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A BSTRA C T

T he authors describe tw o cases of fungal keratitis w hich, upon histopathological exam ination, are found to have in com m on the absence
of epithelium , w ithout ulceration and the lack of integrity of the B ow m an’s layer w ith the presence of fungal form s in their interior.
T hrough them  the authors suggest probable m echanism s of recurrence of fungal keratitis, highlighting the possible existence of an
“unusual external route” that w ould occur by the fungus penetration through the full B ow m an layer. A lthough these findings appear not
yet reported or recovered in the ophthalm ic literature, the authors suggest that they could be possible opportunistic infection signals
w hich, how ever, require m ore evidence to be considered as such.
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RESU M O

O s autores relatam  dois casos de ceratite fúngica, que apresentam  em  com um  no exam e histopatológico: a ausência de epitélio, sem
ulceração e a integridade da cam ada de B ow m an com  a presença de form as fúngicas no seu interior. São sugeridos prováveis
m ecanism os de recidiva das ceratites fúngicas, ressaltando um a possível “via externa não usual”, por m eio da penetração do fungo
através da cam ada de B ow m an íntegra. A  existência desta infecção oportunista não está relatada na literatura oftalm ológica e são
necessárias m ais evidências para que seja considerada com o tal.
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IN TRO D U C TIO N

F ungi are organism s that can cause various diseases in the
hum an body, and the m ycotic infections m ay happen and
affect all the structures of the eye(1). Fungal infections of

the eye have been observed and reported w ith greater frequency
during the last decades. This seem s to be the result of better
diagnostic m ethods and undestanding that som e species of
fungus generally considered non pathogenic or saprophytic are
not able to infect the eye. Som e fungi are called opportunistic
pathogens. Indeed, as the eye is under study, pathogenic
opportunistic fungi play a m uch m ore im portant role than nor-
m al pathogens, and the infection m ost com m only caused by
opportunistic fungi are m ycotic keratitis(2).

K eratom ycosis w as described for the first tim e by L eber in
1879(3), and an increase in their frequency w as also described in
recent decades(4-6), and this disease is still a challenge to
ophthalm ologists in term s of diagnosis and treatm ent(7-9). M ost
studies about the etiology of fungal keratitis in B razil are based
on the analysis of m aterial from  corneal scrapings through direct
research and/or culture(7,10,11). E ven abroad there are few  w orks
about the histopathologic features of m ycotic keratitis(12). It is
im portant, how ever, to subm it surgical sam ples of m icrobial
keratitis cases to histopathological exam ination, especially if the
m icrobiological diagnosis is unknow n(13). The histopathological
exam ination of corneal buttons can reveal the presence of fungal
elem ents in 75%  of patients(5). Sato et al. have show n that of 63
patients subjected to hot penetrating keratoplasty for m ycotic
corneal ulcer, w hose corneas w ere received in the B razilian
Transplantation R egistry betw een 1982 and 1988, in 24 (38.1% )
the diagnosis of m ycotic keratitis w as only possible by
histopathological exam ination due to negative m icrobiological
tests(14). H istopathological studies offer som e advantages over
culture the in the diagnosis of m ycotic keratitis, since the
contam ination is avoided, the penetration of the tissue can be
assessed, and the results of surgical procedures can be
anticipated(15).

So, w e describe tw o cases of fungal keratitis w ith recurrence
after treatm ent w ith penetrating keratoplasty, and w hose corneal
buttons had been sent for histopathological exam ination to the
E ye B ank of H ospital G eral de Fortaleza. W e highlight the
discovery of an intact B ow m an’a layer w ith fungi inside.  W e also
try to correlate the m eaning of the findings in the
histopathological exam ination to the clinical diagnosis and the
results of m icrobiological analysis. B y studing the possible
m eanings of these findings w e hope to provide evidence to
support the diagnosis and treatm ent of fungal keratitis, as w ell
as prevent the recurrence of these infections w hen treated w ith
corneal transplant for therapeutic purposes.

D ESC RIPTIO N  O F TH E C A SES

C A SE  1
M ale patient aged 55 years old w as referred to the

am bulatory of external eye diseases of Fundação de C iência e
Pesquisa M aria Ione X erez V asconcelos (Fortaleza – C eará) w ith
a history of infectious keratitis of probalbe fungal clinic etiology
and com plaint of pain, low  visual acuity (LV A ) and hyperem ia in
the right eye (R E ) for about 30 days. H e w as in use of m oxifloxacin

eyedrops (5 m g/m l) every 2 hours, natam ycin 5%  eyedrops every
2 hours and oral ketoconazole 400 m g/day.

D uring the first appointm ent the lesion scraping w as
collected, and due to a slow er clinical evolution, the hypothesis
of fungal infection w as kept, being prescribed m oxifloxacin
eyedrops (5m g/m l) every 3 hours, am photericin B  0.15%
eyedrops every hour, and oral ketoconazole 400m g/day. The
patient evolved w ith progressive w orsening (Figure 1a), being
subjected to therapeutic penetrating keratoplasty. A t surgery, all
the visibly infected tissue w as rem oved (Figure 1b), and then the
anterior cham ber w as w ashed w ith 0.5%  povidone-iodine. L ike
any urgent transplant, the tissue rem oved w as sent for
histopathological exam ination at the E ye B ank of H ospital G e-
ral de Fortaleza, and subjected to routine preparation. O nce fixed
in 10%  neutral form alin in the surgical center, the corneanos
buttons are sent to the Pathological A natom y departm ent and
cut. The inclusion is m ade in paraffin, w ith subsequent cuts of 2
µm , and the staining is m ade w ith hem atoxylin-eosin. In case of
doubt w hen confirm ing the diagnosis of fungal keratitis, PA S
(Periodic A cid of Schiff reaction), m ethanam ine silver and G om ori
reaction stainings are m ade.  A fter preparation, the tissues are
exam ined w ith optical m icroscope by the authors.

For the im m ediate postoperative period the prescription w as
gatifloxacin eyedrops 0.3%  every 2 hours, am photericin B  0.15%
every hour, prednisolone acetate eyedrops 1%  every 3 hours, oral
ketoconazole 400 m g/day and oral prednisone 40 m g/day.

In the first postoperative day (1st PO D ) the patient w as
fine and w ith no signs of recurrence. M eantim e, he brought the
result of direct research show ing septate hyphae. H ow ever, in the
3rd PO D  w e observed at biom icroscopy of the right eye an
infiltrate in the tem poral region superior to the graft also involving
the recipient cornea. A t that tim e, the oral corticosteroid w as
discontinued, and the prednisolone acetate 1%  eyedrops w as
reduced to 2 tim es/day. T he 10th PO D  show ed progressive
w orsening (Figure 1c), so the anterior cham ber w as w ashed w ith
0.5%  povidone-iodine. A t that m om ent, the result of the culture
w as already available, show ing the grow th of Fusarium  sp.. D espite
the anterior cham ber w ash, the clinical profile continued getting
w orse, and the patient w as subm itted to a new  urgent therapeutic
keratoplasty 16 days after the first one. O nce again, the infected
tissue rem oved w as sent for histopathological exam ination. The
graft rem ained transparent until about tw o m onths of m onitoring,
and w ith no signs of recurrence of infection, although the
corectopia and cataract w ere visible (Figure 1d).
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Figure 1: C linical developm ent of fungal keratitis and its recurrence
after therapeutic penetrating keratoplasty in case 1. a) C linical aspect
of fungal keratitis that developed w ith progressive w orsening despite
clinical treatm ent. b) A ppearance in the im m ediate postoperative
period of therapeutic penetrating keratoplasty show ing that all visibly
infected tissue had been rem oved. c) R ecurrence of infection in the
postoperative period, after progressive deterioration of the clinical
profile. d.) Transparent graft w ith no signs of recurrence of the infection
in about tw o m onths of follow -up after the second therapeutic
penetrating keratoplasty.

T he histopathological exam ination of the tissue from  the
first keratoplasty show ed fungi only in the form  of yeast (Figure
2a). U lceration w as show n, w ith a large num ber of fungi on the
surface. Still in the sam e tissue, yeasts w ere seen inside the
D escem et, as w ell as yeasts, spores and inflam m atory cells in the
anterior cham ber (Figure 2b).

Figure 2:  H istopathological exam ination findings in the tissue from
the first keratoplasty of case 1. a)  Presence of fungi only in the form
of yeast. Y easts (black arrow s). Spores (red arrow s). (paraffin, H .E . –
400x). b) Y easts w ithin the D escem et’s m em brane (black arrow s).
Translucent yeast (green arrow ) and spores (red arrow s) in the ante-
rior cham ber. (paraffin, H .E . – 400x).

T he histopathological exam ination of tissue from  the
second keratoplasty show ed fungi both in the form  of hyphae
and yeast, and in a m uch larger am ount than that found in the
tissue from  the first surgery (Figure 3a). This second tissue also
show ed alm ost total absence of epithelium , and intact B ow m an’s
layer and D escem et’s m em brane w ith yeasts and spores inside it
(Figures 3b and 3c).
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Figure 3: H istopathological exam ination findings in the tissue from
the second keratoplasty of case 1. a) Presence of fungi only in the
form  of hyphae and yeast. Y easts (black arrow s). Spores (red arrow s).
hyphae (blue arrow s). Pseudo-hyphae (orange arrow ). (paraffin, H .E .
–500x). b) Intact B ow m an’s layer w ith yeasts (black arrow s) and spores
(red arrow s) inside. (paraffin, H .E . – 500x). c) Intact D escem et’s
m em brane w ith yeasts inside (black arrow s). Spores inside the D escem et
are not m arked. In the deep strom a there is a pseudo-hyphae (orange
arrow ). In the anterior cham ber yeasts are seen (black arrow s).
(paraffin, H .E . – 500x).

C A SE  2
M ale patient aged 44 years old w as referred to the

am bulatory of external eye diseases of Fundação de C iência e
Pesquisa M aria Ione X erez V asconcelos (Fortaleza – C eará) w ith
a history of infectious keratitis of probalbe fungal clinic etiology
for about 20 days. H e w as in use of natam ycin 5%  eyedrops
every 3 hours and m oxifloxacin eyedrops (5m g/m l) every 3, and
show ed persistent condition. D ue to the lack of response to
clinical treatm ent, he soon started therapeutic penetrating
keratoplasty. A t surgery, as in the previous case, all the visibly
infected tissue w as also rem oved, and then the anterior cham ber
w as w ashed w ith 0.5%  povidone-iodine. O nce again, like any
urgent transplant, the infected tissue rem oved w as sent for
histopathological exam ination at the E ye B ank of H ospital G e-
ral de Fortaleza, and subjected to routine preparation. In the
im m ediate postoperative period, the prescription w as gentam icin
eyedrops 5%  every hour, m oxifloxacin eyedrops (5m g/m l) every
2 hours, and oral ketoconazole 400m g/day.

H ow ever, in the 7th PO D , the patient w as already show ing
signs of recurrence of the infection, w hich w as progressively
w orsening despite the m aintenance of m edication, having been
referred to new  therapeutic penetrating keratoplasty tw enty-

eight days after the first one. The infected corneal button rem oved
during surgery w as also sent for histopathological exam ination.

T he histopathological exam ination of tissue from  the first
keratoplasty show ed spores and yeasts predom inant especially
in the anterior strom a (Figures 4a, 4b and 4c). The epithelium
w as alm ost entirely absent, and the B ow m an’s layer w as intact
to its full extent (Figures 4a and 4b). N o inflam m atory reaction
or fungi w ere found in the anterior cham ber (Figure 4a).

T he histopathological exam ination of tissue from  the
second keratoplasty also show ed spores and yeast predom inatly
in the anterior corneal strom a (Figure 5a). H ere, the B ow m an’s
layer w as also intact to its full extent, and spores could be seen
inside it (Figure 5b).

Figure 4: H istopathological exam ination findings in the tissue from
the first keratoplasty of case 2. a) B ow m an’s layer intact to its full
extent. Presence of spores and yeast predom inatly in the anterior
corneal strom a. A bsence of inflam m atory reaction and fungi in the
anterior cham ber. (paraffin, H .E . – 125x). b)  B ow m an’s layer intact
to its full extent. Presence of spores and yeast predom inatly in the
anterior corneal strom a. (paraffin, H .E . – 400x). c)  B ow m an’s layer
intact to its full extent. Presence of spores and yeast predom inatly in
the anterior corneal strom a. (paraffin, H .E . – 500x).
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Figure 5: H istopathological exam ination findings in the tissue
from  the second keratoplasty of case 2. a)  Presence of spores and
yeast predom inatly in the anterior corneal strom a. (paraffin, H .E .
– 600x). b)  B ow m an’s layer intact to its full extent w ith spores
inside. Spores inside the B ow m an’s layer (red arrow ). (paraffin,
H .E . – 500x).

D ISC U SSIO N

In case 1, w e em phasize three points: (1) the positive results
of the corneal scrapings, despite the clinical treatm ent established,
(2) the discrepancy betw een the results of m icrobiological tests
(direct research and culture) of the corneal scrapings and the
histopathological exam ination findings, and (3) how  the
recurrence of fungal infection happened. In case 2, w e also
researched how  the recurrence of the infection happened.

So, in case 1, w e see positive results of direct research and
culture from  the corneal scrapings collected before the first
surgery w hen the patient w as already under treatm ent w ith
topical and system ic antifungal for som e tim e. W e proposed as
an explanation for this fact the findings of the histopathological
exam ination of fungi on the ulcerated surface of tissue injury
from  the first surgery. W e also suggest that if the corneal ulcer
scrapings had been collected from  the recurrent injury, the result
w ould be negative, since in the histopathological exam ination of
tissue from  the second surgery there w ere no fungi on the surface
of the lesion. That fact had been previously noted. M onte e
Stadtherr, studying fungal keratitis by histopathological
exam ination findings in cases from  therapeutic penetrating
keratoplasty, had observed fungi on the superficial part of the

piece in 45%  of cases. Since those cases w ere from  therapeutic
keratoplasty, they w ere m ostly cases treated and refractory to
clinical treatm ent, thus suggesting that if the scrapings for
m icrobiological studies had been collected from  the lesion alm ost
half of them  could have show n positive results. M onte and
Stadtherr, how ever, had lim ited clinical data from  patients to
provide a m ore accurate evidence on this fact(16).

D iscrepancy betw een the results of m icrobiological tests
(direct research and culture) from  the corneal scrapings and the
findings of histopathological exam ination w as also evidenced in
case 1. W e noted that the result of the injury scraping collected
before the first surgery show ed filam entous fungi in the direct
research (septate hyphae) and in the culture (Fusarium  sp.);
how ever, the histopathological exam ination of the tissue from
the first keratoplasty show ed fungi only in the form  of yeast.
Previous studies had already suggested possible discrepancies
betw een m icrobiological tests and histopathological findings in
yeast infections(16,17). The preponderance of yeast form s in its
histopathology from  the literature in B razil show ing
preponderance of filam entary form  in study of m aterial collected
from  the surface (lesion scrapings), the presence of various form s
of fungi (hyphae, pseudo-hyphae and yeasts) in one tissue, and
the presence of the m ycelia in the ulcerated corneal surface led
M onte e Stadtherr to propose that fungi take various form s
during their penetration into the cornea, so that hyphae w ould
be located m ore superficial and yeasts w ould be deeper(16).
G uarner et al. suggest that the discrepancy betw een the results
of culture and findings in the histopathological exam ination could
be due to m orphological characteristics of fungi that have been
altered by the use of antifungal m edication or host responses, or
due to the existence of a double infection and only a fungus be
grow ing in the culture(17). W e are also aw are that fungi are also
classified according to their m orphology in dim orphic, as w ell as
yeast and filam entous(1). The dim orphic group m ay have yeast
or filam entous form  depending on the tem perature to w hich it is
exposed(18). H ow ever, w e do not believe case 1 is a dim orphic
fungus, as Fusarium  sp, an adm ittedly filam entous fungus, grew
in the culture(19). W e em phasize, how ever, that our objective at
the m om ent w ould not be trying to justify this discrepancy, but
rather to dem onstrate that possibility. B ased on this possibility,
w e then studied the current role of the corneal scraping as a
guide in the treatm ent of fungal keratitis. The corneal scraping
has been used for laboratory confirm ation of fungal
keratitis(7,10,11), w hich is suggested prior the onset of treatm ent(20).
T he fungal form  found in the scraping has also been used to
guide the choice of antifungal m edication to be used in the
treatm ent. If the scraping reveals the presence of septate hyphae
suggesting filam entous fungi, then there is a general agreem ent
that natam ycin 5%  is the drug of choice. W hen yeasts or pseudo
hyphae are present on the scraping, treatm ent w ith topical
am photericin 0.15%  is indicated(20). W e faced a possible difference
betw een the fungal form  found in the results of m icrobiological
tests from  the corneal scraping and that found in the
histopathological exam ination; how ever, w e suggest that the value
of the scraping w as only to confirm  the existence of fungal
infection, and not a guide in choosing the drug to be used.

In both cases, w e studied how  the recurrence of fungal
infection m ay have happened after the therapeutic keratoplasty.
W e suggest the existence of three routes w hich fungi could have
traveled w ithin the cornea and that w ould have contributed to
the recurrence of keratitis: (1) internal route, (2) usual external
route, (3) unusual external route. A s the internal route (1) w e
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consider the penetration of the fungus in the cornea
through the D escem et’s m em brane, thus follow ing the posteri-
or-to-anterior direction in the corneal strom a. W e called external
route (2) the route of the fungus by ulceration, corneal strom a,
D escem et’s m em brane and endothelium  to the anterior
C ham ber, a w ell recognized route and therefore called by us
usual. The penetration of the fungus through the B ow m an’s
layer, follow ing the anterior-posterior direction in the corneal
strom a, in turn, w ould be the unusual external route (3); a route
w hich w e haven’t found description yet and w hich w e tried to
illustrate in the tw o cases in question. So, in case 1, w e suggest
the possibility of recurrence of the infection in three w ays:
internal route, unusual external route, or an association betw een
internal route + unusual external route. The internal route w ould
then be strengthened by the presence of yeasts and spores in
the anterior cham ber in the histopathological exam ination of
the tissue from  the first surgery. D espite w ashing the anterior
cham ber w ith 0.5%  povidone-iodine, the spores could have
rem ained in the anterior cham ber, and the fungus could have
penetrated the cornea through the D escem et’s m em brane. The
unusual external route, in turn, w ould be strengthened by the
discovery of an intact B ow m an’s layer w ith yeasts and spores
inside in the histopathological exam ination of the second surgery.
Fungi w ould have penetrated through the B ow m an’s layer and
follow ed until the D escem et through this unusual route. W e
consider a possible association of the tw o routes in this case,
because it w ould be unlikely that fungi could reach the B ow m an’s
layer penetrating through the D escem et’s m em brane, since this
m ovem ent direction is contrary to those norm ally expected in
fungal penetration based on chem otaxis, therm otaxis and
destruction of the extracellular m atrix by fungal proteases as
m entioned by H ua et al.(21).  In case 2, w e suggest a probable
recurrence only by the unusual external route. O nce again an
intact B ow m an’ layer w ith fungi (spores) inside, sim ilar to that
found in case 1, w as show n now  in the histopathological
exam ination of the tissue from  the second keratoplasty of case 2,
strengthening the possibility of recurrence of the external route
of the type taht w e call unusual. The absence of fungi w ithin the
anterior cham ber in the tissue of the first surgery and the
presence of fungi m ainly in the anterior strom a of the tissue in
the second surgery also strengthen the chance of recurrence
through unusual external route.

Finding an intact B ow m an’s layer w ith fungi inside it in the
histopathological exam ination of the fungal keratitis is
considered unexpected. W e found reports in the literature about
intact B ow m an’s layer in the histopathological exam ination in
cases of fungal keratitis; how ever, fungi w ere not discribed inside,
and no details on these cases w ere provided (12). In fact,
histopathological findings typically expected in fungal keratitis
w ould be loss of the epithelium , B ow m an’s layer and variable
am ounts of strom a or deep strom al abscess(20). W e are aw are
that the epithelium  can be healed in cases w here there is active
proliferation of fungi in the deep strom a(22), but even in those
cases an intact B ow m an’s layer w ould not be an expected finding.
Fungi are opportunistic agents of infection w hich becom e
pathogenic under conditions of im paired im m une defences, and
fungal infection is unusual in the absence of precipitating factors.
Traum a is a recognized risk factor for fungal keratitis(5,7,10,23),
and leads to the destruction of the epithelium  and the B ow m an’s
m em brane, dam aging the barrier to infection(20). In both cases in
question, how ever, w e observed the recurrence of fungal infection
w ith the recognized barrier of the B ow m an’s layer, w here w e
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