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Background. Infectious diseases and ophthalmology professional societies have disagreed regarding ocular screening in 
patients with candidemia. We aimed to summarize the current evidence on the prevalence of ocular candidiasis (OC) and 
Candida endophthalmitis (CE) according to the standardized definitions.

Methods. A literature search was conducted from the inception date through 16 October 2022 using PubMed, Embase, and 
SCOPUS. Pooled prevalence of ocular complications was derived from generalized linear mixed models (PROSPERO CRD42022326610).

Results. A total of 70 and 35 studies were included in the meta-analysis for OC and concordant CE (chorioretinitis with vitreous 
involvement), respectively. This study represented 8599 patients with candidemia who underwent ophthalmologic examination. 
Pooled prevalences (95% CI) of OC, overall CE, concordant CE, and discordant CE were 10.7% (8.4–13.5%), 3.1% (2.1–4.5%), 1.8% 
(1.3–2.6%), and 7.4% (4.5–12%) of patients screened, respectively. Studies from Asian countries had significantly higher concordant 
CE prevalence (95% CI) of patients screened (3.6%; 2.9–4.6%) compared with studies from European countries (1.4%; .4–5%) and 
American countries (1.4%; .9–2.2%) (P <.01). Presence of total parenteral nutrition and Candida albicans was associated with CE, 
with pooled odds ratios (95% CI) of 6.92 (3.58–13.36) and 3.02 (1.67–5.46), respectively.

Conclusions. Prevalence of concordant CE overall and among Asian countries was 2 and 4 times higher than the prevalence 
previously reported by the American Academy of Ophthalmology (AAO) of <0.9%, respectively. There is an urgent need to study 
optimal screening protocols and to establish joint recommendations by the Infectious Diseases Society of America and AAO.
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Candidemia is known for high mortality rates of 25–40% de
spite appropriate treatment [1–3]. Patients with candidemia 
should be evaluated for metastatic foci, particularly those 
with persistent candidemia [4]. The 2016 Infectious Diseases 
Society of America (IDSA) guidelines recommend a dilated 
eye exam by an ophthalmologist in all patients with candide
mia, preferably within 1 week of diagnosis for nonneutropenic 

patients and delayed until neutrophil recovery among neutro
penic patients [5]. Although these recommendations were not 
based on data from randomized controlled trials, it was thought 
that the downstream consequences of missing and not appro
priately treating patients with Candida endophthalmitis (CE) 
would be substantial.

However, routine ophthalmologic examination in all pa
tients with candidemia has been questioned, particularly with 
low cost-effectiveness and low quality of evidence to support 
this recommendation [5–8]. The American Academy of 
Ophthalmology (AAO) issued a statement recommending 
against routine screening for endogenous endophthalmitis in 
all patients with candidemia and only recommended screening 
in patients with signs or symptoms suggestive of ocular infec
tion on 19 July 2021 [9]. Due to the disagreements in recom
mendations by the two professional societies, AAO and 
IDSA, we conducted this systematic review and meta-analysis 
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to summarize the current evidence on the prevalence of 
Candida ocular involvement, both ocular candidiasis (OC) 
and CE, and to exploratorily investigate factors associated 
with CE.

METHODS

Study Definitions

Candida endophthalmitis was defined as having abnormal 
ocular findings, including vitritis and chorioretinitis, specifi
cally attributed to Candida infection based on the direct 
ophthalmologic examination performed by ophthalmologists. 
Ocular candidiasis included any intraocular abnormalities 
among patients with candidemia such as vitritis, chorioretini
tis, and other nonspecific abnormal retinal findings. The diag
nosis of CE was classified according to previous definitions as 
“concordant” and “discordant” [6]. Patients with concordant 
CE must meet 1 of the following definitions: (1) Candida cho
rioretinitis with an extension of the surrounding inflamma
tion into the vitreous or (2) vitreous abscess manifesting as 
intravitreal fluff balls [10]. Patients who did not meet 1 of 
the 2 concordant CE criteria, such as patients considered to 
have CE based on an ophthalmologist’s overall impression 
or patients for whom diagnostic criteria for CE were not ex
plicitly defined, were classified as having discordant CE. We 
a priori determined variables for potential risk factors associ
ated with CE by incorporating factors that were demonstrated 
in at least 3 studies for our exploratory meta-analysis. 
Additional definitions for these parameters are described in 
Supplementary Methods 1.

Search Strategy

Two authors (K. P. and T. P.) performed this systematic search 
independently in 3 databases including PubMed, Embase, and 
SCOPUS from the inception date to 16 October 2022. The com
plete search terms for each database are available in 
Supplementary Methods 2. We report this study according to 
the Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA) guidelines [11]. We conducted a man
ual hand search from reference lists and citation tracking for eli
gible studies. The International Prospective Register of Systematic 
Reviews (PROSPERO) registration number is CRD42022326610.

Selection Criteria

The screening process was conducted in the Covidence system
atic review software (Veritas Health Innovation, Melbourne, 
Australia). Two authors (T. P. and K. P.) reviewed the included 
studies and selected all observational studies in which the preva
lence of OC or CE was provided or could be calculated. 
Conference abstracts, case reports, and case series were excluded 
due to unavailability of data required for prevalence calculation. 
We contacted corresponding authors of the recruited studies for 

methodology and definitions if needed. If more than 1 publica
tion was based on the same cohort or population and reported 
the same outcomes, only the most recent or comprehensive pub
lication was included [12]. We used the Web-based Google 
Translate to translate non–English-language abstracts during 
abstract screening. For the full-text review, non–English- 
language studies were translated by a professional translation 
agency (PoliLingua, London, UK).

Data Analysis

Our primary outcome was the prevalence of OC and CE in pa
tients with candidemia. We extracted numbers of patients with 
candidemia, patients screened for ocular complications, and pa
tients with ocular complications to calculate the pooled prevalence 
of CE. Crude numbers and unadjusted/adjusted odds ratio (ORs) 
with 95% confidence intervals (CIs) of each potential risk factor 
associated with CE were extracted for meta-analysis. We used 
the risk bias tool by Hoy et al [13] for the quality assessment of pa
pers providing the prevalence of OC and CE. We used the Quality 
in Prognostic Studies (QUIPS) tool [14] for quality assessment of 
prognostic studies providing risk factors of concordant CE.

The prevalence of OC and CE was calculated by dividing pa
tients with OC and CE according to the definitions above with 
patients with candidemia who underwent ophthalmologic 
screening. We performed meta-analysis using R (R language; 
R Foundation for Statistical Computing, Vienna, Austria) to cal
culate the pooled prevalence of OC and CE along with 95% CIs 
by using generalized linear mixed models (GLMMs) [15]. We 
performed subgroup analyses to better understand the differ
ences in concordant CE prevalence based on study design, pa
tient population, study continent, risk of bias according to 
criteria by Hoy et al [13], and proportion of patients with oph
thalmologic screening in the study. We then used the chi-square 
test to determine differences in pooled prevalence between the 
subgroups. Sensitivity analyses of pooled OC and CE prevalence 
were performed by removing studies with high risk of bias.

We exploratorily investigated the risk factors associated with 
CE in patients with candidemia by calculating the pooled OR 
(pOR) with 95% CIs and using a random-effects model. We di
rectly calculated ORs from raw numerical data provided from 
the study if the OR was not provided. Heterogeneity of the ef
fect size of each study was assessed using I2 statistics. I2 statistics 
with a value less than 25% were considered low heterogeneity; a 
value ranging from 25% to 60% was considered moderate het
erogeneity, and an I2 value greater than 60% was considered 
substantial heterogeneity [16, 17].

RESULTS

Study and Patient Characteristics

We retrieved 1597 studies from the initial search; 1595 studies 
were retrieved from the 3 databases, whereas the other 2 studies 
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[3, 18] were identified from the manual search; 824 duplicates 
were removed, and 658 studies were excluded from title and ab
stract screening. We performed a full-text review on 115 stud
ies. Thirty-nine were excluded due to incorrect study designs, 
including case series and case reports, conference abstracts, 
studies with populations with a fungal infection other than 
Candida species, studies that did not report the number of pa
tients with ocular complications of candidemia, or those with a 
duplicate cohort. Six studies did not report the number of pa
tients who underwent ophthalmologic screening. A total of 70 
studies [3, 4, 8, 10, 18–83] were included in the systematic re
view and meta-analysis of OC, of which 35 studies [8, 10, 18, 
20, 22, 27, 28, 30, 32, 34, 36, 37, 39, 41–43, 46, 49, 52, 54, 57, 
58, 61, 62, 66, 68, 69, 71, 72, 74, 76–78, 80, 82] were incorporat
ed in the meta-analysis and subgroup analysis of prevalence of 
concordant CE (Figure 1). A total of 5 studies [23, 43, 47, 60, 71] 
were incorporated in the meta-analysis of risk factors associat
ed with CE. Characteristics of the 70 studies are reported in 
Supplementary Table 1. There were 8599 patients with candi
demia who underwent ophthalmologic screening and were in
cluded in the study.

Prevalence of Ocular Candidiasis and Candida Endophthalmitis

Seventy studies [3, 4, 8, 10, 18–83] reported the number of pa
tients with candidemia who underwent ophthalmologic screen
ing and patients with candidemia who developed OC or CE. 
The pooled prevalence of OC (95% CI) was 10.70% (8.41– 
13.51%; I2 = 84%) of patients screened (Supplementary 
Figure 1). Sixty-six studies [3, 8, 10, 18, 20–54, 56–80, 82, 83] re
ported the number of patients with candidemia who developed 
CE. Among 66 studies, 35 studies [8, 10, 18, 20, 22, 27, 28, 30, 
32, 34, 36, 37, 39, 41–43, 46, 49, 52, 54, 57, 58, 61, 62, 66, 68, 
69, 71, 72, 74, 76–78, 80, 82] used definitions consistent with con
cordant CE and 31 studies [3, 21, 23–26, 29, 31, 33, 35, 38, 40, 44, 
45, 47, 48, 50, 51, 53, 56, 59, 60, 63–65, 67, 70, 73, 75, 79, 83] 
did not (discordant CE). Characteristics of the 35 concordant 
CE studies are shown in Table 1. The pooled prevalence of 
CE (95% CI) (both concordant and discordant definitions) 
was 3.08% (2.08–4.54%; I2 = 85%) of patients screened 
(Supplementary Figure 2). The pooled prevalence of concordant 
CE (95% CI) was 1.83% (1.30–2.57%; I2 = 24%) of patients 
screened, whereas the pooled prevalence of discordant CE (95% 
CI) was 7.37% (4.45–11.97%; I2 = 82%) of patients screened 
(Figure 2 and Supplementary Figure 2). Of the 31 studies report
ing discordant CE, 13 studies [3, 21, 25, 29, 31, 35, 38, 40, 45, 48, 
50, 65, 79, 83] did not provide the specific criteria for CE diagno
sis, 12 studies [23, 26, 33, 47, 51, 53, 56, 60, 63, 64, 67, 70] used 
criteria that deviated from the definition of concordant CE, and 
5 studies [24, 44, 59, 73, 75] used “judgment of ophthalmologic 
consult service” to determine CE diagnosis.

In subgroup analyses of concordant CE prevalence, studies 
from Asian countries [43, 52, 54, 68, 69, 76–78, 80] showed a 

significantly higher concordant CE prevalence of patients 
screened (95% CI) of 3.64% (2.87–4.61%; I2 = 12%) compared 
with studies from European countries [22, 28, 36, 42, 58] of 
1.40% (.38–5.02%; I2 = 56%) and American countries [8, 10, 
18, 20, 27, 30, 32, 34, 37, 39, 41, 46, 49, 57, 61, 62, 66, 71, 72, 
74] of 1.44% (.95–2.20%; I2 = 0%) (P < .01). The prevalence of 
concordant CE in adults [18, 19, 28, 36, 37, 39, 43, 46, 49, 61, 
62, 66, 69, 71, 74, 76, 77, 82] was not significantly different com
pared with the prevalence in pediatric populations [27, 32, 57] 
(2.43% [95% CI: 1.70–3.48%; I2 = 29%] in adult vs 1.45% [95% 
CI: .60–3.43%; I2 = 0%] in pediatric populations; 
P = .28). In subgroup analysis of concordant CE based on the 
proportion of ophthalmologic examination, there was no signif
icant difference in prevalence of concordant CE (95% CI) among 
the studies with a proportion of 80% or more [10, 36, 41, 54, 58, 
62, 66, 68] vs less than 80% [18, 22, 28, 32, 37, 42, 43, 46, 57, 69, 
74, 76–78, 80] ophthalmologic examinations (1.82 [.77–4.27; I2  

= 39%] vs 2.01 [1.30–3.09; I2 = 37%], respectively; P = .84). 
Among 35 studies reporting concordant CE prevalence, 12 
only included people who were screened for ocular complica
tions and were excluded from the subgroup analysis based on 
the proportion of ophthalmologic examinations [8, 20, 27, 30, 
34, 39, 49, 52, 61, 71, 72, 82]. Subgroup analyses did not show 
significant differences in concordant CE prevalence by study de
sign and risk of bias (Figure 3, Supplementary Figure 3).

Of the 70 studies included for meta-analysis of OC and CE 
prevalence, there were 16 studies with high risk of bias, 37 stud
ies with moderate risk of bias, and 17 studies with low risk of 
bias (Supplementary Tables 2–4). No studies included for con
cordant CE were considered high risk. We then performed sen
sitivity analyses by removing studies with high risk of bias for 
OC and discordant CE prevalence calculation. The pooled 
prevalences (95% CI) of OC and discordant CE of patients 
screened after removing studies with high risk of bias were 
12.53% (10.03–15.55%; I2 = 83%) and 11.81% (7.76–17.58%; 
I2 = 75%), respectively (Supplementary Figure 4).

Factors Associated With Candida Endophthalmitis

Data extraction of all potential factors associated with CE and 
Grading of Recommendations Assessment, Development and 
Evaluation (GRADE) for potential factors associated with CE 
are available in Supplementary Tables 5 and 6. However, only 
4 factors, which were C. albicans, non–albicans Candida, pres
ence of central venous catheter (CVC), and presence of total 
parenteral nutrition (TPN), were reported in at least 3 studies 
and for which meta-analysis could be performed. We found 
that C. albicans candidemia was associated with CE with a 
pOR of 3.02 (95% CI: 1.67–5.46; P < .01; I2 = 52%) [23, 43, 
47, 71], whereas patients with non–albicans candidemia were 
less likely to have CE with a pOR of .33 (95% CI: .18–.60; 
P < .01; I2 = 53%) [23, 43, 47, 71]. The presence of TPN was as
sociated with CE with a pOR of 6.92 (95% CI: 3.58–13.36; 
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Figure 1. PRISMA diagram of the included studies for prevalence analysis. Abbreviations: CE, Candida endophthalmitis; OC, ocular candidiasis; PRISMA, Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses.
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P < .01; I2= 0%) [23, 47, 60, 71], whereas the presence of CVCs 
was not significantly associated with CE (Figure 4, 
Supplementary Figure 5). Subgroup analysis among risk factors 
associated with CE could not be performed due to the small 
number of included studies. Risk of bias of the studies included 
for risk factor analysis is shown in Supplementary Table 7. Of 5 
studies used in risk factor analysis, 3 studies [23, 47, 60] were 
low risk and 2 studies [43, 71] were moderate risk.

DISCUSSION

We conducted an updated systematic review and meta- 
analysis to summarize the prevalence of ocular findings in 

patients with candidemia, namely ocular candidiasis (OC) 
and Candida endophthalmitis (CE), and exploratorily inves
tigated risk factors for CE. With our extensive search from 
multiple databases without language restrictions, we found 
that the pooled prevalence of concordant CE (95% CI), the 
most stringently defined and most concerning of Candida oc
ular complications, was 1.8% (1.3–2.6%) of patients screened, 
which is 2 times higher than the previously published system
atic analysis [6]. Of 70 included studies included in our re
view, 48 studies [3, 8, 10, 18, 20, 22–24, 26, 27, 29–35, 38, 
39, 41, 42, 44, 46, 48, 49, 51–62, 64–67, 70, 72, 78, 79, 81, 
84, 85] were published before 2018, of which 10 [29, 31, 44, 
52, 55, 57, 59, 79, 81, 84] were not included in the previous 

Figure 2. Prevalence of ocular involvement/complications in patients with candidemia who underwent ophthalmologic screening: OC, CE, concordant CE, and discordant 
CE were retrieved from 70, 66, 35, and 31 studies, respectively. The boxed area represents the 25th to the 75th percentile of the data. The horizontal line inside each box 
represents the median value. Error bars show the minimum and maximum values with filled circles as outliers above the plot. Abbreviations: CE, Candida endophthalmitis; OC, 
ocular candidiasis.
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study by Breazzano et al in 2019 [6]. If re-calculating the 
prevalence of concordant CE from the studies that were pub
lished before 2018 [8, 10, 18, 20, 22, 27, 30, 32, 34, 39, 41, 42, 
46, 49, 52, 54, 57, 58, 61, 62, 66, 72, 78] by using generalized linear 
mixed models, the prevalence of concordant CE (95% CI) would 
be 1.3% (.9–2%), not less than 1%.

In our study, we observed a huge difference in the prevalence 
of ocular complications based on definitions and high hetero
geneity was noted among OC and discordant CE studies, which 
stresses the importance of understanding terminology when 
applying these terms in clinical care. The prevalence of OC 
(any abnormal ocular findings in patients with candidemia) 

Figure 3. Subgroup analyses of prevalence of concordant Candida endophthalmitis among patients with candidemia who underwent ophthalmologic screening. Abbr
eviations: CE, Candida endophthalmitis; CI, confidence interval.

Figure 4. Pooled odd ratios of potential risk factors associated with Candida endophthalmitis. Abbreviations: CE, Candida endophthalmitis; CI, confidence interval; GRADE, 
Grading of Recommendations Assessment, Development and Evaluation; pOR, pooled odds ratio.
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was as high as 11%. However, this high prevalence of OC is pos
sibly attributed to underlying comorbidities rather than solely 
from Candida infection. Previous prospective studies [22, 32, 
66] reported that underlying diseases were confounders in 
the increased prevalence of abnormal ocular findings in pa
tients with candidemia. We suspect that high heterogeneity 
in OC and discordant CE could possibly be explained by the na
ture of their wide range of definitions. Hence, clinicians should 
be mindful that not all abnormal ophthalmologic findings in 
patients with candidemia are attributed to Candida infection.

Among studies reporting concordant CE, we found a signifi
cantly higher prevalence of concordant CE among studies from 
Asian countries (3.6%), compared with studies from European 
countries and American countries. The cause of higher concor
dant CE prevalence among Asian countries is unclear, but we 
hypothesize that there could possibly be a component of genet
ic predisposition favoring more invasive fungal infections, in 
additional to differences in methods applied to diagnostic 
screening, fungal epidemiology, and antifungal prophylaxis/ 
treatment [86–88]. Although the necessity of universal oph
thalmologic screening is debated, our findings raise concerns 
that limiting ophthalmologic screening only in symptomatic 
patients, particularly in populations with a higher prevalence, 
may lead to underdiagnosis. Our study also identified the scar
city of CE prevalence data from Africa, South America, and 
Australia. Investigations on this important clinical topic should 
be encouraged from these continents.

In our exploratory analysis, we identified 2 risk factors asso
ciated with CE in patients with candidemia including TPN use 
and infection with C. albicans. Candida albicans has been well 
known for high virulence and more severe complications than 
other Candida species. Candida albicans, which is the most in
trinsically virulent Candida species, causes more bloodstream 
infections, can induce inflammatory cytokines and neutrophil 
recruitment, and gives rise to metastatic foci such as CE [19]. 
Although we recognize that the identified risk factors associat
ed with CE should be interpreted with caution due to the lim
ited number of studies included for analysis and pORs mainly 
calculated from unadjusted ORs, these results highlight the im
portance of recommending TPN when truly indicated and 
achieving source control [5, 9], a practice supported by both 
the IDSA guidelines [5] and the AAO statement [9]. In reality, 
these goals are not always immediately feasible due to other 
clinical conditions or diagnostic uncertainty. The critical ques
tion remains whether ocular symptom screening alone is suffi
cient for patients with source control issues.

Limitations

We reported pooled prevalence per patient screened to be con
sistent with previous publications; however, this could poten
tially overestimate the true prevalence of Candida ocular 
complications. Although the pooled prevalence of concordant 

CE was only derived from studies with low to moderate risk 
of bias, some studies with OC and discordant CE prevalence 
calculations were considered high risk and should be interpret
ed with caution. Due to our study design and unavailability of 
data, we are not able to adjust for confounders related to CE 
among patients with candidemia and we are not able to per
form a wide range of subgroup analyses to understand the dif
ferences in concordant CE prevalence based on host immune 
status or antifungal therapy. We do not have data from the in
cluded studies regarding duration of candidemia prior to hos
pitalization, treatment, specifics of treatment including dosing 
and susceptibility, and the presence of ocular symptoms. We 
recognized a lack of fully systematic screening in some studies, 
a lack of longitudinal screening, and differing times to ophthal
mologic examination. It is also important to note that the sig
nificance of chorioretinitis in patients with candidemia is not 
well established. We propose that multicenter, international, 
prospective studies should be performed to understand the 
real burden of Candida endophthalmitis to inform guideline 
development and clinical practices.

Conclusions

This systematic review of 70 studies and meta-analysis of 35 
studies of concordant Candida endophthalmitis in patients 
with candidemia show a higher prevalence of concordant CE 
compared with the prevalence cited by the recent AAO posi
tional paper [9] (1.8% vs <0.9%), with a prevalence of 3.6% 
among studies from Asian countries. To develop optimal 
screening protocols, we must weigh the risks to the patient 
from a missed or delayed diagnosis against any risks associated 
with the evaluation, while also considering outside demands on 
the resources required for screening. Screening patients with 
candidemia for ocular involvement requires a dilated eye exam
ination and ophthalmologists’ time and expertise, resources 
that are limited. Neither professional group can fully address 
this challenge alone. There is an urgent need for more nuanced, 
evidence-based screening protocols to detect Candida ocular 
involvement. A joint statement from both the infectious diseas
es and ophthalmology professional societies is called for.
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