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Evaluating the accuracy and diagnostic value of CFW and a
new fluorescent reagents, fluorescent brightener 85, for the
diagnosis of vulvovaginal candidiasis
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Abstract

Background: Vulvovaginal candidiasis (VVC) is a common vaginitis in females. The
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commonly used diagnostic method, 10% potassium hydroxide (KOH) smear micros-
copy, makes it not very easy to recognize fungi.

Methods: Vaginal secretions were collected from clinically suspected VVC patients
and divided into four groups and examined using KOH, CFW (Calcofluor White), FB

85(fluorescent brightener 85), and culture. The data were statistically analyzed.
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Results: In total, 110 patients with suspected VVC were recruited. The positive rates
of KOH, CFW, FB 85, and the culture method were 68.2%, 64.5%, 61.8%, and 77%,
respectively. According to the McNemar test, there was no statistically significant dif-
ference between the KOH, CFW, and the FB 85 methods (p > 0.05). However, CFW

had a shorter diagnosis time than the KOH method and had a statistically significant
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difference (p < 0.001). Moreover, CFW has the highest sensitivity, specificity, and ac-
curacy. In morphological recognition, it was easier to recognize fungal structures with
CFW and FB 85 than with the KOH.

Conclusions: The fluorescent method is a good method for the diagnosis of VVC. And
the fungi can be found more quickly. Similar to CFW, FB 85 is also a potential good
fluorescent reagent for the diagnosis of VVC and has potential value for application in

clinical fungal infection diseases.
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1 | INTRODUCTION

associated with VVC makes it a major cause of causing pain, great

discomfort, mental distress, anxiety, altered self-esteem, impairing

Vulvovaginal candidiasis (VVC) is a common vaginitis in females,
which is estimated to be the second most common cause of vaginitis
after bacterial vaginosis."™* Vulvovaginal candidiasis affects around
70%-75% of all women during their childbearing age, and is con-

sidered to be an important public health problem.>® The morbidity

work performance and interfering with sexual and affective rela-
tions.>” The signs of VVC are typically characterized white clumpy
discharge.” The pathological characteristics of VVC is an acute in-
flammatory condition of the vulva and vaginal mucosa induced by the

overgrowth of Candida organisms which normally exist as a quiescent
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vaginal commensalism.*® VVC is most caused by Candida albicans,
which is isolated in 85%-90% of all cases. Meanwhile, C. glabrata, as
another pathogen, appears to be increasing.”’9 The diagnosis cri-
teria of VVC is the appearance of yeast hyphae in 10% potassium
hydroxide (KOH) microscopic examination with typical symptoms
and normal acidic vaginal pH. A fungal culture is recommended to
confirm the diagnosis and is the gold standard too.!%! It also can be
diagnosed by using Gram-stained smear, antigen-antibody reaction,
PCR,'?% or DNA probe testing.“'17 Among these diagnosed meth-
ods, the KOH smear is an easy and fast method, but the accuracy
is affected by the skill of the technician, and the positive rate is not
high. Meanwhile, KOH smear microscopy has a high rate of missed
detection in the detection of fungal conidia and spores, as Geiger
said, the false negative rate of KOH method for C. albicans was about
30%, but for the non-C. albicans was 57%.'8 Antigen-antibody kit is
expensive and the single kid is not popular used in China. The gene
hybridization method has a high specificity, and PCR has a high sen-
sitivity, but the procedures are complex and time consuming. PCR is
not available as a diagnostic test and might not prove to be a clini-
cally useful test. Even though the gold standard for diagnosis of VVC
is culture, this method is not always practical because it takes up to
3-5 days to make the definitive results.

Calcofluor White is a fluorescent brightener that binds to cellu-
lose in the cell wall of many plants and fungi. After ultraviolet irradi-
ation, it shows strong bright blue fluorescence. The cell wall of fungi
is rich in B-glucans and chitin, so it is easy for CFW to bind to fungi
and to detect fungi under a microscopy. Therefore, CFW has been
used extensively for the diagnosis of microsporidial keratitis, super-
ficial dermatophytes, onychomycosis, Candida in oral precancer and
cancer, and pathological specimens.'”?2 However, no study has used
CFW for the diagnosis of VVC. Moreover, fluorescent brightener 85,
anew fluorescent reagent, was first found and used for the diagnosis
of onychomycosis by the author,?® but there is no research about
using FB 85 to detect fungi in VVC.

Therefore, in this study, we used CFW and FB 85 as two flu-
orescent reagents to diagnose VVC and compared them with the
KOH smear method and fungal culture method to evaluate the ad-
vantages of CFW and FB 85 and the characteristics of microscopy.
We also compared the diagnostic positive rate, sensitivity, specifici-
ty,consistency check (KAPPA), diagnosis time and stability of FB 85
and CFW.

2 | MATERIALS AND METHODS

2.1 | Specimen collection and methods

Inclusion criteria: According to the symptoms and the signs in-
cluded vaginal discharge, irritation, itching, and/or odor, patients
who were suspected of having VVC were recruited from the
outpatient department of Obstetrics and Gynecology at Capital
Medical University, Beijing Tiantan Hospital, from October 2018

to February 2019. Exclusion criteria: Patients were ruled out of
the VVC by typical clinical symptoms. This study was approved by
the Ethical Committee for Human Study, Beijing Tiantan Hospital,
Capital Medical University. All subjects signed informed consent
prior to the study.

In total, four methods were used to detect the fungus. After the
vagina was opened with the dilator, two aseptic cotton swabs were
used to collect the secretions from the posterior vaginal fornix and
the vaginal wall: one for fungal culture, the other for fluorescent
microscopy observation with CFW (Zhuhai Beisuo Biotechnology
Co., Ltd) and FB 85 (Shandong Yousuo Chemical Technology Co.,
Ltd). The swabs were smeared on two separate slides, one with
a drop of CFW, the other with a drop of 0.1% FB 85. The secre-
tions gathered from the dilator were smeared on a third slide and
examined using KOH under a light microscopy by adding a drop
of 10% KOH to the slide. All three slides from the same person
were covered with cover glass, and the extra liquid was suctioned
with a cotton swab. Then, they were examined by three different
technicians who were double blinded to the research. Microscopic
observations were conducted using an Olympus CX23 LEDRFSIC
microscopy (Olympus Co., Ltd) using either the 340-380 nm ultra-
violet light mode or the visible light mode. The images under mi-
croscopy were taken using the HUAWEI phone P20. The diagnosis
time was identified as how long it took to find the fungus, and it
was also recorded.

The fungal culture method is as follows. First, the alcohol lamp
was ignited, and the sterile cotton swab with secretion was smeared
on two yeast chromogenic media (Jinan Baibo Biotechnology Co.,
Ltd). Then, the media were cultured in an incubator at 35 + 1°C for
24 h. Plates with no growth after 24 h were re-incubated for a fur-
ther 24 h. Finally, fungal growth was observed and identified using
colony characteristics after 24 h or 48 h. The colony characteristics
were as follows: C. albicans: 2 mm emerald-green-smooth colony;
C. tropicalis: 1.5 mm iron-blue or bluish-gray-smooth colony; C. kru-
sei: 4-5 mm light-pink-fuzzy-velour colony; C.glabrata: 2 mm-purple-
smooth colony; and other Candida: grayish-white to pale-pink colony.
After identification, the identified time was also recorded.

2.2 | Data analysis and statistical analysis

The positive result under fluorescence microscopy was the pres-
ence of filamentous fungal hyphae, pseudohyphae, or round or oval
spores with bright blue peripheral fluorescence with the FB 85 or
CFW method. The positive diagnosis with the KOH method was
the presence of fungal hyphae, pseudohyphae, or spores with high
refractivity.

The positive rates of the four methods were calculated, and fun-
gal culture was the gold standard. We compared the positive rate
between the FB 85 and KOH method, the CFW and KOH method.
Statistical analysis was performed with the McNemar test using
SPSS 21 (IBM SPSS Statistics).
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The sensitivity, specificity and accuracy of KOH, CFW and FB 85
method were evaluated, with the culture method as gold standard.
We also compared the consistency between the two fluorescent re-
agents and KOH method, using SPSS 21 for Kappa test, the consis-
tency of Kappa >0.8 is very good.

The diagnosed time of the three methods were compared with
t-test using SPSS 21. The difference was statistically significant with
p < 0.05.

Moreover,we also observed and compared the fade time of CFW
and FB 85 in the room environment with a daylight lamp after 24 h.

3 | RESULTS

3.1 | The positive rate of the four methods

A total of 110 specimens were obtained with suspected VVC, aged
19-60 years, with an average age of 30.99 + 7.77 years. The positive
and negative rates of the four methods in 110 specimens are shown
in Figure 1. In the 110 specimens, 68.2% (75/110) were positive by
the KOH method, 64.5% (71/110) were positive by the CFW fluores-
cent method, 61.8% (68/110) were positive by the FB 85 fluorescent
method, and 77% (77/110) were positive by the fungal culture method.
According to the McNemar test, there is no statistically significant

difference between the CFW and KOH method (p = 1.000), the FB
85 and KOH method (p = 0.727), and the FB 85 and CFW methods
(p = 0.250). Among the positive fungal cultures, 96.1% (74/77) were
C. albicans, and 3.90% (3/77) were C. glabrata.

3.2 | The sensitivity, specificity, accuracy and
consistency of the three methods

The sensitivity, specificity and accuracy of the KOH method, CFW
method and FB85 method were evaluated with culture method as
the gold standard. The results were shown in Table 1. In the 110
specimens, the specificity of the three methods was 100%. The sen-
sitivity, and accuracy of CFW were the highest, followed by KOH
method and FB 85 was the lowest.

Then, the consistency between CFW and KOH, FB85 and KOH
method were compared. The consistency test results of CFW with
KOH method: Kappa = 0.901, greater than 0.8, p < 0.001, it can
be seen that the consistency of the two methods is very good. The
consistency test results of FB 85 with KOH method: Kappa = 0.845,
greater than 0.8, p < 0.001, which shows that the consistency of
the two methods is very good too. Therefore, the two fluorescent
methods (CFW and FB85) are in good agreement with the common
VVC detection method KOH method.

The positive and negative rates of the 4 methodsin 110
suspected specimens
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FIGURE 1 The positive and negative rates of the four methods in 110 specimens
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3.3 | Theimages under fluorescence
microscopy and light microscopy with four methods

The images under fluorescence microscopy and light microscopy
with the four methods are shown in Figure 2 from two differ-
ent species infections, C. albicans (Figure 2A-D) and C. glabrata
(Figure 2E-H). The images of FB 85 (Figure 2C,G) were similar to
those of CFW (Figure 2B,F), but had slightly different color. The
fungal color for FB85 was blue, which did not look like the blue-
green color for CFW. It was because there was no KOH in FB 85.
However, both the fungal color and the form in FB 85 and CFW
were easily recognized from the background squamous cells. The
fungal structures were clear, especially compared with the KOH
method (Figure 1A,E), In KOH method, it is easy to confuse the
fungal structure with the edge of squamous cells in light micros-
copy. For the VVC caused by C. glabrata, yeast form is always ob-
served, which is very clear with CFW method (Figure 2F) and FB 85
method (Figure 2G) but not easy to be found by light microscopy

TABLE 1 The sensitivity, specificity and accuracy of KOH
method, CFW method and FB85 method

Sensitivity Specificity Accuracy
KOH method 90.9% 100% 93.6%
CFW method 92.2% 100% 94.5%
FB85 method 88.3 100% 91.8%

(Figure 2E). There was no significant difference in morphology
between C. albicans and C. glabrata after culture under fluores-
cence microscopy, and both of them were very bright spores
(Figure 2D,H).

3.4 | The diagnosis time for three methods and
fade time of two fluorescent reagents under daylight

We also recorded the diagnosis time for the positive specimens.
The average diagnosis times for the KOH, CFW, and FB 85 meth-
ods were 24.33 + 22.64 s, 546 + 10.27 s, and 19.46 + 22.74 s,
respectively. According to the t-test, CFW had a shorter diagnosis
time than the KOH method, and had a statistically significant dif-
ference (p < 0.001). But there was no statistically significant differ-
ence between the FB 85 and KOH methods (p > 0.05). There was
also a statistically significant difference between the CFW and FB
85 methods (p < 0.001).

Moreover, we also observed a fade time of two fluorescent re-
agents under daylight in the room environment. For 21 CFW spec-
imens, 76.2% (14/21) of the specimens had a relatively clear fungal
structure with a strong crystalline or blurry background after the
stained slide was placed in the room environment for 24 h (Figure 3A
at 0 h and Figure 3B at 24 h). For 25 FB 85 specimens, 56% (14/25) of
the specimens had a clear structure (Figure 3C at O h and Figure 3D

at 24 h). However, due to the crystals and the faint fluorescence, it

FIGURE 2 Theimages under fluorescence microscopy and light microscopy with four methods. A-D, show C. albicans, and E-H, show

C. glabrata. Both the fungal color and the structure in FB 85 and CFW were clear and easily recognized from the background squamous cells
compared with the KOH method. A, The KOH method with C. albicans under light microscopy. B, The CFW method with C. albicans under
fluorescence microscopy. C, The FB 85 method with C. albicans under fluorescence microscopy. D, The culture method with C. albicans
under fluorescence microscopy with CFW. E, The KOH method with C. glabrata under light microscopy. F, The CFW method with C. glabrata
under fluorescence microscopy. G, The FB 85 method with C. glabrata under fluorescence microscopy. H, The culture method with

C. glabrata under fluorescence microscopy with CFW
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FIGURE 3 Theimages of CFW and FB
85 under fluorescence microscopy at O h
and 24 h. A, B, show the CFW method,
and C, D, show the FB 85 method. A,0 h
with CFW; B, 24 h with CFW of the same
specimen. C, O h with FB 85; D, 24 h with
FB 85 of the same specimen

was harder to distinguish the fungi from the 24 h specimen than the

fresh specimen.

4 | DISCUSSION

Vulvovaginal candidiasis is a common vaginitis in women and is
mainly caused by C. albicans. In our research, we analyzed the posi-
tive diagnostic rates and the species in 110 suspected VVC patients.
There were 96.1% C. albicans and 3.9% C. glabrata. Our study is simi-
lar to other countries' studies.”?*?% In Goncalves B's summary, the
most common Candida species associated with VVC are C. albicans,
C. glabrata, C. tropicalis, C. aparapsilosis and C. krusei. Typically, a sin-
gle species is identified, but two or more species have been found in
some women with VVC (1%-10%). In Chinese, Tunisian, and Iranian
studies show a predominance of C. albicans (65.1%-90.4%).

In addition, among the 110 samples tested, although there was
no statistically significant difference between the three methods for
the diagnostic positive rate, CFW had a shorter diagnosis time than
the KOH method (p < 0.001). There was also a statistically signifi-
cant difference between the CFW and FB 85 methods (p < 0.001).
But there was no statistically significant difference between the FB
85 and KOH methods (p > 0.05).

In the author Yue's?! previous study, she used CFW to evaluate
the accuracy and efficiency of onychomycosis diagnosis and found
there was no statistically significant difference between the CFW
methods and KOH method. In our research, we found the similar

result. Even though there was no statistically significant difference

between the two fluorescent methods and the KOH method. When
we compared the fungal structure under light microscopy and fluo-
rescence microscopy with either CFW or FB 85, it was easy to find
fungi with CFW or FB 85 in fluorescence microscopy. That is why
the diagnosis time of CFW is much shorter than that of the KOH
method and is a statistically significant difference. And this finding is
the same as previous study.21

In the author Yue's?® another study, she was the first to use FB
85 to evaluate the accuracy and efficiency for the diagnosis of ony-
chomycosis in clinic and found that FB 85 had a higher positive rate
than the KOH method, which had a statistically significant differ-
ence. However, in our study, both the FB 85 and KOH methods had
similar positive rates and had no statistical significance difference.
We analyzed the reason for this difference. First, maybe it is eas-
ier to find fungi in the VVC specimen than in the superficial skin
specimen. Second, there was no KOH and Even blue in the FB 85
reagent in this study, and the slides were not heated by an alcohol
lamp for a while, which causes the poor dissolution of the back-
ground cells and the highlighted color of the background cells in FB
85 method. Especially compared with the CFW reagent, the absence
of KOH in FB 85 reagent also caused the delay in diagnosis time for
FB 85 method in this study. Third, the level of the skill of the three
technicians in this study is different. The technicians for the KOH
method and CFW method are skilled, but the technician for FB 85 is
new, that is why the diagnosis time with FB 85 was delayed as well.
Therefore, next, we need to mix KOH and Even blue to make the FB
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85 reagents more suitable for clinical specimens and accumulating
more experience in clinical.

The results of the two fluorescent reagents were in good agree-
ment with those of KOH method. This indicates that fluorescent re-
agent can replace KOH method to detect fungi in vaginal secretions.

By comparing the morphology of the same specimen under light
microscope and after fluorescent microscopy with two fluorescent
reagents, it can be clearly seen that the filamentous with spores and
long hypha of C. albicans with fluorescent reagent is easier to be ob-
served than with KOH. Moreover, due to the C. glabrata is mostly
appeared with yeast-like spores or short hyphae, therefore, the
C. glabrata can be easily distinguished with fluorescent reagent than
with KOH.

5 | CONCLUSION

In conclusion, we can find pathogenic fungi more quickly with fluo-
rescent method in diagnosis of VVC. Both CFW and FB 85 are good
reagents. FB 85 is a new fluorescent reagent for the diagnosis of
VVC and other fungal affection diseases and has potential value for
clinical applications. However, more research is needed to make it
more suitable for clinical applications.
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