presence 3 (27.3) 9 (60.0) 1.75 0.88 to 3.48
Absence 8 (72.7) 6 (40.0

History of eye contamination with natural substances 
(ie, soil or plant materials)

Presence 2 (18.2) 11 (73.3) 2.75 1.18 to 6.42
Absence 9 (81.8) 4 (26.7)

History of ocular injury

Presence 1 (9.1) 9 (60.0) 2.40 1.23 to 4.67
Absence 10 (90.9) 6 (40.0)

Duration from onset of symptoms to 1st medical 
treatment

> 1 day 2 (18.2) 11 (73.3) 2.75 1.18 to 6.42
≤ 1 day 9 (81.8) 4 (26.7)

B. Clinical Characteristics Globe Salvage  
n (%)

Globe Removal  
n (%)

Risk Ratio for 
Globe Removal

95% CI of 
Risk Ratio

Pattern of infiltration N=11 N=13

Satellite/Multifocal/Total 3 (27.3) 10 (76.9) 2.82 1.03 to 7.74
Reticular 8 (72.7) 3 (23.1)

Maximal diameter of infiltration area N=10 N=15
≥ 6 mm diameter 2 (20.0) 12 (80.0) 3.14 1.17 to 8.45
< 6 mm diameter 8 (80.0) 3 (20.0)

Depth of infiltration N=11 N=12

Posterior stroma 3 (27.3) 9 (75.0) 2.75 0.99 to 7.62

Anterior-middle stroma 8 (72.7) 3 (25.0)

Epithelial defect N=11 N=15
Presence 9 (81.8) 14 (93.3) 1.83 0.36 to 9.35

Absence 2 (18.2) 1 (6.7)

Hypopyon N=11 N=15

Presence 2 (18.2) 12 (80.0) 3.43 1.26 to 9.35
Absence 9 (81.8) 3 (20.0)

C. Histopathological Features Globe Salvage  
n (%)

Globe Removal  
n (%)

Risk Ratio for 
Globe Removal

95% CI of 
Risk Ratio

Descemet membrane N=7 N=11

Involved/Perforated/Detached 3 (42.9) 6 (54.5) 1.20 0.57 to 2.53
Intact 4 (57.1) 5 (45.5)

Depth of organism invasion N=6 N=12
Posterior stroma 3 (50.0) 9 (75.0) 1.5 0.63 to 3.56

Anterior to mid stroma 3 (50.0) 3 (25.0)

Depth of inflammatory cell presence N=8 N=11

Posterior stroma 7 (87.5) 8 (72.7) 0.71 0.34 to 1.49

Anterior to mid stroma 1 (12.5) 3 (27.3)

Notes: Boldface type highlights a significant risk ratio as determined by 95% confidence interval (CI).
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P. insidiosum were rarely branching and sparsely sep-
tate short hyphae that varied in size and diameter. In 
every specimen, P. insidiosum hyphae showed intense 
positive staining with Gomori methenamine silver. 
Pythium hyphae were much denser in the globe 
removal group (Figure 3–5).

Discussion
In this retrospective study, we aimed to identify the 
predictive factors for treatment outcomes in patients 
with Pythium keratitis. We found that the risk of globe 
removal increased with age, delayed initial topical anti-
fungal or antibiotic treatment, advanced disease at 

Table 4 Demographic Data and Histopathology of Globe Salvage Group versus Globe Removal Group (Continuous Variables)

Characteristics Globe Salvage 
N=11

Globe Removal 
N=15

Mean 
Difference

95% CI of Mean 
Difference

P value

Demographic data

Age at onset [mean ±SD; years] 36.6 ±13.1 53.1 ±10.3 16.43 6.98 to 25.88 0.00a

Duration from onset of symptoms to 1st medical treatment 

[median; days (IQR†)]

1 (1,2) 5 (3,11) 0.02b

N=9 N=12

Duration from onset of symptoms to 1st TPK [mean ±SD; days] 28.6 ±14.0 29.1 ±15.6 0.53 −13.28 to 14.34 0.94a

Histopathological features

N=7 N=11

Estimated density of organism (Median; filament per HPF‡ (IQR)) 107 (16,260) 376 (323,620) 0.03b

Notes: †IQR, Interquartile range. ‡HPF, High-power field. P <0.05 are highlighted in boldface. aP value of independent t-test. bP value of Mann–Whitney U-test.

Figure 2 Box plot demonstrates that almost all of the cases from the globe salvage group received their first medical treatment on day 1 after onset of symptoms (asterisks 
indicate extreme outliers).
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presentation, and dense Pythium hyphae infiltration. All 
previous studies of Pythium keratitis were either small or 
large case series. A retrospective study from South India 
reported a series of 71 patients with microbiologically 
proven Pythium keratitis.1 The authors concluded that 
there was still a knowledge gap regarding the best treat-
ment because conventional antifungal agents are not 
effective against P. insidiosum. Newer treatments such 
as linezolid, azithromycin, and PIAI were reported to be 

successful in healing the infection in small case series8,16 

and in vitro susceptibility testing.22 Currently, TPK 
remains the most effective treatment but has to be done 
as early as possible. However, recurrence of the infection 
and graft failure are still problematic, frequently necessi-
tating regrafting. In our series, we reported 42.3% of 
globe salvage, which is higher than in previous reports 
in Thailand.3,4,17 The exception was a 2019 report from 
Permpalung et al8 who achieved globe salvage in 53% of 

Figure 3 Histopathology of Pythium keratitis in a globe salvage case (Case#19). (A) Histopathology section shows an ulcerated corneal lesion with numerous acute 
inflammatory cells and necrotic cells primarily located at the anterior stroma (Hematoxylin-Eosin); (B) special stain shows varying sizes of short hyphae at the posterior 
stroma and pre-Descemet’s membrane area (Gomori Methenamine Silver).

Figure 4 Histopathology of Pythium keratitis in globe salvage case (Case#05). (A) Histopathology section shows numerous acute inflammatory cells and necrotic cells in the 
corneal stroma (Hematoxylin-Eosin); (B) special stain shows varying-sized short hyphae at the mid stroma (Gomori Methenamine Silver).
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patients. The authors found that patients in whom the 
globe was salvaged were significantly younger and 
showed a shorter period from the onset of disease to 
first ocular surgery than those in whom the globe had 
to be removed. However, their study focused on PIAI 
treatment and the profile of biologic markers after 
treatment.

Clinical Characteristics
Most patients were referred to KCMH from hospitals in 
the Eastern region of Thailand. According to previous 
reports from other regions in Thailand (ie, North,23 

Northeast,2 and South4), the organism is widespread across 
the country. Although the natural habitat of P. insidiosum 
is soil and water, only 58% of the patients in our study 
were agriculturist, 46% had a history of water contamina-
tion, and 50% had a history of environmental exposure to 
natural substances, such as soil or plant material. This 
implies that Pythium keratitis may occur in patients who 
do not have a history of exposure to water. Most of the 
patients in our report had advanced disease: 92% had a 
visual acuity of less than 20/200, and 52.2% had deep 
stromal infiltration. Considering that, the globe salvage 
rate of 42% in our study is acceptable compared to other 
reports from Thailand, where it ranged from 21% to 
53.3%.3,4,8

Factors Affecting the Treatment 
Outcome
Patients who had to have their globe removed were sig-
nificantly older than those in whom it could be preserved 
(mean 53.1 vs 36.6 years). This finding was consistent 
with previous reports.3,8 Regarding impaired natural 

immune responses in older patients, infectious condition 
tends to cause more morbidity in this group. We also found 
a higher risk of globe removal in patients who had a 
history of ocular injury or contamination of their eyes 
with natural substances. It is possible that these two char-
acteristics are confounding factors because infection in 
patients whose eyes were exposed to natural substances 
mostly involved a traumatic mechanism. This finding is 
consistent with reports from India1 describing that the 
majority of their patients had environmental exposures 
not involving water. Considering these data, we suggest 
that Pythium keratitis should be suspected in patients with 
findings suggestive of P. insidiosum who had disease per-
sisting despite antifungal treatment even though there is no 
clear history of exposure to water.

We also found that patients who received treatment late 
had an approximately 2.75-times higher risk of globe 
removal. Contrary to a recent report,8 we did not find 
that patients who received early ocular surgery, especially 
TPK, had better outcomes. One reason may be differences 
in the study populations. All of our patients were referred 
to us from other hospitals, meaning they already had 
advanced disease at their first presentation. It is difficult 
to eradicate the infection in an advanced clinical stage 
with TPK.

Pythium keratitis is recognized for its progressive 
course. Within a few days, the infection may spread all 
over the cornea and invade the posterior stroma, causing 
corneal perforation. The unique histopathological patterns 
of Pythium keratitis were previously described as multiple 
tentacle-like or reticular infiltrations originating from the 
central lesion. Hence, we distinguished four specific pat-
terns of corneal lesions in our patients and used these to 

Figure 5 Histopathology of Pythium keratitis in globe removal case (Case#23). (A) Histopathology section shows numerous acute inflammatory cells and necrotic cells in 
the corneal stroma (Hematoxylin-Eosin); (B) special stain shows numerous varying-sized short hyphae with rare septation (Gomori Methenamine Silver).
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investigate a potential association with the treatment out-
come. We found that there was a significantly higher risk 
for globe removal in patients who had a large lesion 
(diameter ≥ 6 mm). Interestingly, the risk of globe removal 
also increased by 2.8-times in patients who had satellite, 
multifocal, or total corneal infiltration patterns compared 
to those that had a reticular pattern. In spite of not statis-
tically significant, our result showed the risk of globe 
removal increased 2.75-times in eyes with posterior stro-
mal infiltration. We conclude that a large lesion and satel-
lite, multifocal, and total corneal infiltration patterns 
represent an advanced stage of disease, and these were 
associated with a poor treatment outcome in our study. A 
hypopyon is common in Pythium keratitis, ranging from 
25% to 54% in previous studies,1 where it was found to be 
a factor for a poor prognosis. In our study, a hypopyon was 
associated with a 3.4-times higher risk for evisceration or 
enucleation compared to that in patients without a hypop-
yon. To date, the origin of the hypopyon in Pythium 
keratitis, ie, whether it comes from inflammation or infec-
tion, is unclear.

Histopathology
Our observations correspond to a previous report24 that 
found that the risk of globe removal increases with the 
density of fungal hyphae in the cornea specimens as an 
indication of advanced disease. Other histopathological 
parameters, such as the discontinuation of Descemet’s 
membrane and the depth of P. insidiosum invasion and 
inflammatory cell infiltration in the first corneal specimen 
of patients diagnosed with Pythium keratitis, were not 
statistically significantly associated with the treatment 
outcome.

Treatment and Outcome
In our patients, only two (7.7%) patients were successfully 
treated with medication only. Both patients had good 
initial visual acuity (20/40 and 20/50) and received treat-
ment within one day after the onset of symptoms.

In our study, 28.6% of patients had a successful out-
come, defined as globe preservation, after the first TPK, 
whereas previous studies reported a success rate of 
30–80%.1,3,9,11,25 Our comparably low success rate might 
result from the advanced stage of disease with which 
patients in our study presented initially.

Since PIAI was administered at various points in time 
to our patients, we refrained from the statistical analysis of 
this variable and are not able to gauge the effects of this 

treatment. Furthermore, treatment with PIAI may not be 
effective in eradicating the infection in patients with 
advanced disease, as reported by Permpalung et al.8 In 
our patients, this treatment was safe and well-tolerated 
with no severe adverse events.

Our results need to be interpreted within the limitations of 
our study. First, this was a retrospective file review. Some data 
were missing in patients’ documents. Further, our center is a 
referral center so that most of the patients presented with 
advanced stages of disease. Hence, our findings may not be 
representative of the presentation of Pythium keratitis in 
Thailand. Finally, Pythium keratitis has a low incidence. 
Even though we were able to identify some prognostic factors, 
our sample size was not large enough to allow for multivariable 
analysis. Prospective studies in larger populations are required 
to obtain more accurate information on the prognosis and 
identify the most effective treatment for this severe infection.

Conclusion
Pythium keratitis is a sight-threatening disease that fre-
quently requires globe removal. Early recognition and treat-
ment of the disease, particularly among elderly patients, are 
critical to successfully eradicate the infection. Advanced 
stages of disease and delay of drug therapy result in a high 
risk of globe removal. The histopathological analysis may 
provide important prognostic information.
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