
Vol.:(0123456789)1 3

Medical Microbiology and Immunology (2019) 208:773–780 
https://doi.org/10.1007/s00430-019-00622-9

ORIGINAL INVESTIGATION

Rapid differential diagnosis of vaginal infections using gold 
nanoparticles coated with specific antibodies

Hossein Hashemi1 · Jaleh Varshosaz2 · Hossein Fazeli3 · Seyedeh Maryam Sharafi4 · Hossein Mirhendi1 · 
Mostafa Chadeganipour1 · HosseinAli Yousefi1 · Kourosh Manoochehri5 · Zahra Aliyari Chermahini5 · 
Lobat Jafarzadeh6 · Nafiseh Dehghanisamani6 · Parvin Dehghan1 · Hossein Yousofi Darani1 

Received: 25 November 2018 / Accepted: 25 May 2019 / Published online: 10 June 2019 
© Springer-Verlag GmbH Germany, part of Springer Nature 2019

Abstract
Vaginal infections caused by bacteria, Candida and Trichomonas vaginalis, affect millions of women annually worldwide. 
Symptoms and signs have limited value in differential diagnosis of three causes of vaginitis. Current laboratory methods 
for differential diagnosis are either expensive or time consuming. Therefore, in this work, development of a method based 
on gold nanoparticles has been investigated for rapid diagnosis of vaginal infections. Specific antibodies against three main 
causes of vaginal infections were raised in rabbits. The antibodies were then purified and conjugated to gold nanoparti-
cles and used in an agglutination test for detection of vaginal infections. Finally, sensitivity and specificity of this test for 
diagnosis of vaginal infections were estimated using culture method as gold standard. Purification of antibodies from sera 
was confirmed by electrophoresis. Construction of nanoparticles was proved by TEM and FT-IR methods. Conjugation of 
antibodies to gold nanoparticles was confirmed using XPS method. Sensitivity and specificity of gold nanoparticles for 
diagnosis of Candida species were 100%, for Gardnerella were 100% and 93%, and for T. vaginalis was 53.3% and 100%, 
respectively. Gold nanoparticle-based method is a simple, rapid, accurate, and cost-effective test for differential laboratory 
diagnosis of vaginal infections.
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Introduction

Vaginal infections affect millions of women annually world-
wide [1]. The most common causes of vaginitis are bacte-
rial vaginosis, vulvovaginal candidiasis, and trichomonia-
sis. Dysbacteriosis is implicated in 40–50%, vulvovaginal 
candidiasis in 20–25%, and trichomoniasis in 15–20% of 
cases [2]. Discharge is one of the most frequent gynecologic 
complaints. In the United States, vaginal infection account 
for more than 7% of patient visits to gynecologists’ clinics 
[3, 4]. These infections are associated with several adverse 
health outcomes, such as preterm birth or delivery of a low-
birth weight infant [1, 5, 6].

Dysbacteriosis (bacterial vaginosis) is a common condi-
tion, affecting many women annually [7, 8], and is associ-
ated with numerous health problems including preterm labor 
resulting in low-birth weight [9], pelvic inflammatory dis-
ease [10], and acquisition of the human immunodeficiency 
virus [11]. Malodorous vaginal discharge may be the only 
symptom of bacterial vaginosis, and many affected women 
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are asymptomatic [12]. In women with bacterial vaginitis, 
the concentration of anaerobic, Gardnerella vaginalis [13] 
and Mycoplasma hominis [14], is 100–1000 times higher 
than in normal women. However, these species are also 
found in subjects who do not have bacterial vaginosis and 
thus are not specific markers for disease [1].

Numerous studies have shown an association between 
bacterial vaginitis and adverse sequalae [15]. A meta-anal-
ysis investigation confirmed that bacterial vaginitis in preg-
nancy was associated consistently and significantly with an 
increased risk of prematurity [14].

Trichomonas vaginalis infection is a common sexually 
transmitted protozoal infection, with an estimated 180 mil-
lion prevalent cases worldwide [16]. The diagnosis of T. 
vaginalis infection in women is often made by microscopic 
examination (wet mount) of a vaginal fluid specimen or by 
an incidental finding on a Papanicolaou test report. The sen-
sitivity for these tests may be as low as 50% [17]. Other 
diagnostic options include culture and a DNA probe test, 
both of which have moderately higher sensitivity [18]. How-
ever, these options are not used routinely and are not cost 
effective for many clinicians.

Candida vaginitis is one of the most frequent infections 
of the female genital tract with a high incidence. Approxi-
mately 75% of sexually active women suffer at least one 
episode of Candida vaginitis and 10% of them have recurrent 
episodes [19]. Positive vaginal cultures for Candida species 
can be found in almost 15% of non-pregnant and 30% of 
pregnant women [20]. Among women with acute vulvovagi-
nal candidiasis, Candida albicans accounts for 80–90% of 
the isolated fungal species, whereas other species are less 
frequent [21].

Patients with vaginal infection frequently continue to have 
symptoms following treatment. The main cause of this treat-
ment failure is diagnostic errors. Many attempts have been 
made so far to determine the relationship between clinical 
criteria (symptoms and signs) and three causes of vaginitis 
(T. vaginalis, Candida species, and G. vaginalis). However, 
it is difficult to prove the etiology of vaginitis according to 
clinical criteria. It has been shown that symptoms are not 
differed among the three infections, and lack of vaginal odor 
in yeast infection is the only significantly different physical 
sign [20]. Therefore, it can be concluded that presenting 
symptoms and signs in vaginitis evaluation have limited 
value for differential diagnosis of vaginal infections [22].

In differential diagnosis of vaginal infections, laboratory 
diagnostic of vaginal infection is necessary for appropriate 
treatment and follow-up [23]. The laboratory diagnosis of 
vaginal infection in women is often made by microscopic 
examination (wet mount) of a vaginal fluid specimen. How-
ever, the sensitivity for these tests may be as low as 50% 
[24]. Other options for differential diagnosis of vaginal 
infections are culture and a DNA probe tests. These tests 

are more sensitive than wet smear method [25]. However, 
they are not used routinely, because they are time-consuming 
methods and they are not cost effective. To develop a rapid, 
sensitive and cost-effective method for simultaneous diagno-
sis of vaginal infections, in this work, differential diagnosis 
of these infections by gold nanoparticles coated with specific 
antibodies has been investigated.

Materials and methods

In this work, vaginal swabs were collected from 635 women 
with vaginal symptoms referred to gynecology clinics in 
Chaharmahal va Bakhtiari province of Iran in 2017. In the 
first step of this research, an agglutination test using gold 
nanoparticles coated with specific antibodies was developed 
for differential diagnosis of vaginal infections and in the sec-
ond step sensitivity and specificity of the test was estimated.

Development of a gold nanoparticle‑based method 
for differential diagnosis of vaginal infections

Antigen preparation

With informed consent, vaginal samples were collected 
from women referred to gynecology clinics. The samples 
were then cultured in appropriate mediums for each micro-
organism. Colombia agar medium, Sabra dextrose agar, 
and TYSI33 mediums were used for culturing G. vaginalis, 
Candida spp., and T. vaginalis, respectively. After growth 
in culture medium and performance of appropriate tests to 
confirm the infections, the above three agents were trans-
ferred to three individual tubes containing PBS. The micro-
organisms were then given three washes with PBS to remove 
constituent of the culture media. After that, the organisms 
were sonicated to prepare crude antigens. In case of Candida 
spp., species determination was not considered.

Preparation of specific antibodies

The prepared crude antigens along with adjuvant were 
injected to individual rabbits to raise poly-specific antisera. 
Complete Freunds’ adjuvant was used for the first injection 
and incomplete one for the boosters. Following the third 
booster, a blood sample was prepared from all rabbits and 
presence of specific antibodies against causing agents of 
vaginal infection was checked using ELISA method, as we 
published before [26]. With the presence of appropriate level 
of specific antibodies, the rabbits were bled out and their 
sera was kept at − 20 °C until used. Antibodies in the sera 
were purified using salting out method. Antibody purifica-
tion was then confirmed by electrophoresis method (sebia 
Capillarys 2 Flexiercing-France).
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Preparation of gold nanoparticles and conjugation 
with specific antibodies

Gold nanoparticles with pendent carboxylic and alcohol 
functional groups were prepared [27] and then conjugated 
to specific antibodies against Candida species, T. vaginalis 
or Gardnerella species [28]. Briefly, the gold nanoparticles 
were synthesized using Laaksonen et al.’s method [27] with 
slight modification. To 200 mL of ethanol solution contain-
ing 2.7 mmol 0.3 mmol 16-mercaptohexadecanoic acid, 
6 mL of a solution containing HAuCl4·3H2O (410 mg) in 
water (6 mL) was added. The solution was then cooled to 
0 °C, and then, 20 mL of a freshly prepared aqueous solu-
tion containing 380 mg of NaBH4 was added. The resulting 
solution containing capped Au nanoparticles with pendant 
carboxylic acid functional groups was stirred for 3 h, and 
then, the material was allowed to precipitate to the bottom 
of the flask. The particles were then washed and dried under 
vacuum for 10 h and were examined using transmission elec-
tron microscopy (TEM) (Philips CM30, The Netherlands) 
and the FT-IR spectrum was obtained on a FT-IR spectrom-
eter (6300-Jasco-Japan). The prepared gold nanoparticles 
functionalized with 16-mercaptohexadecanoic acid and 
were conjugated to the antibodies according to the method 
reported by Zhao et al. [29]. For this purpose, 100 mg of 
Au nanoparticles with pendant carboxylic acid functional 
groups, and 2  mg of antibody was added to a solution 
containing 0.25 g (1.3 mmol) 1-ethyl-3-3(3-dimethylami-
nopropyl) carbodiimide hydrochloride (EDC) and 0.25 g 
(2.2 mmol) N-hydroxysuccinimide in 5 mL 0.01 PBS (pH 
7.4), and stirred at room temperature for 0.5 h. Material 
was then washed with 0.01 PBS. The obtained material was 
then characterized using µX-ray photoelectron spectroscopy 
(XPS) (PHI-5400, Physical Electronics USA).

Reaction of gold nanoparticles conjugated 
antibodies with the related antigens

On an agglutination slide, one drop (50 µL) of gold nano-
particles conjugated with anti-Candida antibodies was mixed 
with one drop (50 µL) of PBS containing 1 × 106 Candida 
cells/mL. With occurrence of agglutination, the test con-
sidered positive. This test was also repeated for T. vaginalis 
and G. vaginalis.

Determination of sensitivity and specificity of gold 
nanoparticles’ method

Study population was women with signs and symptoms of 
vaginal infections referred to gynecology clinics in Chaha-
rmahal va Bakhtiari province of Iran in 2017. With informed 
consent from each patient, five vaginal swabs were taken and 
used as follows.

The first swab was used for microscopic examination (wet 
smear). The second, third, and fourth swabs were used for 
specific culture medium for T. vaginalis, Candida spp., or 
G. vaginalis, respectively. The fifth swab kept at − 20 to 
be tested with gold nanoparticles’ method. Sampling was 
continued until at least 30 positive samples of T. vaginalis, 
Candida spp. or G. vaginalis were collected. After that the 
developed gold nanoparticles method was used to examine 
the fifth swab. For this purpose, the swabs were shacked 
in 500 µL normal saline, then three drops (50 µL) of it put 
on agglutination slides on different spots. A drop (50 µL) 
of nanoparticles coated with anti T. vaginalis, anti-Candida 
spp. or anti G. vaginalis was added to drops 1–3, respec-
tively, and shake for several seconds. With the formation 
of agglutination, the test considered to be positive. Finally, 
the results of nanoparticles’ method were compared with 
the results of culture methods (gold standard) to estimate 
sensitivity and specificity of the newly developed nanopar-
ticles test.

Analytical sensitivity and specificity of the gold 
nanoparticles method in detection of Candida spp. 
and G. vaginalis

For sensitivity, 0.5 McFarland standards were made for 
Candida spp. and G. vaginalis and different dilutions of the 
them were prepared and each dilution was then tested by 
gold nanoparticles method. For specificity gold nanopar-
ticles, method was used for detection of Escherichia coli, 
Klebsiella, Enterobacter aerogenes, Rodotrolla spp., and 
Geotrichum sp.

Results

Preparation of gold nanoparticles

Gold nanoparticle was made and tested using transmission 
electron microscopy (TEM) and Fourier transform infrared 
spectroscopy (FTIR) (Figs. 1, 2).

Conjugation of gold nanoparticles with specific 
antibodies against Trichomonas vaginalis, Candida 
spp., or Gardnerella vaginalis

Three antisera raised against T. vaginalis, Candida spp., 
and G. vaginalis subjected to salting out method to purify 
the antibodies. As shown in Fig. 3, antibodies were par-
tially purified. In the next step, gold nanoparticles were 
conjugated with the three specific antibodies. Conjugated 
of the gold nanoparticles with each specific antibody was 
confirmed using X-ray photoelectron spectroscopy (XPS) 
method (Fig. 4).
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Reaction of gold nanoparticles conjugated antibodies 
with vaginal infections agents

One drop (50 µL) of gold nanoparticles conjugated with anti-
Candida antibodies was mixed with one drop (50 µL) of PBS 
containing Candida. As control, one drop (50 µL) of PBS 
alone was mixed with conjugated nanoparticles. In addition, 
one drop (50 µL) of vaginal samples was mixed with the con-
jugated nanoparticles. As shown in Fig. 5, after few seconds, a 
strong agglutination was observed. This test was also repeated 
for T. vaginalis and G. vaginalis.

Examination of the vaginal samples using wet 
smear, culture, and antibody‑conjugated gold 
nanoparticles

635 vaginal samples were examined using wet smear and 
culture methods to detect 30 positive samples for T. vagi-
nalis, Candida spp., and G. vaginalis, and then, the devel-
oped nanoparticles’ method was performed on 90 posi-
tive samples (30 for each vaginal agent) and 90 negative 
samples. The results of this examination are summarized 
in Table 1.

Fig. 1   TEM of prepared gold 
nanoparticles

Fig. 2   FT-IR spectrum of functionalized gold nanoparticles with 
carboxylic acid groups. Peaks at various ranges related to differ-
ent stretching and bending modes of the functional groups. Peaks 
at 3049.87  cm−1 are ascribed to C–H stretching of the alkyl groups 
and the peak at 1496.49 to the C–H deformation of the alkyl group. 

The peak at 1580.38  cm−1 is related to stretching of the carboxylic 
group. The peak at 1266.04  cm−1 corresponding to O–H bending 
was observed. A peak at 813.813 cm−1 is also present. The peak at 
1130.08  cm−1 is characteristic of the out-of-plane O–H-bending 
mode and the peak at 3429.78 cm−1 is due to O–H stretching
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Sensitivity and specificity of gold nanoparticle 
method for diagnosis of vaginal infections

Sensitivity and specificity of gold nanoparticle method for 
detection of T. vaginalis, Candida spp., and G. vaginalis in 
vaginal samples were estimated. Gold nanoparticles’ method 
has a high level of both sensitivity and specificity for detection 
of Candida spp. and G. vaginalis. However, the sensitivity of 
the test for detection of T. vaginalis was 53.33%. More details 
about sensitivity and specificity of gold nanoparticles method 
are shown in Table 2.

Results of analytical sensitivity and specificity 
of the gold nanoparticles method in detection 
of Candida spp. and Gardnerella vaginalis

Gold nanoparticles’ method was able to detect as much as 25 
Candida cells in 1 ml (0.25 × 102 CFU/mL). The analytical 
sensitivity of the test for G. vaginalis was 1 × 102 CFU/mL. 
Therefore, low inoculum of the test for Candida and G. vagi-
nalis was 0.25 × 102 CFU/mL and 1 × 102 CFU/mL, respec-
tively. In analytical specificity, the gold nanoparticles’ method 
did not detect Escherichia coli, Klebsiella, Enterobacter aero-
genes, Rodotrolla spp., and Geotrichum sp.

Fig. 3   Electrophoresis of purified antibodies against Candida in comparison with electrophoresis of the normal sera

Fig. 4   X-ray photoelectron spectrum of gold nanoparticle with the 
attached antibody anti-Candida spp. This figure indicates the pres-
ence of the antibody on the nanoparticles by X-ray photoelectron 
spectroscopy (XPS). A peak at ~ 400, related to nitrogen present in 
the sample from antibody, is observed

Fig. 5   Agglutination between Candida (1), PBS (2), and a vaginal 
sample (3) and the gold nanoparticles conjugated with anti-Candida
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Discussion

To provide a rapid and accurate test for differential diag-
nosis of vaginal infections in human, in this work, a gold 
nanoparticle method was developed. The test was rapid, 
and after only few seconds, a strong agglutination is devel-
oping between antigen and the conjugated antibodies. 
Results of this investigation showed that gold nanoparticle 
method has a high level of sensitivity and specificity for 
detection of human vaginal infections caused by Candida 
spp. and G. vaginalis.

Itching was the only symptom more frequently noted 
among symptomatic patients [20]. In an investigation, it 
has been shown that the clinical diagnosis of vaginal infec-
tion is inadequate in diagnosis of causative agents of vagi-
nal infections and should be confirmed with an appropriate 
laboratory test [30]. Precision and accuracy of microscopy 
of vaginal fluid method are poor [31] and misdiagnosis 
creates stress for the patient, delays appropriate inter-
vention, and places a financial burden on the health care 
system. In an investigation, a nucleic-acid probe-based 
test was developed for differential diagnosis of vaginal 
infections. Sensitivity and specificity of more than 90% 
were reported for this test in detection of G. vaginalis, 
Candida spp., and T. vaginalis in vaginal specimens [32]. 
Although this test is both sensitive and specific, but it is 
an expensive method and needs special equipment to do 
the test. In another investigation, the sensitivity of clini-
cian microscopy for diagnosis of vulvovaginal candidiasis, 
vaginal trichomoniasis, and bacterial vaginosis was 39.6%, 
90.4%, and 75.0%, respectively, while the sensitivity of a 
DNA probe method was 75.0%, 95.7%, and 86.5%. The 
specificity of conventional and DNA probe method was 
96.6%, 76.5%, and 70.8%, and 98.5%, 95.4%, and 60.7%, 

respectively [33]. Daniel et al. showed that the sensitivity 
of wet mount diagnosis of trichomoniasis was 62%, and 
of Candida by microscopy was 22% [13]. They also con-
cluded that symptoms alone should not be used to direct 
treatment of vaginal infection [13].

In another work, it has been shown that molecular detec-
tion of G. vaginalis has similar sensitivity and specificity to 
Gram stain method [34]. Performance of molecular methods 
is time consuming and needs especial equipment.

Culture methods are used for diagnosis of G. vaginalis, 
Candida species, and T. vaginalis. This method is time con-
suming, and do not provide timely results. A DNA probe 
analysis of vaginal fluid for G. vaginalis, Candida spe-
cies, and T. vaginalis is sensitive and specific for detection 
of these agents [35]. However, DNA probe analysis is an 
expensive method and needs especial equipment.

Molecular methods have been used as complements to 
conventional methods and providing more accurate results 
in less time (1.5–3 h). Therefore, they are considered as 
accurate and quick tests for diagnosis of candidiasis. How-
ever, these tests are expensive and lack appropriate stand-
ardization [36]. Trama et al. developed a PCR-based method 
for diagnosis of Candida species in vaginal samples. They 
showed that this test provided high level of both sensitivity 
and specificity for diagnosis of vaginal candidiasis [37].

Sensitivity and specificity of 100% have been reported for 
PCR method in detection of T. vaginalis in vaginal samples 
[38]. In another work, it has been shown that vaginal swab 
ATV TMA was significantly more sensitive than wet mount 
or culture in detection of T. vaginalis in women, while in 
men urethral swab, ATV TMA was significantly more sen-
sitive than culture or PCR [39]. In another work, Lisa et al. 
showed that the sensitivity and specificity of PCR using 
vaginal samples for detection of T. vaginalis were 89 and 
97%, respectively [40]. It has been shown that PCR could 

Table 1   Comparison of results 
of wet smear, culture and 
Gold nanoparticles method 
for detection of Trichomonas 
vaginalis, Candida, and 
Gardnerella vaginalis 

Gardnerella vaginalis Candida spp. Trichomonas vaginalis

Positive Negative Positive Negative Positive Negative

Nano method
 Positive 30 2 30 0 16 0
 Negative 0 28 0 30 14 30

Total 30 30 30 30 30 30

Table 2   Sensitivity and 
specificity of gold nano 
method in detection of vaginal 
infections

Sensitivity % Specificity % Positive predictive 
value %

Negative 
predictive 
value %

Gardnerella vaginalis 100 93.3 93.75 100
Candida spp. 100 100 100 100
Trichomonas vaginalis 53.33 100 100 36.3
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be method of choice for detection of T. vaginalis in vaginal 
samples [41]. In another work, it has been reported that real-
time PCR assay is sensitive and specific for the detection of 
T. vaginalis DNA in vaginal samples [42]. In contrast lower 
sensitivity of PCR method for detection of T. vaginalis has 
been reported by Crucitti et al. [43].

Time, cost, and accuracy are important criteria of a 
laboratory test for detection of vaginal infections agents in 
clinical samples. In this investigation, we developed a quick, 
cost effective, and accurate test for laboratory differential 
diagnosis of vaginal infections simultaneously. Therefore, 
conventual and molecular methods which are either time 
consuming or expensive can be replaced by this test. Moreo-
ver, this method is easy to do with no need to any equipment 
and can also be performed in gynecological clinics.

Conclusion

Gold nanoparticle method developed in this work has a high 
level of specificity and sensitivity for detection of Candida 
and Gardernela spp. in vaginal samples. Simultaneous dif-
ferential diagnosis of vaginal infections simply and quickly 
is the most important advantages of this test.

Acknowledgements  This work supported by Grant from Isfahan Uni-
versity of Medical Sciences (Grant no. 563284).

Compliance with ethical standards 

Conflict of interest  None of the authors has conflict of interests.

References

	 1.	 Ben-Haroush A, Yogev Y, Kaplan B (2004) The importance of 
diagnostic work-up in the management of candidal vulvovaginitis. 
A prospective study. Clin Exp Obstet Gynecol 31(2):113–116

	 2.	 Mylonas I, Bergauer F (2011) Diagnosis of vaginal discharge by 
wet mount microscopy: a simple and underrated method. Obstet 
Gynecol Surv 66(6):359–368

	 3.	 Brown HL, Fuller DD, Jasper LT, Davis TE, Wright JD (2004) 
Clinical Evaluation of affirm VPIII in the detection and identi-
fication of Trichomonas vaginalis, Gardnerella vaginalis, and 
Candida species in vaginitis/vaginosis. Infect Dis Obstet Gynecol 
12(1):17–21

	 4.	 Sumangala B, Sangannavar AB, Shetty NS, Arun KSM (2018) 
Study of leucorrhea cases by gram stain and aerobic bacterial 
culture. Int J Curr Microbiol Appl Sci 7(2):1484–1503

	 5.	 Donders G, Bellen G, Rezeberga DJ (2011) Aerobic vaginitis in 
pregnancy. Gynaecology 118(10):1163–1170

	 6.	 Leli C, Mencacci A, Meucci M, Bietolini C, Vitali M, Farinelli S 
et al (2013) Association of pregnancy and Candida vaginal colo-
nization in women with or without symptoms of vulvovaginitis. 
Minerva Ginecologica 65(3):303–309

	 7.	 Fredricks DN, Fiedler TL, Marrazzo JM (2005) Molecular iden-
tification of bacteria associated with bacterial vaginosis. N Engl 
J Med 353(18):1899–1911

	 8.	 Gardner HL, Dukes CD (1955) Haemophilus vaginalis vaginitis: 
a newly defined specific infection previously classified “nonspe-
cific” vaginitis. Am J Obstet Gynecol 69(5):962–976

	 9.	 Murphy CC, Schei B, Myhr TL, Du Mont JJC (2001) Abuse: a 
risk factor for low birth weight? A systematic review and meta-
analysis. CMAJ 164(11):1567–1572

	10.	 Soper DEJO (2010) Pelvic inflammatory disease. Gynecology 
116(2):419–428

	11.	 Watts DH, Lambert JS, Stiehm ER, Bethel J, Whitehouse J, 
Fowler MG et  al (2000) Complications according to mode 
of delivery among human immunodeficiency virus-infected 
women with CD4 lymphocyte counts of ≤ 500/μL. Am J Obstet 
Gynecol 183(1):100–107

	12.	 Kumar N, Behera B, Sagiri SS, Pal K, Ray SS, Roy S (2011) 
Bacterial vaginosis: etiology and modalities of treatment—a 
brief note. J Pharm Bioallied Sci 3(4):496

	13.	 Landers DV, Wiesenfeld HC, Heine RP, Krohn MA, Hill-
ier SL (2004) Predictive value of the clinical diagnosis of 
lower genital tract infection in women. Am J Obstet Gynecol 
190(4):1004–1008

	14.	 Leitich H, Bodner-Adler B, Brunbauer M, Kaider A, Egarter C, 
Husslein P (2003) Bacterial vaginosis as a risk factor for preterm 
delivery: a meta-analysis. Am J Obstet Gynecol 189(1):139–147

	15.	 Ziaei S, Sadrkhanlu M, Moeini A, Faghihzadeh SJG, Investiga-
tion o (2006) Effect of bacterial vaginosis on premature rupture 
of membranes and related complications in pregnant women 
with a gestational age of 37–42 weeks. Gynecol Obstet Investig 
61(3):135–138

	16.	 Miller WC, Swygard H, Hobbs MM, Ford CA, Handcock MS, 
Morris M et al (2005) The prevalence of trichomoniasis in young 
adults in the United States. Sex Transm Dis 32(10):593–598

	17.	 Moodley P, Connolly C, Sturm AW (2002) Interrelationships 
among human immunodeficiency virus type 1 infection, bacte-
rial vaginosis, trichomoniasis, and the presence of yeasts. J Infect 
Dis 185(1):69–73

	18.	 Radonjic IV, Dzamic AM, Mitrovic SM, Arsenijevic VSA, 
Popadic DM, Zec IFK (2006) Diagnosis of Trichomonas vagi-
nalis infection: the sensitivities and specificities of micros-
copy, culture and PCR assay. Eur J Obstet Gynecol Reprod Biol 
126(1):116–120

	19.	 Saporiti A, Gomez D, Levalle S, Galeano M, Davel G, Vivot W 
et al (2001) Vaginal candidiasis: etiology and sensitivity pro-
file to antifungal agents in clinical use. Rev Argent Microbiol 
33(4):217–222

	20.	 Schaaf VM, Perez-Stable EJ, Borchardt K (1990) The limited 
value of symptoms and signs in the diagnosis of vaginal infec-
tions. Arch Intern Med 150(9):1929–1933

	21.	 Linhares IM, Witkin SS, Miranda SD, Fonseca AM, Pinotti JA, 
Ledger WJ et al (2001) Differentiation between women with vul-
vovaginal symptoms who are positive or negative for Candida 
species by culture. Infect Dis Obstet Gynecol 9(4):221–225

	22.	 Schwiertz A, Taras D, Rusch K, Rusch V (2006) Throwing the 
dice for the diagnosis of vaginal complaints? Ann Clin Microbiol 
Antimicrob 5(1):4

	23.	 Tosun I, Aydin F, Kaklikkaya N, Yazici Y (2003) Frequency 
of bacterial vaginosis among women attending for intrauterine 
device insertion at an inner-city family planning clinic. Eur J Con-
tracept Reprod Health Care 8(3):135–138

	24.	 Weinstock H, Berman S, Cates W Jr (2004) Sexually transmit-
ted diseases among American youth: incidence and prevalence 
estimates, 2000. Perspect Sex Reprod Health 36(1):6–10

	25.	 Wendel KA, Erbelding EJ, Gaydos CA, Rompalo AM (2002) 
Trichomonas vaginalis polymerase chain reaction compared 
with standard diagnostic and therapeutic protocols for detec-
tion and treatment of vaginal trichomoniasis. Clin Infect Dis 
35(5):576–580



780	 Medical Microbiology and Immunology (2019) 208:773–780

1 3

	26.	 Sharafi SM, Shirzad H, Khanahmad H, Ataei B, Darani HY 
(2018) Monoclonal antibodies production against a 40 kDa band 
of hydatid cyst fluid. Recent Pat Biotechnol 12(1):57–64

	27.	 Laaksonen T, Ahonen P, Johans C, Kontturi K (2006) Stabil-
ity and electrostatics of mercaptoundecanoic acid-capped gold 
nanoparticles with varying counterion size. Chem Phys Chem 
7(10):2143–2149

	28.	 Di Pasqua AJ, Mishler RE II, Ship Y-L, Dabrowiak JC, Asefa 
T (2009) Preparation of antibody-conjugated gold nanoparticles. 
Mater Lett 63(21):1876–1879

	29.	 Zhao X, Hilliard LR, Mechery SJ, Wang Y, Bagwe RP, Jin S 
et al (2004) A rapid bioassay for single bacterial cell quantita-
tion using bioconjugated nanoparticles. Proc Natl Acad Sci 
101(42):15027–15032

	30.	 Karaca M, Bayram A, Kocoglu M, Gocmen A, Eksi F (2005) 
Comparison of clinical diagnosis and microbiological test results 
in vaginal infections. Clin Exp Obstet Gynecol 32(3):172–174

	31.	 Mashburn J (2006) Etiology, diagnosis, and management of vagi-
nitis. J Midwifery Womens Health 51(6):423–430

	32.	 Cartwright CP, Lembke BD, Ramachandran K, Body BA, 
Nye MB, Rivers CA et al (2013) Comparison of nucleic-acid 
amplification assays with BD affirm VPIII for the diagnosis of 
vaginitis/vaginosis in symptomatic women. J Clin Microbiol. 
51:3694–3699

	33.	 Ferris DG, Hendrich J, Payne PM, Getts A, Rassekh R, Mathis 
D et al (1995) Office laboratory diagnosis of vaginitis. Clinician-
performed tests compared with a rapid nucleic acid hybridization 
test. J Fam Pract 41(6):575–581

	34.	 Paladine HL, Desai UA (2018) Vaginitis: diagnosis and treatment. 
Am Fam Physician 97(5):321–329

	35.	 Lowe NK, Neal JL, Ryan-Wenger NA (2009) Accuracy of the 
clinical diagnosis of vaginitis compared to a DNA probe labora-
tory standard. Obstet Gynecol 113(1):89

	36.	 Neppelenbroek K, Seó R, Urban V, Silva S, Dovigo L, Jorge J et al 
(2014) Identification of Candida species in the clinical laboratory: 

a review of conventional, commercial, and molecular techniques. 
Oral Dis 20(4):329–344

	37.	 Trama JP, Adelson ME, Raphaelli I, Stemmer SM, Mordechai 
E (2005) Detection of Candida species in vaginal samples in a 
clinical laboratory setting. Infect Dis Obstet Gynecol 13(2):63–67

	38.	 Jamshidi A (2016) Comparison of three methods of clinical diag-
nosis, microscopic and PCR techniques for detection of trichomo-
niasis in women in the Yasuj City. Science 5(1):12–15

	39.	 Nye MB, Schwebke JR, Body BA (2009) Comparison of APTIMA 
Trichomonas vaginalis transcription-mediated amplification to 
wet mount microscopy, culture, and polymerase chain reaction 
for diagnosis of trichomoniasis in men and women. Am J Obstet 
Gynecol 200(2):188e1–188e7

	40.	 Lawing LF, Hedges SR, Schwebke JR (2000) Detection of tricho-
monosis in vaginal and urine specimens from women by culture 
and PCR. J Clin Microbiol 38(10):3585–3588

	41.	 van der Schee C, van Belkum A, Zwijgers L, van der Brugge E, 
O’neill EL, Luijendijk A et al (1999) Improved diagnosis of Trich-
omonas vaginalis infection by PCR using vaginal swabs and urine 
specimens compared to diagnosis by wet mount microscopy, cul-
ture, and fluorescent staining. J Clin Microbiol 37(12):4127–4130

	42.	 Caliendo A, Jordan J, Green A, Ingersoll J, Diclemente R, Wing-
ood G (2005) Real-time PCR improves detection of Trichomonas 
vaginalis infection compared with culture using self-collected 
vaginal swabs. Infect Dis Obstet Gynecol 13(3):145–150

	43.	 Crucitti T, Van Dyck E, Tehe A, Abdellati S, Vuylsteke B, Buve 
A et al (2003) Comparison of culture and different PCR assays for 
detection of Trichomonas vaginalis in self collected vaginal swab 
specimens. Sex Transm Infect 79(5):393–398

Publisher’s Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.


	Rapid differential diagnosis of vaginal infections using gold nanoparticles coated with specific antibodies
	Abstract
	Introduction
	Materials and methods
	Development of a gold nanoparticle-based method for differential diagnosis of vaginal infections
	Antigen preparation
	Preparation of specific antibodies

	Preparation of gold nanoparticles and conjugation with specific antibodies
	Reaction of gold nanoparticles conjugated antibodies with the related antigens
	Determination of sensitivity and specificity of gold nanoparticles’ method
	Analytical sensitivity and specificity of the gold nanoparticles method in detection of Candida spp. and G. vaginalis

	Results
	Preparation of gold nanoparticles
	Conjugation of gold nanoparticles with specific antibodies against Trichomonas vaginalis, Candida spp., or Gardnerella vaginalis
	Reaction of gold nanoparticles conjugated antibodies with vaginal infections agents

	Examination of the vaginal samples using wet smear, culture, and antibody-conjugated gold nanoparticles
	Sensitivity and specificity of gold nanoparticle method for diagnosis of vaginal infections
	Results of analytical sensitivity and specificity of the gold nanoparticles method in detection of Candida spp. and Gardnerella vaginalis

	Discussion
	Conclusion
	Acknowledgements 
	References




