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Background: Among the fungal pathogens, Candida species are the most common 
cause	of	urinary	tract	infection	(UTI).	Some	predisposing	factors	such	as	diabetes	mel-
litus, urinary retention, urinary stasis, renal transplantation, and hospitalization can 
increase	the	risk	of	candiduria.	The	aim	of	this	cross-	sectional	study	was	to	evaluate	
candiduria among type 2 diabetic patients and identification of the Candida isolates.
Method:	Four	hundred	clean-	catch	midstream	urine	specimens	were	obtained	from	
patients with type 2 diabetes mellitus. The specimens were centrifuged and the sedi-
ments	 were	 examined	 by	 direct	 examination	 and	 cultured	 on	 Sabouraud	 dextrose	
agar. The plates were incubated for 2- 3 days at 35°C. The Candida colonies were 
counted and purified using CHROMagar Candida. The isolates were identified by 
matrix-	assisted	laser	desorption	ionization-	time	of	flight	mass	spectrometry	(MALDI-	
TOF	MS)	system.
Results:	Of	the	400	urine	specimens,	40	(10%)	had	positive	cultures	for	Candida spe-
cies	with	a	colony	count	of	≥1	×	103	colony	forming	units	(CFU)/mL.	The	frequencies	
of the Candida species were as follows: C. albicans (n = 19,	47.5%),	C. glabrata	(n = 15, 
37.5%),	C. kefyer	(n = 4,	10%)	and	C. krusei	(n = 2,	5%).	Seventy-three	(88%)	of	the	pa-
tients	with	candiduria	had	hemoglobin	A1c	(HbA1c)	levels	above	7%.
Conclusion: The rate of candiduria was relatively high in type 2 diabetic patients and 
they	were	also	suffering	 from	a	 lack	of	proper	blood	glucose	control.	Although	the	
frequency	of	non-	albicans Candida species had not significantly higher than C. albicans, 
however, they obtained more from those with symptomatic candiduria.
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1  | INTRODUCTION

Urinary	tract	infection	(UTI)	is	one	of	the	most	common	infections	
encountered in clinical practice.1 They can be caused by a range of 
pathogens such as bacteria, fungi, parasites, and viruses.2 However, 
among the fungal agents and the opportunistic fungal infections 
involving urinary system, Candida species are the most rampant 
causes of UTI.3 During past 3 decades, several reports have indicaed 
a dramatic increase in the prevalence of candiduria.4 Candida spp. 
can be colonized in the lower or upper urinary tract system and cre-
ate pyelonephritis, cystitis, urethritis and prostatitis in men.5 They 

might even appear in the upper urinary tract from the bloodstream 
or raise the urinary tract from a focus of Candida colonization at 
near the urethra.6 Although C. albicans is the most commonly iso-
lated species in candiduria, the incidence of non- albicans species is 
ever increasing.7 Predisposing conditions such as diabetes mellitus, 
urinary stasis, renal transplantation, and hospitalization can increase 
the	 risk	 of	 candiduria.	 However,	 diabetes	 is	 one	 of	 the	main	 risk	
factors to develop it.4,8 Candiduria can lead to some serious compli-
cations among susceptible patients. Thus, following up of candiduria 
in	 susceptible	 individuals	 (especially,	with	high	 counts	of	Candida)	
can decrease the probable complications. Because of the presence 
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of Candida in urine may represent a range of conditions that re-
quire	 accurate	 interpretation,	 from	 contamination	 of	 specimen	 to	
infections	of	the	kidney	and	collecting	systems	to	a	life-	threatening,	
disseminated candidiasis.6 In addition, identification of Candida spp. 
and targeted antifungal therapy can reduce antifungal drug resis-
tance among Candida species.9 The present study was performed to 
evaluate candiduria among type 2 diabetic patients and their blood 
glucose control. In addition, the Candida isolates were identified 
using matrix- assisted laser desorption ionization- time of flight mass 
spectrometry	(MALDI-	TOF	MS)	system.

2  | MATERIAL AND METHODS

2.1 | Sampling and isolates

A	 cross-	sectional	 study	 was	 conducted	 during	 November	 2015-		
September	 2016	 at	 diabetes	 care	 unit	 of	 health	 center	 (NO.3),	
Mashhad	University	of	Medical	Sciences	(MUMS).	Official	permission	
for	 this	study	was	obtained	for	all	diabetic	patients	 (a	 fasting	blood	
sugar	≥	126	mg/dL)	who	were	referred	to	the	diabetes	care	unit.	The	
questionnaire	forms	were	filed	for	every	patient.	The	inclusion	crite-
ria included only the patients that had diabetes and no other major 
underlying	disease	(including	hematological	stem	cell	and	solid	organ	
transplantations, prolonged therapy with high- dose corticosteroids, 
hematological	malignancies	and	AIDS),	non	pregnant	and	not	taking	
antifungal drugs during the past 1 month.

Each	diabetic	patient	was	guided	 to	 roll	up	a	clean-	catch	mid-
stream urine specimen. About 15 mL urine specimen was collected 
in a sterile container from each diabetic patient. The urine pH and 
glycosuria was recorded for every specimen by the urine test strip. 
Also,	the	hemoglobin	A1c	(HbA1c)	levels	in	whole	blood	of	the	dia-
betic patients were measured. After mixing and homogenization of 
the urine, a inoculating loop with a volume of 0.01 μL was plated 
on	 Sabouraud	 dextrose	 agar	 (SDA)	 with	 chloramphenicol	 (Merk,	
Germany)	 using	 a	 glass	 spreader.	 The	 plates	 were	 incubated	 for	
2- 3 days at 35°C. Rest of the urine was centrifuged at 2500 rpm 

for 5 minutes. The pellet was vortexed until it was completely re-
suspended. Then, the prepared suspension was examined by direct 
microscopic examination.

In the culture plates, the colonies obtained after the incuba-
tion period were counted and only the specimens with a colony 
count	of	≥1	×	103 colonies were considered as positive cultures for 
Candida.10 The Candida isolates were purified by color of the colony 
on CHROMagar Candida medium.

2.2 | Identification of yeast species by MALDI- 
TOF MS

The obtained single yeast colonies were transferred and cultured on 
SDA	for	24	hour	at	35°C.	According	to	the	Bruker	Daltonics	(MALDI-	
TOF)	protocol	 for	 the	 identification	 of	 yeast	 isolates,	 the	 ethanol-	
formic acid extraction procedure was followed11: the fresh colonies 
were transferred in 1.5 mL microtubes and mixed thoroughly in 
300 μL	of	distilled	ultra-	pure	water.	Nine	hundred	microliters	of	pure	
ethanol	 100%	were	 added	 to	 tubes	 and	 after	 vortexing,	 they	were	
centrifuged at 14 000 rpm for 2.5 minutes. The supernatant was dis-
carded and the pellet was dried for 15- 20 minutes. Thirty microliters 
of	70%	aqueous	formic	acid	was	added	and	mixed	thoroughly.	Then,	
50 μL of acetonitrile was added and the mixture was centrifuged at 
14 000 rpm for 2.5 minutes. One microliter of the yeast extract super-
natant	was	placed	onto	the	polished	steel	MALDI	target	plate	(Bruker	
Daltonics,	Bremen,	Germany)	in	duplicate	and	allowed	to	dry	at	room	
temperature. One microliter of Matrix solution was used to overlay 
each sample, and the plate was air- dried at room temperature. The 
plate	was	loaded	into	the	Bruker	Auto	flex	III	MALDI-	TOF	MS	(Bruker	
Daltonics).	The	spectra	were	analyzed	using	the	Flex	Control	3.1	soft-
ware	and	MALDI	Biotyper	OC	version	3.1	and	a	score	of	≥2	indicated	
confidence to the species level.

2.3 | Data analysis

The	data	analyses	were	performed	using	SPSS	software	(version	16).	
Fisher’s	exact	test	was	used	in	the	analysis	of	contingency	tables.	A	P 
value less than .05 was considered significant.

3  | RESULTS

Among	the	400	diabetic	patients,	including	256	females	(64%)	and	144	
males	(36%),	40	patients	(12.5%	were	men	and	87.5%	were	women)	
had positive cultures for Candida. They had a significant candiduria 
with	 a	 colony	 count	 of	 ≥1	×	103	 colony	 forming	 units	 (CFU)/mL.	
According to the statistical analysis, there was a significant associa-
tion	between	female	gender	and	candiduria	(P	=	.006).	The	frequency	
of identified Candida	species	in	this	study	is	presented	in	Figure	1.

Considering	the	colony	count	of	≥1	×	104	CFU/mL,	the	candiduria	
prevalence	 is	 7%.	According	 to	 this,	 the	 frequencies	of	 the	Candida 
species were as follows: C. albicans (n = 13,	46.4%),	C. glabrata	(n = 12, 
42.8%),	C. kefyer	(n = 2,	7.2%)	and	C. krusei	(n = 1,	3.6%).

F IGURE  1 The	frequency	of	Candida species isolated from urine 
of type 2 diabetic patients
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The urine pH was from 5 to 8 among the diabetic patients and 
most patients with candiduria had a urine pH range of 5- 6. The pa-
tients	with	candiduria	had	a	glycosuria	in	a	trace	amount	(≥3	pluses),	
that	55%	(n = 22)	were	as	≥3	pluses.	Additionally,	the	HbA1c	level	was	
more	than	7%	in	32	(80%)	of	the	diabetic	patients	with	candiduria.

Table 1 shows the gender of type 2 diabetic patients and the rela-
tionship between candiduria and other urinary and blood factors.

4  | DISCUSSION

The current study has described a screening program to evaluate 
candiduria among type 2 diabetic patients and the identification of 
the Candida	isolates	using	MALDI-	TOF	MS	system.	The	assay	was	ap-
plied to analysis of 400 urine specimens and the urine pH and glyco-
suria. Also, the serum hemoglobin HbA1c levels of the patients were 
measured.

There is little data of the incidence candiduria among different pa-
tient around the world.6,12,13 It is even considered one of the most 
controversial issues in management protocols and the optimal treat-
ment options have not been standardized. Although most patients 
with candiduria are asymptomatic, and yeast agents are noted in the 
urine as an expected finding on a routine analysis or urine culture, but 

in some cases, it has been considered an important problem and can 
cause some complications.14,15

Some	recent	studies	have	shown	that	the	rate	of	candiduria	has	
increased and non- albicans Candida species are steadily increasing as 
the etiological cause of fungal UTI. However, all Candida species are 
capable of causing UTI.16-18 There are many predisposing factors for 
candiduria and diabetes is one of the main factors.4,8	 So,	Kauffman	
et al3 emphasized on early detection of candiduria among diabtic 
patients.

In this study, the prevalence of candiduria among type 2 diabetic 
patients	was	found	to	be	%10.	In	a	similar	study	it	has	been	reported	
in	 Ethiopia19	 and	 Saudi	Arabia,20	 the	 prevalence	was	 8.3%	 and	 8%	
respectively. Although, it has also been reported in other regions of 
the	world	between	2.27%	and	30%	in	various	studies	performed	on	
various patients.13,21,22 The conflicting results of these studies may be 
due to differences in the sample size, population studied, and even 
the location and geographical area. However, the important point that 
seems to be very effective in reporting the prevalence rate is the crite-
ria for determining of candiduria. In the current study, a colony count 
of	≥1	×	103	CFU/mL	in	urine	culture	was	considered	as	candiduria.	In	
other	studies,	a	colony	count	of	≥1	×	104	CFU/mL	in	urine	culture	was	
considered as candiduria. While in various studies, the definition of a 
positive urine culture is considered variable in the patients. In addition, 
this	is	further	complicated	by	lack	of	defined	laboratory	criteria	for	the	
diagnosis	as	fungal	UTI.	Eventually,	it	will	depend	on	the	presence	of	
symptoms and the method of urine specimen collection.23 In a similar 
study conducted in Iran, based on the criteria of this study, the can-
diduria	 prevalence	was	9.8%	 and	 this	 percantage	 is	 consistent	with	
the results of the current study.10 Considering the colony count of 
≥1	×	104	CFU/mL	in	this	study,	the	candiduria	prevalence	will	be	7%.	
However, this difference in the results is not significant.

The	candiduria	had	a	significantly	higher	rate	 in	 females	 (87.5%)	
than	males	(12.5%).	The	main	possible	factors	may	be	the	anatomical	
status of urinary system in women, vaginal infections and its proxim-
ity to anal. Other studies have also presented the same results.21-23 
Therefore, the candidiuria in women should be defined carefully, 
especially	 in	 diabetic	 patients.	In	 the	 present	 study,	 the	 frequency	
of non- albicans Candida	 species	 (52.5%)	was	higher	 than	C. albicans 
(47.5%).	Among	non-	albicans Candida species, C. glabrata	(37.5%)	had	
the	highest	frequency.	However,	among	Candida species, C. albicans 
was the most common cause detected in the patients, and C. glabrata 
was	the	second	most	common	cause	detected.	Unlike	most	reports	
from throughout the world and that of Iran, C. albicans is considered 
as the significantly dominant causative agent for candidiasis,24-27 
though in this study, it was not observed considerably in the diabetic 
patients with candiduria. There is an agreement on the high preva-
lence of non- albicans Candida species especially C. glabrata in the 
diabetic patients in Iran and other countries.10,19,28,29 The relatively 
high	 frequency	of	C. glabrata detection from these patients may be 
because of the higher prevalence of the fungus in them or be due 
to the antifungal resistance in Candida species. Although among 
the Candida spp., C. albicans azole resistance rates are generally 
low. However, the prevalence of other species resistant to triazoles 

TABLE  1 The gender of type 2 diabetic patients and relationship 
between candiduria and other factors in them

Variable

Positive 
culture for 
Candida

Negative 
culture for 
Candida Total P - value

Gender

Male 5 139 144 .001

Female 35 221 256

Total 40 360 400

Urine pH

 5- 6 38 208 246 .002

 >6- 7 2 142 144

 >7- 8 0 10 10

 Total 40 360 400

HbA1c	levels	(%)

	≤7 8 252 260 .001

 >7 32 108 140

Total 40 360 400

Glycosuria

Negative 0 15 15 .001

Trace 2 91 93

One plus 4 172 176

Two pluses 12 72 84

≥Three	pluses 22 10 32

Total 40 360 400

HbA1c, Hemoglobin A1c or glycated hemoglobin.
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especially fluconazole, such as C. krusei and C. glabrata, is increas-
ing.30 Hence, because of more resistance of non- albicans Candida to 
antifungal drugs, accurate identification of Candida species, especially 
in symptomatic candiduria seem to be necessary. One of the modern 
methods to identify Candida	species	is	MALDI-	TOF	MS	that	this	study	
used for identification the Candida isolates. Traditional methods can 
not differentiate Candida species correctly. Therefore, the reports in 
various	studies	that	have	used	traditional	or	nonmolecular	techniques	
cannot be termed reliable.31

Uncontrolled	(or	poorly	controlled)	diabetes	can	increase	plasma	
glucose	and	create	acidosis,	and	make	patients	susceptible	to	var-
ious infections.32 The important factors which can influence the 
transition from the morphological change from yeast to hyphal or 
pseudohyphal growth of Candida in the urinary tract are acid pH, 
proteinuria and limited nutrients. Indeed, the rates of germination 
and elongation of hyphae can be stimulated at low pH in the pres-
ence of nitrogenous compounds in the urine of predisposed pa-
tients.4 In addition, the pH- regulated expression of essential genes 
could	be	vital	 to	the	organism’s	survival.4 In the study, association 
between candiduria with glycosuria, acidic urine pH and poor con-
trol	diabetes	(HbA1c	>	7%)	was	a	significant	correlation.	These	find-
ings had a agreement with studies of Yismaw et al,19 Paul et al33 and 
Geerling et al34 This can be due to an increased susceptibility to 
Candida colonization rates.

One	of	the	limitations	of	this	work	was	the	small	population	size	
with clinical signs and symptoms of a UTI. Among the type 2 diabetic 
patients	with	candiduria,	only	6	(15%)	had	symptoms	of	UTI.	However,	
candiduria should follow up among the patients because it can lead to 
some serious complications, even those with the asymptomatic forms.

This study showed a candiduria with a relatively high prevalence 
among	 type	2	diabetic	patients.	Most	of	 them	suffer	 from	a	 lack	of	
proper	blood	glucose	control.	The	frequency	of	non-	albicans Candida 
species, especially C. glabrata was high. However, the timely recog-
nition of candiduria among type 2 diabetic patients, especially those 
with symptomatic forms and accurate identification of Candida iso-
lates is recommended to prevent the development of organ failure and 
other complications.
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