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Abstract: Candida infection of the esophagus has been 
reported not only in immunocompromised hosts but 
also in healthy individuals. However, its mechanisms of 
action in healthy individuals have not been clarified. 
Our previous study suggested that physical contact was 
an important factor for the adherence of Candida 
albicans. The aim of the present study was to test our 
hypothesis and clarify the adherence mechanisms. 
Suspensions of Candida albicans cells were given to 
rabbits in drinking water without the use of immuno- 
suppressive drugs and/or antibiotics, and the esophagus 
was examined. Candidial lesions were observed in 14 of 
15 rabbits given the suspensions held in water with 
and without 30% sucrose for 13 days. The number of 
Candida albicans cells adhering to the esophagus per 
square millimeter by subepithelial cell insertion was 
significantly larger than that adhering by attachment. 
These results indicate that adherence of Candida 
albicans to the esophagus occurs by sustained physical 
contact alone under a nonimmunosuppressive state, 
and that subepithelial cell insertion results in greater 
attachment on adherence. Our findings provide a 
clue that may help clarify the mechanism of Candida 
infection in healthy individuals. 
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Introduction 

It is well known that Candida infection occurs as an 
opportunistic infection in immunocompromised hosts 
such as patients with leukemia, organ transplant 
patients, or those with acquired immune deficiency 
syndrome. 1 The esophagus is a common site of 
Candida infection in the gastrointestinal tract, z In 
experimental studies, esophageal candidial lesions 
have been observed in immunocompromised hosts, 
such as animals treated with immunosuppressive drugs 
or genetically immunosuppressed animals, but not 
in nonimmunocompromised hosts? Therefore, an 
immunodeficient state has been considered necessary 
for the formation of candidial lesions. 

Esophageal candidiasis also occurs in patients experi- 
encing long-term administration of antibiotics and in 
patients with diabetes mellitus, and the mechanisms of 
these Candida infections appear to involve overgrowth 
of Candida albicans, which leads to invasive infection 
under these conditions? 

Esophageal candidiasis has furthermore been re- 
ported in healthy individuals, s,6 although the mecha- 
nisms of infection have not yet been clarified. 

Our previous in vitro studies on the adherence of 
Candida albicans to the esophagus 7,s as the first step 
of Candida infection showed four modes of adherence. 
In addition, our research suggested that physical contact 
of Candida albicans with the esophagus leads to its 
adherence, as well as that of inert particles, by 
these modes of attachment and/or subepithelial cell 
insertion. Subepithelial cell insertion is the characteris- 
tic adherence mode of the esophagus which we first 
reported and nameds ,8 This mechanism consists of 
the wedging of Candida albicans cells or other 
particles under the edges of epithelial cells. The present 
study was carried out to test our hypothesis that 
physical contact of Candida albicans with the 
esophageal epithelium can lead to the development 
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of candidial lesions in the esophagus, in a nonim- 
munosuppressed state, and to clarify these adherence 
mechanisms. 

Materials and methods 

Preparation of  Candida albicans 

Candida albicans IFO 1060 maintained on Sabouraud 
glucose agar at room temperature was used. Yeast cells 
were cultured in Sabourand glucose broth for 24h at 
37~ for experimental infections. The cells were washed 
three times in an aigimne medium 7 and suspended in 
water or 30% sucrose at a concentration of 107 Candida 
albicans cells per milliliter. In the present study, sucrose 
was used to raise the specific gravity of the medium and 
to maintain a uniform distribution of Candida albicans 
cells, because these cells settle to the bottom of suspen- 
sions when they are left in water. 

Experimental animals' 

Thirty-one New Zealand white rabbits (7-week-old 
males weighing 1.08-1.44kg) obtained from Japan SLC 
(Hamamatsu, Japan) were used, because the fine struc- 
ture of the squamous epithelial surface of the rabbit 
esophagus is very similar to that of the human 
esophagus. 7 They were given ordinary feed (RC4, 
obtained from Oriental Yeast, Yokohama, Japan) in a 
Negativerack (Clea Japan, Tokyo, Japan) in which the 
temperature was kept at 25~ 

Experimental methods 

Suspensions of Candida albicans yeast-type cells were 
given to the 29 rabbits per os for 1-13 days. Water 
without Candida albicans cells was given to two control 
rabbits. The feed, suspensions, and water were provided 
ad libitum. Following intravenous administration of an- 
esthesia (pentobarbital sodium, 200mg/kg), the esopha- 
gus was resected and fixed in 2.5% glutaraldehyde at 
4~ overnight. No immunosuppressive drugs such as 
corticosteroids or anticancer drugs, or antibiotics, 
whicb are well-known predisposing factors of Candida 
infection, 4 were used in this study. 

Processing for light and electron microscopy 

When lesions were recognized macroscopically as 
yellow or brown, and when they protruded into the 
lumen at killing, specimens including the lesions were 
taken from the esophagus for microscopic and elec- 
tron microscopic examination. If no lesions were 
recognized macroscopically, specimens were taken 

from the lower esophagus, just above the esophago- 
gastric junction. 

For microscopic observation, specimens were stained 
with periodic acid-Schiff and hematoxylin-eosin. 

For scanning electron microscopic observation, 
specimens were coated with platinum-palladium after 
additional fixation with 1% osmium tetroxide for 2h, 
dehydration, and critical-point drying. Specimens to be 
used with the freeze-cracking method were kept in 25% 
and 50% dimethyl sulfoxide (DMSO), respectively, for 
30min each after double fixation, and then were frozen 
and cracked. They were then examined with a Hitachi 
S-570 scanning electron microscope (Hitachi, Tokyo, 
Japan). To clarify the adherence mechanisms, the 
surfaces of six specimens taken from rabbits given the 
30% sucrose suspension for 13 days were scanned with 
a scanning electron microscope, and Candida albicans 
cells adhering to the esophagus were classified by 
attachment or subepithelial cell insertion into each of 
these modes. The area of each surface was calculated 
using an interactive image analysis system (IBAS 2000, 
Zeiss, Oberkochen, Germany). Then the numbers of 
Candida albicans cells adhering to the surfaces per 
square millimeter were calculated for each mode. 
The results were expressed as the mean and standard 
deviation of log (numbers). Statistical comparisons 
were made using the two-tailed unpaired t-test. Differ- 
ences were considered significant if P < 0.05. 

This study was approved by the Animal Research 
Committee of Kawasaki Medical School and conducted 
according to the "Guide for the Care and Use of 
Laboratory Animals" used by Kawasaki Medical 
School. 

Results 

All the rabbits used in the in vivo experiment ate 
enough feed and drank enough of the suspensions to 
increase their body weight. No diarrhea was noted, 
and their activity was maintained throughout the 
experiments. The results of this study are shown in 
Table 1. 

3 [~ tcr~)sc~)!-~ ic fir7 di77gs 

The candidial lesions were recognized in the esophagus 
as being yellow or brown, round and protruding, and l -  
2mm in diameter. Some of the lesions, measuring 6mm 
in length macroscopically, were connected with each 
other (Fig. 1). 

Among 14 rabbits given the 30% sucrose suspension 
for less than 7 days, candidial lesions were observed in 
only 3 rabbits. Lesions were observed in all 9 rabbits 
given the 30% sucrose suspension for 13 days. The 
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Table 1. Esophageal candidial lesions in this study 

No. Days" Intake (ml) b Macro5 (Lower Middle Upper) Micro? 

1 0 0 . . . .  
2 0 0 . . . .  
3 1 Sucrose 120 . . . .  
4 1 Sucrose 110 . . . .  
5 2 Sucrose 260 . . . .  
6 2 Sucrose 250 . . . .  
7 2 Sucrose 300 . . . .  
8 2 Sucrose 360 . . . .  
9 4 Sucrose 875 + + + + 

10 4 Sucrose 660 + - - + 
11 6 Sucrose 660 - - - + 
12 6 Sucrose 650 - - - + 
13 6 Sucrose 740 . . . .  
14 6 Sucrose 680 . . . .  
15 6 Sucrose 600 . . . .  
16 6 Sucrose 550 + + + + 
17 13 Sucrose 1700 + + - + 
18 13 Sucrose 1810 + + + + 
19 13 Sucrose 1480 + + + + 
20 13 Sucrose 1260 + - + + 
21 13 Sucrose 1690 + + + + 
22 13 Sucrose 1540 + + + + 
23 13 Sucrose 1430 + + + + 
24 13 Sucrose 1660 + + + + 
25 13 Sucrose 1600 + + + + 
26 13 Water 2485 + - - + 
27 13 Water 2730 . . . .  
28 13 Water 2930 + - - + 
29 13 Water 2960 + - - + 
30 13 Water 3220 + - - + 
31 13 Water 2940 + + + + 

~Number of days the suspensions of Candida albicans cells were given to the rabbits 
bKinds and volume of the suspensions given to the rabbits per os 
c Macroscopic lesions 
dMicroscopic lesions 

lesions were located in all areas of the resected  
esophagus.  

Candid ia l  lesions were also observed  macroscopica l ly  

in 5 of the 6 rabbi ts  given a suspens ion  of Candida 
albicans in water  for 13 days. The  lesions were located 
in the lower  esophagus,  nea r  the esophagogast r ic  

junc t ion .  The  a m o u n t  of suspens ion  c o n s u m e d  by the 
rabbi ts  was abou t  twice that  of the suspens ion  he ld  in 
30% sucrose. 

Microscopic findings 

The  s q u a m o u s  ep i the l ium of the candidia l  lesions had 
th ickened  because  of widen ing  of the in terce l lu lar  space 
b e t w e e n  the str iated squamous  epithel ial  cells invaded  
by mycel ia l  e lements  of Candida albicans. Mycelial  

invas ion  was observed in the superficial  par t  of the 
esophageal  squamous  ep i the l ium (Fig. 2). The  size of 
the candidia l  lesions varied, and  t iny lesions, which were  
too small  to detect  macroscopical ly,  were observed  (Fig. 

3) even  in rabbi ts  given suspensions  for 13 days. In  

rabbits  given the 30% sucrose suspens ion  for 6 days, 
microscopic candidia l  lesions were recognized in 
two rabbi ts  in  which there  had  been  no macroscopic  
detec t ion of the lesions. 

Adherence mechanisms 

A t t a c h m e n t  and  subepi the l ia l  cell inser t ion  were ob- 
served to occur in living rabbi t s  by the modes  seen in 

our  previous  in vitro study. ,~ Oxl scanning  e lec t ron  
microscopic observa t ion ,  Candida albicans cells 

adher ing  by the a t t a c h m e n t  m o d e  were observed  on  
the surface of the s q u a m o u s  epi thel ial  cells (Fig. 4). 
Candida albicans cells adher ing  by the subepi thel ia l  cell 
inser t ion mode  were observed through the superticial 

squamous  epi thel ial  cells a r o u n d  the candidial  lesions 
(Fig. 5) and,  by the f reeze-cracking method,  they were 
observed u n d e r  the superficial  squamous  epi thel ial  cells 
(Fig. 6). 



Fig. 1. Candidial lesions can be recognized as round protrud- 
ing lesions, l - 2 m m  in diameter. Some of the lesions are 
connected with each other (arrows). Scale is in millimeters Fig. 3. Photomicrograph of a tiny candidial lesion. (Periodic 

acid-Schiff) 

Fig. 2. Photomicrograph of the candidial lesions. Mycelial 
elements of Candida albicans (M) are infiltrating through the 
striated squamous epithelial cells. (Periodic acid-Schiff~ 
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Fig. 4. Candida albicans cell (large arrow) and bacteria (B) 
are observed on the surface of the squamous epithelial cells 
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Table 2. Adherence modes of Candida albicans 

Candida albicans cells/ram 2 
Modes of adherence (n - 6) 

Attachment 0.745 _+ 0.273* 
Subepithelial cell insertion 1.942 _+ 0.780* 

* P < 0.01 
Values are mean + SD of log(numbers) 
Two-tailed unpaired t-test 

Table 2 shows the number  of Candida albicans cells 
adhering to the surfaces per square millimeter in each 
mode 7,8 in six specimens. The number of cells adhering 
by subepithelial cell insertion was significantly larger 
than that adhering by the attachment mode. 

Fig. 5. Candida albicans cells (arrows) are observed through 
the superficial squamous epithelial cells 

Fig. 6. Candida albicans cells (arrows) are observed under the 
superficial squamous cells (S) 

Discussion 

Esophageal candidiasis in healthy individuals 5,6 cannot 
be fully explained by the predisposing conditions 
mentioned in the introduction, and there is no clearly 
defined basis which can explain the mechanisms of 
this infection. In previously reported experimental  
studies of Candida infection of the gastrointestinal 
tract, immunosuppressive drugs or genetically immuno- 
suppressed animals were usually used to create an 
immunocompromised host model. 3,9-z3 Therefore,  these 
models were unsuitable as models for esophageal 
candidiasis in healthy individuals. 

In an interesting study using suckling mice without 
immunosuppressive drugs, candidial invasion to the 
esophagus was reported. 14 This excellent study may 
provide a clue to clarification of the mechanisms of 
Candida infection in healthy individuals; however, 
we chose rabbits as the experimental  animals for the 
following reasons: In previously reported studies, mice 
were commonly the experimental  animals, but the 
structure of their esophagogastric regions and the fine 
structure of the squamous epithelial surface differ 
significantly from those of humans. In addition, the 
main site of invasive disease in studies in mice was 
usually the stomach, particularly the cardial-atrium 
ridge. In rabbits, the structure of the esophagogastric 
regions and the fine structure of the squamous epithelial 
surface of the esophagus are very similar to those of 
humans]  and the main site of invasive disease is the 
esophagus, as in humans. Therefore,  we consider our 
model using rabbits to be more suitable as a model for 
esophageal candidiasis in humans than one using mice. 
In addition, our model  is suitable as a model in healthy 
individuals, because immunosuppressive drugs and/or 
antibiotics are not used. 
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Until recently, the mechanisms of adherence of 
Candida albicans as the first step of Candida infection 
had not been clarified, despite the fact that esophageal 
candidiasis is a frequently occurring Candida infection 
in the gastrointestinal tract. 2 Therefore, we initially 
studied the modes of adherence of Candida albicans to 
the rabbit esophagus in vitro using scanning electron 
microscopy of resected ligated esophageal segments 
incubated with Candida albicans suspensions, and 
found four modes of adherence: (1) attachment, (2) 
subepithelial cell insertion, (3) cavitation, and (4) inva- 
sion. v Our second in vitro study of the significance of 
these adherence mechanisms suggested that physical 
contact of Candida albicans with the esophagus led to 
its adherence by attachment and/or subepithelial cell 
insertion. ~ 

In the present study, we tested this hypothesis. At 
first, we used a 30% sucrose suspension to maintain 
continuous Contact of Candida albicans cells with 
the esophagus. In rabbits drinking the 30% sucrose 
suspension, the formation of candidial lesions in the 
esophagus seemed to depend on the cumulative amount 
of the suspension consumed. We succeeded in inducing 
candidial lesions in all rabbits given a 30% sucrose 
suspension for 13 days. However, this result was not 
sufficient to support our hypothesis, because in addition 
to maintenance of uniform distribution, other effects of 
sucrose on adherence are also possible. Then, we gave a 
suspension of Candida albicans in water, in which there 
were no effects of sucrose, to rabbits for 13 days and 
succeeded in inducing candidial lesions in 5 of the 6 
rabbits. Among rabbits developing lesions within 13 
days, a smaller amount of suspension was consumed by 
rabbits drinking the sucrose suspension than by those 
drinking the suspension in water. In rabbits drinking 
30% sucrose suspension, the formation of candidial 
lesions was facilitated, possibly due to the effects of 
sucrose, including maintenance of uniform distribution. 
In the present study, we were therefore able to create 
candidial lesions by establishing repeated physical 
contact of Candida albicans with the esophageal 
epithelium without the use of immunosuppressive drugs 
and/or antibiotics. This condition may be presumed to 
be that of healthy individuals. 

The successful induction of Candida infection with- 
out the use ot immunosuppressive drugs in the mouth 
of the mouse 1~ supports our hypothesis. We believe 
that larger amounts of the suspensions than those used 
to induce oral candidiasis may be required to create 
lesions in esophageal candidiasis, because of esophageal 
clearance bv peristalsis. In our opinion, the reason 
candidial lesions did not develop in the control rabbits 
in previously reported studies, 3al in which 5 • 106 viable 
units or 3 • 103 colony-forming units of Candida 
albicans per host were used, is that the suspension of 

Candida albicans cells was not large enough to establish 
repeated physical contact for the creation of lesions. A 
larger amount of the suspension provided continuously 
may create such lesions in control rabbits, possibly by 
increasing the statistical probability that some Candida 
albicans cells will come into sufficient proximity to 
esophageal cells to adhere. 

With regard to the adherence mechanisms of 
esophageal Candida infection in healthy individuals, the 
success of Candida infection depends on the organism 
gaining a foothold that prevents its being washed away 
by food or water and/or by peristalsis of the esophagus 
at the initial stage. In  the present study, minute 
candidial lesions, which were too small to detect 
macroscopically, were observed in rabbits given 
suspensions of Candida albicans for various periods. 
The results suggest that cumulative Candida infections 
occur when Candida albicans cells are provided con- 
tinuously, because these minute lesions are presumed to 
occur following adherence of Candida albicans to the 
esophagus, at the initial stage of Candida infection. 
We scanned the specimens taken from rabbits given 
the suspension for 13 days to analyze adherence 
mechanisms, because lesions that occurred following 
adherence were easily observed in those specimens. 
While the number of ceils adhering by attachment 
was larger than that adhering by subepithelial cell 
insertion in our in vitro study, s the number of cells 
adhering by subepithelial cell insertion was significantly 
larger than that adhering by attachment in this in vivo 
study. This result suggested that (a) the characteristic 
structure of the esophagus provides Candida albicans 
with a foothold for adherence, i.e., subepithelial cell 
insertion, whereby cells are physically protected from 
clearance by peristalsis, 8 and that (b) the mode of 
subepithelial cell insertion results in greater attachment 
on adherence. 

Minute candidial lesions observed in this study may 
occur following adherence at the initial stage of Can- 
dida infection. The existence of these minute lesions 
may be possible to determine clinically. However, these 
lesions may not be recognized during routine clinical 
examinations, i.e., by esophagogram or esophagoscopy, 
because these lesions are too small to detect. Further 
analysis of these minute lesions is certainly required to 
clarify the mechanisms of invasivc infection following 
adherence. Such studies may lead to a new explanation 
of invasive infection in cases of esophageal candidasis 
not associated with an immunosuppressive state. The 
mechanisms of adherence and invasive infection in 
esophageal candidiasis are the subject of ongoing study 
in our laboratory. 
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