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Purpose: To evaluate the factors affecting treatment outcome of graft infection following penetrating keratoplas-

ty (PKP). 

Methods: In this retrospective study, 28 patients who underwent PKP between January 2005 and January 2013 

and who were diagnosed with graft infection were classified into a treatment success group or a treatment 

failure group. Demographic and clinical characteristics, as well as the results of the microbiologic investigation, 

were analyzed and compared. A subsequent binary logistic regression analysis was performed to identify the 

prognostic factors affecting treatment outcome.

Results: Graft infection occurred at a mean of 38.29 ± 36.16 months (range, 1 to 96 months) after PKP. Sev-

enteen patients developed bacterial keratitis, and 11 patients developed fungal keratitis. Overall, of the 28 

patients, nine (32.1%) were classified in the treatment failure group. Multivariate analysis identified pre-existing 

graft failure (p = 0.019), interval longer than 72 hours between donor death and PKP (p = 0.010), and fungal 

infection (p = 0.026) as significant risk factors for treatment failure. 

Conclusions: Pre-existing graft failure, extended interval between donor death and PKP, and fungal infection 

were important risk factors for treatment failure of graft infection following PKP.
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The cornea has a mechanism of protecting itself against 
bacterial, viral, or fungal infections, but this mechanism 
often weakens after penetrating keratoplasty (PKP) proce-
dures. Moreover, other factors, such as long-term use of 
topical corticosteroid and soft contact lens, graft hypoes-
thesia, suture-related problems, and ocular surface disor-

ders, including dry eye, make the cornea more vulnerable 
to infection [1-5]. The incidence of graft infection follow-
ing PKP varies from 1.76% to 12.1% [1-7]. 

Despite improvement in antibiotic treatment, the treat-
ment failure of microbial keratitis remains an important 
problem. The rate of treatment failure is estimated to be 
around 10% [8,9], but it is significantly higher in eyes that 
underwent PKP, ranging from 26% to 57%, [5-7]. Some 
studies have reported that long-term prophylactic antibiotic 
administration is a risk factor for the emergence of antibi-
otic-resistant f lora, and this may be related to the poor 
treatment outcome of graft infection [10,11]. 

Graft infection is a serious complication of PKP and can 
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lead to poor visual outcomes. Hence, knowing the factors 
that affect treatment outcome can improve patient progno-
sis. Although several studies have evaluated the risk fac-
tors of graft infection, to the best of our knowledge, there 
have been no reports on the prognostic factors affecting 
treatment outcome [1-5]. Therefore, we performed a com-
parative study between “treatment success” and “treatment 
failure” groups among patients who showed graft infection 
following PKP and investigated the factors associated with 
poor treatment outcome.

Materials and Methods

Patients

A retrospective chart review of medical records was per-
formed on 323 eyes of 323 consecutive patients who un-
derwent PKP at Chonnam National University Hospital 
between January 2005 and January 2013 and who were 
followed-up for at least one year postoperatively. All study 
protocols adhered to the tenets of the Declaration of Hel-
sinki and were approved by the institutional review board 
of Chonnam National University Hospital. We only includ-
ed eyes with smear- or culture-proven infectious keratitis 
(non-viral). Patients with recurrent infectious keratitis 
caused by a pre-PKP infection were excluded.

Postoperative management

The PKP procedure was performed by a single experi-
enced surgeon (KCY) under either general or retrobulbar 
anesthesia. All donor corneas were preserved in Optisol 
GS (Chiron Ophthalmics, Irvine, CA, USA). After trans-
plantation, all patients were treated with topical 1% pred-
nisolone acetate and topical 1% cyclosporine A. The initial 
topical corticosteroid regimen was one drop hourly during 
postoperative week 1 in patients with vascularized corneas 
and one drop every two hours in all other patients. Corti-
costeroid use was tapered gradually over a period of one 
year and continued until all sutures were removed. In high-
risk eyes with vascularized corneas and history of rejec-
tion episodes, the lowest steroid regimen permitting ab-
sence of rejection episodes was determined, and topical 
corticosteroid use was continued. Topical 1% cyclosporine 
A was administered every two hours during postoperative 

week 1 and tapered over a period of a few months. Patients 
without contraindication regarding the application of sys-
temic immunosuppresants were also started on oral pred-
nisolone 1 mg/kg and cyclosporine A 5 mg/kg daily and 
tapered postoperatively over one month. In high-risk cases, 
application of systemic steroids was prolonged at the dis-
cretion of the surgeon. Oral steroid and cyclosporine A 
were discontinued when local or systemic side effects de-
veloped. Suture removal was performed step-by-step over 
two to three times within one year after surgery.

Microbiologic assessment

Smear and culture analyses were performed for all cases 
showing corneal infiltrate and overlying epithelial defects. 
Corneal scrapings were obtained from the peripheral and 
central areas of the corneal infiltration. Gram staining and 
potassium hydroxide (KOH) wet mount were routinely 
performed for all smears. Routine culture media included 
blood agar, chocolate agar, MacConkey agar, and Sab-
ouraud agar. Blood and chocolate agar plates were stored 
in carbon dioxide environments, whereas MacConkey and 
Sabouraud plates were stored in oxygen environments. A 
second blood agar plate was stored in an anaerobic envi-
ronment. Blood agar, chocolate agar, and MacConkey agar 
plates were stored at 35°C, whereas separate Sabouraud 
agar plates were stored at 25°C and 35°C. The minimum 
criterion for a positive culture was the growth of three col-
onies on one solid medium [12]. Routine antibiotic sensitiv-
ity testing was performed on all isolates.

Treatment protocol

The protocol for initial therapy consisted of admission of 
all cases of graft infection and instillation of topical gati-
floxacin or moxifloxacin eye drops. On the basis of the re-
sults of the corneal scraping evaluation, patients with pre-
sumed gram-positive microbial keratitis were additionally 
administered topical fortified cefazolin (50 mg/mL) or 
vancomycin (25 mg/mL), and those with gram-negative 
microbial keratitis were given topical tobramycin (14 mg/
mL) or ceftazidime (50 mg/mL). Patients with fungal kera-
titis were initially started on topical amphotericin 0.15% or 
voriconazole 1% and oral fluconazole. Eye drops were ad-
ministered every hour during the first 48 hours, and subse-
quent modification of treatment was based upon the results 
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of cultures and antibiotic sensitivities or clinical response. 
Topical corticosteroid was suspended in all cases at the 
time of presentation.

Data collection

We recorded information on age, sex, primary diagnosis 
before PKP, interval between PKP and graft infection, 
graft state before onset of infection (failed or clear graft), 
donor data (age and death to surgery duration), duration of 
symptoms, medical history before graft infection, and slit 
lamp findings at initial presentation. The size of the corne-
al infiltration was measured in two dimensions using the 
graduated slit beam, and the presence of hypopyon was 
noted. The results of the microbiologic investigation were 
also recorded. Graft failure was defined as an irreversible 
loss of central graft clarity from any cause. 

Treatment success was defined as resolution of the infil-
tration and complete healing of the epithelial defects. In-
fectious keratitis was considered to have failed treatment if 
the size of infiltration remained the same or increased or if 
the ulcer perforated and required surgical intervention 
(corneal gluing, graft resuturing, re-PKP, or evisceration). 

Statistical analyses

The putative prognostic factors for treatment outcome 
were compared between the two groups (treatment success 
versus treatment failure) with a Mann-Whitney U-test for 
continuous variables and a chi-squared test or Fisher’s ex-
act test for categorical variables. A subsequent logistic re-
gression analysis was performed to identify any indepen-
dent associations between the prognostic factors and 
treatment outcome, and odds ratio and their 95% confi-
dence intervals were estimated. All statistical analyses 
were performed using the PASW Statistics ver. 18.0 (SPSS 
Inc., Chicago, IL, USA). A p-value less than 0.05 was con-
sidered statistically significant.

Results

The incidence of graft infection was 10.5% (34 of 323 
eyes). Among these 34 eyes, five showed smear- and cul-
ture-negative keratitis and one case was lost to follow-up. 
Thus, 28 eyes of 28 patients were included in the analysis. 

Infection occurred at a mean of 38.29 ± 36.16 months 
(range, 1 to 96 months) after PKP. Of the 28 patients, nine 
(32.1%) developed graft infection within one year of PKP; 
among these nine patients, seven developed an infection 
within six months of PKP. The remaining 19 (67.9 %) pa-
tients developed graft infection one year or more after 
PKP. The distribution of duration between PKP and graft 
infection is shown in Fig. 1. 

The mean age at diagnosis of graft infection was 64.82 ± 
14.06 years (range, 35 to 85 years). The main indications 
for PKP were infectious corneal ulcer (9 / 28, 32.1%) and 
pseudophakic bullous keratopathy (7 / 28, 25.0%). Seven 
patients (25.0%) had a pre-existing graft failure, and 21 
(75.0%) had clear grafts at the time of presentation. The 
mean duration of symptoms before hospital presentation 
was 6.73 ± 4.23 days (range, 1 to 16 days). The proportion 
of patients receiving topical antibiotics, topical corticoste-
roids, and systemic corticosteroids at the time of onset of 
graft infection was 17.9%, 78.6%, and 32.1%, respectively 
(Table 1).

Seventeen of the 28 patients had positive results in Gram 
staining, and the remaining 11 patients showed smear-posi-
tive results for fungus on KOH wet mount. Microbiological 
culture yielded positive results in 15 cases (53.6%). The 
most common bacterial species isolated was Streptococcus 
species (6 / 15, 40.0%). Fungal infections were most com-
monly caused by Candida species (2 / 15, 13.3%) and Fu-
sarium species (2 / 15, 13.3%). There was no patient with a 
polymicrobial infection. Details of the isolated organisms 
are detailed in Table 2.

Overall, 19 of the 28 patients (67.9%) were classified in 
the treatment success group. All patients classified in the 
treatment failure group (n = 9) required an adjunctive sur-
gical procedure: five underwent re-PKP, two required evis-

Fig. 1. Distribution of intervals between penetrating keratoplasty 
(PKP) and graft infection.
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ceration, and the remaining two underwent corneal gluing. 
There was no statistically significant difference in age, sex, 
primary diagnosis, interval between PKP and graft infec-
tion, age of the donor cornea, size of the corneal infiltra-
tion, or rate of positive hypopyon and positive culture be-
tween the two groups. Regarding the medical history at 
the time of onset of the graft infection, a significantly 
higher proportion of patients in the treatment failure group 
used systemic corticosteroids (66.7% vs. 18.8% in the treat-
ment success group; p = 0.013). Pre-existing graft failure 
(55.6%) and fungal keratitis (66.7%) were more predomi-
nant in the treatment failure group (p = 0.020 and p = 0.035, 
respectively). Mean interval between donor death and PKP 
was significantly longer in the treatment failure group 
(108.50 ± 62.22 hours) compared with the treatment suc-

cess group (46.18 ± 39.44 hours, p = 0.005). Mean interval 
between the onset of symptoms and hospital presentation 
was also significantly longer in the treatment failure group 
(9.33 ± 4.47 vs. 5.58 ± 3.19 days, p = 0.038) (Table 3).

Table 4 shows the results of the multivariate logistic re-
gression analysis, which identified pre-existing graft fail 
ure (p = 0.019), interval longer than 72 hours between do-
nor death and PKP (p = 0.010), and fungal infection (p = 
0.026) as the significant risk factors of treatment failure.

Discussion

In this study, we investigated the association of various 
factors with treatment outcome of graft infection. We 
found that pre-existing graft failure, extended preservation 
time, and fungal keratitis were associated with treatment 
failure.

In the present study, the incidence of graft infection af-
ter PKP was 10.5%. Considering that our study excluded 

Table 1. Characteristics of 28 patients with graft infection 
following PKP

Variable Value
Age (yr)   64.82 ± 14.06 (35-85)
Sex (male / female) 16 (57.1) / 12 (42.9)
Primary diagnosis

Infectious corneal ulcer 9 (32.1)
Pseudophakic bullous 

keratopathy
7 (25.0)

Herpes simplex keratitis 4 (14.3)
Graft rejection 3 (10.7)
Congenital opacity 2 (7.2)
Stromal corneal dystrophy 2 (7.2)
Keratoconus 1 (3.6)

Interval between PKP and graft 
infection (mon)

38.29 ± 36.16 (1-96)

Graft state (failed / clear graft) 7 (25.0) / 21 (75.0)
Characteristics of donor cornea  

Age (yr)   55.62 ± 14.31 (24-82)
Time from donor’s death to PKP 

(hr)
    68.19 ± 55.10 (13-203)

Duration of symptoms (day) 6.73 ± 4.23 (1-16)
Topical antibiotic use (yes / no) 5 (17.9) / 23 (82.1)
Topical steroid use (yes / no) 22 (78.6) / 6 (21.4)
Systemic steroid use (yes / no) 9 (32.1) / 19 (67.9)
Size of infiltration (mm2) 15.30 ± 12.27 (2-49) 
Hypopyon (present / absent) 12 (42.9) / 16 (57.1)

Values are presented as mean ± standard deviation (range) or n (%).
PKP = penetrating keratoplasty.

Table 2. Results of staining and culture in patients with graft 
infection following penetrating keratoplasty 

Pathogens No. of cases
Stain result 28

Bacteria 17
Gram-positive cocci 9
Gram-positive bacilli 2
Gram-negative cocci 1
Gram-negative bacilli 5

Fungus 11
Culture result 15

Bacteria 9
Streptococcus pneumonia 3
Streptococcus viridans 2
Streptococcus parasanguis 1
Acinetobacter baumanii 1
Enterobacter cloaca 1
Klebsiella ornithinolytica 1

Fungus 6
Candida parapsilosis 2
Fusarium species 2
Paecilomyces species 1
Aspergillus species 1
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patients with recurrent infection, this number is slightly 
higher than those reported in the literature [3,5,13,14]. It 
should be noted that a considerable number of patients in 
our study were agricultural workers, which has been 
shown to be an important risk factor for graft infection 
[15]. This characteristic might also explain the significantly 
high incidence of fungal graft infections (39.3%) [16,17]. 

Graft infection is known to occur after PKP. The time 
course for development of graft infection following PKP 
seems to be related to the major contributing factor for in-
fection, which are suture complication and trauma or other 
risk factors such as ocular surface disease. Previous stud-
ies have reported that most graft infections often occur 
within one year of PKP [7,13,18,19]. However, in the cur-
rent study, the majority (67.9%) of infections occurred af-
ter the one-year postoperative period. The high incidence 

rates of ocular trauma in agricultural work might have 
contributed to the late onset of graft infection. Suture-re-
lated infection, which is also known to be closely related to 
late-onset graft infection, was seen in only three of the 19 
patients (10.7%), whereas seven patients had a history of 
minor ocular trauma involving contact with organic mat-
ter. If all cases of presumed graft infection were included 
in the analysis, the estimated incidence of suture-related 
infection would be 8.8%. Considering that suture-related 
problems, such as loose or broken sutures, are major risk 
factors for the development of microbial keratitis following 
PKP, we observed a lower incidence rate compared to the 
findings reported previously [1-7,10,13,19,20]. This might be 
explained by frequent follow-ups and aggressive suture 
management in the first year after surgery, including step-
by step removal of the corneal sutures more than two to 

Table 3. Characteristics of the patients with graft infection according to group

Variable Treatment failure group (n = 9) Treatment success group (n = 19) p-value
Age (yr) 63.67 ± 15.71 65.37 ± 13.63 0.961
Sex (male : female) 4 : 5 12 : 7 0.432
Primary diagnosis 0.118

Infectious corneal ulcer 5 4
Pseudophakic bullous keratopathy 0 7
Herpes simplex keratitis 0 4
Graft rejection 2 1
Congenital opacity 1 1
Stromal corneal dystrophy 1 1
Keratoconus 0 1

Interval between PKP and graft 
infection (mon)

42.56 ± 43.91 36.16 ± 32.82 0.961

Graft state (failed : clear) 5 : 4 2 : 17 0.020*

Characteristics of donor corneas
Age (yr) 60.13 ± 14.05 53.18 ± 14.68 0.257
Time from donor death to PKP (hr) 108.50 ± 62.22 46.18 ± 39.44 0.005*

Duration of symptoms (day) 9.33 ± 4.47 5.58 ± 3.19 0.038*

Topical antibiotic use (yes : no) 2 : 7 3 : 16 0.678
Topical corticosteroid use (yes : no) 6 : 3 16 : 3 0.352
Systemic corticosteroid use (yes : no) 6 : 3 3 : 16 0.013*

Size of infiltration 4.16 ± 1.13 3.15 ± 1.47 0.130
Hypopyon (present : absent) 6 : 3 6 : 13 0.114
Stain result (bacteria : fungus) 3 : 6 14 : 5 0.035*

Culture result (growth : no growth) 3 : 6 12 : 7 0.228

PKP = penetrating keratoplasty.
*p < 0.05.
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three times within one year after PKP.
The rate of positive microbial cultures in our study 

was lower than that reported in previous studies [1-
7,10,11,13,14,20]. The choice of medium or agar plates in-
stead of brain heart infusion culture medium (BHI) to 
inoculate the corneal sample could offer a possible expla-
nation for our low isolation rate [20]. In addition, since the 
study was conducted in a tertiary care center, many cases 
were referred for evaluation after topical antibiotic treat-
ment had already started, affecting the rate of positive cul-
tures. As expected, the majority of the organisms were 
Gram-positive and Streptococcus species (40.0% of iso-
lates). 

Despite aggressive medical treatment, infectious kerati-
tis increases the risk for endophthalmitis, corneal thinning, 
descemetocele formation, and, ultimately, corneal perfora-
tion, which is associated with an unfavorable prognosis for 
visual acuity. Although the treatment failure rate varies 
between reports, it is known to be higher in eyes that un-
dergo PKP [5-7]. In this study, surgical interventions were 
required in nine (32.1%) patients. In a comparative analysis 
of the treatment failure and treatment success groups, 
there were significantly higher rates of pre-existing graft 

failure, systemic corticosteroid use, and fungal keratitis in 
the treatment failure group. The interval between donor 
death and PKP and the mean interval between the onset of 
symptoms and diagnosis were longer in the treatment fail-
ure group than in the treatment success group. However, 
logistic regression analysis showed that only pre-existing 
graft failure, longer interval between donor death and 
PKP, and fungal keratitis were statistically significant 
prognostic factors of poor treatment outcome in graft in-
fection (p = 0.019, 0.010, and 0.026, respectively). Although 
studies have reported increased poor treatment outcome of 
graft infection in cases involving long-term administration 
of prophylactic antibiotics, we did not find an association 
between use of topical antibiotics and unsuccessful treat-
ment [10,11]. 

The present study suggests that graft state is an import-
ant prognostic factor pf treatment outcome in graft infec-
tion. Pre-existing graft failure was a risk factor for treat-
ment failure, possibly due to inhibition of wound healing 
or to the nature of the accompanying underlying ocular 
problems. 

Regarding the characteristics of the donor cornea, the 
interval from donor death to PKP was more than twice as 
long in the treatment failure group than in the treatment 
success group; a longer interval was associated with treat-
ment failure in the multivariate analysis. Given that 
increasing postmortem and storage times have been 
reported to reduce endothelial cell density in donor 
corneas, and that endothelial cell density is an important 
factor affecting graft prognosis, low endothelial function 
might be attributable to low graft function and poor 
wound healing and, consequently, poor prognosis in graft 
infection [21-26]. However, because of insufficient medical 
records, it was difficult to determine whether the outcome 
was more influenced by donor death to processing time or 
corneal storage time. In addition, lack of data on 
endothelial cell density is another drawback in the present 
study. To allow more conclusive f indings, additional 
studies needed. 

Our results also demonstrate the unfavorable prognosis 
of fungal infection. This finding is in accordance with a 
previous study, in which fungal keratitis was found to be 
more likely to perforate the cornea than bacterial keratitis 
and was generally poorly responsive to conventional medi-
cal treatment due to the paucity of available antifungal 
agents and their high costs [27]. In our series, six of 11 pa-

Table 4. Factors affecting treatment failure of graft infection 
following PKP using multivariate logistic regression analysis 

Risk factors Risk ratio 95% CI p-value
Graft state

Failed graft (n = 5) 10.625 1.48-76.08 0.019*

Clear graft (n = 4)  - - -
Time from donor’s 

death to PKP
<72 hr (n = 2) 0.02 0.01-0.37 0.010*

≥72 hr (n = 7)  - - -
Duration of symptoms

<7 day (n = 4) 0.14 0.01-2.74 0.194
≥7 day (n = 5)  - - -

Systemic steroid use
Yes (n = 6) 8.273 0.47-144.99 0.148
No (n = 3)  - - -

Stain result
Fungus (n = 6) 7.50 1.28-44.09 0.026*

Bacteria (n = 3)  - - -

CI = confidence interval.
*p < 0.05.
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tients diagnosed with fungal infection did not experience 
remission, representing 54.5% of the cases.

Our results should be interpreted in the context of the 
study’s limitations. First, there are many other factors that 
might affect treatment outcome in graft infection. Howev-
er, due to the retrospective nature of the study, we could 
not determine all the parameters related to treatment 
outcome. Second, the sample size was insufficient. There-
fore, the findings of the multivariate analysis should be in-
terpreted with caution, as the limited number of cases 
could have introduced additional bias. Further studies with 
larger sample sizes are needed to confirm the findings of 
our study.

In conclusion, the results of this study suggest that 
pre-existing graft failure, extended preservation time, and 
fungal keratitis are significantly associated with treatment 
failure. Knowing these prognostic factors and predicting 
the treatment outcome might be helpful in the manage-
ment of graft infection.
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