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Abstract: Clinically diagnosing fungal keratitis (FK) is challenging; diagnosis can be assisted by
investigations including in vivo confocal microscopy (IVCM), smear microscopy, and culture. The
aim of this study was to estimate the sensitivity in detecting fungal keratitis (FK) using IVCM, smear
microscopy, and culture in a setting with a high prevalence of FK. In this cross-sectional study
nested within a prospective cohort study, consecutive microbial keratitis (MK) patients attending a
tertiary-referral eye hospital in south-eastern Nepal between June 2019 and November 2020 were
recruited. IVCM and corneal scrapes for smear microscopy and culture were performed using
a standardised protocol. Smear microscopy was performed using potassium hydroxide (KOH),
Gram stain, and calcofluor white. The primary outcomes were sensitivities with 95% confidence
intervals [95% CI] for IVCM, smear microscopy and culture, and for each different microscopy stain
independently, to detect FK compared to a composite referent. We enrolled 642 patients with MK;
468/642 (72.9%) were filamentous FK, 32/642 (5.0%) were bacterial keratitis and 64/642 (10.0%) were
mixed bacterial-filamentous FK, with one yeast infection (0.16%). No organism was identified in
77/642 (12.0%). Smear microscopy had the highest sensitivity (90.7% [87.9–93.1%]), followed by
IVCM (89.8% [86.9–92.3%]) and culture (75.7% [71.8–79.3%]). Of the three smear microscopy stains,
KOH had the highest sensitivity (85.3% [81.9–88.4%]), followed by Gram stain (83.2% [79.7–86.4%])
and calcofluor white (79.1% [75.4–82.5%]). Smear microscopy and IVCM were the most sensitive
tools for identifying FK in our cohort. In low-resource settings we recommend clinicians perform
corneal scrapes for microscopy using KOH and Gram staining. Culture remains an important tool to
diagnose bacterial infection, identify causative fungi and enable antimicrobial susceptibility testing.

Keywords: microbial keratitis; fungal keratitis; in vivo confocal microscopy; diagnosis; microbiology;
Nepal; cornea; culture; microscopy

1. Introduction

Microbial keratitis (MK) is an ocular emergency; without prompt, appropriate treat-
ment, significant ocular morbidity can ensue, including blindness through corneal scarring
and even eye loss [1]. As there is a diverse range of causative organisms—bacteria, fungi,
protozoa and viruses—correct treatment depends on accurately identifying the microbe re-
sponsible through clinical examination and suitable investigations [2]. In tropical low- and
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middle-income countries, fungal infection can account for more than half of MK cases [3],
meaning a key consideration for management is whether the organism is bacterial or fungal.
Unfortunately, making a diagnosis on clinical grounds alone is difficult as there are no
pathognomonic signs unique to bacterial or fungal keratitis, meaning diverse organisms
can result in similar clinical appearances [4]. Investigations including microscopy and
culture are therefore necessary.

Traditionally, microbiological culture has been considered the gold standard for diag-
nosing microbial keratitis [5,6]. However, this is more relevant in settings where bacterial
keratitis is more common compared to fungal keratitis, such as in temperate, high-income
settings, as growth on one or more solid media is a diagnostic condition for bacterial kerati-
tis. Fungal growth in a single medium with no associated hyphae visible on microscopy
may represent contaminants, whilst conversely, some fungal species are difficult to culture
in vitro. As a result, culture has been shown to have a low sensitivity for FK [7] and a vari-
able sensitivity for bacterial keratitis [8]. Microscopy—both in the form of routine “smear”
microscopy from corneal scrapings and in vivo confocal microscopy (IVCM)—therefore
plays a key role in diagnosing fungal infections [9]. Smear microscopy has the advantage of
being fast, inexpensive and accurate, whilst IVCM offers real-time non-invasive diagnosis,
with high sensitivity and specificity for diagnosing FK [7,10,11]. A positive finding of
fungal hyphae on microscopic examination of corneal epithelial tissue is a highly reliable
indicator for ocular fungal infection and should always be treated as significant. However,
it may be difficult to interpret the significance of scanty bacteria within corneal smear
material, for example, the presence of a very small number of Gram-positive cocci may
represent transient flora from the lid margin or conjunctiva, hence the recommendation for
supporting cultures [4].

There are several smear microscopy staining techniques available to identify fungal
and bacterial organisms. Conventional techniques include Gram stain, potassium hydrox-
ide (KOH) wet mount, Giemsa stain and lactophenol cotton blue [9,12]. These techniques
are quick, cheap and easy to perform but their accuracy has been reported to vary con-
siderably, largely due to potential artefacts and misinterpretation. Calcofluor white is
inexpensive and quick to prepare but requires a fluorescence microscope [13]. Other tech-
niques include Gomori’s methenamine silver [14], periodic acid-Schiff [15], and fluorescein-
conjugated lectins [16], which may be more accurate but are more time-consuming and
may require additional equipment and expense.

Although there have been several studies reporting the diagnostic accuracy of IVCM,
culture and smear microscopy [7,8,10,11,17–19], few have compared these techniques to
a composite referent including results of IVCM as opposed to culture alone, particularly
within a setting with a high prevalence of FK. In addition, most of these studies have not
compared the accuracy of the different microscopic staining techniques. This study aimed
to prospectively evaluate the sensitivity of several different smear microscopy stains, IVCM
and culture at a tertiary ophthalmic referral centre in Nepal, a setting where there is a high
burden of fungal keratitis.

2. Materials and Methods
2.1. Ethical Statement

This study followed the tenets of the Declaration of Helsinki. It was approved by the
London School of Hygiene & Tropical Medicine Ethics Committee (Ref. 14841) and Nepal
Health Research Council Ethical Review Board (Ref. 1937). Written informed consent in
the local language was obtained before enrolment. If the patient was unable to read, the
information was read to them, and they were asked to indicate their consent by application
of their thumbprint, which was independently witnessed.

2.2. Study Design

This cross-sectional study nested within a prospective cohort study formed part of the
triaging assessment used to enrol eligible patients with FK into a randomised controlled
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trial comparing natamycin 5% to chlorhexidine 0.2%. The full protocol for this study and
results have already been published [20,21]. We have previously described the methodology
relating to clinical findings, microbiological diagnosis, and in vivo confocal microscopy in
our earlier work [22]; we therefore describe these briefly here.

2.3. Study Setting and Participants

Patients were prospectively recruited patients at Sagarmatha Choudhary Eye Hospital
(SCEH) in Lahan, Nepal between 3rd June 2019 and 9th November 2020. SCEH is a
tertiary ophthalmic referral hospital within Province 2 of south-eastern Nepal that serves a
population of approximately 5 million people. It is located approximately 18 km from the
Indian border, with many patients treated in outpatients being Indian nationals. There are
22 satellite “Eye Care Centres” (ECCs) located within Province 2 that are operated by SCEH
and provide routine eye examination and treatment, referring to SCEH for more complex
cases and surgery.

Eligible patients were adults (>18 years) with acute MK, defined as having a corneal
epithelial defect greater than 1 mm in diameter associated with corneal stromal infiltration,
and any/all signs of acute inflammation (conjunctival hyperaemia, anterior chamber
inflammatory cells, hypopyon). All eligible patients who consented to participate in the
study were included, including those who had received prior antimicrobial treatment.

2.4. Clinical Findings

We collected data on demographic details, ophthalmic clinical history and clinical
examination findings using a structured case record form, as previously described. [22].
Clinical examination included the best spectacle-corrected visual acuity (BSCVA) in Log-
MAR and slit-lamp examination, which followed a structured approach: eyelid assessment,
corneal ulcer features, anterior chamber characteristics (flare, cells, hypopyon shape, and
size), and perforation status.

2.5. Microbiological Diagnosis

Laboratory diagnosis was determined using smear microscopy and culture, as pre-
viously described [22]. Following the application of preservative-free topical anaesthesia
(proxymetacaine), corneal scrape specimens were collected from the base and edge of the
ulcer using a slit lamp and 21 G needles. Samples were processed for Gram stain, potassium
hydroxide (KOH), and calcofluor white (CFW) preparations as well as direct inoculation on
solid culture media (fresh blood agar, chocolate agar, and Sabouraud dextrose agar). Stain-
ing using the different techniques was performed in a random order as the microbiologist
was not aware of the sequence that the individual scrapes were performed. Media were
incubated and read daily at 35–37 ◦C for bacteria for up to 7 days and at 25–27 ◦C for up to
21 days for fungi. Organism identification was performed using standard microbiological
techniques. We followed a previously described approach for reporting positive micro-
biological results [4,22]. Culture positivity was used to diagnose BK; smear microscopy
alone was not considered to be conclusive evidence. However, if fungal hyphae were
visible by smear microscopy, the causative organism was reported as fungal (regardless of
culture results).

2.6. In Vivo Confocal Microscopy

In vivo confocal microscopy (IVCM) was performed prior to corneal sample collection.
IVCM was performed by trained, experienced operators using the HRT III/RCM confocal
microscope (Heidelberg Engineering, Dossenheim, Germany) using a previously described
technique [10,11,22], with all the images reviewed in real-time and classified into either
fungal or amoebic keratitis by one experienced observer. IVCM has been shown to be
an accurate tool with good inter-observer agreements in similar settings [10]. IVCM
was not used to diagnose bacterial keratitis as the resolution is inadequate to visualise
bacteria other than Nocardia spp. or to visualise infectious crystalline keratopathy (ICK).
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The presence of fungal hyphae (defined as highly reflective, branching/bifurcating, well-
defined, interlocking structures, measuring 3–10 microns in diameter and not seen in
isolation) [23] on IVCM was deemed diagnostic of FK; where there was any uncertainty or
the diagnosis was only “possible FK”, the IVCM result would be deemed as negative for
the purpose of the analysis.

2.7. Disease Definition

Disease definition (fungal, bacterial, amoebic or mixed fungal-bacterial keratitis)
was based on positive diagnostic results from culture, smear microscopy and/or IVCM,
similar to previous work [7]. Clinical findings or responses to treatment were not used for
disease definition to ensure we were assessing the sensitivity of investigations. An overall
“composite” diagnosis of definite fungal, bacterial or mixed fungal–bacterial keratitis, or
unknown aetiology, was obtained by combining the results of IVCM with cases meeting the
microbiological diagnostic criteria described above. This technique of using a composite
referent as the “gold standard” has been used previously for these investigations and is
appropriate when there is no one acceptable investigation that yields the true number
of positive cases, as is the case with the investigations studied here [22]. If all results for
each investigation were negative for FK, then the composite diagnosis was negative for
FK; if one or more results of the individual investigations were positive for FK, then the
composite diagnosis was positive for FK. Missing data were treated as negative in defining
the composite diagnosis and excluded for the individual analyses.

2.8. Statistical Analysis

Data were analysed in STATA 17 (STATA Corp., College Station, TX, USA). The
diagnostic performance of the various tests was evaluated by determining: (1) the sensitivity
(including exact binomial confidence intervals) of culture, smear microscopy and IVCM in
comparison to a composite reference standard for diagnosing FK, and (2) the sensitivity
of the different smear microscopy staining techniques in comparison to the composite
reference standard for diagnosing FK. As we are comparing to a composite reference
standard, by definition there are no false-positive results, meaning that any calculated
specificities would always be 100%. We have therefore chosen not to report specificities to
avoid misinterpretation.

3. Results

Between 3rd June 2019 and 9th November 2020, 890 patients with suspected MK
were assessed at SCEH. Of these, 643 participants consented, with one patient fainting
during examination and subsequently withdrawing consent; 642 patients were therefore
included in this study. All cases of MK were unilateral (331/643, 51.5% left eye). The clinical
characteristics and microbiological aetiology have previously been published [22]. In brief,
the median epithelial defect and infiltrate sizes were 2.90 mm and 2.75 mm respectively,
whilst Curvularia spp. was the most commonly isolated fungal organism (42.8% of cases).

It was not possible to perform all investigations on all patients. For example, due to
excessive corneal thinning or not enough material available for smear microscopy and/or
culture. Therefore, results from smear microscopy were available in 631/642 cases, IVCM
in 638/642 cases and culture for 624/642 cases. Bacterial culture results were not available
for 7 cases, whilst fungal culture results were not available for 2 cases.

A causative organism was identified in 565/642 (88%) of cases when all tests were
combined (any test positive). The detection method for different types of organisms is
shown in Table 1. Most cases that were positive using a composite diagnosis had had
all three investigations performed—the few exceptions are mentioned in the text below.
Figure 1 illustrates the combination of positive tests for fungal keratitis (including mixed
fungal-bacterial infection). We identified 32 cases of monomicrobial bacterial keratitis. The
total number of bacterial cases (diagnosed by culture alone), including 65 mixed bacterial-
fungal infections, was 97: 15.1% of cases in our study. There was one case of a polymicrobial
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yeast and bacterial infection, which was detected by culture alone for both the yeast and
bacterial infection. There were no cases of Acanthamoeba keratitis detected in this study by
either IVCM or smear microscopy.

Table 1. Microbial aetiology for 642 keratitis patients categorised by group of organism and diagnostic
techniques, both separately and for the composite diagnosis using all methods combined.

Diagnostic Methods

Composite † Microscopy IVCM Culture

n (%) n (%) n (%) n (%)

Number of subjects tested by each method 642 631 638 624
Positive tests (any organism) 565 (88.0) 533 (84.5) 476 (74.6) 443 (71.0)

Positive test by organism type
Monomicrobial Bacteria ‡ 32 (5.0) n/a n/a 32/32 (100)

Filamentous fungi 468 (72.9) 425/464 (91.6) 421/466 (90.3) 345/458 (75.3)
Yeast 0 (0) 0 (0) 0 (0) 0 (0)

Acanthamoeba § 0 (0) 0 (0) 0 (0) 0 (0)
Polymicrobial ‡ Bacteria WITH 64 (10.0) n/a n/a 64/64 (100)

filamentous fungi ¶ 54/64 (84.4) 55/64 (85.9) 50/64 (78.1)
Bacteria WITH 1 (0.2) n/a n/a 1/1 (100)

yeast 0/1 (0) 0/1 (0) 1/1 (100)
† The composite reference standard was generated by combining the positive results from microscopy ± IVCM ±
culture. ‡ Only culture was used to detect bacterial keratitis. § Acanthamoeba were investigated by IVCM and/or
smear microscopy only as culture facilities for Acanthamoeba were not available. ¶ Bacteria were identified by
the results of culture only (microscopy was not used for diagnosis of bacterial keratitis). IVCM, in vivo confocal
microscopy. Fungal infection was identified by more than one method; the numbers identified by multiple
methods are described in Figure 1.
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Figure 1. Venn diagram showing the number of cases that were positive for filamentous fungal
keratitis (n = 532, including mixed bacterial-fungal cases) using culture, smear microscopy, and
in vivo confocal microscopy (IVCM). Cases that were positive for more than one test are given within
the overlapping areas. Note that cases that were negative for all investigations are not included, and
not all patients had all tests performed. Please refer to Tables 1 and 2 for this information.
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Table 2. Sensitivity values for detecting filamentous fungi (n = 532) using smear microscopy, in vivo
confocal microscopy, and culture compared to a composite diagnosis reference standard (mixed
bacterial-fungal infections included). The number of positive and negative test results are shown on
the left. The sensitivity values are shown on the right.

Diagnostic Method Composite Diagnosis Reference Standard † Totals ‡ Value (% CI)

Positive Negative
Microscopy

Positive 479 0 479 Sensitivity % 90.7 (87.9–93.1)Negative 49 103 152
Total 528 103 631

IVCM
Positive 476 0 476 Sensitivity % 89.8 (86.9–92.3)Negative 54 108 162

Total 530 108 638
Culture

Positive 395 0 395 Sensitivity % 75.7 (71.8–79.3)Negative 127 100 227
Total 522 100 622

IVCM, in vivo confocal microscopy. † The composite diagnosis reference standard is where an individual
tests positive for an organism group (Acanthamoeba, bacteria or fungus) in one or more of the three diagnostic
investigations. ‡ The total number of individuals in the composite diagnosis reference standard differs for
each organism group and investigation as not every individual had all three investigations performed. When
comparing the tests to the composite reference standard, only the total number of patients who had the particular
test in question being performed are included. Please refer to Table 1 for the number of diagnostic tests performed
for each organism group in question.

We identified 468 cases of monomicrobial filamentous fungal keratitis: 72.9% of cases
in our study. A further 64 mixed fungal–bacterial cases were identified (10%). Including
mixed infections, fungal keratitis was diagnosed in 532/642 (82.9%) of all cases of MK in
our study. Of these, culture results were not available for 10/532 cases, smear microscopy
results were not available for 4/532 cases, and IVCM results were not available for 2/532
cases. Table 1 and Figure 1 show that all three investigations were positive in 355/532
(66.7%) of cases, whilst both smear microscopy and IVCM detected a similar number of FK
cases overall (425/464, 91.6% and 421/466, 90.3%, respectively). IVCM detected more cases
of FK overall not identified by other modalities (45/532), whilst culture only identified a
further 4 cases not detected by IVCM or smear microscopy.

3.1. Sensitivity—All Investigations Compared to Composite Referents

The sensitivity of smear microscopy, IVCM and culture for diagnosing FK were
compared to the composite reference standard (Table 2). Both IVCM and smear microscopy
performed similarly, with sensitivities of approximately 90%, whilst for culture, this was
75% (95% CI 75.4–82.5%).

3.2. Sensitivity—Different Smear Microscopy Stains

The sensitivity of the three different smear microscopy stains used for diagnosing FK
(KOH, Gram, CFW) was compared to a composite diagnosis reference standard (Table 3).
KOH had the highest sensitivity (85.3%, 95% CI 81.9–88.4%), followed by Gram stain
(83.2%, 95% CI 79.7–86.4%) and CFW (79.1%, 95% CI 75.4–82.5%). The three different smear
microscopy staining techniques were available for 423 cases and compared in Figure 2. All
three stains were positive in 336/423 (79.4%) of cases. Gram stain identified 17 cases which
the other two techniques did not, KOH 8 cases and CFW 2 cases. KOH identified 396/423
(93.6%) of all cases positive by any microscopy means, Gram stain 385/423 (91.0%), and
CFW identified 374/423 (88.4%). There were 34 cases of FK not detected by any of the
three compound microscope techniques in the 510 instances where all tests were performed
(6.7%).
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Table 3. Sensitivity values for detecting filamentous fungal keratitis (n = 532) using different smear
microscopy stains compared to a composite diagnosis reference standard (mixed infections included).
The number of positive and negative test results is shown on the left. The sensitivity values are
shown on the right.

Diagnostic Method Composite Diagnosis Reference Standard † Totals Value (% CI)

Positive Negative
KOH

Positive 413 0 413 Sensitivity % 85.3 (81.9–88.4)Negative 71 95 166
Total 484 95 579

Gram stain
Positive 417 0 417 Sensitivity % 83.2 (79.7–86.4)Negative 84 59 143

Total 501 59 560
Calcofluor white

Positive 417 0 417 Sensitivity % 79.1 (75.4–82.5)Negative 110 101 211
Total 527 101 628

KOH = Potassium hydroxide; CI = Confidence interval. † Composite diagnosis reference standard is defined as a
positive result for at least 1 of the following: culture, smear microscopy or in vivo confocal microscopy.
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Figure 2. Venn diagram showing the number of cases that were positive for diagnosing filamentous
fungal keratitis (including mixed bacterial-fungal cases) by smear microscopy (n = 423) using different
smear microscopy stains: Gram, potassium hydroxide (KOH), and calcofluor white (CFW). Cases
that were positive for more than one stain are given within the overlapping areas. Note that cases
that were negative for all investigations are not included, and not all patients had all tests performed.
Please refer to Table 3 for this information.

4. Discussion

This study compares the relative sensitivity of three techniques in identifying fungal
keratitis in a low-income setting with a high prevalence of fungal keratitis. We have
shown in this study that the overall diagnostic yield was high at 88% (565/642) of patients
with a clinical diagnosis of MK. Of these, we detected 468 cases of FK, 32 cases of BK
and 65 mixed bacterial-fungal infections including one yeast. For FK, whilst all three
investigations were positive in two-thirds of cases and all contributed to the overall yield,
microscopy (both smear and IVCM) proved the most useful with the highest yield and



J. Fungi 2022, 8, 955 8 of 12

sensitivities. All investigations contributed additional diagnoses that would have been
missed if only two of these three techniques were used. Due to the diagnostic criteria for
bacterial keratitis, all cases of bacterial keratitis were diagnosed by culture. Whilst having
all three diagnostic techniques increases the overall yield, in settings with limited resources
and a high prevalence of fungal keratitis, these results suggest it is worth investing in smear
microscopy performed by a suitably trained and experienced microbiologist. However,
in these settings, it is still important to remember that culture is required to accurately
diagnose bacterial keratitis, and so should be performed at a minimum if no fungal hyphae
are visible on microscopy or there is a significant presence of bacteria on Gram stain.

When comparing the three different smear microscopy staining techniques to a com-
posite referent, we found all to fare well with sensitivities of over 79%; KOH performed
best with sensitivities of 85.3%, although Gram staining identified the highest number
of cases that were not diagnosed by other means (17 compared to 8 detected by KOH
and 2 by CFW). Whilst increasing the number of stains performed increases the overall
yield, in a resource-limited setting our results suggest that KOH and Gram stain should
be the minimum techniques employed. Gram stain has the further advantage of detecting
bacterial organisms. Although we did not evaluate Giemsa staining in this study, it is
also able to identify bacterial and fungal infections [24], so could be considered if Gram
staining is not available. Lactophenol cotton blue is another stain that has been shown to
be useful in detecting fungal hyphae [9,12]; however, this was primarily used for fungal
identification from subcultured isolates in this laboratory, rather than for initial corneal
smear examination, and so we chose not to report these results.

We have previously reported the unusual pattern of fungal organisms responsible in
this region, with over half of cases of FK caused by dematiaceous fungi [22], and, including
mixed infections, fungal keratitis accounted for 82.9% of all MK cases. Nepal is a country
with one of the highest reported incidences of FK globally [25] and is the 29th poorest
country in terms of GDP per capita [26]. Most secondary-level hospitals within Nepal
have access to basic microbiology facilities, mainly in the form of smear microscopy, with
culture facilities found only in tertiary clinical facilities which are mainly located in cities.
The same scenario is commonly encountered throughout the LMICs in tropical latitudes,
where diagnostic resources are limited or absent and the burden of fungal keratitis is the
greatest [3,25]. As a result, cases of microbial keratitis are often treated empirically or based
solely on clinical examination, which is known to be inaccurate [27,28]. Anecdotally, there
is a reluctance to perform corneal scrapes and send specimens for smear microscopy due to
the perceived costs involved and the limited benefit in terms of diagnosing the organism
responsible. We feel that this view should be challenged in settings with a high burden of
FK: smear microscopy, particularly with KOH, is fast, low-cost, and accurate.

Our finding that smear microscopy gave a high yield with high sensitivities is in
contrast to previous work from eastern Nepal conducted between 1998–2001, which found
the yield to be low at 48% [29]. This may be due to subsequent improvements in techniques
and that this earlier study was conducted in a general hospital using routine microbiology
services, as opposed to a dedicated ophthalmic hospital laboratory as in our study. Smear
microscopy with KOH gave the highest sensitivity of all smear microscopy techniques for
diagnosing fungal keratitis. This finding agrees with results from most other studies from
Asia, where the sensitivity of KOH has been demonstrated to range between 80–99.3%
when compared to a non-clinical diagnosis-based gold standard (e.g., culture) [9,13,30].
The high sensitivity of smear microscopy for detecting FK in this region is likely in part
attributable to the amount of smear material available for analysis; the yield from large
ulcers (>2 mm) has been shown to be higher than small ulcers [9]. Patients with FK in our
study have large ulcers, with a median ulcer size of 2.55 mm [21]. This is largely due to the
late presentation of patients, and inappropriate initial treatment given by pharmacists and
traditional healers. Conversely, the yield from smear microscopy in temperate, high-income
countries, where patients present earlier in the course of the disease with small infiltrates
and bacterial keratitis is far more commonly implicated, is considerably lower [8,31,32],
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bringing into question its usefulness in the routine diagnosis of microbial keratitis in such
settings [33].

Fluorescent staining of fungal material using calcofluor white has previously been
shown to be a highly accurate technique, with two studies reporting sensitivities as high
as 97% and superior to KOH staining [24,30]. It is believed the high sensitivities are
attributable to CFW fluorescence being easy to identify against the background of heteroge-
nous corneal material [34], although it does require an ultraviolet microscope to function,
which not all laboratories may have access to. Given the fluorescent nature of the result,
it may even be possible for technicians or non-microbiologists to use with limited smear
microscopy experience. However, we found the sensitivities of CFW to be lower than
previously reported and not as high as KOH. A possible reason for these false negatives
may be that the corneal scrape did not contain enough material or there were no hyphae in
the portion of the sample taken, or that our “expert” microbiologist was very competent in
other staining techniques due to previous experience, meaning CFW, although easy, was
not of much additional use. As the processing of the individual slides for different staining
techniques was performed in a random order, it is unlikely that the amount of material
available for analysis affected these results. Further research comparing the accuracy of
non-microbiologists in using CFW is warranted to see if there is a role for it in this setting.
It is noteworthy that a previous study from Iran reported the sensitivity of CFW and KOH
to be low, at 42% and 28.5%, respectively [35], although the “gold standard” referent in this
study was a clinical diagnosis of FK, making comparisons limited.

There have been several previous studies assessing the diagnostic accuracy of IVCM
for FK [7,10,17,36]. The two studies from south Asia reported similar sensitivities of
85.7% and 89.2% to what our present study found [10,36]. Of note, the sample size of
our present study is larger (642) compared to these (239 and 148). Two studies from the
UK, where FK is relatively rare and based on considerably smaller sample sizes (11 and
15), found the sensitivity of IVCM to range between 55.8% and 81.8% and was dependent
on the experience of the grader [7,17]. Our study confirms that IVCM is a very useful
tool in detecting fungi, particularly in areas with a high prevalence of FK in the hands of
experienced graders.

There were several strengths to our study. This was a large, prospective, consecutive-
case study, conducted in an area with a high prevalence of FK, that followed a rigid,
published protocol and standard operating procedures [20,21]. Most other studies assessing
diagnostic accuracy for diagnosing fungal keratitis have used culture as the “gold standard”
reference [7,8,10,11,17–19]. However, culture is known to have low sensitivity for fungal
keratitis [7]. Our study used a composite reference standard rather than culture, which also
included IVCM and smear microscopy to detect as many cases as possible.

Limitations to this study are also acknowledged. Firstly, we did not have the facilities
for performing PCR on our participants and so we are unable to comment on how this
investigation could fit into the overall diagnostic approach for infectious keratitis in our
setting. However, the accuracy of PCR for fungal keratitis in a clinical setting has recently
been found to be lower than expected [7], whilst PCR remains too expensive for routine
use in LMICs. Secondly, when using a composite reference as the “gold standard”, it is
not possible to calculate a useful specificity from this data. However, sensitivity could be
argued to be of more clinical use in settings where atypical organisms can be encountered
and treatment differs considerably between potential diagnoses (e.g., bacterial versus
fungal keratitis). Thirdly, our diagnostic criteria for bacterial keratitis relied on positive
culture, making any assessment of the accuracy of culture itself impossible, although it
should be noted that no diagnosis was available in only 12% of cases overall. Related to
this, the number of patients with bacterial keratitis in this study was low. It is possible
that bacterial keratitis is more successfully treated than fungal keratitis in secondary eye
care settings, leading to more fungal cases presenting at this tertiary level. Additionally,
we did not investigate for any correlation between negative diagnostic test results and
clinical characteristics. Furthermore, we did not detect any cases of Acanthamoeba and
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only one yeast (polymicrobial mixed bacterial-yeast infection). This may be due to the low
prevalence in this setting, the limited diagnostic facilities available, or the lack of experience
in detecting Acanthamoeba and/or yeasts on IVCM [17]. Finally, we did not have a complete
data set for corneal smear slides examined with lactophenol cotton blue-stained smear
microscopy because this technique was predominantly used for fungal identification, as is
standard practice, and so we did not report the results from this staining technique.

Considering our findings, we propose the following diagnostic approach given in
Table 4 for clinicians working in low-resourced settings in tropical and sub-tropical latitudes
where fungal keratitis is more prevalent.

Table 4. Proposed diagnostic approach for clinicians working in low-resourced settings in tropical
and sub-tropical latitudes where fungal keratitis is more prevalent.

1. High index of suspicion. Fungal keratitis should be considered at first presentation,
particularly if there are clinical features that are more commonly seen in fungal keratitis such as

serrated/feathery margins, satellite lesions, raised slough and pigment [25,37,38].

2. Perform confocal microscopy (if available). However, most settings will not have access to
IVCM and therefore, clinicians should proceed directly to step 3.

3. Perform corneal scrapes. Follow previously published techniques on corneal scraping
including how to streak the material on slides and culture media [2,37]. The yield from corneal

scrapes increases with increasing ulcer size [9]. Any infiltrates larger than 2 mm must be scraped,
and ideally, infiltrates between 1 and 2 mm should also be scraped. However, a negative result in
a smaller ulcer may be false–negative and so should be interpreted with caution. Ideally, corneal

material should be smeared thinly and evenly onto each microscope slide; if the smear
preparation is too thick, this may affect the staining process and will be difficult to interpret.

Corneal scraping itself may be of some therapeutic benefit by improving the penetration of topical
medications and reducing the infectious burden [2,39]. As a minimum, two slides should be sent

(one for Gram stain and one for KOH) for smear microscopy.

4. Microbiology testing. We recommend the use of KOH and Gram stain on two separate
specimen slides prior to inoculating culture media. Culture is also recommended, especially to

diagnose bacterial cases, but facilities may not be available. The use of CFW is a helpful addition
if a UV microscope is available as it allows for the hyphae to be clearly visible in relation to the

septae. Smear microscopy should be performed as soon as possible after taking the specimen, to
enable a diagnosis to be made and treatment to be started before the patient leaves the facility. A

strong working partnership with the hospital laboratory is desirable.

5. Conclusions

In conclusion, we found that microscopy (both smear and confocal) was the most
sensitive tool for identifying fungal keratitis. KOH-wet mount slides appeared to be
the most sensitive of the different staining techniques we analysed. Culture remains a
useful tool for diagnosing bacterial infections, although in settings where there is a high
prevalence of fungal keratitis, a diagnosis can be made based on the presence or absence of
fungal hyphae.

Author Contributions: Conceptualization, J.J.H. and M.J.B.; methodology, J.J.H., S.A., D.M. and
M.J.B.; formal analysis, J.J.H. and D.M.; investigation, J.J.H., R.Y., S.D.S., P.C. and A.L.; resources,
A.R. and S.K.S.; data curation, J.J.H., S.D.S., P.C. and A.L.; writing—original draft preparation,
J.J.H.; writing—review and editing, all co-authors.; supervision, V.H.H., A.L. and M.J.B.; project
administration, J.J.H., S.D.S. and A.R.; funding acquisition, M.J.B. All authors have read and agreed
to the published version of the manuscript.

Funding: This research was funded through a Senior Research Fellowship to M.J.B. from the Wellcome
Trust (207472/Z/17/Z). The funders had no role in study design, data collection and analysis, decision
to publish, or preparation of the manuscript.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki. It was approved by the London School of Hygiene & Tropical Medicine Ethics Committee
(Ref. 14841) and Nepal Health Research Council Ethical Review Board (Ref. 1937).



J. Fungi 2022, 8, 955 11 of 12

Informed Consent Statement: Written informed consent in Nepali was obtained from all subjects
before enrolment in the study. If the patient was unable to read, the information was read to
them, and they were asked to indicate their consent by application of their thumbprint, which was
independently witnessed.

Data Availability Statement: The datasets generated during and/or analysed during the current
study will be available upon request from M.J.B. (matthew.burton@lshtm.ac.uk). The full data set will
be available with all patient identifiable details removed. Data will be available after formal reporting
of the study findings in a peer-reviewed scientific publication. Datasets will only be available to bona
fide scientific investigators. Requests should be made to the Chief Investigator in writing detailing
the scientific investigator’s background and intended use for the data. Consideration will be given to
all proposed analyses, with likely envisaged uses including investigators planning on conducting
meta-analyses for example. Patient Information Sheets and consent forms specifically referenced
making anonymised data available and this has been approved by the relevant ethic committees.

Acknowledgments: This work was supported by the Wellcome Trust through a fellowship to MJB
(207472/Z/17/Z). The authors would like to thank the Eastern Region Eye Care Programme (EREC-
P), Nepal Netra Jyoti Sangh (NNJS) and the Nepal Health Research Council (NHRC) for helping with
study coordination and implementation. The authors would like to thank the staff and management
board at Sagarmatha Choudhary Eye Hospital (SCEH) for their continued support, coordination,
and implementation of the study. In particular, the authors would like to acknowledge the following
individuals at SCEH: Abhishek Roshan; Sanjay Kumar Singh; Reena Yadav; Sandip Das Sanyam;
Pankaj Chaudhary; Rabi Shankar Sah, Kamlesh Yadav; Ram Narayan Bhandari, Aasha Chaudhary,
Sharban Mandal; Raja Ram Mahato; Lalita Rajbanshi; Ramesh Sah, Arvind Ray, Sachindra Kamti;
Avinash Chaudhary; Padma Narayan Chaudhary; Suresh Singh, Ravi Pant, Rakesh Singh; Ram
Kumar Jha.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Burton, M.J.; Pithuwa, J.; Okello, E.; Afwamba, I.; Onyango, J.J.; Oates, F.; Chevallier, C.; Hall, A.B. Microbial Keratitis in East

Africa: Why are the Outcomes so Poor? Ophthalmic Epidemiol. 2011, 18, 158–163. [CrossRef] [PubMed]
2. Allan, B.D.; Dart, J.K. Strategies for the management of microbial keratitis. Br. J. Ophthalmol. 1995, 79, 777–786. [CrossRef]

[PubMed]
3. Brown, L.; Leck, A.K.; Gichangi, M.; Burton, M.J.; Denning, D.W. The global incidence and diagnosis of fungal keratitis. Lancet

Infect. Dis. 2021, 21, e49–e57. [CrossRef]
4. Thomas, P.A.; Leck, A.K.; Myatt, M. Characteristic clinical features as an aid to the diagnosis of suppurative keratitis caused by

filamentous fungi. Br. J. Ophthalmol. 2005, 89, 1554–1558. [CrossRef]
5. McLeod, S.D. The role of cultures in the management of ulcerative keratitis. Cornea 1997, 16, 381–382. [CrossRef]
6. Levey, S.B.; Katz, H.R.; Abrams, D.A.; Hirschbein, M.J.; Marsh, M.J. The role of cultures in the management of ulcerative keratitis.

Cornea 1997, 16, 383–386. [CrossRef]
7. Hoffman, J.J.; Dart, J.K.G.; De, S.K.; Carnt, N.; Cleary, G.; Hau, S. Comparison of culture, confocal microscopy and PCR in routine

hospital use for microbial keratitis diagnosis. Eye 2021. [CrossRef]
8. Ung, L.; Bispo, P.J.M.; Shanbhag, S.S.; Gilmore, M.S.; Chodosh, J. The persistent dilemma of microbial keratitis: Global burden,

diagnosis, and antimicrobial resistance. Surv. Ophthalmol. 2019, 64, 255–271. [CrossRef]
9. Bharathi, M.J.; Ramakrishnan, R.; Meenakshi, R.; Mittal, S.; Shivakumar, C.; Srinivasan, M. Microbiological diagnosis of infective

keratitis: Comparative evaluation of direct microscopy and culture results. Br. J. Ophthalmol. 2006, 90, 1271–1276. [CrossRef]
10. Chidambaram, J.D.; Prajna, N.V.; Larke, N.L.; Palepu, S.; Lanjewar, S.; Shah, M.; Elakkiya, S.; Lalitha, P.; Carnt, N.; Vesaluoma,

M.H.; et al. Prospective Study of the Diagnostic Accuracy of the In Vivo Laser Scanning Confocal Microscope for Severe Microbial
Keratitis. Ophthalmology 2016, 123, 2285–2293. [CrossRef]

11. Chidambaram, J.D.; Prajna, N.V.; Larke, N.; Macleod, D.; Srikanthi, P.; Lanjewar, S.; Shah, M.; Lalitha, P.; Elakkiya, S.; Burton,
M.J. In vivo confocal microscopy appearance of Fusarium and Aspergillus species in fungal keratitis. Br. J. Ophthalmol. 2017,
101, 1119–1123. [CrossRef] [PubMed]

12. Sharma, S.; Kunimoto, D.Y.; Gopinathan, U.; Athmanathan, S.; Garg, P.; Rao, G.N. Evaluation of corneal scraping smear
examination methods in the diagnosis of bacterial and fungal keratitis: A survey of eight years of laboratory experience. Cornea
2002, 21, 643–647. [CrossRef]

13. Sharma, S.; Silverberg, M.; Mehta, P.; Gopinathan, U.; Agrawal, V.; Naduvilath, T.J. Early diagnosis of mycotic keratitis: Predictive
value of potassium hydroxide preparation. Indian J. Ophthalmol. 1998, 46, 31–35. [PubMed]

14. Liesegang, T.J.; Forster, R.K. Spectrum of microbial keratitis in South Florida. Am. J. Ophthalmol. 1980, 90, 38–47. [CrossRef]

http://doi.org/10.3109/09286586.2011.595041
http://www.ncbi.nlm.nih.gov/pubmed/21780874
http://doi.org/10.1136/bjo.79.8.777
http://www.ncbi.nlm.nih.gov/pubmed/7547792
http://doi.org/10.1016/S1473-3099(20)30448-5
http://doi.org/10.1136/bjo.2005.076315
http://doi.org/10.1097/00003226-199707000-00001
http://doi.org/10.1097/00003226-199707000-00002
http://doi.org/10.1038/s41433-021-01812-7
http://doi.org/10.1016/j.survophthal.2018.12.003
http://doi.org/10.1136/bjo.2006.096230
http://doi.org/10.1016/j.ophtha.2016.07.009
http://doi.org/10.1136/bjophthalmol-2016-309656
http://www.ncbi.nlm.nih.gov/pubmed/28043985
http://doi.org/10.1097/00003226-200210000-00002
http://www.ncbi.nlm.nih.gov/pubmed/9707845
http://doi.org/10.1016/S0002-9394(14)75075-5


J. Fungi 2022, 8, 955 12 of 12

15. Xie, L.; Dong, X.; Shi, W. Treatment of fungal keratitis by penetrating keratoplasty. Br. J. Ophthalmol. 2001, 85, 1070–1074.
[CrossRef]

16. Robin, J.B.; Nielson, S.; Trousdale, M.D. Fluorescein-conjugated lectin identification of a case of human keratomycosis. Am. J.
Ophthalmol. 1986, 102, 797–798. [CrossRef]

17. Hau, S.C.; Dart, J.K.G.; Vesaluoma, M.; Parmar, D.N.; Claerhout, I.; Bibi, K.; Larkin, D.F.P. Diagnostic accuracy of microbial
keratitis with in vivo scanning laser confocal microscopy. Br. J. Ophthalmol. 2010, 94, 982–987. [CrossRef] [PubMed]

18. Kanavi, M.R.; Javadi, M.; Yazdani, S.; Mirdehghanm, S. Sensitivity and specificity of confocal scan in the diagnosis of infectious
keratitis. Cornea 2007, 26, 782–786. [CrossRef] [PubMed]

19. Goh, J.W.Y.; Harrison, R.; Hau, S.; Alexander, C.L.; Tole, D.M.; Avadhanam, V.S. Comparison of In Vivo Confocal Microscopy,
PCR and Culture of Corneal Scrapes in the Diagnosis of Acanthamoeba Keratitis. Cornea 2018, 37, 480–485. [CrossRef] [PubMed]

20. Hoffman, J.J.; Yadav, R.; Das Sanyam, S.; Chaudhary, P.; Roshan, A.; Singh, S.K.; Arunga, S.; Matayan, E.; Macleod, D.; Weiss,
H.A.; et al. Topical chlorhexidine 0.2% versus topical natamycin 5% for fungal keratitis in Nepal: Rationale and design of a
randomised controlled non-inferiority trial. BMJ Open 2020, 10, e038066. [CrossRef]

21. Hoffman, J.J.; Yadav, R.; Sanyam, S.D.; Chaudhary, P.; Roshan, A.; Singh, S.K.; Singh, S.K.; Mishra, S.K.; Arunga, S.; Hu, V.H.; et al.
Topical chlorhexidine 0.2% versus topical natamycin 5% for the treatment of fungal keratitis in Nepal: A randomised controlled
non-inferiority trial. Ophthalmology 2021, 10, e038066. [CrossRef]

22. Hoffman, J.J.; Yadav, R.; Sanyam, S.D.; Chaudhary, P.; Roshan, A.; Singh, S.K.; Arunga, S.; Hu, V.H.; Macleod, D.; Leck, A.; et al.
Microbial Keratitis in Nepal: Predicting the Microbial Aetiology from Clinical Features. J. Fungi 2022, 8, 201. [CrossRef] [PubMed]

23. Bakken, I.M.; Jackson, C.J.; Utheim, T.P.; Villani, E.; Hamrah, P.; Kheirkhah, A.; Nielsen, E.; Hau, S.; Lagali, N.S. The use of in vivo
confocal microscopy in fungal keratitis—Progress and challenges. Ocul. Surf. 2022, 24, 103–118. [CrossRef]

24. Zhang, W.; Yang, H.; Jiang, L.; Han, L.; Wang, L. Use of potassium hydroxide, Giemsa and calcofluor white staining techniques in
the microscopic evaluation of corneal scrapings for diagnosis of fungal keratitis. J. Int. Med. Res. 2010, 38, 1961–1967. [CrossRef]
[PubMed]

25. Hoffman, J.J.; Burton, M.J.; Leck, A. Mycotic Keratitis—A Global Threat from the Filamentous Fungi. J. Fungi 2021, 7, 273.
[CrossRef] [PubMed]

26. The World Bank. GDP Per Capita (Current US$)—Nepal. Available online: https://data.worldbank.org/indicator/NY.GDP.
PCAP.CD?locations=NP&most_recent_value_desc=false (accessed on 27 January 2022).

27. Dahlgren, M.A.; Lingappan, A.; Wilhelmus, K.R. The Clinical Diagnosis of Microbial Keratitis. Am. J. Ophthalmol. 2007, 143,
940–944.e941. [CrossRef]

28. Dalmon, C.; Porco, T.C.; Lietman, T.M.; Prajna, N.V.; Prajna, L.; Das, M.R.; Kumar, J.A.; Mascarenhas, J.; Margolis, T.P.; Whitcher,
J.P.; et al. The Clinical Differentiation of Bacterial and Fungal Keratitis: A Photographic Survey. Investig. Opthalmol. Vis. Sci. 2012,
53, 1785–1787. [CrossRef]

29. Khanal, B.; Deb, M.; Panda, A.; Sethi, H.S. Laboratory diagnosis in ulcerative keratitis. Ophthalmic Res. 2005, 37, 123–127.
[CrossRef]

30. Zhang, Y.; Wang, Z.Q.; Deng, S.J.; Tian, L.; Liang, Q.F. Diagnostic value of fungal fluorescence staining on corneal scrapings for
fungal keratitis. Zhonghua Yan Ke Za Zhi 2019, 55, 601–608. [CrossRef]

31. Cariello, A.; Passos, R.; Yu, M.; Hofling-lima, A.L. Microbial keratitis at a referral center in Brazil. Int. Ophthalmol. 2011,
31, 197–204. [CrossRef]

32. Fong, C.F.; Tseng, C.H.; Hu, F.R.; Wang, I.J.; Chen, W.L.; Hou, Y.C. Clinical characteristics of microbial keratitis in a university
hospital in Taiwan. Am. J. Ophthalmol. 2004, 137, 329–336. [CrossRef] [PubMed]

33. Moshirfar, M.; Hopping, G.C.; Vaidyanathan, U.; Liu, H.; Somani, A.N.; Ronquillo, Y.C.; Hoopes, P.C. Biological Staining and
Culturing in Infectious Keratitis: Controversy in Clinical Utility. Med. Hypothesis Discov. Innov. Ophthalmol. 2019, 8, 145–151.
[PubMed]

34. Marines, H.M.; Osato, M.S.; Font, R.L. The value of calcofluor white in the diagnosis of mycotic and Acanthamoeba infections of
the eye and ocular adnexa. Ophthalmology 1987, 94, 23–26. [CrossRef]

35. Haghani, I.; Amirinia, F.; Nowroozpoor Dailami, K.; Shokohi, T. Detection of fungi by conventional methods and semi-nested
PCR in patients with presumed fungal keratitis. Curr. Med. Mycol. 2015, 1, 31–38. [CrossRef]

36. Vaddavalli, P.K.; Garg, P.; Sharma, S.; Sangwan, V.S.; Rao, G.N.; Thomas, R. Role of confocal microscopy in the diagnosis of fungal
and acanthamoeba keratitis. Ophthalmology 2011, 118, 29–35. [CrossRef] [PubMed]

37. Leck, A. Taking a corneal scrape and making a diagnosis. Community Eye Health/Int. Cent. Eye Health 2015, 28, 8–9.
38. Leck, A.; Burton, M. Distinguishing fungal and bacterial keratitis on clinical signs. Community Eye Health 2015, 28, 6–7.
39. Donnenfeld, E.D.; Schrier, A.; Perry, H.D.; Aulicino, T.; Gombert, M.E.; Snyder, R. Penetration of topically applied ciprofloxacin,

norfloxacin, and ofloxacin into the aqueous humor. Ophthalmology 1994, 101, 902–905. [CrossRef]

http://doi.org/10.1136/bjo.85.9.1070
http://doi.org/10.1016/0002-9394(86)90413-7
http://doi.org/10.1136/bjo.2009.175083
http://www.ncbi.nlm.nih.gov/pubmed/20538659
http://doi.org/10.1097/ICO.0b013e318064582d
http://www.ncbi.nlm.nih.gov/pubmed/17667609
http://doi.org/10.1097/ICO.0000000000001497
http://www.ncbi.nlm.nih.gov/pubmed/29256983
http://doi.org/10.1136/bmjopen-2020-038066
http://doi.org/10.1016/j.ophtha.2021.12.004
http://doi.org/10.3390/jof8020201
http://www.ncbi.nlm.nih.gov/pubmed/35205955
http://doi.org/10.1016/j.jtos.2022.03.002
http://doi.org/10.1177/147323001003800609
http://www.ncbi.nlm.nih.gov/pubmed/21226999
http://doi.org/10.3390/jof7040273
http://www.ncbi.nlm.nih.gov/pubmed/33916767
https://data.worldbank.org/indicator/NY.GDP.PCAP.CD?locations=NP&most_recent_value_desc=false
https://data.worldbank.org/indicator/NY.GDP.PCAP.CD?locations=NP&most_recent_value_desc=false
http://doi.org/10.1016/j.ajo.2007.02.030
http://doi.org/10.1167/iovs.11-8478
http://doi.org/10.1159/000084273
http://doi.org/10.3760/cma.j.issn.0412-4081.2019.08.010
http://doi.org/10.1007/s10792-011-9441-0
http://doi.org/10.1016/j.ajo.2003.09.001
http://www.ncbi.nlm.nih.gov/pubmed/14962425
http://www.ncbi.nlm.nih.gov/pubmed/31598516
http://doi.org/10.1016/S0161-6420(87)33516-X
http://doi.org/10.18869/acadpub.cmm.1.2.31
http://doi.org/10.1016/j.ophtha.2010.05.018
http://www.ncbi.nlm.nih.gov/pubmed/20801515
http://doi.org/10.1016/S0161-6420(13)31248-2

	Introduction 
	Materials and Methods 
	Ethical Statement 
	Study Design 
	Study Setting and Participants 
	Clinical Findings 
	Microbiological Diagnosis 
	In Vivo Confocal Microscopy 
	Disease Definition 
	Statistical Analysis 

	Results 
	Sensitivity—All Investigations Compared to Composite Referents 
	Sensitivity—Different Smear Microscopy Stains 

	Discussion 
	Conclusions 
	References

