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Background: IL-17 plays a major protective role against fungal infection in mice and 

humans. Genetic defects involving IL-17 increase the susceptibility to candidiasis. 

Objective: This study aimed at assessing the association between serum Interleukin-17A 

(IL17A) and candida infection in Intensive Care Unit patients with candidemia versus 

non-candidemic patients. Methodology: 90 individuals were included; 60 ICU patients, 

divided into 2 groups; group1: 30 patients with Candidemia, group 2: 30 patients with 

Candida in sputum and/or urine samples and 30 apparently healthy as a control group.  

All enrolled individuals underwent history taking, physical examination, laboratory 

assessment for Candida albicans infection and serum IL-17A. Results: IL17A level was 

significantly high among candidemia group (0.24  0.10 pg/ml) followed by group of 

candida in urine and sputum (0.08  0.02 pg/ml) (P-value <0.001). Conclusion: There 

was an association between IL-17A levels and candidemia suggesting its predictive value 

for a forthcoming invasive candidiasis. 

 
INTRODUCTION 

 

Candida is a part of the microbiota of the skin, 

mucous membranes, gastrointestinal tract, genital and 

urinary apparatus of humans. There are numerous risk 

factors associated with candidiasis. The main risk 

factors are those promoting Candida colonization and 

impairment of the host’s immunity. 
1
  

Candida albicans is a commensal fungus in humans, 

found mainly in the oropharynx, skin, and vaginal 

mucosa.
2 
 

     The incidence of invasive candidiasis, as with 

other opportunistic infections, has increased in recent 

decades in hospitalized patients as the result of 

increased use of therapeutic, medical and surgical 

procedures. The main population groups that develop 

these infections are critically ill patients (mainly 

postsurgical patients and those with large burns). 
3
  

The high mortality indices of the invasive fungal 

infections in spite of using active antifungal medications 

implies the presence of inadequate host immunity. 
4 
 

Th17 cells play a major role in defeating fungal 

infections. 
5
 

Th17 cells produce several cytokines including 

interleukin 17A (IL-17A) such cytokines promote the 

activated CD4+ T cells to produce   and enhance more 

Th17 cells IL-17A has multiple proinflammatory 

function.  IL-17A has been demonstrated, in numerous 

studies which involve both mucosal and systemic 

candidiasis, to play a major role in the immune defense 

against fungal invasion. 
6 
 

It is clear that early detection and appropriate 

management are critical in candida infection especially 

in immunocompromised individuals who hold a higher 

mortality rate. This could explain why the majority of 

patients (up to 70%) suffering a critical illness receive 

prophylactic systemic antifungal medications without 

any proof of the existence of such infection. So, urgent 

guidelines are required to guide the clinical practice 

towards the safest strategy for such patients.
7
 

IL-17 stimulates many proinflammatory cytokines 

and antimicrobial peptides such as defensing which 

eliminate the extracellular bacteria and fungi, also 

triggers the release of the granulocyte colony-

stimulating factor (G-CSF) as well as several 

chemokines which mediate the inflammatory process, 

including, but not limited to, CXCL1 and CXCL2. 
8
  

The current study aimed to assess the association 

between level of IL17A and candida infection in patients 

with candidemia in intensive care unit (ICU) versus non 

candidemic patients. 

 

METHODOLOGY 
 

The present study was conducted on 90 cases along 

the period between September 2015 and November 

2016 after the approval of the Moral Committee of 

Benha College of Medicine. Each enrolled individual 

was guaranteed an explanation regarding the rationale, 

https://meshb.nlm.nih.gov/record/ui?name=Interleukin-17
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methods, results, and complications and informed 

written consents was obtained from them. 

Ninety individuals were included; 60 ICU patients 

and 30 apparently healthy persons. The patient group 

was divided into 2 equal groups; Group 1, 30 patients 

with Candidemia and Group 2, 30 patients with candida 

in sputum and/or urine samples. All enrolled individuals 

were subjected to a meticulous history taking including 

demographic data, duration of hospital admission, 

broad-spectrum antibiotic treatment and its duration, as 

well as, the presence of a malignancy. Also, they 

underwent a thorough physical examination and 

laboratory investigations and assessment of the serum 

IL-17A. 

Samples:   

Blood samples  

Ten ml of blood were aseptically withdrawn from 

each patient in group1 and used as follows; 

Eight ml were used for blood culture, inserted through 

the rubber liner of the bottle cap under complete aseptic 

precautions   and incubated at 35-37 ° C for up to 15 

days. 

Two ml were used for detection of serum level of 

IL17A.  

Urine samples  
Mid-stream urine samples were collected in sterile 

containers or aseptically aspirating urine from port of 

urinary catheter.   

Sputum samples:  

Collection of sputum in sterile containers from 

endotracheal tube secretion or broncho-alveolar lavage 

samples.  

Blood culture 
9 

Strictly aseptic equipment and technique were used 

to collect blood samples from patients, which were then 

inoculated in the blood culture bottles (OXOID 

SIGNAL® BLOOD CULTURE SYSTEM code: 

BC0100) and mixed with the medium which was 

designed to create pressure in the sealed bottle during 

organisms’ growth to be detected by the indicator 

device connected to the bottle. The growth of all 

organisms including aerobic, anaerobic and micro-

aerophilic was detected as a rise in the level of 

blood/broth mixture.When the level of the mixture rises 

above the green locking sleeve of the growth indicator 

device, the result is considered positive. 

Subculturing of blood cultures was done on 

Sabouraud Dextrose Agar (Oxoid, England). The plates 

were incubated aerobically for 24 to 48 hours at 37°C.  

Urine and sputum samples 

Samples of urine and sputum were cultured on 

Sabouraud Dextrose Agar, Viable candidal cell count 

were done (for urine samples). 

Microbial growth on plates were identified 

conventionally  

 Identification of candida: 
Candida growth on sabouraud dextrose agar was 

identified by its colony morphology. Suspected colonies 

were examined morphologically by Gram-stain and 

germ tube test. 
10-11 

 ELISA )BMS2017 and BMS2017TEN human IL-

17A)                                       

Enzyme-linked Immunosorbent Assay for quantitative 

detection of human IL-17.    

(Affymetrix eBioscience part of Thermo Fisher 

Scientific American multinational) 

 Principle of the ELISA test:   
An anti-human IL-17A coating antibody was 

adsorbed onto micro wells then human IL-17A was 

added to the sample or standard ties to antibodies 

adsorbed to the micro wells. A biotin-conjugated anti-

human IL-17A antibody was ties and binds to human 

IL-17A caught by the main counter acting agent, 

following brooding unbound biotin-conjugated anti-

human IL-17A antibody was removed during a wash 

step. Streptavidin-HRP was added and bound to the 

biotin- conjugated anti-human IL-17A antibody. 

Following brooding unbound Streptavidin- HRP 

was expelled during a wash step, and substrate 

arrangement reactive with HRP was added to the wells, 

a coloured product was formed in proportion to the 

amount of human IL-17A present in the sample or 

standard.  The reaction was terminated by addition of 

acid and absorbance was measured at 450 nm. A 

standard curve was prepared from 7 human IL-17A 

standard dilutions and human IL-17A sample 

concentration was determined. 

Statistics analysis  

The gathered data were structured, tabulated and 

statistically examined using SPSS software (Statistical 

Bundle for the Sociable Sciences, version 20, SPSS Inc. 

Chicago, IL, USA). Box plots were performed to 

demonstrate median, first and third quartiles of the 

quantitative data. Comparability between two teams and 

much more was done using Chi-square test, Independent 

t-test was used in the comparison between two groups, 

One Way Analysis of Variance (ANOVA) test and 

Kruskall-Wallis test was used in the comparison 

between more than two groups 

P-value was considered significant if <0.05 and highly 

significant if <0.001. 

 

RESULTS 
 

There was a significant difference between the two 

studied groups regarding age where the Mean  SD of 

patients of candidemia group and candida in urine and 

sputum group was 66.13  11.31 years and 54.8016.09 

years, respectively (Table 1). 
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Table 1: Comparison between different studied groups regarding age. 

 

 
Candidemia 

(n = 30) 

Candida in urine and sputum 

(n = 30) 

Control group 

(n = 30) 

Mean  SD Range Mean  SD Range Mean  SD Range 

Age 66.13 11.31 45 - 85 54.80 16.09 21 - 81 53.67  15.51 28 -80 

 

There was non significant difference between males and females as regard candida infection (table 2).  

 

Table 2: Comparison between different studied groups regarding sex. 

 

Candidemia 

(n = 30) 

Candida in urine andsputum 

(n = 30) 

Control group 

(n = 30) 
Chi square test 

No. % No. % No. % X
2
 P-value 

Sex Female 13 43.3% 11 36.7% 17 56.7% 
2.509 0.285 

Male 17 56.7% 19 63.3% 13 43.3% 

  

Patients in candedmia group had longer duration of anti-biotic treatment and prolonged hospital stay when 

compared with group of candida in urine and sputum. (Figure1). 

 

 
Fig. 1: Comparison between candidemia and Candida in urine and sputum regarding  

duration of admission and antibiotic therapy. 

 

 

There was significant difference between the three studied groups regarding presence of solid tumor as, 36.7% 

candidimeia group had solid tumor, while no one of the two other groups had solid tumor (Figure 2). 

 

 

 
Fig. 2: Presence of solid tumor regarding candidemia group and candida in  

sputum and urine group. 
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There was an increase in serum level of IL-17A 

which is statistically significant between studied groups 

candidemia versus candida in urine and sputum, 

candidemia versus control and candida in urine and 

sputum v.s control group, as higher levels were found in 

the candidemia group (0.24 0.10 pg/ml) followed by 

the group of candida in urine and sputum (0.08  0.02 

pg/ml) (P-value <0.001). (Table3). 

 

 

Table 3: Comparison between IL17A level in candidemia group and candida in sputum and urine group 

 Candidemia 

(n = 30) 

Candida in urine  

and sputum 

(n = 30) 

Control group 

(n = 30) 

One way ANOVA 

Mean  

SD 

Range Mean  

SD 

Range Mean  

SD 

Range f P-value 

Result of IL17A 

in  pg/ml   

0.24 

0.10 

0.104 -

0.433 
0.08  

0.02 

0.05 - 

0.132 
0.01  

0.00 

0.001- 

0.01 

125.684 <0.001 

 

There was a significant positive correlation between duration of antibiotic treatment and serum IL-17A (Figure 3). 

 

 
Fig. 3: Correlation between serum IL17A and duration of antibiotic therapy 

 

 

Table 4: Comparison between serum level of IL17A among the studied groups. 

 Serum level of IL17A in pg/ml in 

patients with Candidemia 

Independent t-test 

Mean in pg/ml SD t P-value 

Sex Female 0.25 0.09 
0.617 0.542 

Male 0.23 0.10 

Pneumonia Negative 0.24 0.10 
1.639 0.112 

Positive 0.13 0.01 

UTI Negative 0.24 0.10 NA NA 

Solid tumor Negative 0.23 0.10 
-0.530 0.601 

Positive 0.25 0.10 

Immunocompromised Negative 0.24 0.10 
0.140 0.889 

Positive 0.23 0.10 

 

P-value of independent t- test showed non significant difference between serum level of IL17A among the studied 

groups (table 4). 
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DISCUSSION 
 

In the current study the Mean  SD of patients age 

of candidemia group and candida in urine and sputum 

group was 66.13  11.31 years and 54.80   16.09 years, 

respectively. The highest risk for invasive candidiasis–

associated hospitalized patients progressively increased 

by age which is in line with Strollo and his colleagues 
12

 

and a previously published report of population-based 

surveillance for candidemia. 
13

  

This could be attributed to many factors, for 

instance, the high incidence of comorbidities, aging-

related physiological changes, many medication intake, 

and high colonization rate 
14-15

.  

Regarding sex distribution in our study population; 

males represented more than half of both of the 

candidemia group and Candida in urine and sputum 

group. This is in accordance with the findings of Mert 

and his colleagues
16

, as they found that 61.7% of 

patients diagnosed with candidemia were males.  

    In the present study 36.7% of the candidemia 

group were patients with solid tumor. Accordingly, 

Raza and his colleagues 
17

 reported that cancer patients 

are more liable to suffer candidemia than patients 

having other disorders.  

   In the present study we found that patients in 

candidemia group had longer duration of antibiotic 

treatment than patients with candida in urine and 

sputum group.  Our results agree with the findings of 

Petri and his colleagues 
18

 as they stated that use of 

antibiotics is one of risk factors for infections with 

candida spp. This can be explained by the use of 

multiple antibiotics which suppress the bowel flora. 
19

  

    In the current study, there was a significant 

positive correlation between the duration of antibiotic 

treatment and the serum IL-17A. Kim and his 

colleagues
20 

assessed the IL-17 serum level before, 

during, and after an antibiotic therapy and reported a 

significantly lower IL-17 level during and after the 

treatment than before the treatment. 

   This could be attributed to the altered 

pathogenicity of the endogenous flora induced by the 

antibiotic therapy, which might require increased 

antibiotic selection pressure to induce a colonization of 

the skin and gastrointestinal tract.
21

 

Also, candidemia group was associated with 

prolonged hospital stay when compared with the group 

of candida in urine and sputum. This is in accordance 

with the findings of Peres-Bota and his colleagues
22

, as 

they reported that the duration of ICU stay was an 

independent predictor for Candida spp. infection.         

This can be explained by prolonged hospital stay is 

associated with presence of central venous catheters, 

parenteral nutrition, antibiotic therapy, antifungal 

prophylaxis or surgical procedures. 
23

  

In the current study, there was a highly statistically 

significant difference between studied groups 

candidemia versus candida in urine and sputum, 

candidemia v.s control and candida in urine and sputum 

versus control group regarding results of IL7A, as 

higher levels were found in the candidemia group 

followed by group of candida in urine and sputum. 

Krause and his colleagues 
24

 reported a similar result in 

their study, IL-17A levels detected in cases with 

candidemia were significantly higher than those free of 

invasive candidiasis.  

Akin and his colleagues 
25 

also revealed a higher 

level of the Th17 type cytokine. IL-17 is elevated in the 

serum of candidemia cases compared to both bacteremia 

cases and healthy individuals. The important role that 

Th17 conduct in the immune defense against fungal 

infection explains the elevated serum IL-17A levels in 

candidemic patients. This role was first confirmed in 

mice lacking IL-17 receptor (IL-17RA) which 

demonstrated an increased susceptibility to a 

disseminated C. albicans infection. 
26

  

Th17 cells secret interleukin 17A (IL-17A) in 

response to the stimulation of interleukin 6 (IL-6), 

interleukin 23 (IL-23), and interleukin 1β (IL-1β). 
27

 

 

CONCLUSION 
 

In conclusion, candidemic patients had significantly 

higher level of IL-17A compared with non-candidemic 

patients. The statistically significant association 

between serum IL-17A levels and candidemia suggests 

its potential benefit as biomarker for anticipation of 

invasive candidiasis, which should be investigated in 

further studies. 

 

REFERENCES 
 

1. Martins N, Ferreira IC, Barros L, Silva S, 

Henriques M. Candidiasis predisposing factors, 

prevention, diagnosis and alternative treatment 

Mycopathologia 2014;177:223-240. 

2. Berberi A, Noujeim Z, Aoun G. Epidemiology of 

oropharyngeal candidiasis in human 

immunodeficiency virus/acquired immune 

deficiency syndrome patients and CD4+ counts 

Journal of international oral health: JIOH 

2015;7:20. 

3. Candel FJ,Pacheco CP, Ruiz-Camps I, Maseda E, 

Benito MS, et al.  Matesanz M.Update on 

management of invasive candidiasis. Rev Esp   

Quimioter.2017;30(6): 397-406. 

4. Spec A et al. T cells from patients with Candida 

sepsis display a suppressive immunophenotype 

Critical care. 2016;20:15. 

https://www.sciencedirect.com/science/article/pii/S1198743X14623375#!


El hawary et al. / IL17A in Icu candidemia, Volume 27 / No. 3 / July 2018   7-12 

 

 

Egyptian Journal of Medical Microbiology 

www.ejmm-eg.com     info@ejmm-eg.com 
12 

5. Mengesha BG, Conti HR The role of IL-17 in 

protection against mucosal Candida infections 

Journal of Fungi.2017; 3:52. 

6. Camargo JF, Husain S Immune   correlates of 

protection in human invasive aspergillosis Clinical    

Infectious Diseases. 2014; 59:569-577. 

7. Hamdy RF, Zaoutis TE, Seo SK. Antifungal 

stewardship considerations for adults and pediatrics 

Virulence. 2017; 8:658-672. 

8. Kuwabara T, Ishikawa F, Kondo M, Kakiuchi T. 

The Role of IL-17 and Related Cytokines in 

Inflammatory Autoimmune Diseases. Mediators 

Inflamm.2017;3908061. 

9. Murray, P. R., Traynor, P., & Hopson, D.  Critical 

assessment of blood culture techniques: analysis of 

recovery of obligate and facultative   anaerobes, 

strict aerobic bacteria, and fungi in aerobic and 

anaerobic blood culture bottles. Journal of clinical 

microbiology.1992; 30(6), 1462-1468. 

10. Cheesbrough M District Laboratory Practice in 

Tropical Countries. vol pt. 2, 4th ed. Cambridge 

University Press, P 2016; 247-234. 

11. Sheppard, D. C., Locas, M.C., Restieri, C., & 

Laverdiere, M.  

12. Utility of the germ tube test for direct identification 

of Candida albicans from positive blood culture 

bottles. Journal of clinical 

microbiology.2008; 46(10),3508-3509.  

13. Strollo S, Lionakis MS, Adjemian J, Steiner CA, 

Prevots DR.  Epidemiology of hospitalizations 

associated with invasive candidiasis, United States, 

2002–2012 Emerging infectious diseases. 2017; 

23:7. 

14.  Cleveland AA et al. Declining incidence of 

candidemia and the shifting epidemiology of 

Candida resistance in two US metropolitan areas, 

2008–2013:resultsfrompopulation-based 

surveillancePLoSOne.2015;10:e0120452. 

15. Luzzati R, Cavinato S, Deiana ML, Rosin C, 

Maurel C, Borelli M. Epidemiology and outcome of 

nosocomial candidemia in elderly patients admitted 

prevalently in medical wards. Aging Clin Exp 

Res.2015; 27:131–137. 

16. Luzzati R, Merelli M, Ansaldi F, Rosin C, Azzini 

A, Cavinato S, et al. Nosocomial candidemia in 

patients admitted to medicine wards compared to 

other wards: a multicentre study. Infection First 

Online. 2016; 11 July 2016. 

17. Mert D, Yilmaz GR et al.  Evaluation of 

epidemiological characterestics, risk factors and 

antifungal sensitivity of candedmia cases cases in a 

tertiary care hospital. Acta Medica 

Mediterranea.2017; 33: 815. 

18. Raza A, Zafar W, Mahboob A, Nizammudin S, 

Rashid N, Sultan F. Clinical features and outcomes 

of Candidaemia in cancer patients: Results from 

Pakistan. J Pak Med Assoc. 2016;66:584–589. 

19. Petri MG, Konig J, Moecke HP, et al. 

Epidemiology of invasive mycosis in ICU patients: 

a prospective multicenter study in 435 non‐
neutropenic patients. Paul‐Ehrlich Society for 

Chemotherapy, Divisions of Mycology and 

Pneumonia Research Intens Care Med.1997; 23, pp. 

317-325. 

20. Zaoutis, T.E., Prasad, P.A., Localio, A.R., Coffin, 

S.E., Bell, L.M., et al.   

21. Risk factors and predictors for candidemia in 

pediatric intensive care unit patients: Implications 

for prevention. Clin. Infect. Dis. 2010; 51: e38-e45. 

22. Kim S.-Y,. Koh W.-J,, Park H.Y., Jeon K., Kwon 

O.J.,. Cho S.-N and Shin S. J. Changes in serum 

immunomolecules during antibiotic therapy for 

Mycobacterium avium complex lung disease. 

Clinical and ExperimentalImmunology.2013;176: 

93–101. 

23. Krcmery, V., and A. J. Barnes.  

24. Non-albicans Candida spp. Causing fungaemia: 

pathogenicity and antifungal resistance. J. Hosp. 

Infect. 2002; 50:243-260. 

25. Peres-Bota D, Rodriguez-Villalobos H, 

Dimopoulos, G.Melot and C.Vincent J.-L.  

26. Potential risk factors for infection with Candida 

spp. in critically ill patients. Clinical Microbiology 

and Infection. 2004;10(6):550-555. 

27. Richardson MD. Changing patterns and trends in 

systemic fungal infections. J Antimicrob 

Chemother.2005 ;56(Suppl. S1):i5-i11. 

28. Krause R, Zollner-Schwetz I, Salzer HJ, Valentin 

T, Rabensteiner J, et al.Elevated levels of 

interleukin 17A and kynurenine in candidemic 

patients, compared with levels in noncandidemic 

patients in the intensive care unit and those in 

healthy controls. J Infect Dis. Feb 

.2015;1;211(3):445-51. 

29. Akin H, Akalin H, Budak F, Ener B, Ocako˘glu G, 

Gurcuoglu E , et al.2015: Alterations of serum 

cytokine levels and their relation with inflammatory 

markers in candidemia.  MedicalMycology, 

53:258–268. 

30. Huang W, Na L, Fidel PL, Schwarzenberger P 

Requirement of interleukin-17A for systemic anti-

Candida albicans host defense in mice The Journal 

of infectious diseases.2004; 190:624-631. 

31. Krause R et al. Elevated levels of interleukin 17A 

and kynurenine in candidemic patients, compared 

with levels in noncandidemic patients in the 

intensive care unit and those in healthy controls The 

Journal of infectious diseases.2014;211:445-451. 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Kuwabara%20T%5BAuthor%5D&cauthor=true&cauthor_uid=28316374
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ishikawa%20F%5BAuthor%5D&cauthor=true&cauthor_uid=28316374
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kondo%20M%5BAuthor%5D&cauthor=true&cauthor_uid=28316374
https://www.ncbi.nlm.nih.gov/pubmed/28316374
https://www.ncbi.nlm.nih.gov/pubmed/28316374
https://www.sciencedirect.com/science/article/pii/S1198743X14623375#!
https://www.sciencedirect.com/science/article/pii/S1198743X14623375#!
https://www.sciencedirect.com/science/article/pii/S1198743X14623375#!
https://www.sciencedirect.com/science/article/pii/S1198743X14623375#!
https://www.sciencedirect.com/science/article/pii/S1198743X14623375#!
https://www.sciencedirect.com/science/article/pii/S1198743X14623375#!
https://www.sciencedirect.com/science/journal/1198743X
https://www.sciencedirect.com/science/journal/1198743X
https://www.ncbi.nlm.nih.gov/pubmed/?term=Krause%20R%5BAuthor%5D&cauthor=true&cauthor_uid=25149761
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zollner-Schwetz%20I%5BAuthor%5D&cauthor=true&cauthor_uid=25149761
https://www.ncbi.nlm.nih.gov/pubmed/?term=Salzer%20HJ%5BAuthor%5D&cauthor=true&cauthor_uid=25149761
https://www.ncbi.nlm.nih.gov/pubmed/?term=Valentin%20T%5BAuthor%5D&cauthor=true&cauthor_uid=25149761
https://www.ncbi.nlm.nih.gov/pubmed/?term=Valentin%20T%5BAuthor%5D&cauthor=true&cauthor_uid=25149761
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rabensteiner%20J%5BAuthor%5D&cauthor=true&cauthor_uid=25149761
https://www.ncbi.nlm.nih.gov/pubmed/25149761

