
S2 Table. Data extraction tables with detailed study characteristics, participant demographics, intervention details, and outcome data 
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Edma

n, J.; 

Sobel

, J. 

D.; 

Taylo

r, M. 

L. 

Zinc 

status 

in 

wome

n 

with 

recurr

ent 

vulvo

vagin

al 

candi

diasis

. 

1

9

8

6 

USA 

(Phila

delphi

a, 

Penns

ylvani

a) 

Blo

od 

(pl

as

ma 

and 

ery

thr

ocy

tes) 

Cr

oss 

sec

tio

nal 

Ca

se–

con

trol 

stu

dy 

Women 

with 

recurren

t 

vulvova

ginal 

candidia

sis 

(RVVC) 

and 

healthy 

controls 

matched 

for age, 

race, 

and 

parity 

29 

RVV

C 

patien

ts; 20 

contr

ols 

Mean age: 

RVVC group 

35 ± 6.7 yrs 

(range 22–47); 

Control 34 ± 

8.1 yrs (range 

20–51). 

Majority 

Caucasian 

(~83%). Parity 

mean = 1 in 

both groups. 

None was 

pregnant, all 

were pre-

manopausal, 

none of the 

controls had 

ever been 

diagnosed for 

acute VVC, 

comparable 

numbers 0f 

subjects who 

were taking 

various levels 

of Zinc 

supplements, 

oral 

contraceptives 

and thyroid 

medications 

were included 

in both patient 

and control 

groups 

Inflammator

y diseases, 

recent MI or 

surgery, 

chronic 

debilitation 

or 

malabsorpti

on, chronic 

infections 

other than 

candidiasis, 

corticosteroi

d use, 

pregnancy, 

postmenopa

usal women. 

Purpo

sive 

select

ion; 

contr

ols 

match

ed for 

age, 

race, 

and 

parity

. 

20–

51 

yea

rs 

29 20 Candid

a 

albican

s 

(docum

ented 

by 

microsc

opy and 

culture 

on 

Sabour

aud 

agar) 

Recu

rrent 

vulvo

vagin

al 

candi

diasis 

(≥3 

docu

ment

ed 

episo

des 

in 

prior 

12 

mont

hs) 

29 

patie

nt 

and 

20 

contr

ol 

bloo

d 

samp

les 

(plas

ma 

and 

eryth

rocyt

e 

zinc 

analy

zed) 

Blood 

collect

ed in 

zinc-

free 

hepari

nized 

plastic 

syringe

s, 

plasma 

separat

ed by 

centrif

ugatio

n at 4 

°C; 

RBCs 

washe

d and 

centrif

uged 

3× 

with 

saline; 

both 

stored 

in 

zinc-

free 

Falcon 

tubes 

at −70 

°C. 

Blood 

sample

s were 

collect

ed 

betwee

n 8-

10am 

ater an 

overni

ght 

fast.  

None 

(cros

s-

secti

onal, 

singl

e 

meas

urem

ent) 

Atomic 

absorpt

ion 

spectro

photom

etry 

(Perkin 

Elmer 

Model 

4000) 

after 

dilution 

(plasm

a) and 

wet 

ashing 

(RBCs)

. 

Stude

nt’s t-

test 

(unpo

oled), 

χ² 

test, 

and 

ANC

OVA 

for 

dietar

y zinc 

adjust

ment. 

Plas

ma 

zinc: 

81 ± 

11.6 

µg/d

L 

over

all; 

non-

suppl

emen

ted 

subg

roup 

= 79 

± 

12.4 

µg/d

L 

(rang

e 

58–

110.

3); 

suppl

emen

ted = 

87 ± 

5.6 

µg/d

L 

(rang

e 

80.1

–

94.4)

. 

RBC 

zinc: 

14 ± 

2.3 

µg/g 

(rang

e 

10.9

–

21.5)

. 

Plas

ma 

zinc: 

91 ± 

14.2 

µg/d

L 

over

all; 

non-

suppl

emen

ted = 

91 ± 

12.5 

µg/d

L 

(rang

e 

70.6

–

114.

2); 

suppl

emen

ted = 

95 ± 

20.8 

µg/d

L 

(rang

e 

78–

123.

3). 

RBC 

zinc: 

13 ± 

1.5 

µg/g 

(rang

e 

10.8

–

15.9)

. 

Plas

ma 

zinc: 

p = 

0.01

5 

(sign

ifica

nt); 

RBC 

zinc: 

p = 

0.44 

(not 

signi

fican

t). 

Not 

app

lica

ble 

(no 

foll

ow-

up). 

Not 

app

lica

ble 

(no 

foll

ow-

up). 

No

t 

ap

pli

ca

ble

. 

5/29 (17%) RVVC 

patients had plasma 

zinc < 70 µg/dL (vs 

0/20 controls, χ² = 

3.42). Dietary zinc 

intake was similar 

between groups (8 ± 

2.5 mg vs 7 ± 2.2 

mg, p = 0.19). 

Suggests mild zinc 

deficiency may be 

associated with 

RVVC. 



Shahv

erdi, 

Zohre

; 

Valai, 

Naser

; 

Alemi

, 

Yega

ne 

Recur

rent 

vulvo

vagin

al 

Candi

diasis 

and 

plasm

a 

Zinc 

levels 

1

9

9

3 

Iran 

(Logh

man 

Haki

m 

hospit

al 

locati

on 

impli

ed) 

Pla

sm

a 

Ca

se-

con

trol 

stu

dy 

Female 

patients 

with 

RVVC 

80 

total 

(40 

cases 

+ 40 

contr

ols) 

Groups 

matched for 

age, number 

of 

pregnancies, 

and other 

factors 

Not 

specified in 

abstract 

Not 

specif

ied 

(volu

nteers 

for 

contr

ol 

group

) 

Not 

spe

cifi

ed 

(bu

t 

mat

che

d 

bet

we

en 

gro

ups

) 

40 40 Not 

specifie

d 

(Candi

da 

species 

not 

mentio

ned) 

RVV

C 

(Rec

urren

t 

Vulv

ovagi

nal 

Cand

idiasi

s) - at 

least 

3 

episo

des 

in 

one 

year 

despi

te 

stand

ard 

fungi

cide 

treat

ment 

80 

(all 

enrol

led) 

Not 

specifi

ed 

None 

ment

ioned 

(cros

s-

secti

onal 

desig

n) 

Atomic 

absorpt

ion 

spectro

photom

etry 

Chi-

squar

e 

analy

sis, 

Odds 

ratios 

55±2

1 

μg/dl 

62±2

3 

μg/dl 

P<0.

09 

(not 

statis

ticall

y 

signi

fican

t at 

p<0.

05) 

Not 

app

lica

ble 

(no 

foll

ow-

up) 

Not 

app

lica

ble 

(no 

foll

ow-

up) 

No

t 

ap

pli

ca

ble 

Odds ratio: 1.7 times 

higher chance of low 

plasma zinc in 

patient group vs 

control 

Böhle

r, K.; 

Meisi

nger, 

V.; 

Klade

, H.; 

Reint

haller

, A. 

Zinc 

levels 

of 

serum 

and 

cervic

ovagi

nal 

secret

ion in 

recurr

ent 

vulvo

vagin

al 

candi

diasis

. 

1

9

9

4 

Austri

a 

(Univ

ersity 

of 

Vienn

a) 

Pla

sm

a 

(se

ru

m) 

and 

cer

vic

ova

gin

al 

sec

reti

ons 

Cr

oss

-

sec

tio

nal 

con

trol

led 

co

mp

ara

tiv

e 

stu

dy 

Non-

pregnant 

women 

with 

regular 

menstru

al cycles 

36 

total 

(21 

recurr

ent 

VVC; 

15 

contr

ols) 

Age 20–49 

years, mean 

33.7; culture-

negative for 

Candida & 

other STIs 

(BV, 

Trichomonas 

vaginalis, NG, 

Chlamydia, 

mycoplasm, 

Ureaplasma) 

at 

investigation; 

regular cycles 

Symptomati

c infection, 

Ingestion of 

Zinc 

supplements 

with 7 days 

prior to the 

test, sexual 

intercourse 

within 3 

days prior 

(semen has 

high zinc 

levels) 

Not 

explic

itly 

stated

; but 

conve

nienc

e/clini

cal 

recrui

tment 

impli

ed 

20–

49 

yea

rs 

(m

ean 

33.

7) 

21 

with 

recu

rrent 

VV

C 

15 

healt

hy 

wom

en 

Candid

a 

species 

exclude

d by 

culture; 

not 

speciat

ed in 

this 

paper 

Recu

rrent 

Vulv

ovagi

nal 

Cand

idiasi

s 

(RV

VC) 

– ≥3 

episo

des 

in 

prior 

12 

mont

hs 

35 

total: 

20 

recur

rent 

VVC 

+ 15 

contr

ols 

Plasma 

and 

cervico

vaginal 

sample

s were 

centrif

uged 

(plasm

a), 

stored 

at –

20°C 

(plasm

a), and 

diluted 

1:5 

with 

deioniz

ed 

water 

before 

zinc 

measur

ement 

by 

flame 

atomic 

absorpt

ion 

spectro

photo

metry 

Not 

appli

cable 

for 

zinc 

meas

urem

ents 

(cros

s-

secti

onal 

at 

basel

ine 

only) 

Flame 

atomic 

absorpt

ion 

spectro

photom

etry 

Wilco

xon 

2-

sampl

e test; 

Spear

man 

correl

ation 

Plas

ma 

 

Patie

nt 

grou

p: 

109 

μg/d

L 

(SD 

17.7) 

 

Cerv

ical 

vagi

nal 

secre

tion: 

41 ± 

30.2 

Plas

ma:  

 

Cont

rol 

grou

p: 

107 

± 

12.8 

Cerv

ical 

vagi

nal 

secre

tion: 

42 ± 

29.6 

Plas

ma: 

P 

valu

e = 

0.71 

 

Cerv

ical 

vagi

nal 

secre

tion 

= 

0.80 

Not 

app

lica

ble 

Not 

app

lica

ble 

No

t 

ap

pli

ca

ble 

The correlation 

between plasma and 

cervicovaginal zinc 

levels was r = –0.05 

in the recurrent VVC 

group and r = –0.07 

in the control group. 
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ERİM 
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M 

The 

Relati

onshi

p 

Betw

een 

Vulvo

vagin

al 

Candi

diasis 

and 

Seru

m 

Zinc 

Level

s in 

Pregn

ant 

Wom

en 

1

9

9

8 

Turke

y 

(Fırat 

Unive

rsity 

Facult

y of 

Medi

cine) 

Blo

od 

sa

mp

les 

(se

ru

m) 

Ca

se-

con

trol 

stu

dy 

Pregnan

t women 

with 

vulvova

ginal 

candidia

sis 

25 

total 

(15 

cases 

+ 10 

contr

ols) 

All pregnant 

women; no 

other 

demographics 

specified 

Not 

specified 

Not 

specif

ied 

Not 

spe

cifi

ed 

15 10 Not 

specifie

d 

(Candi

da 

species 

not 

mentio

ned) 

VVC 

(Vul

vova

ginal 

Cand

idiasi

s) - 

acute

, not 

recur

rent 

25 

(all 

enrol

led 

parti

cipan

ts) 

Not 

specifi

ed 

None 

(cros

s-

secti

onal 

study

) 

Atomic 

absorpt

ion 

spectro

photom

eter 

(Shima

dzu 

ASC-

6100) 

Stude

nt's t-

test; 

result

s 

expre

ssed 

as 

mean 

± 

stand

ard 

deviat

ion 

62.3

6 ± 

8.26 

μg/dl 

(seru

m) 

80.1

1 ± 

7.15 

μg/dl 

(seru

m) 

t = -

4.84, 

P < 

0.00

1 

(stati

stical

ly 

signi

fican

t) 

Not 

app

lica

ble 

(no 

foll

ow-

up) 

Not 

app

lica

ble 

(no 

foll

ow-

up) 

No

t 

ap

pli

ca

ble 

Leukocyte counts: 

Patient 

7300±1927/mm³ vs 

Control 

9700±803/mm³ (t=-

2.74, P<0.05). 

Lymphocyte %: 

Patient 16.09±4.43% 

vs Control 

22.26±2.40% (t=-

2.59, P<0.05). 

Normal serum zinc 

range: 70-150 μg/dl; 

patient group below 

normal. Parallel 

decrease in 

lymphocyte ratio 

with zinc deficiency 

noted. 



BAL

TACI

, 

ABD

ULK

ERİM 

KASI

M 

Effect

s of 

zinc 

suppl

ement

ation 

to the 

treat

ment 

of 

vulvo

vagin

al 

candi

diasis 

in 

reduci

ng 

recurr

ence 

1

9

9

9 

Turke

y 

Ser

um 

sa

mp

les 

Ra

nd

om

ize

d 

Co

ntr

oll

ed 

Tri

al 

(R

CT

) 

Non-

pregnant 

women 

aged 18-

37 years 

with 

sympto

ms of 

vulvova

ginal 

candidia

sis 

68 Sexually 

active women 

aged 18-37 

years 

presenting 

with 

vulvovaginal 

candidiasis 

symptoms, 

with Group I 

having a mean 

age of 25.87 ± 

5.30 years and 

Group II 

having a mean 

age of 24.61 ± 

6.44 years. 

Pregnancy, 

age outside 

18-37 years, 

chronic 

systemic 

diseases, 

and use of 

oral 

contraceptiv

es or other 

medications. 

Rand

om 

assign

ment 

to 

two 

group

s 

18-

37 

yea

rs 

(m

ean 

~2

6 

yea

rs) 

35 

(Gro

up II 

- 

Zinc 

supp

leme

ntati

on) 

33 

(Gro

up I 

- 

Plac

ebo) 

Candid

a 

albican

s 

(causin

g 

vulvov

aginal 

candidi

asis) 

VVC 

(Vul

vova

ginal 

Cand

idiasi

s) - 

all 

partic

ipant

s had 

symp

tomat

ic 

vulvo

vagin

al 

candi

diasis 

At 

basel

ine 

68 

samp

les 

(Gro

up I 

= 33, 

Grou

p II 

= 

35), 

at 30 

days 

60 

samp

les 

(Gro

up I 

= 30, 

Grou

p II 

= 

30), 

and 

at 90 

days 

54 

samp

les 

(Gro

up I 

= 26, 

Grou

p II 

= 

28). 

Serum 

sample

s 

collect

ed and 

proces

sed for 

zinc 

level 

measur

ement 

90 

days 

(with 

meas

urem

ents 

at 

basel

ine, 

10 

days, 

30 

days, 

and 

90 

days) 

        
The study enrolled 

68 women with 

vulvovaginal 

candidiasis 

randomized to either 

flucanazole 150 

mg/day alone (Group 

I, n=33) or 

flucanazole 150 

mg/day plus zinc 

sulfate 50 mg for 30 

days (Group II, 

n=35), with follow-

up at 10, 30, and 90 

days. At 10 days 

(baseline), 

reinfection rates 

were similar between 

groups (Group I: 

15.15%, Group II: 

14.28%) with 

comparable KOH 

and culture 

negativity rates. At 

30-35 days follow-

up, Group II showed 

superior outcomes 

with a reinfection 

rate of 6.66% 

compared to 21.42% 

in Group I, though 

this difference was 

not statistically 

significant. At 90 

days, reinfection 

rates were 22.72% in 

Group I versus 

10.71% in Group II. 

Most importantly, 

the total reinfection 

rates across the 

entire study period 

demonstrated a 

highly significant 

difference (p<0.005), 

with Group I 

experiencing a 

48.48% total 

reinfection rate 

compared to only 

28.57% in the zinc 

supplementation 

group (Group II), 

indicating that zinc 

supplementation 

significantly reduces 

recurrence of 

vulvovaginal 

candidiasis when 

added to standard 

antifungal therapy. 



Špače

k, J.; 

Jílek, 

P.; 

Bucht

a, V. 

The 

levels 

of 

calciu

m, 

magn

esium

, iron 

and 

zinc 

in 

patien

ts 

with 

recurr

ent 

vulvo

vagin

al 

candi

diasis 

durin

g 

attack 

and 

remis

sion 

and in 

health

y 

contr

ols 

2

0

0

5 

Czech 

Repu

blic 

Blo

od 

ser

um 

sa

mp

les  

Co

hor

t 

stu

dy 

(m

ulti

cen

ter, 

obs

erv

ati

ona

l) 

Women 

with 

recurren

t 

vulvova

ginal 

candido

sis 

(RVVC) 

and 

healthy 

controls 

74 

total 

(44 

RVV

C 

patien

ts + 

30 

health

y 

contr

ols) 

RVVC 

patients: age 

range 17-51 

years (mean 

31.7); 

Controls: age 

range 21-44 

years (mean 

33.7). All 

RVVC 

patients had 

primary 

idiopathic 

form with no 

known causes. 

No pregnant 

women or 

patients with 

proven 

immunoalterat

ion included. 

Pregnant 

women, 

patients 

with proven 

immunoalter

ation 

Not 

specif

ied 

for 

rando

mizati

on; 

patien

ts 

recrui

ted 

from 

specia

l 

outpat

ient 

depart

ment 

of 

gynec

ologic

al 

clinic 

RV

VC 

pati

ent

s: 

17-

51 

yea

rs 

(m

ean 

31.

7); 

Co

ntr

ols: 

21-

44 

yea

rs 

(m

ean 

33.

7) 

44 

RV

VC 

patie

nts 

30 

healt

hy 

wom

en 

Candid

a 

species  

RVV

C 

(Rec

urren

t 

Vulv

ovagi

nal 

Cand

idosi

s) - 

defin

ed as 

four 

cultu

re-

docu

ment

ed 

attac

ks of 

VVC 

durin

g 

previ

ous 

12 

mont

hs 

88 

samp

les 

from 

RVV

C 

patie

nts 

(44 

durin

g 

attac

k + 

44 

durin

g 

remi

ssion

) + 

30 

from 

contr

ols = 

118 

total 

samp

les 

Blood 

sample

s 

proces

sed 

same 

day 

with 

no 

delay. 

Serum 

extract

ed for 

metal 

analysi

s. 

Patie

nts 

follo

wed 

durin

g 

attac

k and 

remis

sion 

perio

ds. 

Cont

rols 

and 

remis

sion 

samp

les 

taken 

betw

een 

21st-

23rd 

day 

of 

mens

trual 

cycle

; 

attac

k 

samp

les 

taken 

regar

dless 

of 

cycle

. 

Flame 

atomic 

absorpt

ion 

spectro

metry 

(Solaar 

959, 

Unica

m 

Mannh

eim, 

Germa

ny) 

Stude

nt's t-

tests: 

paire

d 

analy

sis 

for 

attack 

vs. 

remis

sion; 

non-

paire

d 

analy

sis 

for 

patien

t vs. 

contr

ol. 

P<0.0

5 

consi

dered 

signif

icant. 

Base

line 

zinc 

conc

entra

tion 

(atta

ck 

phas

e) in 

the 

patie

nt 

grou

p: 

13.2

5 ± 

2.69 

μmol

/L. 

Zinc 

conc

entra

tion 

in 

the 

patie

nt 

grou

p 

durin

g 

remi

ssion

: 

13.1

6 ± 

2.28 

μmol

/L. 

Zinc 

conc

entra

tion - 

contr

ol 

grou

p17.

52 ± 

5.62 

μmol

/L 

Atta

ck vs 

Cont

rol: 

P ≤ 

0.00

1 

(high

ly 

signi

fican

t); 

Rem

issio

n vs 

Cont

rol: 

P ≤ 

0.00

1 

(high

ly 

signi

fican

t) 

  
At

tac

k 

vs 

Re

mi

ssi

on

: 

no

t 

sig

nif

ica

nt 

(n.

s.) 

- 

no 

sig

nif

ica

nt 

dif

fer

en

ce 

bet

we

en 

zin

c 

lev

els 

du

rin

g 

att

ac

k 

an

d 

re

mi

ssi

on 

RVVC patients' 

values clustered near 

the lower limits 

(approximately 75% 

of zinc values were 

just above lower 

normal limit).  

 

Calcium: Attack 

2.21±0.35 mmol/L, 

Remission 2.23±0.36 

mmol/L, Control 

2.38±0.47 mmol/L 

(both P≤0.001 vs 

control, attack vs 

remission n.s.). 

Magnesium: Attack 

0.79±0.14 mmol/L, 

Remission 0.82±0.14 

mmol/L, Control 

0.87±0.17 mmol/L 

(P≤0.001 for attack 

vs control and 

remission vs control; 

P≤0.01 for attack vs 

remission). Iron: 

Attack 17.53±8.74 

μmol/L, Remission 

17.22±7.78 μmol/L, 

Control 13.68±5.14 

μmol/L (all 

comparisons n.s., but 

trend toward 

elevation in 

patients). All 

measured metals 

were within normal 

reference ranges 

despite significant 

differences. 
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adeh, 
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Zinc 

level 

of 

serum 

in 

recurr

ent 

vulvo

vagin

al 

candi

diasis

. 

2

0

0

8 

Iran 

(Isla

mic 

Azad 

Unive

rsity, 

Tehra

n; 

Paste

ur 

Instit

ute of 

Iran) 

Pla

sm

a 

(bl

oo

d 

sa

mp

les) 

Ca

se-

con

trol 

stu

dy 

Women 

with 

recurren

t 

vulvova

ginal 

candidia

sis 

104 

total 

(53 

cases 

+ 51 

contr

ols) 

Age matched; 

controls were 

healthy age-

matched 

women 

Not clearly 

specified in 

visible text 

Not 

specif

ied 

Co

ntr

ol 

gro

up: 

15-

50 

yea

rs 

(m

ean 

33.

12

±5.

37)

; 

Pat

ient 

gro

up 

age 

me

nti

one

d 

in 

tabl

e 

53 51 Candid

a 

albican

s 

(mentio

ned in 

introdu

ction) 

RVV

C 

(Rec

urren

t 

Vulv

ovagi

nal 

Cand

idiasi

s) - at 

least 

4 

episo

des 

withi

n 

previ

ous 

12 

mont

hs 

104 

(all 

enrol

led) 

Blood 

sample

s 

centrif

uged 

immed

iately 

for 15 

min, 

plasma 

kept at 

-70°C 

until 

analysi

s 

None 

(cros

s-

secti

onal 

study

) 

Atomic 

Absorp

tion 

Spectro

photom

etry; 

data 

analyze

d using 

SPSS; 

Zn 

measur

ed 

photom

etricall

y 

Stude

nt's t-

test; 

p-

value 

<0.05 

consi

dered 

signif

icant 

57.3

3 ± 

74.0 

μg 

dl⁻¹ 

(plas

ma) 

93.3

8 ± 

74.0 

μg 

dl⁻¹ 

(plas

ma) 

P < 

0.05 

(stati

stical

ly 

signi

fican

t 

diffe

renc

e) 

Not 

app

lica

ble 

(no 

foll

ow-

up) 

Not 

app

lica

ble 

(no 

foll

ow-

up) 

No

t 

ap

pli

ca

ble 

Study concluded that 

zinc deficiency 

might play a role in 

susceptibility to 

recurrent 

vulvovaginal 

candidiasis. The 

control group 

showed no 

significant difference 

between case and 

control group (p > 

0.05). 88% of 

control group and 

94% of patient group 

showed no 

significant 

differences in zinc 

concentrations (p > 

0.05). Mean plasma 

zinc concentrations 

were 57.33 μg/dl in 

patient group vs 

93.38 μg/dl in 

control group. 
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-3 

Genes 

Expre

ssion 

in 

Fluco

nazol

e-

Resist

ant 

Candi

da 

albica

ns 

Isolat

es 

from  

Vulvo

vagin

al 

Candi

diasis
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2

0

2
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Iran Va

gin

al 

sw

abs 

De

scri

pti

ve-

ana

lyti

c 

cro

ss-

sec

tio

nal 

stu

dy 

Women 

with 

vulvova

ginal 

candidia

sis 

(VVC) 

attendin

g Sayad 

Shirazi 

Obstetri

cs and 

Gynecol

ogy 

Hospital 

280 

wome

n 

with 

VVC 

Women aged 

18-46 years 

suffering from 

burning, 

itching, 

malodorous 

and cheesy 

vaginal 

secretions 

with 

confirmed 

VVC 

diagnosis. 

Samples 

collected from 

married 

women. 

Not 

explicitly 

stated 

Conse

cutive 

sampl

ing 

from 

hospit

al 

gynec

ology 

depart

ment 

18-

46 

yea

rs 

196 

C. 

albic

ans 

isola

tes 

ident

ified 

(70

% of 

280 

sam

ples)

; 

divi

ded 

into 

10 

fluc

onaz

ole-

resis

tant 

and 

186 

fluc

onaz

ole-

susc

eptib

le 

isola

tes 

No 

healt

hy 

cont

rol 

grou

p - 

used 

stan

dard 

refer

ence 

strai

n C. 

albic

ans 

ATC

C10

231 

Candid

a 

albican

s 

(confir

med by 

phenot

ypic 

method

s and 

ITS 

genoty

pic 

method

s) 

VVC 

(Vul

vova

ginal 

Cand

idiasi

s); 

subgr

oups: 

168 

(85.7

1%) 

susce

ptible

, 18 

(9.13

%) 

susce

ptible 

dose-

depe

ndent 

(SD

D), 

10 

(5%) 

fluco

nazol

e-

resist

ant 

280 

vagi

nal 

samp

les 

colle

cted; 

196 

(70%

) 

posit

ive 

for 

C. 

albic

ans; 

all 

196 

analy

zed 

for 

susce

ptibil

ity; 

10 

fluco

nazol

e-

resist

ant 

isolat

es 

used 

for 

detai

led 

gene 

expr

essio

n 

studi

es 

Morph

ologica

l 

identifi

cation 

using 

germ 

tube 

test, 

CHRO

Magar 

Candid

a, 

Cornm

eal 

agar 

with 

Tween 

80. 

DNA 

extract

ion by 

phenol

-

chlorof

orm-

isoamy

l 

alcohol 

metho

d. 

RNA 

extract

ion 

using 

TRIzol 

reagent

. RT-

PCR 

for 

ERG1

1 gene. 

Real-

time 

PCR 

for 

SAP1-

3 gene 

expres

sion 

analysi

s. 

no 

patie

nt 

follo

w-

up, 

labor

atory

-

base

d 

study 

This 

study 

tested 

zinc 

oxide 

nanopa

rticles 

(ZnO-

np) as 

an 

antifun

gal 

agent 

in vitro 

Rest 

softw

are 

(ver. 

2009) 

for 

target

/refer

ence 

gene 

ratio 

testin

g; 

SPSS 

(ver. 

16) 

with 

one-

way 

ANO

VA; 

2^-

ΔΔCt 

meth

od for 

gene 

expre

ssion 

analy

sis; 

P≤0.0

5 

consi

dered 

signif

icant 

Not 

meas

ured  

Not 

meas

ured  

Not 

meas

ured  

Not 

me

asu

red  

Not 

me

asu

red  

No

t 

me

as

ur

ed  

ZnO nanoparticles 

synthesized by sol-

gel method, tested at 

sub-MIC 

concentrations 

ranging 0.02-12 

μg/mL (later 

specified as 2-18.1 

μg/mL for gene 

expression studies). 

MIC range: 0.02-269 

μg/mL; MIC50: 5 

μg/mL; MIC90: 11.3 

μg/mL. Sub-MIC 

concentration used: 

11.1 μg/mL 

(concentration 

allowing >50% cell 

viability). Final 

concentration for 

gene expression 

studies: 3±1.7 μg/mL 

(also reported as 

5±1.3 μg/mL). 

Fluconazole 

susceptibility: 

10/196 (5%) 

resistant, 18/196 

(9.13%) SDD, 

168/196 (85.71%) 

susceptible. ERG11 

gene: Detected in all 

10 fluconazole-

resistant isolates 

(397 bp band), not in 

susceptible isolates. 

SAP gene expression 

in untreated isolates: 

SAP1: 10/10 (100%) 

resistant strains, 

18/18 (100%) SDD, 

148/168 (88%) 

susceptible; SAP2: 

9/10 (90%) resistant, 

15/18 (83%) SDD, 

148/168 (88%) 

susceptible; SAP3: 

6/10 (60%) resistant, 

12/18 (67%) SDD, 

118/168 (70%) 

susceptible. Mean 

SAP1-3 expression 

significantly higher 

in resistant vs 

susceptible strains 

(P<0.001). Nystatin 

MIC: Range 0.6-32 

μg/mL; MIC50: 3 

μg/mL; MIC90: 8 

μg/mL; Sub-MIC: 4 

μg/mL; 

concentration for 

gene studies: 3±1.3 

μg/mL. Gene 



downregulation after 

ZnO-np treatment: 

SAP1 decreased 

2.44-fold (P<0.02), 

SAP2 decreased 

5.55-fold (P<0.03), 

SAP3 decreased 2.6-

fold (P<0.05). Gene 

downregulation after 

Nystatin treatment: 

SAP1 decreased 

4.16-fold (P<0.01), 

SAP2 decreased 

3.12-fold (P<0.03), 

SAP3 decreased 4.8-

fold (P<0.05). Both 

treatments 

significantly reduced 

SAP1-3 expression; 

overall reduction 

significant for ZnO 

(P=0.01) and 

Nystatin (P=0.07). 
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practi
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mana
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al 

candi
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: A 

rando

mized

, 

contr

olled 

open-

label 

trial 

2

0

2

3 

Italy No

t 

app

lica

ble 

- 

this 

wa

s 

not 

a 

zin

c 

me

asu

re

me

nt 

stu

dy 

Mu

ltic

ent

er, 

clu

ster

ed, 

ran

do

mi

zed

, 

con

trol

led 

ope

n-

lab

el 

tria

l 

Women 

with 

vulvova

ginal 

candidia

sis 

(VVC) 

200 

wome

n 

rando

mized 

(220 

recrui

ted) 

192 completed 

the trial (97 in 

Group 1 

receiving 

clotrimazole 

2% vaginal 

cream plus 

acid pH 

thymol and 

zinc-

containing 

cleansing 

wash, and 95 

in Group 2 

receiving 

clotrimazole 

alone). Both 

groups had 

comparable 

baseline 

characteristics

: Group 1 had 

mean age 

27.5±6.3 

years, BMI 

21.5±5.2 

kg/m², and 

Sobel score 

8.2±1.1, while 

Group 2 had 

mean age 

27.3±6.3 

years, BMI 

22.3±4.8 

kg/m², and 

Sobel score 

8.3±1.1 

Pregnant, 

lactating, 

postmenopa

usal women; 

trichomonas 

vaginitis; 

history of 

repeated 

vaginal 

candidiasis; 

taking 

contraceptiv

e pills, 

broad-

spectrum 

antibiotics, 

or oral 

vaginal-

related 

vaginitis 

drugs in past 

two weeks 

Perm

utated 

rando

mizati

on  

18-

45 

yea

rs 

Gro

up 

1: 

97 

(co

mple

ted); 

Gro

up 

2: 

95 

(co

mple

ted) 

Not 

appli

cabl

e - 

both 

grou

ps 

were 

treat

ment 

grou

ps 

Candid

a 

species 

(mainly 

Candid

a 

albican

s) - 

confirm

ed by 

blastos

pores/h

yphae 

on 

microsc

opy or 

positive 

vaginal 

culture 

VVC 

(Vul

vova

ginal 

Cand

idiasi

s) - 

mode

rate 

to 

sever

e 

(Sob

el 

score 

≥2) 

192 

parti

cipan

ts 

(97 

in 

Grou

p 1, 

95 in 

Grou

p 2) 

Not 

applica

ble - 

clinical 

trial 

with 

sympto

m 

assess

ment 

15 ± 

3 

days 

Not 

applica

ble - 

zinc 

was not 

measur

ed in 

this 

study 

Grap

hPad 

StatM

ate 

v2.00

; Chi-

squar

e and 

Stude

nt's t-

tests 

(paire

d and 

unpai

red); 

p<0.0

5 

consi

dered 

signif

icant 

Not 

meas

ured 

- 

zinc 

was 

an 

ingre

dient 

in 

the 

clean

sing 

wash

, not 

meas

ured 

in 

samp

les 

Not 

meas

ured 

Not 

appli

cable 

for 

zinc 

conc

entra

tion 

Not 

me

asu

red 

Not 

me

asu

red 

No

t 

ap

pli

ca

ble 

for 

zin

c 

co

nc

ent

rat

io

n 

The study measured 

two primary 

symptom outcomes 

using patient self-

reported Visual 

Analogue Scale 

(VAS) scores: 

pruritus (itching) and 

burning sensation. 

Participants were 

provided with daily 

diaries at Visit 1 

(baseline) and 

instructed to mark 

the severity of 

pruritus and burning 

on a 10 cm VAS 

ranging from 0 (no 

pruritus/burning) to 

10 (highest 

pruritus/burning) 

each day until the 

final visit. These 

self-reported VAS 

scores were collected 

at baseline and 

assessed at three 

timepoints: Day 6 

(end of clotrimazole 

treatment), Day 10, 

and Day 15 (final 

visit, 15±3 days after 

baseline). The 

diaries were returned 

at Visit 2, and data 

were analyzed using 

GraphPad StatMate 

version 2.00 with 

Student's t-tests 

(paired and 

unpaired) for 

between-group 

comparisons of 

continuous VAS 

data, with p<0.05 

considered 

statistically 

significant. 

Additionally, VVC 

diagnosis was 

confirmed at 

baseline through 

clinical assessment 

using the Sobel 

scoring system 

(semiquantitative 

measure scoring 

pruritus, erythema, 

edema, and 

excoriation from 0-3 

each, with total score 

≥2 required for 

enrollment) and 

microbiological 



confirmation via 

microscopic 

examination for 

blastospores/hyphae 

or positive vaginal 

culture for Candida 

species. Physical 

examinations were 

conducted at both 

visits, and adverse 

events were 

systematically 

recorded throughout 

the 15-day treatment 

period through 

patient reporting, 

investigator 

questioning, and 

clinical observation. 

Primary outcomes: 

Pruritus VAS score 

significantly lower in 

Group 1 vs Group 2 

at Day 10 and Day 

15 (p<0.005 at both 

timepoints). Burning 

VAS scores 

improved in both 

groups but no 

significant difference 

between groups. 

Safety: 2 patients in 

Group 1 reported 

mild burning that 

resolved in 2-3 days. 
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expre
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protei
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Hung

ary  

Cli

nic

al 

ass

ess

me

nt 

(no 

bio

log

ical 

sa

mp

les 

col

lect

ed 

for 

ana

lysi

s) 

Ret

ros

pec

tiv

e 

coh

ort 

stu

dy 

Women 

with 

recurren

t vaginal 

infectio

ns 

(RVVC 

or RBV) 

10 

enroll

ed, 8 

compl

eted 

Women with 

history of 

recurrent 

vaginal 

infections 

attending 

outpatient 

clinic. 

Demographics 

recorded: age, 

BMI, previous 

pregnancies, 

deliveries, 

operations, 

menstruation 

cycle, 

hormonal 

therapy, 

relationship 

status, sexual 

partners in last 

12 months, 

episodes of 

vaginitis over 

previous 12 

months 

Postmenopa

usal state 

(≥12 

consecutive 

months 

amenorrhea 

or FSH ≥30 

mIU/mL), 

local or 

systemic 

hormone 

therapy 

within past 

6 months, 

cytological 

atypia, prior 

radiation 

treatment, 

history of 

breast/ovari

an/other 

gynecologic

al cancer, 

pelvic organ 

prolapse 

>stage 2, 

recent use (3 

months) of 

any vaginal 

product or 

douching 

Conv

enien

ce 

sampl

ing 

from 

outpat

ient 

clinic 

Not 

spe

cifi

ed 

in 

det

ail 

8 

com

plete

d (6 

RV

VC 

+ 2 

RB

V) 

0 

(no 

cont

rol 

grou

p - 

singl

e 

arm 

inter

venti

on 

stud

y) 

Not 

specifie

d 

(clinica

l 

diagnos

is of 

RVVC) 

RVV

C 

(n=6) 

and 

RBV 

(n=2)

. 

Recu

rrent 

infect

ion 

defin

ed as 

≥3 

vagin

al 

infect

ions 

in the 

last 

12 

mont

hs 

8 

wom

en 

com

plete

d the 

study 

(2 

drop

ped 

out) 

N/A - 

clinical 

interve

ntion 

study 

3 

mont

hs 

Zinc 

admini

stered 

as 

interve

ntion 

(not 

measur

ed). 

Zinc-

contain

ing 

vaginal 

hydrog

el 

(JUVI

A 

vaginal 

gel; 

Femph

arma, 

LLC) 

contain

ing 20 

μM 

zinc 

sulphat

e 

heptah

ydrate 

Micro

soft 

Excel 

2019; 

Paire

d t-

test; 

P<0.0

5 

consi

dered 

signif

icant 

N/A 

- 

zinc 

level

s not 

meas

ured 

(zinc 

gel 

inter

venti

on) 

N/A 

- no 

contr

ol 

grou

p 

N/A N/

A - 

zin

c 

lev

els 

not 

me

asu

red 

N/

A 

N/

A 

Zinc Gel 

Intervention 

Protocol: Self-

applied 2 ml intra-

vaginally via vaginal 

applicator nightly for 

2 consecutive weeks, 

then twice per week. 

Gel composition: 

Water, hydroxyethyl 

cellulose, 20 μM 

zinc sulphate, lactic 

acid. Primary 

Outcome 

(Reinfection within 3 

months): RVVC 

group: 5/6 women 

(83%) had NO 

reinfection. RBV 

group: 0/2 women 

(0%) showed 

improvement - both 

had reinfection. 

Treatment failure 

definition: 

Reoccurrence within 

first 3 months. 

Follow-up: Women 

asked to return to 

clinic if symptoms 

appeared. Detailed 

gynecological exam 

at enrollment and 

follow-up visit. 

Conclusion: Zinc gel 

effectively prevented 

reinfection in 83% of 

women with RVVC 

but had no effect on 

recurrent bacterial 

vaginosis, supporting 

the specificity of 

zinc's mechanism 

against fungal (not 

bacterial) infections. 
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g Salah 

al-Din 

General 
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al 
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Women aged 

20-50 years 

with vaginal 

candidiasis. 

Initial 

diagnosis and 

follow-up 

examinations 

conducted 

with 

assistance of 

female 

gynecologist 

Not 
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stated 
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perio
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Not 

applica

ble - 
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was not 
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patient 

sample

s. This 

study 

tested 

zinc 

nanopa

rticles 

(ZnO 

NPs) as 

an 

antifun

gal 

agent 

against 

Candid

a 

isolates 

in 

vitro. 
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Garlic-synthesized 

zinc oxide 

nanoparticles (ZnO 

NPs) at 

concentrations of 

250 ppm and 500 

ppm tested against 

Candida isolates in 

vitro. Molecular 

findings: 9/10 (90%) 

isolates had ALS1 

gene (Cq: 24.402-

29.437), 10/10 

(100%) had HWP1 

gene (Cq: 14.748-

29.562), 7/10 (70%) 

had ACT1 gene (Cq: 

23.699-28.23). 

Antifungal activity: 

Garlic-synthesized 

AgNPs showed 

inhibition zones of 

8.04±3.47 mm at 250 

ppm and 21.25±3.18 

mm at 500 ppm. 

Garlic-synthesized 

ZnO NPs showed 

inhibition zones of 

8.99±2.24 mm at 250 

ppm and 19.57±2.54 

mm at 500 ppm. 

Silver nanoparticles 

were slightly more 

effective than zinc 

nanoparticles at the 

higher concentration 

(500 ppm). Both 

nanoparticle types 

demonstrated 

concentration-

dependent antifungal 

activity against 

Candida albicans, 

with AgNPs showing 

slightly superior 

efficacy at 500 ppm 

concentration 

 


