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Abstract: Candida vulvovaginitis is a frequent condition, and although several risk factors are known,
its behavior is still enigmatic. The seasonal influence of climate conditions and living habits on its
prevalence was studied. In a retrospective lab-based cohort over 10 years, we studied the prevalence of
Candida in 12,941 vaginal cultures taken from women attending a vulvovaginitis clinic. The prevalence
of non-albicans and albicans species were compared per month to detect differences in positivity rates
in summer versus winter months. Chi-square and chi-square for trend were used. Of the 2109 (16.3%)
Candida spp. positive swabs, 201 (1.0%) revealed non-albicans species, varying between 1.0% and
2.0% per month, but without significant monthly differences. Over the 10 years, compared to other
months, vaginal Candida was more frequent in June (19.0%, p = 0.008) and less frequent in December
(14.5%, p = 0.04). The Candida prevalence was 15.5% in summer (June/July/August) versus 14.0% in
the winter (Dec/Jan/Feb, p = 0.04). Change in temperature, dietary habits, and bodily adaptations
due to increased amount of sunlight were discussed as potential pathophysiological mechanisms
to explain the excess of Candida in summertime. Further confirmatory research would be beneficial.
Women at risk for Candida vulvovaginitis should pay more attention to living habits in summertime to
avoid recurrences.
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1. Introduction

Vulvo-vaginal Candida infections are amongst the most frequent reasons to visit a
gynecological practice [1,2]. Besides treatment with antifungal medications [3–5], several
recommendations are given to women to prevent recurrence of such episodes. Although
in the 1980s it was suggested that recurrent vaginal Candida infections may be caused by
sexual activity [6], in recent studies, different types of sexual behavior did not influence
the efficiency of maintenance treatment in patients with recurrent vulvovaginal Candida
infections [7]. Due to more frequent recurrences [8] and increased resistance against
antifungal therapy [9] in women with colonization at multiple non-genital sites of their
body, spread, especially form the rectum, was considered a possible mechanisms involved
in the causation of recurrent vulvovaginal candidosis (RVVC, defined as four or more
episodes per year of which at least one is proven by culture), leading to the preference of
systemic rather than local therapy for such women [10]. On the other hand, research using
rDNA restriction fragment length polymorphisms clearly demonstrated that the vaginal
and rectal strains were different and that reinfection due to spread from the anus could not
be blamed for recurrences after therapy [11].

Genetic predisposition due to deficient innate immunity is also related to the likelihood
of developing recurrent disease, as more women with RVVC are suffering from atopic
disease [12,13]. The finding of DNA polymorphisms leading to impaired mannose binding
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lectin is not only related to more frequent recurrences of VVC [14,15] but is also associated
with different response to maintenance therapy [16]. Since decades, intensive research
is ongoing to unravel the T-helper 1 and 2 responses to Candida infection of the vagina,
thereby trying to explain the different responses of women to the same challenge with
Candida organisms [17–21].

Amongst other mechanisms of pathogenesis, use of antimicrobials, immunosuppres-
sion, impaired glucose metabolism, and pregnancy are the most well-known and generally
recognized triggering factors [10]. Although recurrences of Candida vaginitis are more
frequent in diabetic women whose glucose is not well controlled [22–24], and some women
with recurrent vulvovaginal Candida infections tend to have in increased serum glucose
level after glucose tolerance testing compared to healthy controls [25], no difference could
be detected in response level to fluconazole maintenance therapy in women with RVVC [26].
However, changing the hormonal milieu of the contraceptives and the application of differ-
ent methods of perineal hygiene are also recognized as helpful means by many women [27].
The latter are most likely linked to the stimulation of Candida growth due to the triad of
warmth, humidity, and lack of ventilation in the perineal area in women, including the use
of perineal pads and tight-fitting clothes [28]. Many of these risk factors are debatable and
will vary from practice to practice depending on the own experiences and beliefs.

Temperature, sunlight exposure, dietary changes, and clothing habits may also vary
during seasons. In Belgium, summers are typically hot and often humid, winters cold
and dry, and intermediate seasons with a great deal of rainfall. Both in summertime and
wintertime, even more extreme climate conditions are sought, as people tend to go to even
more hot and sunny places in summer and visit ski resorts in winter. Clothing changes from
loose and light during summer to warm and multilayered during wintertime. Furthermore,
consumption of food and drinks usually varies according to the seasons. As we also had an
impression in clinical care that more infections are also present in summer than in winter,
we decided to perform a retrospective observational laboratory-based survey to test this
hypothesis. Our aim was to detect different infection rates with Candida in vaginal swabs
in summer or winter months over a 10-year period in women presenting at an outpatient
gynecology service in Belgium with vulvovaginal symptoms or follow up of treatment
for such symptoms. As a secondary aim, we tested whether non-albicans species could
account for any such differences found.

2. Methods
2.1. Collection of Samples

Vaginal swabs were collected from women presenting at the outpatient gynecology
Department of the Regional Hospital Heilig Hart in Tienen, Belgium, from September 2007
until August 2017. Women presented with vulvovaginal complaints or in follow up for
infections by gynecologists working at the outpatient clinic. Most swabs originated from
women presenting at a specialized vulvo-vaginitis clinic, which was organized 3 times
weekly. Patients can be referred by gynecologists or dermatologists, general physicians,
or walk in for advice without referral. Seventy percent of patients are from the local
community in the central area of Belgium (radius circa 50 km) and are often self-referred,
while the remaining 30% originate from more remote areas, mostly referred by their
general physician or specialists. Women originating from non-European countries were
a minority of 5%, with 30% of them being of Eastern and Southern European origin. At
this consultation, mainly patients presenting with recurrent vulvovaginal symptoms, with
vague and undetermined symptoms, or for follow up during treatment regimens were seen.
The other swabs originated from patients presenting with vulvovaginal symptoms at any
consultation throughout the week and at any time of the day. Patients visiting these clinics
are largely reimbursed (around 80%) for their consultation fees and almost fully for the
lab cultures (95%) by the national general health insurance system. All swabs were taken
through a speculum, from the upper lateral vaginal vault.
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2.2. Laboratory Techniques for Vaginal Candida Cultures

Swabs were immediately transferred into liquid Amies preservation medium (BD Cul-
tureSwab™ MaxV(+) Amies Medium without Charcoal (MaxV(+); manufactured by Copan
Diagnostics Inc., Murrieta, CA, USA for Becton Dickinson and Co., Sparks, MD, USA) and
transported to the laboratory the microbiology laboratory of the Regional Hospital Heilig
Hart in Tienen, Belgium at ambient temperature within 2 h to maximal 6 h after sampling.
Upon receipt in the laboratory, the swab was inoculated in a tryptic soy agar plate with 5%
sheep blood [29]. After 18- to 24-h incubation, the plate was examined for the presence of
Candida. The results were reported as C. albicans if filamentation was seen within two hours
when inoculated in human serum. Candida non-albicans was subtyped by Vitek II, using the
YST card system (BioMérieux, Marcy-l’Étoile, France) [30].

2.3. Collection of Seasonal Climate Conditions

Local climate conditions in Belgium, such as the mean amount of sunshine per day
(in Kw/h per day), level of clearness (score between 0 and 1), mean number of rainy days,
and mean daily temperature per month, were retrieved from the NASA Langley Research
Center Atmospheric Science Data Center; New et al., 2002, found at https://www.gaisma.
com/en/location/brussels.html (accessed on 12 October 2018).

2.4. Statistical Analysis

The proportion of total Candida sp., C. albicans, and non-albicans positive culture results
were reported per accumulated month over the period of 10 years. In case of co-infection
of a C. albicans and non-albicans strain, it was counted as C. albicans.

Statistical analysis was done by chi-square to compare the prevalence during each
particular month versus the mean prevalence during the 10-year observation period. A
p-value of 0.05 was considered significant.

Subsequently, Pearson correlation between the mean monthly percentages of total
Candida, C. albicans, and C. non-albicans vaginal infection and the 4 above-mentioned climate
characteristics in Belgium during the corresponding month were calculated. The correlation
coefficient (R2) and p-value are presented. p-Values of less than 0.05 were significant.

Finally, the difference between the mean percentages of Candida infection during the
3 summer months and 3 winter months were analyzed by the unpaired Student’s t-test.
These findings were compared with the differences in weather conditions within the same
summer and winter months.

3. Results

The monthly number of swabs processed during the study period were between 69
and 176, with a mean of 107.8 ± 22.8. As a mean total per month over the 10-year span, the
lowest number of cultures were processed in August (n = 863) and the most in December
(n = 1240). Overall, 2109 of 12,941 cultures were positive for Candida spp. (16.3%), 201
of which revealed non-albicans species (1.0% of Candida positives). The percentage of
non-albicans strains varied between 1.0 and 2.0% per month, without significant differ-
ences. Over the 10-year period, during the month of June, significantly more cultures were
positive for Candida sp. (182/1082, 19.0%, p = 0.008), while in December, there were less
positive Candida cultures (180/1240, 14.5%, p = 0.04) than in other months (Figure 1). The
Candida prevalence was 15.5% (948/6136) in the summertime (June/July/August) versus
14.0% (951/6805) in the winter (December/January/February) months (11%, p = 0.041).
The daily light energy was 4.66 ± 0.30 vs. 0.89 ± 0.35, p < 0.0001; clearness score 0.44 ± 0.01
vs. 0.32 ± 0.03, p < 0.0001; rainy days 15.2 ± 0,16 vs. 18.13 ± 2.1, p < 0.0001; and tempera-
ture (◦C) 17.69 ± 1.44 vs. 4.13 ± 0.46, p < 0.0001 during the same months in summertime
and wintertime, respectively.
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Figure 1. Cumulated monthly total number of vaginal cultures and positive Candida cultures received
in the Microbiology Laboratory H Hart Hospital Tienen, Belgium, over a 10-year period.

The correlation between these four climate factors and the percentage of positive
Candida cultures for the same month is shown in Table 1; although there is a trend towards
higher temperatures being linked to a higher prevalence of Candida albicans (p = 0.07), we
failed to link vaginal Candida infections to light energy and clarity during the days.

Table 1. Mean percentages of total Candida, C. albicans, and C. non-albicans vaginal infection compared
to weather conditions per month in Belgium (NASA Langley Research Center Atmospheric Science
Data Center; New et al., 2002. https://www.gaisma.com/en/location/brussels.html, accessed on
12 October 2018).

MONTH % Tot
Candida

% C.
albicans

% C.
Non-albicans

Insolation,
kWh/m2/Day

Clearness
(0–1)

Wet
Days

Temp
◦C

January 15.94 14.31 1.54 0.74 0.32 20 3.77

February 15.67 13.59 1.99 1.37 0.36 15.2 3.84

March 14.91 13.42 1.49 2.46 0.4 18.4 6.11

April 16.45 15.34 1.01 3.72 0.43 16.7 8.72

May 16.36 14.89 1.37 4.77 0.45 16.7 13.04

June 19.04 16.82 1.85 4.89 0.43 15.2 15.87

July 16.05 14.73 1.23 4.85 0.44 15 18.44

August 15.99 14.60 1.39 4.24 0.45 15.4 18.76

September 17.50 16.07 1.43 2.84 0.4 15.3 15.56

October 15.87 14.24 1.54 1.67 0.36 17 12.05

November 17.54 15.92 1.61 0.86 0.31 19.3 7.38

December 14.52 12.58 1.85 0.55 0.29 19.2 4.78

Regression % Total Candida infection (r2, p-value) R2 0.17, p 0.2 R2 0.08, p 0.4 R 20.13, p 0.2 R2 0.21, p 0.13

Regression % C. albicans infection (r2, p-value) R2 0.24 p 0.1 R2 0.16, p 0.2 R2 0.14, p 0.2 R2 0.29, p 0.07

Regression % TC. non-albicans infection (r2, p-value) R2 0.23 p 0.1 R2 0.30, p 0.06 R2 0.01, p 0.7 R2 0.16, p 0.2
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4. Discussion

Vaginal cultures studied over a 10-year period in a non-selected population revealed a
seasonal variability, with increased rates in summertime, especially in June, and a decreased
rate in wintertime (lowest in December). To our best knowledge, this is the first report of
this association. Forty years ago, similar seasonal variation was also found in the rates of
female genital infections, including vulvovaginitis, although the peak of monilia vaginitis
was registered in 1975 later in summer (August–September) than in our series (June) [31].
Increased sexual activity and higher attendance of STI clinics were thought to be responsible
at that time. Although some studies seem to indicate a relation between Candida vaginitis
and sexual activity, suggesting sexual transmission [32], most other studies deny such a
relation [33]. Higher attendance could not have accounted for the difference found in our
series, as the rate of positivity was reciprocal to the number of visits where cultures were
taken (most visits in December, where the positive rate was lowest).

Accordingly, other associations must be responsible for the 11% increase in rate of
vaginal presence of Candida in summertime. Although highly speculative, the most at-hand
explanation could be that people have a different lifestyle in summer. The mean tempera-
ture is in Belgium 12 to 16 degrees warmer in summertime (a mean of 3.3–3.9 ◦C in winter
vs. 16.2 to 18.4 ◦C in summer during 1981–2010 https://www.meteo.be/meteo/view,
accessed on 12 October 2018), and many people move to even warmer and sunnier holiday
destinations during that period. In this study, we confirmed a link between the frequency
of C. albicans vaginitis with the mean monthly temperature in the country although this
trend was not significant. Higher temperatures may also bring along dietary changes.

Indeed, in previous work, we found women with RVVC to have higher mean serum
glucose levels than normal controls [25], and also diabetic women suffer from more frequent
and difficult-to-control relapses of RVVC if their glucose is not well regulated [24]. On the
other hand, RVVC women not responding to treatment were not more often suffering from
(pre-)diabetes and had no higher sugar levels in their serum, urine, or vagina [26], and
therefore, this cannot account for a higher number of Candida-positive cases in summertime.
Therefore, there was a relationship between glucose levels and the presence of RVVC versus
normal women, but there was no relationship between treatment response in women with
RVVC. Furthermore, older studies did not reveal any seasonal variation in serum glucose
levels, insulin levels, body mass index, or starch intake [34,35]. Lipoprotein lipase; serum
lipids, such as cholesterol [35]; and fasting glucose and glycosylated hemoglobin were
all decreased in summer, again supporting the hypothesis of higher serum glucose levels
being responsible for the higher Candida rate in summer [34,36].

As melatonin and vitamin D3 increase with increasing hours of daylight [37], an
alternative hypothesis could be that these molecules, which have antioxidant and im-
munomodulatory action, can also be involved in the likelihood to provoke Candida infection
or vaginitis. Besides sporadic small studies on the effect of melatonin on Candida sepsis [38]
and phagocytic function of Candida cells [39] in animal models or C. paraspilosis biofilm
formation in vitro [40], there is no evidence of melatonin being involved in the pathogenesis
of Candida vaginitis in humans. In their study, Ai-Leng Khoo et al. found that increased
in-vivo 1.25(OH)2D3 led to attenuated inflammatory response to C. albicans ex-vivo in
human volunteers’ [4] modulation of the innate immune response of human leukocytes
challenged with C. albicans. To validate these findings, peripheral blood mononuclear cells
from subjects isolated during each season of the year were stimulated with C. albicans,
showing a significant drop in inflammatory cytokines (interferon-gamma and interleukin
(IL)-17) secretion in spring and summer months, while the anti-inflammatory IL-10 levels
were higher in summer as compared to winter [41]. These observations correlated with the
serum 25(OH)D3 concentrations. In another paper, they showed a physiological increase
in vitamin D3 storage during summer, leading to down-regulation in pro-inflammatory
cytokine production (Il-1β, IL-6, TNF-α) and IL-10, particularly when stimulated via the
TLR-4-mediated signaling pathway [42]. Therefore, increased tolerance against Candida
leading to its increased vaginal infection rates in summer periods could be fully or partly
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due to decreased innate immunity mediated by increased vitamin D levels from sunlight.
In our study, however, we failed to link the tendency to more increased Candida vaginitis in
summer than in winter to increased clarity or daily light energy during the summer period,
making above theory less plausible.

This hypothesis is also in agreement with the observation that vaginal itching and
allergic vulvovaginitis may be manifestations of seasonal allergy against pollen [43]. Fur-
thermore, there is a strong association between atopy and RVVC [13], non-response to
maintenance therapy in RVVC patients [44], and lack of a strong type 2 immune response
to C. albicans antigen [13]. In such case, the allergic reaction to other antigens at the vaginal
mucosa could facilitate the colonization or infection, with C. albicans as a secondary event
due to the break of the natural resistance to pathogens. Knowing from other studies that on
top of this, type 1 immune response to C. albicans is also severely impaired in women with
RVVC [45], the observation that RVVC is associated with both atopy and impaired type
1 immune response may have clinical implications. Some authors advocate to combine
anti-allergic medication, such as cetirizine, in combination with antifungal treatment for
such patients [46].

The advantage of this study is the availability of an unbiased collection of a vast
number of clinical samples over 10 years in one single gynecology service, specialized
in vulvovaginitis, examined in one single lab over a period of years. The limitations are
that no personal information of the patients was available and that we therefore had to
rely on a proxy of the climate condition data to link the findings with. Furthermore, we
realize that a prospective follow up of these women over 10 years would have been the
most ideal scenario, as it would enable us to separate acute infections from women in
follow up of some sort of treatment regimen. However, as this is a lab-based analysis using
anonymized data, we were not able to elucidate this issue in this retrospective analysis.
Finally, standard cultures were performed on vaginal swabs not only to detect Candida but
also other microorganisms. We realize that the use of specific media, such as Sabouraud,
would have yielded higher sensitivity for Candida detection. However, we do not think this
would interfere with the seasonal relationship described here.

In conclusion, we can confirm for the first time that over a period of 10 years, vaginal
Candida was more frequent in summer than in the wintertime. Change in temperature,
dietary habits, and bodily adaptations due to increased amount of sunlight are potential
pathophysiological mechanisms to explain the excess of Candida in summertime. Further
confirmatory research is needed, as this frequent condition requires deeper investigation.
Women at risk for Candida vulvovaginitis should pay more attention to living habits in
summertime to avoid recurrences.

Author Contributions: G.G.G.D. took the initiative and reared the draft, K.R. arranged the literature,
F.D. searched for pathophysiological explanations and helped writing, and R.R. collected the data
from the lab data base. All authors have read and agreed to the published version of the manuscript.

Funding: No funding was obtained. Authors were not renumerated for their work.

Institutional Review Board Statement: As this is a retrospective analysis of anonymized lab data, af-
ter consultation of the ethical commission, no approval of informed consent from patients was needed.

Informed Consent Statement: Patient consent was waived due to retrospective nature of anonymized
lab data.

Data Availability Statement: Full data set is available on request.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Dan, M.; Kaneti, N.; Levin, D.; Poch, F.; Samra, Z. Vaginitis in a gynecologic practice in Israel: Causes and risk factors. Isr. Med.

Assoc. J. 2003, 5, 629–632. [PubMed]
2. Ferrer, J. Vaginal candidosis: Epidemiological and etiological factors. Int. J. Gynaecol. Obstet. 2000, 71 (Suppl. S1), S21–S27.

[CrossRef]

http://www.ncbi.nlm.nih.gov/pubmed/14509151
http://doi.org/10.1016/S0020-7292(00)00350-7


J. Clin. Med. 2022, 11, 574 7 of 8

3. Sobel, J.D.; Wiesenfeld, H.C.; Martens, M.; Danna, P.; Hooton, T.M.; Rompalo, A.; Sperling, M.; Livengood, C., 3rd; Horowitz, B.;
Von Thron, J.; et al. Maintenance fluconazole therapy for recurrent vulvovaginal candidiasis. N. Engl. J. Med. 2004, 351, 876–883.
[CrossRef] [PubMed]

4. Donders, G.; Bellen, G.; Byttebier, G.; Verguts, L.; Hinoul, P.; Walckiers, R.; Stalpaert, M.; Vereecken, A.; Van Eldere, J. Individual-
ized decreasing-dose maintenance fluconazole regimen for recurrent vulvovaginal candidiasis (ReCiDiF trial). Am. J. Obstet.
Gynecol. 2008, 199, 613.e1–613.e9. [CrossRef] [PubMed]

5. Fan, S.; Liu, X.; Wu, C.; Xu, L.; Li, J. Vaginal nystatin versus oral fluconazole for the treatment for recurrent vulvovaginal
candidiasis. Mycopathologia 2015, 179, 95–101. [CrossRef]

6. Horowitz, B.J.; Edelstein, S.W.; Lippman, L. Sexual transmission of Candida. Obstet. Gynecol. 1987, 69, 883–886. [CrossRef]
7. Grinceviciene, S.; Ruban, K.; Bellen, G.; Donders, G.G.G. Sexual behaviour and extra-genital colonisation in women treated for

recurrent Candida vulvo-vaginitis. Mycoses 2018, 61, 857–860. [CrossRef]
8. Mardh, P.A.; Novikova, N.; Stukalova, E. Colonisation of extragenital sites by Candida in women with recurrent vulvovaginal

candidosis. BJOG 2003, 110, 934–937. [CrossRef]
9. Donders, G.G.G.; Grinceviciene, S.; Bellen, G.; Ruban, K. Is multiple-site colonization with Candida spp. related to inadequate

response to individualized fluconazole maintenance therapy in women with recurrent Candida vulvovaginitis? Diagn. Microbiol.
Infect. Dis. 2018, 92, 226–229. [CrossRef]

10. Donders, G.G.; Bellen, G.; Mendling, W. Management of recurrent vulvo-vaginal candidosis as a chronic illness. Gynecol. Obstet.
Investig. 2010, 70, 306–321. [CrossRef]

11. Stein, G.E.; Sheridan, V.L.; Magee, B.B.; Magee, P.T. Use of rDNA restriction fragment length polymorphisms to differentiate
strains of Candida albicans in women with vulvovaginal candidiasis. Diagn. Microbiol. Infect. Dis. 1991, 14, 459–464. [CrossRef]

12. Talaei, Z.; Sheikhbahaei, S.; Ostadi, V.; Ganjalikhani Hakemi, M.; Meidani, M.; Naghshineh, E.; Yaran, M.; Emami Naeini, A.;
Sherkat, R. Recurrent vulvovaginal candidiasis: Could it be related to cell-mediated immunity defect in response to candida
antigen? Int. J. Fertil. Steril. 2017, 11, 134–141. [PubMed]

13. Neves, N.A.; Carvalho, L.P.; De Oliveira, M.A.; Giraldo, P.C.; Bacellar, O.; Cruz, A.A.; Carvalho, E.M. Association between atopy
and recurrent vaginal candidiasis. Clin. Exp. Immunol. 2005, 142, 167–171. [CrossRef] [PubMed]

14. Babula, O.; Lazdane, G.; Kroica, J.; Ledger, W.J.; Witkin, S.S. 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, 733–737. [CrossRef] [PubMed]

15. Giraldo, P.C.; Babula, O.; Goncalves, A.K.; Linhares, I.M.; Amaral, R.L.; Ledger, W.J.; Witkin, S.S. Mannose-binding lectin gene
polymorphism, vulvovaginal candidiasis, and bacterial vaginosis. Obstet. Gynecol. 2007, 109, 1123–1128. [CrossRef]

16. Donders, G.G.; Babula, O.; Bellen, G.; Linhares, I.M.; Witkin, S.S. Mannose-binding lectin gene polymorphism and resistance to
therapy in women with recurrent vulvovaginal candidiasis. BJOG 2008, 115, 1225–1231. [CrossRef]

17. Chen, S.; Li, S.; Wu, Y.; Liu, Z.; Li, J. Local expression of vaginal Th1 and Th2 cytokines in murine vaginal candidiasis under
different immunity conditions. J. Huazhong Univ. Sci. Technol. Med. Sci. 2008, 28, 476–479. [CrossRef]

18. De Bernardis, F.; Santoni, G.; Boccanera, M.; Lucciarini, R.; Arancia, S.; Sandini, S.; Amantini, C.; Cassone, A. Protection against
rat vaginal candidiasis by adoptive transfer of vaginal B lymphocytes. FEMS Yeast Res. 2010, 10, 432–440. [CrossRef] [PubMed]

19. De Bernardis, F.; Santoni, G.; Boccanera, M.; Spreghini, E.; Adriani, D.; Morelli, L.; Cassone, A. Local anticandidal immune
responses in a rat model of vaginal infection by and protection against Candida albicans. Infect. Immun. 2000, 68, 3297–3304.
[CrossRef]

20. Fidel, P.L., Jr.; Lynch, M.E.; Sobel, J.D. Candida-specific Th1-type responsiveness in mice with experimental vaginal candidiasis.
Infect. Immun. 1993, 61, 4202–4207. [CrossRef]

21. Ouyang, W.; Chen, S.; Liu, Z.; Wu, Y.; Li, J. Local Th1/Th2 cytokine expression in experimental murine vaginal candidiasis. J.
Huazhong Univ. Sci. Technol. Med. Sci. 2008, 28, 352–355. [CrossRef] [PubMed]

22. Gunther, L.S.; Martins, H.P.; Gimenes, F.; Abreu, A.L.; Consolaro, M.E.; Svidzinski, T.I. Prevalence of Candida albicans and
non-albicans isolates from vaginal secretions: Comparative evaluation of colonization, vaginal candidiasis and recurrent vaginal
candidiasis in diabetic and non-diabetic women. Sao Paulo Med. J. 2014, 132, 116–120. [CrossRef] [PubMed]

23. Akimoto-Gunther, L.; de Souza Bonfim-Mendonca, P.; Takahachi, G.; Irie, M.M.; Miyamoto, S.; Consolaro, M.E.; Svidzinsk, T.I.
Highlights regarding host predisposing factors to recurrent vulvovaginal candidiasis: Chronic stress and reduced antioxidant
capacity. PLoS ONE 2016, 11, e0158870. [CrossRef] [PubMed]

24. Donders, G.G. Lower genital tract infections in diabetic women. Curr. Infect. Dis. Rep. 2002, 4, 536–539. [CrossRef] [PubMed]
25. Donders, G.G.; Prenen, H.; Verbeke, G.; Reybrouck, R. Impaired tolerance for glucose in women with recurrent vaginal candidiasis.

Am. J. Obstet. Gynecol. 2002, 187, 989–993. [CrossRef]
26. Grinceviciene, S.; Bellen, G.; Ruban, K.; Donders, G. Non-response to fluconazole maintenance treatment (ReCiDiF regimen) for

recurrent vulvovaginal candidosis is not related to impaired glucose metabolism. Mycoses 2017, 60, 546–551. [CrossRef]
27. Donders, G.G.; Mertens, I.; Bellen, G.; Pelckmans, S. Self-elimination of risk factors for recurrent vaginal candidosis. Mycoses 2011,

54, 39–45. [CrossRef]
28. Corsello, S.; Spinillo, A.; Osnengo, G.; Penna, C.; Guaschino, S.; Beltrame, A.; Blasi, N.; Festa, A. An epidemiological survey of

vulvovaginal candidiasis in Italy. Eur. J. Obstet. Gynecol. Reprod. Biol. 2003, 110, 66–72. [CrossRef]

http://doi.org/10.1056/NEJMoa033114
http://www.ncbi.nlm.nih.gov/pubmed/15329425
http://doi.org/10.1016/j.ajog.2008.06.029
http://www.ncbi.nlm.nih.gov/pubmed/18976735
http://doi.org/10.1007/s11046-014-9827-4
http://doi.org/10.1097/00006254-198710000-00019
http://doi.org/10.1111/myc.12825
http://doi.org/10.1111/j.1471-0528.2003.01445.x
http://doi.org/10.1016/j.diagmicrobio.2018.05.024
http://doi.org/10.1159/000314022
http://doi.org/10.1016/0732-8893(91)90001-V
http://www.ncbi.nlm.nih.gov/pubmed/28868834
http://doi.org/10.1111/j.1365-2249.2005.02891.x
http://www.ncbi.nlm.nih.gov/pubmed/16178872
http://doi.org/10.1086/377234
http://www.ncbi.nlm.nih.gov/pubmed/12942410
http://doi.org/10.1097/01.AOG.0000260386.17555.a5
http://doi.org/10.1111/j.1471-0528.2008.01830.x
http://doi.org/10.1007/s11596-008-0423-z
http://doi.org/10.1111/j.1567-1364.2010.00620.x
http://www.ncbi.nlm.nih.gov/pubmed/20402794
http://doi.org/10.1128/IAI.68.6.3297-3304.2000
http://doi.org/10.1128/iai.61.10.4202-4207.1993
http://doi.org/10.1007/s11596-008-0329-9
http://www.ncbi.nlm.nih.gov/pubmed/18563341
http://doi.org/10.1590/1516-3180.2014.1322640
http://www.ncbi.nlm.nih.gov/pubmed/24714993
http://doi.org/10.1371/journal.pone.0158870
http://www.ncbi.nlm.nih.gov/pubmed/27415762
http://doi.org/10.1007/s11908-002-0042-y
http://www.ncbi.nlm.nih.gov/pubmed/12433331
http://doi.org/10.1067/mob.2002.126285
http://doi.org/10.1111/myc.12626
http://doi.org/10.1111/j.1439-0507.2009.01754.x
http://doi.org/10.1016/S0301-2115(03)00096-4


J. Clin. Med. 2022, 11, 574 8 of 8

29. Rhodus, N.L.; Bloomquist, C.; Liljemark, W.; Bereuter, J. A comparison of three methods for detecting Candida albicans in patients
with Sjogren’s syndrome. Quintessence Int. 1998, 29, 107–113.

30. Kim, T.H.; Park, B.R.; Kim, H.R.; Lee, M.K. Candida dubliniensis screening using the germ tube test in clinical yeast isolates and
prevalence of C. dubliniensis in Korea. J. Clin. Lab. Anal. 2010, 24, 145–148. [CrossRef]

31. Wright, R.A.; Judson, F.N. Relative and seasonal incidences of the sexually transmitted diseases. A two-year statistical review. Br.
J. Vener. Dis. 1978, 54, 433–440. [CrossRef]

32. Schmid, J.; Rotman, M.; Reed, B.; Pierson, C.L.; Soll, D.R. Genetic similarity of Candida albicans strains from vaginitis patients
and their partners. J. Clin. Microbiol. 1993, 31, 39–46. [CrossRef]

33. Goncalves, B.; Ferreira, C.; Alves, C.T.; Henriques, M.; Azeredo, J.; Silva, S. Vulvovaginal candidiasis: Epidemiology, microbiology
and risk factors. Crit. Rev. Microbiol. 2016, 42, 905–927. [CrossRef] [PubMed]

34. Behall, K.M.; Scholfield, D.J.; Hallfrisch, J.G.; Kelsay, J.L.; Reiser, S. Seasonal variation in plasma glucose and hormone levels in
adult men and women. Am. J. Clin. Nutr. 1984, 40, 1352–1356. [CrossRef] [PubMed]

35. Donahoo, W.T.; Jensen, D.R.; Shepard, T.Y.; Eckel, R.H. Seasonal variation in lipoprotein lipase and plasma lipids in physically
active, normal weight humans. J. Clin. Endocrinol. Metab. 2000, 85, 3065–3068.

36. Suarez, L.; Barrett-Connor, E. Seasonal variation in fasting plasma glucose levels in man. Diabetologia 1982, 22, 250–253. [CrossRef]
[PubMed]

37. Andersen, R.; Brot, C.; Jakobsen, J.; Mejborn, H.; Molgaard, C.; Skovgaard, L.T.; Trolle, E.; Tetens, I.; Ovesen, L. Seasonal changes
in vitamin D status among Danish adolescent girls and elderly women: The influence of sun exposure and vitamin D intake. Eur.
J. Clin. Nutr. 2013, 67, 270–274. [CrossRef] [PubMed]

38. Yavuz, T.; Kaya, D.; Behcet, M.; Ozturk, E.; Yavuz, O. Effects of melatonin on Candida sepsis in an experimental rat model. Adv.
Ther. 2007, 24, 91–100. [CrossRef]

39. Terron, M.P.; Paredes, S.D.; Barriga, C.; Ortega, E.; Rodriguez, A.B. Comparative study of the heterophil phagocytic function in
young and old ring doves (Streptopelia risoria) and its relationship with melatonin levels. J. Comp. Physiol. B 2004, 174, 421–427.
[CrossRef]

40. Yang, H.P.; Tsang, P.C.; Tsang, P.W. Melatonin inhibits biofilm formation in Candida parapsilosis. J. Mycol. Med. 2014, 24, 360–361.
[CrossRef]

41. Khoo, A.L.; Chai, L.Y.; Koenen, H.J.; Kullberg, B.J.; Joosten, I.; van der Ven, A.J.; Netea, M.G. 1,25-dihydroxyvitamin D3 modulates
cytokine production induced by Candida albicans: Impact of seasonal variation of immune responses. J. Infect. Dis. 2011, 203,
122–130. [CrossRef] [PubMed]

42. Khoo, A.L.; Chai, L.Y.; Koenen, H.J.; Sweep, F.C.; Joosten, I.; Netea, M.G.; van der Ven, A.J. Regulation of cytokine responses by
seasonality of vitamin D status in healthy individuals. Clin. Exp. Immunol. 2011, 164, 72–79. [CrossRef] [PubMed]

43. Berman, B.A. Seasonal allergic vulvovaginitis caused by pollen. Ann. Allergy 1964, 22, 594–597. [PubMed]
44. Donders, G.G.; Grinceviciene, S.; Bellen, G.; Jaeger, M.; ten Oever, J.; Netea, M. Is non-response to fluconazole maintenance

therapy for recurrent Candida vaginitis related to sensitization to atopic reactions? Am. J. Reprod. Immmunol. 2018; in press.
45. Carvalho, L.P.; Bacellar, O.; Neves, N.; de Jesus, A.R.; Carvalho, E.M. Downregulation of IFN-gamma production in patients with

recurrent vaginal candidiasis. J. Allergy Clin. Immunol. 2002, 109, 102–105. [CrossRef]
46. Neves, N.A.; Carvalho, L.P.; Lopes, A.C.; Cruz, A.; Carvalho, E.M. Successful treatment of refractory recurrent vaginal candidiasis

with cetirizine plus fluconazole. J. Low Genit. Tract. Dis. 2005, 9, 167–170. [CrossRef]

http://doi.org/10.1002/jcla.20373
http://doi.org/10.1136/sti.54.6.433
http://doi.org/10.1128/jcm.31.1.39-46.1993
http://doi.org/10.3109/1040841X.2015.1091805
http://www.ncbi.nlm.nih.gov/pubmed/26690853
http://doi.org/10.1093/ajcn/40.6.1352
http://www.ncbi.nlm.nih.gov/pubmed/6391139
http://doi.org/10.1007/BF00281300
http://www.ncbi.nlm.nih.gov/pubmed/6980156
http://doi.org/10.1038/ejcn.2013.3
http://www.ncbi.nlm.nih.gov/pubmed/23388663
http://doi.org/10.1007/BF02849996
http://doi.org/10.1007/s00360-004-0429-1
http://doi.org/10.1016/j.mycmed.2014.05.003
http://doi.org/10.1093/infdis/jiq008
http://www.ncbi.nlm.nih.gov/pubmed/21148505
http://doi.org/10.1111/j.1365-2249.2010.04315.x
http://www.ncbi.nlm.nih.gov/pubmed/21323660
http://www.ncbi.nlm.nih.gov/pubmed/14230735
http://doi.org/10.1067/mai.2002.120555
http://doi.org/10.1097/01.LGT.0000171664.63976.FB

	Introduction 
	Methods 
	Collection of Samples 
	Laboratory Techniques for Vaginal Candida Cultures 
	Collection of Seasonal Climate Conditions 
	Statistical Analysis 

	Results 
	Discussion 
	References

