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ABSTRACT KEYWORDS
Although several fungal organisms are known to infect HIV and AIDS Candida spp;
patients, the diversity of yeast pathogens that infect individuals in Kenya Cryptococcus neoformans;
isnot known. In the present study sputum sampleswere collected from HIV Co-infections;
positive patients who presented at the hospital with TB. The yeasts organ- Fungal infections;
ismswereisolated using Potato Dextrose Agar and identified by germ tube HIV andAIDS;
test, CHROMagar and Urease based agar. The production of biofilm was Tuberculosis.

tested using the microtitre plate method. The activity of Amphotericin B,
Fluconazole and Ketaconazole was tested using the standard disc diffu-
sion method. Out of the 91 patients, 53 (58%) were females. Thirty seven
patients (41%) were aged between the ages 26 and 45 years old. The most
common isolateswere Cryptococcus neoformans (28%), followed by Cndida
parapsilopsis (19%), C. krusei (16%), C. albicans (15%) and C. tropicalis
(13%). The different species showed high levels of drug resistance to
fluconazole (74.0%), ketaconazole (74.0%) and amphotericin B (33.7%).
Biofilm production was observed in 28% of all the isolates and was not
associated with drug resistance (p>0.01). This study shows that the lungs
of HIV patients with TB are often colonized by opportunistic yeasts such
as Cryptococcus and Candida spp. The most common isolates included
Cryptococcus neoformans, Candida parapsiliosis, Candida krusei and
Candida albicans, and amphotericin B was the most active drug against
these organisms. Further studies are needed to determine the potential
impact of these organisms on the emergence of multi-drug resistant (MDR)
and extensively drug resistant tuberculosis (XDR TB).

© 2011 Trade Sciencelnc. - INDIA

INTRODUCTION and mortality intheimmunocompromised host and ex-
amplesof fungd pathogensresponsiblefor suchinfec-
Fungal infectionsareamajor causeof morbidity tionsinclude Pneumocystisjiroveci, several Candida
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spp., Cryptococcus spp. and Penicillium spp®. In
thelast two decadesthefrequency of invasivefunga
infections hasincreased remarkably!?. Respiratory in-
fectionsareamong the most common causes of mor-
bidity and mortality among HIV and AIDS patients
and tuberculosisisoneof themaost commoninfections
among HIV and AIDS patients?> 28, Over the past
decade, studies have indicated that TB is the most
common opportunisticinfectionin HIV patients par-
ticularly those with CD4 countslessthan 200cells/
mmeY7,

Theprevaenceof TB-HIV co-infectionishighand
reaches 65% for examplein Ugandawhile in South
Africa; up to 75% of the TB patientsare co-infected
withHIV# 3], InKenya, severa studieshave demon-
strated the impact of HIV and TB co-infection with
morethan 20 timesincreasein mortality among TB-
HIV co-infected casescompared to non-HIV infected
individua §*>%. However, very few studieshave docu-
mented the occurrence of yeast infectionsamong TB
infected HIV patientg*.,

Thefactorscontributing to the pathogenesisof Can-
didaanditsprogressioninHIV positive patientsare
poorly understood, but may include biofilm production,
aninterrelationshi p between HIV and Candida and/or
adysfunctioningintheloca immunity superimposed on
weskened cdll-mediated immunity and depletionof CD4
T cellg* Y, Clinical diagnosisisoften presumptive.
Thereforelaboratory diagnosisisrequired for conclu-
sveidentification and advicefor therapy. However, mi-
crobiological examinationisrarely conducted for pa-
tientsattending hedlth care centresinthe Nyanza, Kenya
and consequently littleisknown about the different types
of yeast organismsoccurringintheNyanzaprovinceas
wdll astheantifunga susceptibility profilesof Kenyan
yeast isolatesd™. Assuchitisnot certain that treatments
being administeredtoindividualsfor funga infections
aretaking gppropriateeffect. Theisolation and identifi-
cation of opportunistic yeast pathogensfrom patients
presenting symptoms associ ated with these agentsis
important for establishing thegppropriatetrestment regi-
men. Thepresent study investigated the occurrenceand
diversity aswell asdrug susceptibility profiles of yeast
isolates and their biofilm production characteristics
among HIV and AIDS patients presentingwith TB in
treatment centersinthe NyanzaProvince.
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METHODS

Theobjectivesof the study wereexplained to the
pati ents and the patientswere required to sign acon-
sent form if they agreed to participate in the study.
Samplesused in the present study were de-identified
sputum samples submitted for anaysisto the hospital
laboratory to ensure confidentiality of the patients.

Patientsand samplecollections

De-identified sputum samples, were collected from
HIV positive patientsvisiting hospitalswith respiratory
syndromes such as cough or persistent cough, night
sweating, fever or weight loss. After collection, the
sampleswereinocul ated on potato dextrose agar and
incubated over night at 37°C. After incubation the
sampleswere collected in acooler box and taken to
thelaboratory for andysis.

HI1V and TB diagnosis

The study participantswere screened for antibod-
iesto HIV with the OraQuick HIV 1/2 (OraSure Tech-
nologies, USA), using oral fluids, and with
DetermineHIV 1/2 (Abbott Laboratories, USA), em-
ploying finger prick whole blood according to
manufacturer’s instruction as described previously®Y.
TB diagnos swasperformed a the Hospita by theacid
fast staining asprevioudy described®.

Yeast | solation and identification

The purecoloniesfrom theplateswereculturedin
Sabouraud dextrose agar (SDA) at 37°C over night.
Identification of the yeast i sol ates was done by noting
colonia morphology, color, Size, texture, and topogra:
phy of the colonies. Ureaagar based method wasused
for the identification of Cryptococcus neoformans.
Chromogenic Candida agar (CHROM agar) wasused
toidentify different species of Candida by notingthe
color changeasprevioudly described®!. Thegerm tube
test was done by adding 50ul of broth culture to 450l
of horseblood seruminamicrocentrifugetubeandin-
cubating at 37°C for three hours. After incubation the
culturewas suspended on aglassdideand viewed un-
der amicroscopeat 40x magnification.

Biofilm production assay
All the microorganismsweretested for the pro-
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duction of biofilmusing the microtiter plate method as
described by!". Briefly, Suspension of cultureswere
prepared inbrain heart infusion (BHI) DIFCO™ broth
with 1% sucroseand incubated over night. After wash-
ing with phosphate buffered saline (PBS), the plates
werestained with 1% crystal violet, incubated at room
temperaturefor 15minutes, and the plateswerewashed
againandincubated at 37°C for 30 minutestodry. Then
200u1 of a mixture of 80% ethanol and 20% acetone
was added to the platesto solubilisethe crystal violet,
the plateswereincubated at room temperaturefor 20
minutes and theresultswereread at 490 nm using the
ELISA reader.

Antifungal Susceptibility test by disc diffusion
method

Theactivity of somecommercia availabledrugs
(antifungal agents) wastested using the disc diffu-
sion method which was performed according to the
Clinical Laboratory Standards Institute (CLSI). The
antifungal agents used were: amphotericin B,
fluconazol e and ketoconazol e. Petri disheswith po-
tato dextrose agar (PDA) wereinoculated with the
cultureusing sterileswabsand adisc (antifunga drug)
of each antifungal agent was placed on the cultured
medium and incubated at 37°C over night. After in-
cubation, the zone of inhibition (whichisthe diam-
eter around the antifungal disc wherethe growth of
the microorgani sm wasinhibited) was measured us-
ingaruler.

Satistical analysis

The dataacquired were entered in Microsoft Excel
shest, and analysiswas conducted by using statistical
packagefor social sciences (SPSS) program version
17.1. Chi-sguare was used to determine the correl a
tion between the different tests performed, and p val -
ueswere used to determine the significance of thefind-
ings, considering p vaues (p<0.05) assgnificant.

RESULTS

Demographicinformation on thestudy population

A total of 91 sputum sampleswere collected from
patients of different age groupsand different gender.
Out of the91 samples, 53 werefromfemaes, 36 from
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malesand 2 were from unknown gender. A total of 26
sampleswerefromindividuasaged lessthan 25 years,
37 samples were from patients aged between 26 —
45years while 18 samples were from patients aged
above 45 years. Ten sampleswerefromindividuals of
unknown age.

Prevalenceof yeast organismsin sputum samples
fromHIV and Al DS patientscon-infected with TB

Out of the 91 sputum samples collected from 91
consecutive patients, atotal of 104 strainsof different
yeast specieswereisolated and identified. Out of the
91 patients, 64 (70.32%) wereinfected with at | east
one yeast species. Maeswere moreinfected (75%)
compared to females (69.8%) although the difference
wasnot significant (y>=5.124; p=0.77). Generdly the
preva ence of yeast infectionsin therespiratory tract
was higher among individuals aged above 45years
(77.7%). Inthisstudy, there were 3 males aged above
45yearsand al the 3wereinfected while4 out of the5
mal es of unknown age wereinfected. Among thefe-
males, thehighest rate of infectionwasobserved among
those aged above 45years.

Occurrenceof sngleand multiplerespiratory yeast
infectionsamong theHIV and AIDS patients co-
infected with TB

Of the 91 patients, 27 (30%) were not infected
with any yeast organism. Singleinfection defined asin-
fection by only oneyeast gpecieswasfoundin 38 (42%6)
patientswhilemultipleinfectionsdefined asinfectionwith
morethan 1 yeast species wasfound in 26 (29%) of
the patients. Out of al thesingleinfections, C. krusel
wasthemost common representing 14% of all infec-
tionswhile C. famata wastheleast commonwith only
1 case.

Speciesdistribution amongisolatesinfectingHIV
and AlDSpatientsco-infected with TB

Themost commonly isolated yeast was Crypto-
coccus neoformanswith 29 (28%) i solatesfollowed
by C. Parapsilosis with 20 (19%) isolates and C.
Krusal with 17 (16%). Candida albicans was the
fourth most commonly isolated yeast from the sputum
of these patientswith 15 (15%) isol ateswhiletheleast
commonwas C. guillermondii 1 (1%) isolates.
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Distribution of thedifferent yeast speciesamong
HI1V and AIDS patientsco-infected with TB

Of dl theyeast isolates C. albicanswasmore com-
mon among femal e patients (18%) comparedto males
(10%) however thedifferencewas not statistically Sig-
nificant (y>=1.159 ; p=0.214). Similar Situationswere
observed with C. Krusel and C. Tropicalisthat were
more common among femal esthan males. Cryptococ-
cusneoformansand C. Parapsilosiswere more com-
mon among themales. C. famata and C. guillermondii
were not isolated from females. While Candida
al bicanswas more common among patients aged be-
tween 26 and 45 years, the non-abicans Candida
showed aprogressivedistribution among thethreedif-
ferent age groups considered in the present study. C.
krusel and C. tropicalis were more common among
theindividuasaged above 45years and |esscommon
among patients less than 26 years old. On the other
hand, C. parapsi|os swas more common among indi-
vidua slessthan 26 years old and less common among
individual saged above 45 years, the same as Crypto-
coccus neofor manswhi ch was more common among
individua saged lessthan 26 years. Although Candida
albicanswasmore common among femaesingenerd,
the preval encewas higher anong malesaged above 45
yearsbut C. albicanswas not found among the males
individuals aged less than 26 years. Cryptococcus
neofor manswas more common among thema esaged
morethan 25 years. However, it was more common
among thefemal esaged lessthan 26 years.

Antifungal drug resistance of respiratory yeast
organisms from HIV and AIDS patients co-in-
fected with TB

Of the 3 antifungal drugstested, amphotericin B
wasthemost active with only 33.7% res stance among
the fungal organisms compared to 74% resistance
against fluconazole and 74% against ketoconazole.
Non- Candida albicans appeared to be significantly
more resistant to amphotericin B compared to C.
albicans (y>=6.056; p=0.048) except C. glabratafrom
which none of the4 isolateswasres stant to amphot-
ericin B. All the 2 C. famata (100%) and the C.
guillermondii (100%) isolates were resistant to am-
photericin B while C. albicanshad aresistancerate of
(6.7%). Cryptococcus neoformans had aresistance
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rate of 31% to amphotericin B whileC. krusel had a
resistancerateof 17%. Resistanceto fluconazoleand
ketoconazolewasgenerally high among al thefunga

isolateswith general resistanceratesof 74% for both
drugs. C. krusei showed the least resistance to
fluconazol e (64.7%) while C. glabrata (50%) followed
by C. parapsilosis (65%) were the least resistant to
ketoconazole.

Effect of gender and age of the HIV and AIDS
patients co-infected with TB on drug resistance
amongthefungal isolates

Generdly isolatesfrom malesweremoreresistant
to al antibiotics compared to thoseisolated from fe-
males, however, the difference was not significant
(p>0.05). Isolatesobtained from individual saged less
than 25 yearswere generdly moreresi stant to ampho-
tericin B compared to thoseisolated fromindividuas
aged 26 and above. Resistance to fluconazole and
ketoconazol e were more common among i sol ates ob-
tained from patientsaged above 45 years. A more de-
talled andysisof thedrug res stancerateindicated that
ma es aged between 26 and 45 weretheleast res stant
to amphotericin B whileisolatesobtained fromfemaes
aged above 45 years, were the most resistant to
ketoconazole. None of the C. albicansisolated from
maleswasres stant to amphotericin B while 10% of the
isolatesfrom fema eswereres stant toamphotericin B.
Similarly, C. lambicaisolated fromfemadeswereress-
tant to amphotericin B ascompared to thoseisol ated
frommaleswhich showed 0.0% res stance. C. albicans,
C. parapsilosisand C. tropi calisisolated from males
showed 100% resi stance to fluconazole whereas C.
lambicaand C. glabrataisol ated from fema esshowed
100% resistanceto the samedrug. All the speciesiso-
lated from ma esshowed high res stanceto ketaconazole
with an exception of C. lambica whichwasthe only
speciesthat showed resistanceinisolatesfrom females
and 0.0% resistanceinisolatesfrommales.

Multiple drug resistance among the isolates ob-
tained from HIV and AIDS patients co-infected
withTB

Multipledrugresistance (MDR) defined asthesi-
multaneous resi stance of an isolateto morethan one
drug was common and 75 (72.8%) were resistant to
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morethan 1 drug at atime. Of al theisolatestested, 19
(18.4%) were susceptible to al the 3 drug tested, 9
(8.7%) wereresistant to only onedrug. Forty six iso-
lates (44.7%) wereresistant to 2 drugswhile 30 (28.8%)
wereresistant to all thethreedrugsat atime. Of dl the
yeast organisms, C. tropicalis showed 46.2% resis-
tanceto all thethreedrugswhileall the 2 C. famata
strainsand theonly C. guilliermondii strainwerere-
sstanttodl the3drugsinvestigated. Of adl theisolates,
those obtained from males had the highest MDR rate
(81.3%) compared to those isolated from females
(61.5%) (x>=3.231,; p=0.057). Therateof MDR was
similar among the age groups, however, therate of re-
sistanceto 3 drugswas higher among theisolates ob-
tained fromindividua s aged lessthan 26 years (41.8%)
compared to individuals aged 26 — 45 (21.1%) and
those from individuals aged more than 45 years
(26.3%). Of all the species, C. famata and C.
guillermondii wereall resistant to morethan 1 drug at
atime. C. glabratawastheleast resistant specieswith
MDRwhile73.3% of C. albicansisolateswereress-
tant to morethan 1 drug.

Biofilm production among therespiratory yeast
isolatesobtained from HI'V and Al DS patients co-
infected with TB

Biofilm production wastested among theyeast or-
ganismsand 29 (27.9%) of dl theisolateswerebiofilm
producers. Of dl the organismsidentified, theonly C.
guillermondii isolatewas positivefor biofilmwhile 1
of the 2 C. famata and 2 of the 4 C. glabrata were
biofilm producers. Onethird of all the 15 C. albicans
grainswerebiofilm producers. When dl the other Can-
dida spp. were considered together, biofilm produc-
tion appeared only in 25% of non-al bi cans Candida.
The sex and the age of the patients from whom the
isolateswereobtained did not haveany impact onbiofilm
production by theisolates (p=0.661 for sex and 0.158
for age). In the present study, biofilm production did
not seemto have any effect on drug resistance.

DISCUSSION
Respiratory infectionsare commonly found among

HIV and AIDSpatientsand theetiol ogy variesbetween
bacteria, virusesand fungi. Severa studieshaveinves
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tigated theinvol vement of funga pathogensin respira-
tory infectionsand most reports sofar haveimplicated
C. albicans as the most common agent of Candida
pneumonid®. However, recent studieshavereinforced
thegrowingimportance of non- albicans Candidasuch
asC. parapslossinfunga diseasesof therespiratory
tract. The present study indicates that non-albicans
Candida co-infect thelungsof HIV and AIDS patients
with TB. Dataonthediversity of Candida speciesaf-
fectinghumanisincreasing steadily, and severd studies
have highlighted theinvolvement of different peciesin
human diseasesin re ation to pneumonid®. Recent stud-
iesin41 different countries haveindicated increased
rates of isolation of the common non-albicans species
C. glabrata (10.2% to 11.7%), C. tropicalis (5.4%
t0 8.0%), and C. parapsilosis (4.8% to 5.6%) when
thetime periods 1997 to 2000 and 2005 to 2007 were
compared?”, Inthe present study non-albicans Can-
dida spp. appeared to be important opportunistic
pathogenscausing respiratory infectionsin HIV patients
inVhembedistrict with C. parapsilosis(19%) being
themost common followed by C. krusal (16%) while
C. albicanswasonly the third most common species
isolated from sputum samples. Studying yeast isolates
from different types of samplesfrom 24 hospitalsin
Taiwan, Yang et a.,*! found that Candida albicans
(69.1%) wasthe most common species, followed by
Candida tropicalis (12.9%), Candida glabrata
(8.3%), Candida parapsilosis (2.7%), Candida
krusel (0.6%), and others (6.4%), whereas® also found
that C. albicans (45%) wasthe predominant species
isolated followed by C. tropicalis (24.7%) and C.
parapsilosis(10.5%) fromall clinical specimens(Spu-
tum, blood, urineand others), except blood fromwhich
C. krusei was most frequently (38.4%) recovered. In
astudy on oropharyngia candidiasisamong HIV pa
tientsin Nigeria, Candida al bicans (40.5%) wasthe
most frequently isol ated species, whilethe non-abicans
speciesincluded C. tropicalis, C. Krusd, C. glabrata
and C. neoformans for species having up to 4 iso-
lates*?. The contribution of these organismsto the
pathogenicity of respiratory disease could not be es-
tablished from present study since thesewere second-
aryto TB infections. Thereforefurther studiesneed to
be conducted with emphasison clinica presentation of
thediseasein order to determinethe pathogenicimpact
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of thefungd isolates. The management of fungd infec-
tionsamong HIV and AIDS patientsaswell asimmu-
nocompetent patientsincludesthe use of various anti-
fungal agents including azoles and polyenes®.
Fluconazole (FLC) belongsto theazolesand interferes
with ergosterol biosynthesisby binding to the ERG11
geneproduct, lanosterol 14-a- demethylase. In a study
in Nigeria, resistanceto fluconazolewas 22%9*2. This
prevaenceisfar much lower comparedto the preva-
lenceof resistance observed in the present study which
was 74%. Although fluconazol e had been shownto be
very activeagaingt most dinical yeast organismsmostly
Candida spp, with susceptibility levelsof 90%, anin-
creaseinfluconazoleresistanceover timewasseen with
C. parapsilosis, C. guilliermondii, C. lusitaniae, C.
sake, and C. pelliculosa®?. Among the emerging
fluconazol e-resistant specieswere C. guilliermondii
(11.4% R), C. inconspicua (53.2% R), C. rugosa
(41.8% R), and C. norvegenesis (40.7% R). In an-
other study on the susceptibility of Candida spp. to
amphotericin B and fluconazole, Yang et d.,*® reported
that the preval ence of non-albicans Candida species
had increased as compared to previous studies, and
thiswasdueto thefrequent exposure of non-albicans
to fluconazol e which inducesthe exposed speciesto
devel opresigtance. Res stanceamong fungd organisms
to antifunga drugisoften theresult of multiplefactors
including theexpression of efflux pumpsin thefungal
cdl membrane, biofilm matrix permesgbility, and astress
responseinthefunga cedl®, Although severa factors
might beresponsiblefor the high resistance of yeast
isolatestofloconazolein the present study, frequent use
of fluconazolein thetreatment of fungd related infec-
tionsamongHIV and AIDS patientsintheregion might
beanimportant causeof thishighresstance. The present
study did not obtaindinicd information suchasthe CD4
countsof the patientsor thevira load. However, the
potentid effectsof fungd infectionsinthelungsneedto
beclarified. Infact, many patientstrested for TB inthe
hospitd sare“smear negative™™. Thisra sesthe possi-
bility of other pathogens been involvedin the symp-
toms experienced by the patients. Recent studies by
Jarvisand colleague have demonstrated thedisastrous
conseguences of pulmonary cryptococcosis misdiag-
nosed as smear-negative pulmonary tuberculosiswith
fatal consequences®®. The present study al so demon-
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sratesthe high prevaence of Cryptococcusneoformans
insputum samplesof HIV patientsco-infectedwith TB
and therefore supportsthe possbility of TB patientsto
be susceptibleto other funga infectionsaswell or the
possibility of thesefungd infectionsbe ng misdiagnosad
inalimited number of casesas‘‘smear negative TB”.
Further studiesare needed to confirmtheroleof pul-
monary fungal infectionsin “smear negative” patients.
Theformation of biofilmisamaor virulencefactor in
C. albicanspathogenesisand isrdlated to drug resis-
tance among these organisms. Studies by!?? indicated
that sessile C. albicans cells show controlled regula-
tion of gene expression, asthey quickly mount adrug
specific transcriptiond responsein the presenceof high
dosesof antifungal agents. Biofilm production depends
onthedifferent speciesof Candida. Inthe present study
we found that 33% of C. albicans produced biofilm
and appeared to bethemost biofilm producing species
when all the other Candida specieswere considered.
Inastudy conducted by™¥, (2007) the biofilm produc-
tion rate of non-albicans (41%) wasfound higher than
abicans(23%), andthedifferencewasstatisticaly sg-
nificant (p < 0.05). We did not find any association
between biofilm production and drug resistanceinthe
present study asprevioudy stipulated [32]. Thisdiffer-
ence could bedueto factorsthat could be experimen-
tal or strainrelated. Studieson larger sampleswith dif-
ferent conditionsmight givemoreinsight intotheroleof
biofilm on drug resi stance among yeast isol atesinthe
Kisumu Town district. Cryptococcus neoformansis
responsiblefor several syndromesof whichthemost
important iscryptoccoccd meningitisfollowed by cryp-
tococcal pneumonia®. Deok-JongYooeta.,"@ina
study donein Mulago Hospita (Uganda) reported that
pulmonary cryptococcosiswas common in HIV pa-
tients suspected with tuberculosisand themedian CD4
count among thosewith pulmonary cryptococcosiswas
23 cells per microliter. In the present study C.
neofor manswas the most commonly isolated organ-
Isminsputum samples (28%) among patientswith tu-
berculosis. Previousstudies haveindicated that theiso-
lation of C. neoformansfrom bronchial secretion of
HIV positive patients is a signa of disseminated
cryptococcosig* (Other types of Cryptococcushave
also been reported in the sputum of AIDS patients. In
Tamilnadu, India, acaseof pulmonary cryptococcoss
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caused by C. laurentii inadiabeticAIDS patient who
was on anti-tuberculosisand antiretroviral treatments
was reported®, In the present study, the only species
isolated was C. neofor mans, however, no effort was
made to further characterize the Cryptococcus spp.
isolated. Cryptococcus neofor mans biofilm produc-
ing strains have been shown to be more resistant to
antifungd drugsthan thenon biofilm producing strains.
Martinez et al.,” reported that the exposure of C.
neoformans cellsor preformed cryptococcal biofilms
to fluconazoleor voriconazoledid not result in yeast
growthinhibition and did not affect the metabolic ac-
tivitiesof thebiofilms, respectivey. Inthe present study
Cryptococcus neoformans was resistant to all the
drugstested with thelowest resistance being observed
to amphotericin B (31% resistance). Increased resis-
tance could be associated with exposureto thedrug as
previously described by who observedintheir study
that, upon exposure to stepwise increasesin the con-
centration of FL.C, subpopulationsthat could grow at
higher concentrationsemerged.

CONCLUSIONS

In conclusion, thisstudy showsthat HIV patients
infected with TB are often colonized with fungal organ-
isms. These organisms might contributeto the exacer-
bation of therespiratory syndromes although further
sudiesare needed to confirm thishypothesis. Themost
common opportunistic yeastsfound in therespiratory
tract of HIV patients co-infected with TB attending
Hospitd centersin Kisumu Town District, Kenya, are
Cryptococcus neoformans, Candida parapsiliosis,
Candida krusei and Candida albicans. Amphotericin
B wasthemost active drug against these opportunistic
pathogens. Thisstudy further highlightsthe need for
routi ne speci ation and antifunga susceptibility testing
onHIV patients. It dsoindicatestheemergenceof non-
albicans Candida as potentia important respiratory
pathogensin HIV patientsin Kisumu Town Digtrict and
morestudiesareneeded to clarify theroleof thesefun-
gd organismsinthedlinica presentation of pneumonia
inthetarget population. Theidentification of theinfect-
ing organismsand antifunga susceptibility testing will
enhancetheability of cliniciansto prescribe appropri-
ate antifungal therapy. Further studies are needed to
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confirmtheroleof pulmonary fungd infectionsin“‘smear
negative” patients.
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