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Abstract: BACKGROUNDS: Some fungi are natu ral inha bi tants of the human body but may result in disea se when con di tions are
con du ci ve to their deve lop ment.  Yeast infec tions are com mon and often occur in the skin and mucous mem bra nes; howe -
ver emer ging spe cies have chan ged this epi de mio lo gi cal pro fi le.  The abi lity to colo ni ze dif fe rent ana to mi cal sites has been
asso cia ted with the patho ge ni city of Candida when envi ron men tal con di tions are par ti cu larly favo ra ble.  In the case of hot,
humid cli ma tes, the attri tion suf fe red by the skin and wea ke ned immu ne defen ses may result in yeasts beco ming patho ge nic
rather than com men sal orga nisms.  
OBJECTIVE: The objec ti ve of this study was to diag no se yeast infec tions in mili tary per son nel and to eva lua te the fre quency of
these infec tions in the indi vi duals eva lua ted.  
METHODS: The cli ni cal mate rial analy zed was see ded in dupli ca te in Sabouraud dex tro se agar (Difco™) and Mycosel medium
(Difco™).  The etio lo gi cal agents were iden ti fied by obser ving the germ tubes, micro cul tu re and physio lo gi cal cha rac te ris tics,
assi mi la tion of car bon sour ces (auxa no gram) and fer men ta tion of car bon sour ces (zymo gram).    
RESULTS: Of a total of 197 patients eva lua ted, 91 (46.2%) had epi so des of can di dia sis.  The geni to cru ral region was the most com monly
affec ted area (47.7%) fol lo wed by the inter di gi tal regions (bet ween the toes or fin gers) (27.8%).  Candida albi cans, Candida parap si -
lo sis, Candida tro pi ca lis, Candida gla bra ta and emer gent spe cies such as Candida kru sei and Candida guil lier mon dii were found. 
CONCLUSIONS: In the work envi ron ment, having to use shoes and uni forms for exten ded periods of time, in addi tion to stress
and pers pi ra tion, were con si de red pre dis po sing fac tors for the deve lop ment of fun gal infec tions.
Keywords: Candidiasis; Military per son nel; Mycoses.

Resumo: FUNDAMENTOS: Alguns fun gos são habi tan tes do orga nis mo huma no e podem vir a cau sar algu ma doen ça, quan do
há con di ções pro pí cias para seu desen vol vi men to. Infecções por leve du ras são comuns e fre quen tes em pele e muco sas; con -
tu do, espé cies emer gen tes têm alte ra do o per fil epi de mio ló gi co. A habi li da de de colo ni zar diver sos sítios ana tô mi cos tem
sido asso cia da à pato ge ni ci da de do gêne ro Candida, quan do as con di ções ambien tais são par ti cu lar men te favo rá veis. No
caso de cli mas quen tes e úmi dos, os atri tos sofri dos pela pele ou as defe sas imu ni tá rias debi li ta das podem fazer com que as
leve du ras dei xem de ser comen sais para se tor na rem orga nis mos pató ge nos. 
OBJETIVO: Diagnosticar can di día ses em pro fis sio nais mili ta res e ava liar a fre quên cia des sas infec ções nes ses indi ví duos. 
MÉTODOS: Os mate riais clí ni cos ana li sa dos foram semea dos em dupli ca ta nos meios Sabouraud Dextrose-ágar (Difco) e
Mycosel (Difco). Identificaram-se os agen tes etio ló gi cos por meio da obser va ção de tubo ger mi na ti vo, micro cul ti vo e carac -
te res fisio ló gi cos, assi mi la ção de fon tes de car bo no (auxa no gra ma) e fer men ta ção de fon tes de car bo no (zimo gra ma). 
RESULTADOS: De um total de 197 pacien tes estu da dos, 91 (46,2%) apre sen ta ram qua dros clí ni cos de can di día ses. A região geni -
to cru ral foi con si de ra da a mais aco me ti da (47,7%), segui da pelas regiões inter dac ti la res (mãos e pés, 27,8%). C. albi cans, C.
parap si lo sis, C. tro pi ca lis, C. gla bra ta e espé cies emer gen tes, como C. kru sei e C. guil lier mon dii, foram iden ti fi ca das. 
CONCLUSÃO: No ambien te de tra ba lho, o uso de cal ça dos e de uni for mes por lon gos perío dos de tempo, asso cia do ao estres -
se e à sudo re se, foi con si de ra do fator pre dis po nen te para o desen vol vi men to das infec ções fún gi cas.
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INTRODUCTION
Fungi are free-living saprobes and are extreme-

ly common in nature.  They are found as transient
environmental colonizers on body surfaces; however,
they obtain no obvious benefits.  They have numerous
effects on human beings; however, their role in infec-
tion is difficult to determine. 1

Candida yeasts infect the skin and mucous
membranes such as the lining of the mouth and vagi-
na.  They may invade deeper tissues such as the
blood, resulting in systemic candidiasis.  This much
more severe infection is more common in immunode-
pressed individuals such as those infected by the
human immunodeficiency virus (HIV), patients
undergoing chemotherapy and those hospitalized for
long periods of time in intensive care units. 2

The capacity of yeasts to change from a com-
mensal to a pathogenic condition when host condi-
tions are favorable depends on several factors that are
propitious to the fungus, allowing it to live off
patients who are debilitated and susceptible to the
opportunistic microorganism. 3,4

Candida yeasts live in the mucous membranes,
skin, gastrointestinal tract and vaginal canal, and are
normally harmless.  When environmental conditions
are particularly favorable, especially in hot, humid cli-
mates or when the host immune defenses are debili-
tated, yeasts manage to infect the skin, becoming pat-
hogenic rather than commensal and resulting in a
skin infection or even a generalized and potentially
fatal infection. 2,5

Candida yeast infections are known as candi-
diasis or candidosis.  These yeasts form part of the
endogenous microbiota present in the human body.
Candida albicans and other pathogenic species are
rarely found on the hairless skin of healthy indivi-
duals, with the majority of yeast infections of this type
tending to develop in moist intertriginous areas, cau-
sed by maceration or occlusion. 6

The objective of the present study was to eva-
luate the frequency of candidiasis in the skin, nails
and mucous membranes of military personnel and to
identify the etiological agents involved in infections
found in this sample population.  It should be empha-
sized that this type of occupational activity may increa-
se the rates of colonization in certain regions of the
body, particularly those involving Candida yeast infec-
tions.  This is the first study of this type to be conduc-
ted in the state of Mato Grosso, Brazil.

MATERIAL AND METHODS
Patients:  A total of 197 male military personnel

with symptomatology and/or lesions compatible or
suggestive of yeast infections were evaluated between
January and October 2009.  The most common clini-

cal findings were: foot intertrigo, Candida nail infec-
tion, genitocrural intertrigo and localized lesions.

All the military personnel included in this study
filled out a questionnaire regarding their type of
work, the number of hours they worked per day,
hygiene and personal care, predisposing factors and
any previous use of antifungal medication.  Biological
samples were collected in accordance with the anato-
mical site and the characteristics of the lesions repor-
ted by the individuals.  The study was approved by the
Internal Review Board of the Júlio Muller Teaching
Hospital (HUJM) under approval number 495/CEP-
HUJM/08.  The samples were processed at the
Mycology Laboratory of the General Teaching
Hospital, using standard methodology (direct exami-
nation and culture for fungi) in accordance with the
techniques described by Lacaz et al. 6 The direct exa-
mination of specimens was performed by preparing
fresh slides clarified with 20% or 40% potassium
hydroxide (KOH) aqueous solution in accordance
with the specificity of the clinical material.  Next, the
material for analysis was seeded in duplicate in
Sabouraud dextrose agar (Difco™) and Mycosel
medium (Difco™).  The tubes were kept at 25oC and
30oC for 7-10 days after which the species were iden-
tified according to the criteria established by De
Hoog. 7

Clinical isolates:  Following appearance of the
colonies in culture medium, the micromorphological
features of the yeast were analyzed using the Gram
staining technique. 8 The etiological agents were
identified in accordance with the classic methodology
based on germ tube formation - Reynolds & Braude
effect, micromorphological features (presence of
pseudomycelium, true mycelium and the production
of chlamydospores) and physiological characteristics -
assimilation of carbon sources (auxanogram) and fer-
mentation of carbon sources (zymogram). 6,7,9

RESULTS
A total of 91 individuals (46.2%) tested positive

for candidiasis in accordance with the aforementio-
ned methodology.  Overall, 210 Candida yeast isolates
were obtained from various anatomical sites: the skin,
mucous membranes and nails.  This difference is due
to the fact that, in many cases, more than one species
of yeast was found in the same sample of material col-
lected, thus resulting in a greater number of isolates
(210) compared to the number of patients analyzed
(n=197).  In 94 of these isolates (44.7%), numerous
sprouting yeast cells with pseudomycelia formation
had already been detected by direct microscopy, while
in 104 (49.6%), yeast identification followed isolation
in culture (Figure 1).
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The age of the individuals evaluated ranged
from 18 to 50 years, with a mean of 26.6 ± 9.1 years
(mean ± standard deviation [SD]); 95% confidence
interval (95%CI) ± 1.3.  C. albicans was the most com-
monly found species in all the age groups evaluated,
while C. parapsilosis was more common in individuals
of 18-20 years of age (Table 1).  

According to the individual interviews, the
duration of the disease ranged from 1 to over 12
months.

Overall, C. parapsilosis was the second most
commonly found species, accounting for 31 cases
(20.5%), followed by C. tropicalis (n=21; 13.9%)
(Table 2). 

The anatomical site most commonly affected by
the fungal infections was the genitocrural region
(n=72 cases; 47.6%) followed by the feet (n=30
cases; 19.9%) (Table 2).

The isolates referring to yeast infections of the
inguinocrural region and genital mucosa of this male
population were identified as: Candida albicans
(n=25; 16.5%), Candida parapsilosis (n=14; 9.2%)
and Candida tropicalis (n=12; 7.9%).  Other species
such as Candida krusei and Candida guilliermondii,
considered emerging pathogens, were also isolated
(Table 2).

DISCUSSION
Different profiles of Candida species in diffe-

rent geographical locations have been reported in the
literature in numerous samples evaluated in Brazil
and worldwide. 10-14

Some studies that analyzed a variety of anatomi-
cal sites reported C. albicans as being the most com-
monly isolated yeast.  One study conducted in Brazil
to evaluate yeast infections in 100 patients affected by
superficial candidiasis confirmed this finding, repor-

ting the presence of C. albicans in 76.0% of superficial
lesions in various parts of the body. 10  According to
King, this fact is explained by the greater capacity of
C. albicans to adhere to the mucosal surface. 15

However, Law et al. commented that adherence is a
prerequisite for the colonization and multiplication of
yeasts. 16 In this study, C. albicans was the most com-
monly isolated agent (n=52; 34.4%).  On the other
hand, some authors evaluating fungal skin infections
have reported C. parapsilosis as being the most com-
monly found microorganism. 11 Others, however, fai-
led to find C. albicans in skin scrapings from healthy
individuals, with C. tropicalis, present in 3.87% of
cases, being the most commonly found species. 17

The conditions in the work environment and
the continuous use of closed footwear, the stress asso-
ciated with military service and the body heat provo-
ked by the use of uniforms leading to intense perspi-
ration, all constitute factors possibly related to the
yeast infections in the anatomical sites investigated.

The most common relevant habits in the popu-
lation evaluated included the friction caused by the
use of often tightly-fitting military boots and the
impact caused by the weight of these boots, together
with the perspiration and heat caused by socks and
also the contact of feet with the floors of communal
bathrooms.   Military personnel commonly experien-
ce trauma to the feet, which may be caused by conti-
nuous walking and marching, activities that are inhe-
rent to the profession.  In general, the feet of these
professionals are exposed to the risk of developing
blisters, calluses, various types of lesions, and broken
nails.  These hypotheses are in agreement with
reports published by Purim et al. affirming that the
incidence of Candida yeast infections in Brazilian
football players was attributed to alterations in skin
pH, injury and perspiration, in addition to the emo-

Graph 1:Results of mycological examination in
210 clinical samples collected from 197 military
personnel affected by suspected candidiasis.
Cuibá, Mato Grosso, Brazil, 2009

*KOH: Potassium hydroxide
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tional stress that is present in all sporting activities,
thus contributing towards reducing the body’s defen-
ses and facilitating fungal infections. 18 A similar study
conducted to investigate the routine of military police
officers evaluated the functional characteristics of the
boots worn by these professionals on their daily beat
and found that this type of footwear may contribute
towards discomfort, physical tiredness and overhea-
ted feet, favoring the appearance of trauma and infec-
tion in this part of the body. 19

Micromorphological structures such as pseudo-
mycelium and true mycelium, as found at direct exa-
mination, reinforce the state of infection in these
patients.  Some authors consider that this differentia-
tion facilitates adhesion, invasion and dissemination
in the host tissue. 6

In 2005, investigators in Turkey evaluated 155
male patients with various pathologies, who were
receiving routine care at the Urology Department of a
city hospital, and reported 10 cases of intertrigo cau-
sed by Candida yeast in the inguinocrural region
(25.6%), Candida albicans being the most common
agent isolated. 12 Nevertheless, other authors evalua-
ted the enzymatic capacity of Candida yeast and iden-
tified virulence in strains of C. albicans isolated in the
urogenital tract and skin of adult patients, these yeasts
being associated with the incidence of infections. 13

The results obtained in the present study may
reflect the colonization of skin yeasts in the interdigi-

tal regions of the feet of military personnel using
occlusive footwear.  A study conducted in the Amazon
region in which the authors investigated yeast coloni-
zation in skin scrapings from the hands and feet of
1,296 apparently healthy inhabitants of three river-
bank communities in the Amazon region showed that
10.1% of the population evaluated tested positive for
yeast infection. 17 Purim et al. investigated fungal
microbiota from the feet of Chinese and Brazilian
football players and found Candida yeast infections in
34.4% of a sample of 129 Brazilian users of occlusive
footwear. 18 On the other hand, in 2006 and 2007,
investigators evaluating the prevalence of etiological
factors of superficial mycoses on the feet and nails of
1,300 and 650 Algerian military personnel, respective-
ly, found a prevalence of 68% of Candida yeast infec-
tion on the feet of these individuals, C. parapsilosis
being the principal causal agent both on the skin of
the feet and in the toenails in 28.2% and 18.7% of indi-
viduals, respectively.14,20 Other authors, however, have
reported lower rates compared to the present study,
in which a prevalence of 15.2% (n=23) of Candida
yeast infections was found in the toenails. 17 Some
investigators have shown C. parapsilosis to be the
principal agent in infections in this part of the body.
20  A study conducted in Brazil showed C. tropicalis
(30%) to be the most commonly found species in
interdigital mycosis of the feet in military personnel in
the southwestern part of the state of Paraná. 21 These
percentages are in conflict with the results of the pre-
sent study in which C. albicans was the most common
etiological agent (Table 2).

In general, onychomycosis is reported as being
the most common fungal infection in adults.
Investigators claim that the increasing age of the
population is an important cause of this increase in
onychomycosis. 22 Cases of yeast infection of the nail
were reported in the scientific literature by investiga-
tors evaluating onychomycoses in 504 patients in
Tehran. 23 Onychomycoses were confirmed in 216
(42.8%) of the 504 cases analyzed. Those authors
found yeast infections in 129/216 cases (59.7%), the
most common causal agents being Candida albicans
(n=42) and Candida spp (n=56).  Almost half the
cases with a clinical suspicion of a fungal infection of
the nails were caused by yeast infections.  Iranian aut-
hors evaluating the epidemiology of 137 cases of ony-
chomycoses in the city of Kashan found yeast infec-
tions to be the principal cause of onychomycoses,
with C. albicans being the most common (n=7;
26.9%), followed by the other species, which in 4
cases (15.4%) were unidentified. 24

Differences between nail infections may be the
result of peculiarities in the lifestyle of the different
populations analyzed.  On the other hand, the use of

TABLE 1: Distribution of yeasts of the Candida genus
according to age-group, isolated from 210 clinical

samples collected from 197 military personnel 
affected by suspected candidiasis lesions.  Cuiabá,

Mato Grosso, Brazil, 2009

Age-group (years)

Species 18|20 21|30 31|40 41|50

Candida albicans 21 13 11 7
Candida catenulata 1 - - -
Candida ciferrii 1 - - -
Candida glabrata 7 5 3
Candida guilliermondii 3 5 3 2
Candida intermedia 1 - - -
Candida kefyr 1 - 1 -
Candida krusei 2 1 2 1
Candida lusitaniae 2 1 - 1
Candida novergensis 2 - - -
Candida parapsilosis 15 6 9 1
Candida pulcherrima - - 1 -
Candida tropicalis 11 7 1 2
Candida viswanathii 1 - - -
Total 68 38 31 14
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boots, often for periods exceeding 11 hours a day,
may promote perspiration, friction and a propensity
to develop fungal infections.  Investigators in Spain
reported that the use of enclosed footwear and socks
contributes to fungal infection. 25 In a study conduc-
ted in Adana, Turkey, Ilkit reported that the toenails
were more commonly involved in fungal infections
than the fingernails. 26 The prevalence of onychomy-
coses of yeast origin found by this Turkish investigator
in the toenails was 87.6%.  Similar findings were also
reported in Iran, Algiers, Canada and Italy, these
investigators reporting the isolation of yeasts in fungal
infections of the nail. 14,23,27,28 Investigators in Brazil
conducted dermatophytic screening at the Araraquara
Health Unit and found 15 cases of yeast infection
(16.2%). 29 The results obtained in the present study,
in which 23 cases of Candida yeast infection were
detected in the toenails, a rate of 15.2%, are in agree-
ment with the findings of the abovementioned inves-
tigators. 

With respect to the species of Candida yeast
identified, investigators in Iran evaluated patients with
fungal infections of the skin and nails in Tehran and
reported similar findings to those reported in the pre-
sent study with respect to the species isolated:
Candida albicans 44 (16.73%), C. parapsilosis 24
(9.12%) and C. tropicalis 23 (8.74%). 30  These per-
centages are close to those found in the present study:
C. albicans 52 (33.4%), C. parapsilosis 31 (20.5%) and
C. tropicalis 21 (13.9%) (Table 2).

This was a pioneering study in Brazil and high-
lights the idiosyncrasies associated with military activi-
ties as possible factors that may predispose towards
yeast infection, particularly by species of Candida.  It
should be emphasized that the bioclimatic conditions
in Cuiabá, Mato Grosso may provide an extremely
favorable environment for these infections, a factor
that is potentiated when associated with the type of
clothing used during military duty. ❑

TABLE 2: Distribution of the species of yeasts of the Candida genus, according to the anatomical sites of the
infection, isolated from 210 clinical samples collected from 197 military personnel affected by suspected can-

didiasis lesions.  Cuiabá, Mato Grosso, Brazil, 2009

Folliculitis Candidiasis Genitocrural Candidíasis Candidíasis  
interdigital Nails

Candida spp. Beard genital crural Mucous Hands Feet Hands Feet N %
Membranes

C. albicans 3 1 11 13 4 10 4 6 52 34,4
C. catenulata - - - - - - - 1 1 0,7
C. ciferrii - - - - - 1 - - 1 0,7
C. glabrata 1 - 4 2 1 4 - 3 15 9,9
C. guilliermondii - 1 5 1 - 2 1 3 13 8,6
C. intermedia - - - - 1 - - - 1 0,7
C. kefyr - - 1 - 1 - - - 2 1,3
C. krusei - - 1 1 2 - - 2 6 4,0
C. lusitaniae - - 2 1 - 1 - - 4 2,6
C. novergensis - - 1 1 - - - - 2 1,3
C. parapsilosis 3 2 7 5 2 7 1 4 31 20,5
C. pulcherrima - - - - - 1 - - 1 0,7
C. tropicalis 1 - 7 5 1 3 - 4 21 13,9
C. viswanathii - - - - - 1 - - 1 0,7
Total 8 4 39 29 12 30 6 23 151 100
% 5,3 2,6 25,8 19,2 7,9 19,9 4,0 15,2 - 100
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