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Introduction

 Infectious keratitis is an infection of the cornea caused by a wide 
range of microorganisms, including bacteria, fungi, virus, parasites 
and polymicrobial infection, which can cause serious visual impair-
ment [1].Globally, it is the fifth leading cause of blindness, affecting 
about 6 million of the world population[2].The main predisposing 
factors include contact lens wear, ocular injury and ocular surface 
disease[3].The incidence of microbial keratoconjunctivitis varies 
greatly by geographic area and socioeconomic status, ranging from 
11/100,000/year in the United States [4] to 799/100,000/year in devel-
oping countries [5]. Early diagnosis and appropriate therapy, aimed 
at the rapid eradication of infectious germs, are the key factors in the 
prevention of corneal ulceration. Identification of the infecting agent, 
therefore, plays a key role in infection management. The options 
available for etiological diagnosis are essentially clinical examination 
and microbiological analysis. A detailed anamnesis and bio micro-
scopic examination are fundamental steps to arrive at the etiological 
diagnosis. However, the clinical features of microbial keratitis can 
vary considerably and no clinical sign can be considered absolutely 
pathognomonic of a particular type of etiologic agent [6]; so clinical 
examination alone cannot be the base for treatment decision. How-
ever, microbiological identification of specific microbes can more 
reliably guide the patient with personalized treatment of the corneal 
infection. Gram and Giemsa stains provide instant results and help in 
initiating treatment plan. Gram stain was reported to have a sensitivity 
of 56.6% and specificity of 97.8% in bacterial keratitis [7]. Culture 
of corneal scrapings is considered the gold standard method in diag-
nosing bacterial keratitis [8]. Blood and chocolate agar are the most 
commonly used culture plates for bacterial cases. Fluid thioglycollate 
medium is used to culture aerobic or facultative anaerobic bacteria. 
Microbiological analysis requires taking corneal scrapings using a  
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Abstract
	 The	aim	of	this	work	is	to	evaluate	the	sensitivity	and	efficacy	of	a	
diagnostic approach based on scrapings of the superior tarsal con-
junctiva examined by scanning electron microscopy (SEM). We ex-
amined 30 eyes of 26 consecutive patients with presumed microbial 
keratitis, who had no improvement after local broad-spectrum anti-
biotic	therapy	performed	for	at	least	7	days	at	an	effective	dosage.	
13 patients had negative culture tests for bacteria and fungi obtained 
from corneal curettage. After 72 hours of wash-out, scrapings of the 
upper tarsal conjunctiva for cytological examination of cell morphol-
ogy by scanning electron microscope (SEM) were performed. With 

this method, the presence of pathogenic microorganisms was de-
tected	 in	 26/30	 eyes	 and	 specific	 therapy	was	 carried	 out	 on	 the	
basis of these results. Clinical improvement and eradication of or-
ganisms previously detected by SEM were observed in all positive 
patients within 1-7 weeks. No organisms were detected in four pa-
tients;	in	two	of	them	the	presence	of	inflammatory	cells	indicative	of	
an allergic reaction (eosinophils and mast cells) was detected, in the 
other two there were signs of severe dry eye.

 The	efficacy	of	this	diagnostic	technique	is	confirmed	by	the	clin-
ical	 response	to	 treatment	based	on	the	microorganisms	 identified	
by SEM and by the eradication of previously detected microorgan-
isms,	verified	by	subsequent	scanning	electron	microscopic	(SEM)	
control examination. The results obtained support the validity of the 
proposed method and we believe that it constitutes a very useful tool 
for	distinguishing,	on	the	basis	of	the	inflammatory	infiltrate,	the	in-
fectious forms from those of other nature and for detecting the pres-
ence of microorganisms resistant to the usual therapies.

Keywords: Microbial keratitis; Conjunctival scraping examination; 
Correlative microscopy; SEM conjunctival diagnosis; Corneal ulcer 
diagnosis; Corneal infection
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surgical blade or Kimura spatula from the base and edges of the ulcer 
and using the scrapings to prepare smears for wet viewing and di-
rect inoculation on various culture media [9]. Other methods used for 
etiological diagnosis are confocal microscopy and determination of 
microbial antigens by Polymerase Chain Reaction [10].

 PCR requires specific equipment and a clinical suspicion, partic-
ularly for specific viruses, fungi or Chlamydia, to select which type 
of test to perform [11]. Diagnostic accuracy using confocal micros-
copy depends on observer experience. Intraobserver repeatability is 
generally better than interobserver reproducibility. The difficulty in 
distinguishing host cells from pathogenic organisms and the inability 
to identify small microbes limit the value of confocal microscopy as a 
standalone tool in the diagnosis of microbial keratitis [12].

 In recent years, scanning electron microscopy has also been used 
to identify the microbial agents responsible for keratitis. The method 
offers the advantage of detecting microorganisms of various kinds, 
even of small dimensions, and of highlighting the cellular alterations 
of the host and the inflammatory infiltrate, which provide further 
valuable elements for the diagnosis [13].

 The aim of this study is to evaluate the efficacy of a scanning 
electron microscopic (SEM) examination of the scraping of the upper 
tarsal conjunctiva for the identification of the pathogenic microorgan-
isms in case of suspected microbial keratitis in which broad-spectrum 
antibiotic therapies had not a positive result and in which any culture 
tests for bacteria and fungi were negative.

Materials and Methods

 We examined 26 patients hospitalized at the Ocular Surface Pa-
thology Center of the Salerno Hospital between January 1 and Sep-
tember 30, 2021 affected by unilateral or bilateral keratoconjunctivitis 
of suspected microbial etiology, unresponsive to broad-spectrum topi-
cal antibiotic therapy carried out for at least 7 days.

 The exclusion criteria of the study are corneal ulceration with di-
ameter > 3 mm; depth > 80% of corneal thickness; age < 18 years and 
> 80 years; pregnant or nursing women; severe dry eyes; Vernal or 
atopic keratoconjunctivitis.

 Ophthalmologic evaluation was performed by a corneal specialist 
using a slit-lamp bio microscope and fluorescein staining; the results 
were recorded in a predefined format. The antibiotic therapy already 
carried out and the results of any culture tests performed were also 
reported. Detailed schematic documentation of the ulcer was record-
ed at first observation and at follow-up. After at least 48 hours of 
washout, conjunctival sampling was performed in eyes affected by 
keratitis by scraping the tarsal conjunctiva with a smooth spatula [9, 
14]. Cells and secretions scraped from the conjunctiva were placed on 
glass slide (Super Frost Plus Menzel - Gläser, Thermo Scientific, Mi-
lan, Italy) and stained according to the panoptic method (3 min in pure 
May-Grunwald dye [Carlo Erba, Milan, Italy], 6 min in May-Grun-
wald dye 50%; 1 min in bidistilled water [Carlo Erba, Milan, Italy]; 
and 30 min in Giemsa solution [Carlo Erba, Milan, Italy] diluted 1:10 
v/v). The slide was then covered with a glass cover with dimensions 
of 24 x 50 mm and observed under an optical microscope (Nikon 
Eclipse 50i) at 100x magnification by immersion in oil. The images 
were recorded using a Nikon DS1 camera and digitized using a NIS-D 
elements computer support. The observation with the SEM method 
was carried out by placing the mucosal secretion on a DIA 13mm  

round slide (agar scientific). The round slide sample was fixed in 2% 
glutaraldehyde, then washed in PBS pH 7.4 for 15 minutes 3 times; 
then treated with Osmium 4% for 2 hours. Then the samples were 
washed twice in PBS pH 7.4 [Carlo Erba, Milan, Italy], 30 minutes 
each time; finally the samples thus treated were dehydrated in alcohol 
at increasing concentrations: 30% at 25 min, 50% at 25 min, 70% at 
20 min and 96% at 20 min twice. Once dehydrated, they were placed 
in the CO2 critical point (critical point at 31°C and 73 atm) (Leica 
EM CPD300). The preparation was observed under a scanning micro-
scope with a JEOL microscope supplied by the University of Naples 
Federico II [15, 16].

 The treatment of the samples made it possible to visualize at var-
ious magnifications the microbial species that colonize the ocular 
mucosa and the typical inflammatory cells. Attention was paid to all 
pathogens involved in the inflammation of the conjunctival mucosa 
of the examined patient. The use of correlative microscopy has high-
lighted the correlation between inflammatory cells highlighted with 
classical cytology and pathogens identified with scanning electron 
microscopy [17-19]. In the presence of corneal dendritic ulcers or a 
history of a previous herpes infection in the same eye, the herpes virus 
rapid test was also performed [10, 11].

 The therapeutic strategy was based on clinical data and on the re-
sults of the related SEM cytological examination. For the treatment of 
micrococcal, mycobacterial and chlamydia infections the following 
have been used: 1% tetracycline hydrochloride in eye drops, 1% tetra-
cycline + 5% sulfamethylthiazole in ophthalmic ointment, antiseptics 
and, in the most serious cases, 100 mg doxycycline or 500 mg azith-
romycin tablets [7, 20]. In case of fungal infections, fluconazole 0.2% 
or voriconazole 1 or 2% were used in eye drops and possibly in tablets 
[21]. In the case of Acanthamoeba, the therapy was based on PHMB 
0.2% and Chlorhexidine 0.2%[18, 21]. Patients were monitored ev-
ery 2-7 days, depending on the severity of clinical manifestations, by 
slit-lamp examination and fluorescein staining until recovery. Once a 
significant clinical improvement was obtained or in the presence of 
worsening of the corneal and inflammatory conditions, the cytologi-
cal examination of the cell morphology in Scanning Electron Micros-
copy was repeated, after at least 48 hours of washout. The dosages 
and duration of therapy were established according to the severity of 
the clinical picture, the outcome and the result of the subsequent SEM 
examination of tarsal conjunctival scraping. In case of further de-
tection of pathogenic microorganisms, the therapy was remodulated 
on the basis of the results of the cytological examination. Treatment 
regimen, treatment response, and final outcome were recorded in all 
cases.

Results
 30 eyes of 26 patients, 10 male and 16 female, were examined. 
Average age 45.3 ±14.5 years (range 19-73). Two or more topical an-
tibiotics were used in 8 cases; in the other cases, only one broad-spec-
trum antibiotic was used for at least seven days at full dosage, without 
any clinical improvement. 13 patients had undergone culture tests for 
bacteria and fungi, with negative results. Cytological examination of 
cell morphology by scanning electron microscope (SEM) allowed the 
identification of pathogenic microorganisms in 26 eyes (86.7%); in 11 
of them two or more pathogens were present. In four eyes (13.3%), 
the presence of pathogenic microorganisms was not detected; two of 
them had an allergic inflammatory infiltrate (Figure 1); in the other 
two signs of squamous metaplasia, resulting from keratoconjunctivi-
tis sicca(Figure 2).
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Figure 1: Allergic inflammatory infiltrate: Mast cell.

Figure 2: Epithelial cell without microvilli (grade 4 of Del Prete scale).

Id/Eye Sex Age Previous Therapies Culture Tests Sem Results (Microrganisms) Phlogistic Infiltrate
Healing Time (Neg-
ative Sem For Mi-

crorganisms)

1/RE M 34 Aminoglycosides Not Done Candida, Mycobacteria Lymphocytes+++ 3 Weeks

2/RE M 28

Fluoroquinolones + Amino-
glycosides

Not Done Acanthamoeba, Candida, Cocci Lymphocytes+ Neutrophils 5 Weeks

Fluoroquinolones + Amino-
glycosides

Not Done Candida Lymphocites 4 Weeks

3/LE M 41 Chloramphenicol Neg Mycobacteria, Cladosporium
Lymphocytes

4 Weeks
Granulocytes

4/RE F 32 Aminoglycosides Not Done Cocci Granulocytes 1 Week

5/LE M 43 Fluoroquinolones Neg Acanthamoeba, Candida, Micrococci

Lymphocytes

5 WeeksGranulocytes

Eosinophils

6/RE M 67 Fluoroquinolones Not Done --- Squamous Metaplasy --

7/RE F 51 Chloramphenicol Not Done Candida Lymphocytes 3 Weeks

8/LE F 62 Aminoglycosides Neg Micrococci
Lymphocytes

2 Weeks
Granulocytes

9/RE M 26
Chloramphenicol+ Tetra-

cycline
Neg Candida Lymphocytes 4 Weeks

10/LE M 61
Fluoroquinolones + Amino-

glycosides
Not Done Acanthamoeba, Candida

Lymphocytes
6 Weeks

Granulocytes

11/LE F 49 Aminoglycosides Not Done Micrococci Granulocytes 3 Weeks
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 The age and gender of each patient, the therapies previously car-
ried out, the results of any culture tests carried out, the microorgan-
isms identified by the SEM, the inflammatory infiltrate present and 
the duration of the therapy cycle carried out until the negative result 
of the SEM are listed in Table 1.

 The germs found are reported in order of frequency in Figure 3: 
Candida (13)(Figure 4), Mycobacteria (8) (Figure 5), Acanthamoeba 
(7)(Figure 6), Micrococci (4), Mycoplasma (2)(Figure 7), Chlamydia 
(2)(Figure 8), Cocci (2)(Figure 9), Aspergillus (2), Cladosporium (1)
(Figure 10); in most cases of Candida and Acanthamoeba other mi-
croorganisms were associated (Figure 11).

 The negative result of the cytological examination of the cell mor-
phology in the SEM report and a significant clinical improvement 
were obtained in a period of time between 1 and 7 weeks (mean: 
4.03). In 6 eyes of patients suffering from infectious keratitis, the ex-
amination performed after the improvement of the clinical conditions 
highlighted the persistence of pathogenic microorganisms, for which  

it was necessary to prolong or modify the originally fixed therapeutic 
regimen, which proved to be insufficient to eradicate the germs found. 
Intolerance to the prescribed drugs was highlighted in 3 patients, such 
as to require the replacement of the products initially used.

Discussion
 Corneal infections represent an ophthalmological emergency due 
to the risk of perforating the eye or forming permanent scars with 
reduced vision after healing. The onset can be underestimated when 
only punctate keratopathy is present, which can also be due to non-in-
fectious causes, such as dry eye disease, toxic phenomena or allergies. 
For these reasons, in many cases, the therapy initially implemented 
may not be suitable for counteracting the pathogens. It is therefore 
necessary, first of all, to recognize an infectious cause in corneal dam-
age and then identify the microorganism that has caused the inflam-
matory process. The gold standard for the diagnosis are considered 
microbiological culture tests for the correct identification of the etio-
logical agent [8, 22].

12/RE
M 24

Fluoroquinolones + Amino-
glycosides Not Done Candida, Acanthamoeba

Lymphocytes
7 Weeks

+ Chloramphenicol Granulocytes

12/LE Chloramphenicol Not Done Candida Lymphocytes 4 Weeks

13/LE F 56 Fusidic Acid Not Done Candida, Mycobacteria
Lymphocytes

5 Weeks
Granulocytes

14/RE F 27 Aminoglycosides Neg Clamydia Granulocytes 4 Weeks

15/RE

F 39

Fluoroquinolones + Amino-
glycosides

Neg Acanthamoeba, Mycobacteria
Lymphocytes

5 Weeks
Granulocytes

15/LE
Fluoroquinolones + Amino-

glycosides
Neg Mycobacteria

Eosinophils
3 Weeks

Granulocytes

16/RE

F 36

Fluoroquinolones
Not Done

----
Eosinophils ---

16/LE. Not Done

Lymphocytes

4 WEEKS
Fluoroquinolones

Candida Granulocytes

Mycoplasma Eosinophils

17/LE F 19
Chloranphenicol + Tetra-

cycline
Neg --- Squamous Metaplasia ---

18/LE M 38 Aminoglycosides Neg Mycobacteria Granulocytes 3 Weeks

19/RE

F 62

Fluoroquinolones Not Done Aspergillus Fumigatus
Lymphocytes

4 Weeks
Granulocytes

19/LE Fluoroquinolones Not Done Aspergillus Fumigatus
Lymphocytes

6 Weeks
Granulocytes

20/RE F 53 Aminoglycosides Neg Mycobacteria Lymphocytes 3 Weeks

21/LE F 73
Fluoroquinolones + Amino-

glycosides
Not Done Candida, Micrococci, Acanthamoeba

Lymphocytes

3 WeeksGranulocytes

Mastcells

22/L M 57 Chloramphenicol Neg Mycobacteria Granulocytes 2 Weeks

23/RE F 56 Tetracycline Not Done
Candida

Lymphocytes 3 Weeks
Mycoplasma

24/RE F 47 Fluoroquinolones Neg Acanthamoeba Lymphocytes 6 Weeks

25/LE M 60 Aminoglycosides Neg ---
Eosinophils

---
Mastcells

26/RE F 37 Chloramphenicol Neg Chlamydia Lymphocytes 3 Weeks

Table 1: Clinical data of the examined patients. RE: right eye, LE: left eye.
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Figure 3: Pathogenic microorganisms found by examination of the con-
junctival scraping in Scanning Electron Microscopy (SEM):Candida (13), 
Mycobacteria (8), Acanthamoeba (7), Micrococci (4), Mycoplasma (2), 
Chlamydia (2), Cocci (2), Aspergillus (2), Cladosporium (1).

Figure 4: Candida Albicans.

Figure 5: Mycobacteria.

Figure 6: Acanthamoeba.

Figure 7: Mycoplasma.

Figure 8: Chlamydia.

Figure 9: Cocci.

Figure 10: Cladosporium.
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 The culture test of the corneal or conjunctival scraping is a neces-
sary study in severe or moderate forms, but also in those of a milder 
entity that have not responded to treatment based on clinical data or 
broad-spectrum therapy. Cultures also allow for antimicrobial suscep-
tibility testing, which is essential for detection of resistance to antimi-
crobial drugs, and subsequent culture-guided targeted therapy [22].

 Unfortunately it is not always possible to isolate the etiological 
agent with culture tests, because some pathogens do not grow in nor-
mal culture media or are present in very low concentrations due to 
previous therapies or as a consequence of the immune response. In 
some studies it has been observed that standard culture tests allow 
the identification of pathogenic microorganisms only in about 60% 
of cases [8, 23]. Firstly, the results of the present study indicate that 
the clinical evaluation proved to be very reliable in relation to the 
hypothesis of microbial origin of the keratitis, as 26 out of 30 cases 
were actually related to the presence of microorganisms. Secondly, 
the proposed method showed high sensitivity, as it allowed to cor-
rectly identify the pathogens in 26/30 eyes, 11 of which had already 
been swabbed for standard culture tests with negative results. In most 
cases microorganisms considered rare were found, such as Acan-
thamoeba, Candida, Chlamydia, mycobacteria and mycoplasma or a 
combination of these. The pathogenic potential of the microorgan-
isms detected is confirmed by the presence of an inflammatory in-
filtrate consistent with this finding and by the disappearance of the 
symptoms after therapy ascertained on the basis of the data provided 
by the SEM examination. This result indicates that, in case of kera-
titis that does not heal with broad-spectrum antibiotic therapies, the 
diagnosis of infection, often attributable to the pathogens mentioned, 
must still be suspected. These microorganisms, in fact, do not grow in 
normal culture media and require specific therapies to be eradicated. 
In these forms of keratitis further diagnostic tests should be therefore 
performed with methods suitable for the identification of infectious 
agents other than Gram positive and Gram negative bacteria. An ad-
ditional advantage of cytological examination of cell morphology in 
scanning electron microscopy is the possibility of suspecting other 
pathogenetic mechanisms, such as allergy, if present eosinophils or 
mast cells [24]. In the four eyes, with no pathogenic microorganisms 
at SEM, the characteristics of the inflammatory infiltrate and lining 
epithelium actually indicated other inflammatory causes [25]. The 
proposed method also shows good tolerability, as it does not require 
corneal scraping, but only the tarsal conjunctiva next to the corneal 
surface. The limit of the SEM exam consists instead in the lack of an 
antibiogram or antimycogram to set up the therapy in a targeted man-
ner. These data are usually available in case of germ isolation from 
plate culture [26].

Conclusion
 The absence of clinical improvement after broad-spectrum local 
antibiotic therapy indicates a possible non-bacterial etiology or the 
presence of germs resistant to the drug used. For this second hypothe-
sis, a conjunctival brushing culture test for bacteria and fungi was per-
formed on 11 patients, which resulted negative for all cases examined.

 Cytological examination of cell morphology in Scanning Elec-
tron Microscopy made it possible to detect the presence of microbial 
agents in 26/30 patients who had not shown clinical improvement 
with broad-spectrum therapies. The detection of pathogenic microor-
ganisms in patients with clinical suspicion of ocular surface infection 
confirmed the diagnostic hypothesis and allowed to implement a spe-
cific therapy based on the type of germ. This therapy proved effective 
in all patients examined over a period ranging from 1 to 7 weeks.

 In the cases subjected to culture examination, the nature of the 
germ did not allow its isolation with the normal culture tests for bacte-
ria and fungi, being mycoplasmas, mycobacteria, chlamydia or Acan-
thamoeba. It should also be considered that the culture test, carried 
out before or after a cycle of ineffective local therapy, may not detect 
the pathogen, due to a reduced microbial load or to previously per-
formed therapies.

 The proposed method, based on the recognition of the different 
microbial species based on their size and morphological character-
istics, has proved to be very useful and effective for the diagnosis of 
infections that do not respond to broad-spectrum therapies or negative 
standard culture tests.

 Ultimately, the results of the study indicate a high sensitivity of 
the microbiological diagnostic method based on SEM examination 
and the possibility of obtaining further information deriving from the 
evaluation of the inflammatory cells present. Finally, good tolerability 
is noted, linked to the sampling methods, which do not involve direct 
scraping of the corneal lesion.

 The Authors suggest to perform this test in all cases of keratitis of 
suspected microbial origin in which the pathogen has not been identi-
fied by standard tests and which have not shown clinical improvement 
after topical broad-spectrum antibiotic therapy.
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Figure 11: Coinfection by Candida Albicans and Acanthamoeba.
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