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Abstract

Background: Candida species are normal mycoflora of human body which are capable to cause urinary tract infection (UTI). Mannosebinding lectin (MBL) is a kind of innate immune system and decreasing plasma levels of MBL may disrupt the natural immune response
and increase susceptibility to infections.
Objectives: The aim of the present study was to assess MBL in the serum of patients with candiduria and compare them with control.
Patients and Methods: The blood and urine samples were collected from 335 patients (hospitalized in Golestan hospital, Ahvaz) using
standard methods and the growing colonies on CHROMagar were identified using routine diagnostic tests. MBL activity in the serum of 45
patients with candiduria and 45 controls was measured using Eastbiopharm enzyme-linked immunosorbent assay (ELISA) kit.
Results: In this study, 45 (13.4 %) urine samples were positive for Candida species (17 males and 28 females). The most common isolated yeast
was Candida albicans (34%), followed by C. glabrata (32.1%), C. tropicalis (9.4%), other Candida species (22.6%), and Rhodotorula species (1.9%).
The mean serum levels of MBL were 0.85 ± 0.01 ng/mL and 1.02 ± 0.03 ng/mL among candiduric patients and controls, respectively, and
there was no significant difference between the two groups (P = 0.6).
Conclusions: Our results showed that there was no significant relationship between MBL serum levels and candiduria.
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1. Background
The immune system is the most important part of the
human body to defend the host against microorganisms.
Complement as an important component of the innate
immune system against infections plays its role by three
molecules including C1q, mannose-binding lectin (MBL)
and C3, respectively in classical, lectin and alternative
pathways (1). All three pathways converge at C3 and finally the membrane attack complex establishes and causes
cell lysis. In the lectin pathway, MBL protein oligomers
play a major role. MBL is a C-type serum protein circulating in humans and birds (2, 3), which is synthesized in the
liver and is a dependent calcium (4, 5). This protein is able
to recognize and bind to mannose, N-acetylglucosamine
(6), peptidoglycan, and lipopolysaccharide (LPS) of microorganisms (7).
Sugar-binding proteins of MBL result in opsonization
and activation of the complement of lectin pathway
and clearance in the pathogen body. Reduced plasma
levels of MBL may disrupt the natural immune response
and increase susceptibility to infections (8). Generally,
the MBL rate circulating in human serum is constant
and ranges from 3 to 50 µg/mL (9). This difference in the
normal and reduced plasma level of MBL in justified by

three single nucleotide polymorphisms (SNPs) of Arg52Cys (rs5030737), Gly54Asp (rs1800450) and Gly57Glu
(rs1800451), which support MBL protein presence in the
first exon of the MBL2 gene (9-11).
Many studies have reported that substitution at codon
54 is associated with lower MBL protein concentration in
vagina and increased recurrent vulvovaginal candidiasis
in females (6). Colodner et al. based on an in vitro model
concluded that MBL was an important immune factor
against Candida albicans in human (8). Urinary tract infection (UTI) is a serious infection in hospitalized patients.
Diabetes, urinary catheter, female gender, drugs that suppress the immune system and genitourinary tuberculosis are the most important risk factors for candiduria (12).
The majority of UTI cases are caused by bacteria whereas
only 10% - 15 % of UTI causative agents are fungi (13). Reports have shown that UTI due to yeasts has increased
in the recent decades (14). The most common yeast that
infects the urinary and genital tracts in hospitalized patients worldwide is Candida (15). According to earlier articles, C. albicans is the predominant species in UTI of funguria and C. glabrata is the most frequent pathogen that
mixes with C. albicans and less with other Candida species
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(16-18). There is little information in the literature on MBL
serum levels in patients with candiduria. On the other
hand, the association of MBL deficiency with abdominal
Candida infection (19) and with vulvovaginal candidiasis
(8, 20) is not yet clearly known.

2. Objectives
The aim of the present study was to assess MBL in the
serum of patients with candiduria in two urology and
internal medicine wards and compare them with noncandiduric patients.

3. Patients and Methods
This project was approved in the ethical committee
of Ahvaz Jundishapur university of medical sciences
(AJUMS; rec. 1392.259). All the patients or parents signed
consent forms before sampling.

3.1. Urine Sample Culture and Yeasts Identification

In this study, 335 urine samples were collected from
patients admitted to urology and internal medicine
wards in Golestan hospital, affiliated to AJUMS, Iran. All
the patients with urinary catheters were excluded from
our study. At least 10 mL of the middle part of urines
were collected in sterile urine bottles and transported
quickly to the medical Mycology Laboratory, AJUMS, for
mycological examinations. Urine sample bottles were
shaken and then 10 µL of each uncentrifuged urine sample was spread on CHROMagar Candida plates (CHROMagar Candida®, France) (13). All the culture plates were
incubated at 37°C and aerobic conditions. After 24 - 48
hours, not only positive cultures were counted and recorded based on colony colors, but also a direct slide
was prepared and approved as yeast by microscopic examination. Finally, all the yeasts were identified using
germ tube test, morphology on cornmeal agar medium
(Difco, USA) with 1% Tween 80 (Merck, Germany), and
growth at 45°C.

added to each well in a 96-well microplate followed by
10 µL of MBL antibody and 50 µL of streptavidin- horseradish peroxidase (HRP). The microplate was covered
with seal plate membrane, shaken, and incubated at
37°C for 60 minutes. The microplate was washed using
washing buffer solution five times for removing unbound enzymes; 50 µL of each 3,3',5,5'-Tetramethylbenzidine (TMB) reagent (chromogenic reagent A and B)
was added to wells, shaken, and then incubated at 37°C
for 10 minutes. Finally, 50 µL of stop solution was added,
mixed completely and then the optical density (OD)
was read at 450 nm by an ELISA reader (Bio Lab, USA).
According to the standard concentrations and the corresponding OD values, the linear regression equation of
the standard curve was created and then according to
the samples ODs, the concentration of each corresponding sample was calculated.

3.4. Statistical Analysis

In the present study, Mann-Whitney and chi-squared
statistical tests were used for the analysis of the obtained
data and P < 0.5 was calculated as the significance value.

4. Results

4.1. Patients’ Results

Approximately, 2 mL peripheral blood sample was taken from each patient. The samples were centrifuged at
3000 rpm at room temperature; sera were separated and
stored at -20°C until use.

In the present study, 335 patients were sampled; 196
(58.5%) patients were hospitalized at the internal medicine ward of which 123 (62.8%) were female and the rest
were male. In addition, 139 (41.5%) patients were hospitalized at the urology ward, of which 108 (77.7%) were
male and 31 (22.3%) were female. In the present study, 14
of 139 (10.1%) and 31 of 196 (15.8%) hospitalized patients
at urology and internal medicine wards were positive
for candiduria, respectively. Our study showed that totally 45 (13.4%) urine samples were Candida species, of
which 14 (31.1 %) and 31 (68.9 %) were from urology and
internal medicine wards, respectively. Males were accounted for 8 (57 %) positive cases at the urology ward,
whereas 23 (74.2%) positive cases in the internal medicine ward were female. Polymicrobial species were also
detected in 7 (15.6%) urine samples, five samples from
the internal medicine ward (four females, one male)
and two from the urology ward (one male and one female).

3.3. Mannose-Binding Lectin Assay

4.2. Culture Results

3.2. Blood Samples

In the present study, MBL serum concentrations were
measured by an enzyme-linked immunosorbent assay
(ELISA) technique using an ELISA kit (mannose-binding
lectin, Eastbiopharm, USA) according to the manufacture’s instruction. The kit allows testing of MBL in the
range of 5 - 1500 ng/mL. Briefly, frozen sera samples were
remove from freezer and put at room temperature for
at least 30 minutes; 40 µL of each sample (serum) was
2

The results of urine cultures showed that the most
common recovered species was C. albicans (18, 34.0%),
followed by, C. glabrata (17, 32.1%), C. tropicalis (5, 9.4%),
other Candida species (12, 22.6%), and Rhodotorula species (1, 1.9%). In addition, the results of colony counts of
urine cultures showed that in 29 (54.7%) of the cases, the
level of Candida in urine was higher than 103 CFU/mL
(Table 1).
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Table 1. The Details of Colony Counts of Urine Cultures in Candiduric Patients
Organisms
C. albicans

C. glabrata

C. tropicalis

Candida Sp.

Rhodotorula Sp.
Total

500 >

501 - 1000

Colony Counts a
1001 - 5000

5001 - 10000

10000 <

7 (13.2)

1 (1.9)

2 (3.8)

2 (3.8)

6 (11.3)

18 (34.0)

7 (13.2)

3 (5.7)

2 (3.8)

2 (3.8)

3 (5.7)

17 (32.1)

1 (1.9)

0

0

0

4 (7.6)

5 (9.4)

2 (3.8)

2 (3.8)

2 (3.8)

1 (1.9)

5 (9.4)

12 (22.6)

1 (1.9)

0

0

0

0

1 (1.9)

18 (34.0)

6 (11.3)

6 (11.3)

5 (9.4)

18 (34.0)

53 (100)

aData are presented as No. (%).

Table 2. Mannose-Binding Lectin Serum Levels in Candiduric and Non-Candiduric Patientsa
MBL, ng/mL
< 50

Male
0

51 - 100

101 - 500

501 - 1000

1001 - 1500
> 1500
Total

Total

Research Group
Female

Total

Male

5 (11.1)

5 (11.1)

2 (4.4)

Control Group
Female

Total

1 (2.2)

3 (6.7)

0

0

0

0

3 (6.7)

3 (6.7)

13 (28.9)

21 (46.7)

34 (75.6)

9 (20.0)

20 (44.4)

29 (64.4)

2 (4.4)

0

2 (4.4)

2 (4.4)

2 (4.4)

4 (8.9)

1 (2.2)

3 (6.7)

4 (8.9)

3 (6.7)

2 (4.4)

5 (11.1)

0

0

0

0

1 (2.2)

1 (2.2)

16 (35.6)

29 (64.4)

45 (100)

16 (35.6)

29 (64.4)

45 (100)

aData are presented as No. (%).

4.3. The Results of Measuring Mannose-Binding
Lectin

A total of 90 hospitalized patients were selected, including 45 patients with candiduria (29 females and 16 males)
as the case group and 45 patients without positive cultures (29 females and 16 males) as the control group. The
mean levels of MBL were 0.85 ± 0.01 ng/mL and 1.02 ± 0.03
ng/mL among patients with candiduria and the control
group, respectively and there was no significant difference between the two groups (P = 0.6) (Table 2). There was
no statistical difference in the MBL serum levels between
males and females using chi-squared tests (P = 0.6). Although, we could not find any significant difference (P
= 0.8) between patients with candiduria and the control
group (non-candiduric patients) in the urology ward, the
statistical difference was significant (P = 0.2) between
hospitalized patients with candiduria and controls in the
internal medicine ward.

5. Discussion

Candiduria rarely occurs in the urinary tract in healthy
individuals, but it is a current event in hospitalized
patients due to several predisposing factors (21). Catheterization is one of the most important risk factors for
candiduria in hospitalized patients (84.4%), although
Jundishapur J Microbiol. 2015;8(12):e29491

eliminate or changing the catheter can eradicate candiduria (15). Our results showed that the prevalence of
candiduria among hospitalized patients in the internal
medicine ward was 15.8%, whereas 10.1% of hospitalized
patients in the urology ward had candiduria. Although
several studies have shown that candiduria has been
more prevalent among hospitalized patients, this prevalence has varied in hospital settings (13, 18). For example,
it has been 5.2% in children ward (14), 15.6% in urology
ward (22), and 43.1% in ICU ward (24). In addition, several epidemiological studies showed that candiduria
was more common among females (15, 18, 21). Although
Candida species are accounted as the most common UTI
causes, several other yeasts and yeast-likes can cause UTI,
such as Saccharomyces cerevisiae, Trichosporon asahii, Blastoschizomyces capitatus, Cryptococcus neoformans, Rhodotorula, and Geotrichum (13, 23-25). Our study showed that
the most common isolate from patients with candiduria
was C. albicans (34.0%), followed by C. glabrata (32.1%), C.
tropicalis (9.4%) and other Candida species (22.6%). We also
isolated a case of Rhodotorula.
Various factors such as galectin 3, toll-like receptors 2
and 4, DC-SIGN and membrane mannose receptor can be
involved in the defense against pathogenic C. albicans (3).
In addition, soluble lectin (such as MBL) enhances opsonization and phagocytosis of fungi, viruses, and bacte3

Moslem M et al.
ria (19, 26). Several studies showed that 20% - 40% of the
population had MBL deficiency due to variations in the
MBL gene (8, 19). The reduction in the MBL level is closely
associated with disease and some studies confirmed this
association. For example, lower levels of MBL were associated with increase of infections due to Streptococcus
pneumonia (27), dermatophytic infections (5), abdominal yeast infection (19), and recurrent vulvovaginal candidiasis (10). It was shown that MBL bound with several
medically important yeasts (such as C. albicans, C. parapsilosis and acapsular Cryptococcus neoformans) via mannan and enhanced opsonophagocytosis by polymorphonuclear granulocytes (4). Nedovic et al. reviewed several
published papers and found that the B allele of MBL gene
polymorphism has the role in vulvovaginal candidiasis
infections (20).
According to Miranda et al. MBL serum levels are classified as 0 - 500 ng/mL as low, 501-1000 ng/mL as medium, and > 1000 ng/mL as higher levels (29). In a study by
Damiens et al. a serum level of 100 ng/mL was defined
as the cut-off point for high MBL deficiency (3). On the
other hand, van Till et al. showed that patients with MBL
levels of < 500 ng/mL were 4.5 times more susceptible to
abdominal yeast infection (19). Our study showed that
86.7% and 77.7% of cases and controls respectively had
MBL deficiency with MBL levels of lower than 500 ng/mL.
Our study showed that totally, there was no significant association between MBL and candiduria among hospitalized patients in urology and internal medicine wards (P =
0.6). However, a significant difference (P = 0.2) was found
between MBL and candiduria among hospitalized patients in the internal medicine ward and control group.
Colodner et al. results showed that MBL serum levels
were not associated with an increased risk for recurrent
UTI in premenopausal women (8). On the other hand,
some studies showed that MBL deficiency could be associated with recurrent vulvovaginitis (10, 29), candidemia
(30) and Candida peritonitis (19). Our study limitations
were the relatively small size of cases and controls and
the unavailability of the genetic investigation of both
patient and control groups. Our results showed that the
reduction of MBL levels in the human body could not be
a risk factor for candiduria. However, more studies could
confirm our investigation.

Acknowledgments

We are thankful to the health research institute, infectious and tropical diseases research centre, Ahvaz Jundishapur university of medical sciences for cooperation in
this study. This article was also extracted from the MSc
thesis of Maryam Moslem.

Footnotes

Funding/Support:This study was a MSc thesis supported by a grant No. 92147 from Ahvaz Jundishapur University of Medical Sciences, Ahvaz, Iran.
4

Authors’ Contribution:Ali Zarei Mahmoudabadi contributed to project management, final approval of the
study and final editing of the manuscript. Maryam Moslem contributed to all the steps of experimental work,
data analysis, and manuscript draft preparation. Mahnaz
Fatahinia contributed to data analysis and editing the
manuscript draft. Alireza Kheradmand contributed to
data collection and presenting patients for sampling.

References
1.

2.
3.

4.

5.

6.

7.

8.

9.

10.
11.

12.

13.
14.

15.

Pellis V, De Seta F, Crovella S, Bossi F, Bulla R, Guaschino S, et al.
Mannose binding lectin and C3 act as recognition molecules for
infectious agents in the vagina. Clin Exp Immunol. 2005;139(1):120–
6. doi: 10.1111/j.1365-2249.2005.02660.x. [PubMed: 15606621]
Turner MW. Mannose-binding lectin (MBL) in health and disease. Immunobiology. 1998;199(2):327–39. doi: 10.1016/S01712985(98)80037-5. [PubMed: 9777416]
Damiens S, Poissy J, Francois N, Salleron J, Jawhara S, Jouault T, et
al. Mannose-binding lectin levels and variation during invasive
candidiasis. J Clin Immunol. 2012;32(6):1317–23. doi: 10.1007/s10875012-9748-2. [PubMed: 22833166]
van Asbeck EC, Hoepelman AI, Scharringa J, Herpers BL, Verhoef
J. Mannose binding lectin plays a crucial role in innate immunity against yeast by enhanced complement activation and
enhanced uptake of polymorphonuclear cells. BMC Microbiol.
2008;8:229. doi: 10.1186/1471-2180-8-229. [PubMed: 19094203]
Falahati M, Nami S, Zeini F, Ghelman M, Ghasemi Z, Nozari S. Investigation of Mannose–Binding Lectin Level and Deficiency in
Patients with Dermatophytosis. Jundishapur J Microbiol. 2013;6(9).
doi: 10.5812/jjm.8255.
Babula O, Lazdane G, Kroica J, Ledger WJ, Witkin SS. Relation
between recurrent vulvovaginal candidiasis, vaginal concentrations of mannose-binding lectin, and a mannose-binding
lectin gene polymorphism in Latvian women. Clin Infect Dis.
2003;37(5):733–7. doi: 10.1086/377234. [PubMed: 12942410]
Brouwer N, Dolman KM, van Houdt M, Sta M, Roos D, Kuijpers
TW. Mannose-binding lectin (MBL) facilitates opsonophagocytosis of yeasts but not of bacteria despite MBL binding. J Immunol.
2008;180(6):4124–32. [PubMed: 18322223]
Colodner R, Nitzan O, Chazan B, Edelstein H, Raz R. Mannosebinding lectin in pre-menopausal women with recurrent urinary tract infections. Clin Microbiol Infect. 2010;16(9):1394–8. doi:
10.1111/j.1469-0691.2009.03107.x. [PubMed: 19886899]
De Seta F, Maso G, Piccoli M, Bianchini E, Crovella S, De Santo D, et
al. The role of mannose-binding lectin gene polymorphisms in
women with recurrent bacterial vaginosis. Am J Obstet Gynecol.
2007;197(6):613 e1–3. doi: 10.1016/j.ajog.2007.04.009. [PubMed:
17678865]
Liu F, Liao Q, Liu Z. Mannose-binding lectin and vulvovaginal
candidiasis. Int J Gynaecol Obstet. 2006;92(1):43–7. doi: 10.1016/j.
ijgo.2005.08.024. [PubMed: 16256117]
Milanese M, Segat L, De Seta F, Pirulli D, Fabris A, Morgutti M, et al.
MBL2 genetic screening in patients with recurrent vaginal infections. Am J Reprod Immunol. 2008;59(2):146–51. doi: 10.1111/j.16000897.2007.00549.x. [PubMed: 18211540]
Paul N, Mathai E, Abraham OC, Michael JS, Mathai D. Factors
associated with candiduria and related mortality. J Infect.
2007;55(5):450–5. doi: 10.1016/j.jinf.2007.06.010. [PubMed:
17706785]
Zarei-Mahmoudabadi A, Zarrin M, Ghanatir F, Vazirianzadeh B.
Candiduria in hospitalized patients in teaching hospitals of Ahvaz. Iran J Microbiol. 2012;4(4):198–203. [PubMed: 23205252]
Seifi Z, Azish M, Salehi Z, Zarei Mahmoudabadi A, Shamsizadeh A.
Candiduria in children and susceptibility patterns of recovered
Candida species to antifungal drugs in Ahvaz. J Nephropathol.
2013;2(2):122–8. doi: 10.12860/JNP.2013.20. [PubMed: 24475438]
Kobayashi CC, de Fernandes OF, Miranda KC, de Sousa ED, Silva
Mdo R. Candiduria in hospital patients: a study prospective. Mycopathologia. 2004;158(1):49–52. [PubMed: 15487320]

Jundishapur J Microbiol. 2015;8(12):e29491

Moslem M et al.
16.
17.

18.
19.

20.

21.

22.
23.

Fisher JF, Sobel JD, Kauffman CA, Newman CA. Candida urinary
tract infections--treatment. Clin Infect Dis. 2011;52 Suppl 6:S457–
66. doi: 10.1093/cid/cir112. [PubMed: 21498839]
Robinson JL, Davies HD, Barton M, O'Brien K, Simpson K, Asztalos
E, et al. Characteristics and outcome of infants with candiduria
in neonatal intensive care - a Paediatric Investigators Collaborative Network on Infections in Canada (PICNIC) study. BMC Infect
Dis. 2009;9:183. doi: 10.1186/1471-2334-9-183. [PubMed: 19930662]
Bukhary ZA. Candiduria: a review of clinical significance and
management. Saudi J Kidney Dis Transpl. 2008;19(3):350–60.
[PubMed: 18445893]
van Till JW, Modderman PW, de Boer M, Hart MH, Beld MG,
Boermeester MA. Mannose-binding lectin deficiency facilitates
abdominal Candida infections in patients with secondary
peritonitis. Clin Vaccine Immunol. 2008;15(1):65–70. doi: 10.1128/
CVI.00297-07. [PubMed: 17978009]
Nedovic B, Posteraro B, Leoncini E, Ruggeri A, Amore R, Sanguinetti M, et al. Mannose-binding lectin codon 54 gene polymorphism and vulvovaginal candidiasis: a systematic review
and meta-analysis. Biomed Res Int. 2014;2014:738298. doi:
10.1155/2014/738298. [PubMed: 25143944]
Jain M, Dogra V, Mishra B, Thakur A, Loomba PS, Bhargava A. Candiduria in catheterized intensive care unit patients: emerging
microbiological trends. Indian J Pathol Microbiol. 2011;54(3):552–5.
doi: 10.4103/0377-4929.85091. [PubMed: 21934219]
Kobayashi CC, de Fernandes OF, Miranda KC, de Sousa ED, Silva
Mdo R. Candiduria in hospital patients: a study prospective. Mycopathologia. 2004;158(1):49–52. [PubMed: 15487320]
Zarei Mahmoudabadi A, Keradmand AR, Enayatollahi N. Frequency of candiduria in inpatients and outpatients in depart-

Jundishapur J Microbiol. 2015;8(12):e29491

24.

25.
26.

27.

28.

29.

30.

ment of Urology, Golestan Hospital, Ahvaz, Iran. Iran J Kidney Dis.
2009;3(2):114–5. [PubMed: 19395790]
Zarei Mahmoudabadi A, Rezaei-Matehkolaei A, Ghanavati F. The
susceptibility patterns of Candida species isolated from urine
samples to posaconazole and caspofungin. Jundishapur J Microbiol. 2015;8(3):e24298. doi: 10.5812/jjm.24298. [PubMed: 25861442]
Kauffman CA, Fisher JF, Sobel JD, Newman CA. Candida urinary
tract infections--diagnosis. Clin Infect Dis. 2011;52 Suppl 6:S452–6.
doi: 10.1093/cid/cir111. [PubMed: 21498838]
Singla N, Gulati N, Kaistha N, Chander J. Candida colonization in
urine samples of ICU patients: determination of etiology, antifungal susceptibility testing and evaluation of associated risk
factors. Mycopathologia. 2012;174(2):149–55. doi: 10.1007/s11046011-9514-7. [PubMed: 22723047]
Ertan P, Berdeli A, Yilmaz O, Gonulal DA, Yuksel H. LY96, UPKIB
mutations and TLR4, CD14, MBL polymorphisms in children with
urinary tract infection. Indian J Pediatr. 2011;78(10):1229–33. doi:
10.1007/s12098-011-0399-8. [PubMed: 21390520]
Eisen DP, Dean MM, Boermeester MA, Fidler KJ, Gordon AC, Kronborg G, et al. Low serum mannose-binding lectin level increases
the risk of death due to pneumococcal infection. Clin Infect Dis.
2008;47(4):510–6. doi: 10.1086/590006. [PubMed: 18611155]
Miranda KA, Vasconcelos LR, Coelho LC, Lima Filho JL, Cavalcanti
MS, Moura P. High levels of serum mannose-binding lectin are associated with the severity of clinical signs of leptospirosis. Braz J
Med Biol Res. 2009;42(4):353–7. [PubMed: 19330263]
Henic E, Thiel S, Mardh PA. Mannan-binding lectin in women
with a history of recurrent vulvovaginal candidiasis. Eur J
Obstet Gynecol Reprod Biol. 2010;148(2):163–5. doi: 10.1016/j.
ejogrb.2009.10.008. [PubMed: 19910100]

5

