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Abstract 

Background Infection with Trichomonas vaginalis (TV) is the most prevalent curable sexually transmitted infection 
(STI) globally and is associated with prelabour rupture of membranes, preterm delivery, and low birthweight. Point‑
of‑care (POC) testing for TV during pregnancy may facilitate rapid antenatal case detection and treatment. This study, 
part of the World Health Organization’s global ProSPeRo study, aimed to evaluate the performance of OSOM® Tricho‑
monas Rapid Test, an antigen‑based POC test, against a reference nucleic acid amplification test (NAAT) among preg‑
nant women in Zambia. We also assessed the operational characteristics and patient acceptability of the POC test, 
within the context of WHO’s target product profiles for STI POC tests.

Methods We enrolled pregnant women attending four health centres in Nchelenge, Zambia, for antenatal care 
between 15 February and 26 May 2023. Vaginal swabs for the TV POC test and a reference NAAT (Aptima® Tricho-
monas vaginalis assay) were obtained. POC test results were read independently by two study staff members. Study 
staff filled a questionnaire on the operational characteristics of the POC test, and participants were asked about their 
willingness to wait for results.

Results Paired POC and reference test samples were collected from 1,015 participants. Overall, 23.0% (233/1015) 
tested positive for TV by NAAT, and 15.3% (155/1015) tested positive by the POC test, with three inconclusive results. 
The overall sensitivity and specificity of the POC test were 66.4% (95% confidence intervals [CI] 57.7–74.1%) and 99.6% 
(95% CI: 98.8–99.9%), respectively. Sensitivity was higher among those with TV‑associated symptoms compared 
to those without (83.6% versus 60.4%, relative ratio 1.39, 95% CI 1.14–1.68). Inter‑rater agreement was 99.7% (Cohen’s 
Kappa 0.989). The study staff (n = 14) found the test easy to use and interpret, with most staff (12/14) reporting results 
were available within 25 min.
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Conclusion Overall, the TV POC test showed lower sensitivity than WHO’s 85% target, but exceeded the 99% speci‑
ficity target. Among symptomatic pregnant women, sensitivity nearly reached the WHO target. The assay was user‑
friendly, required minimal training, and delivered results quickly. Further studies are needed to determine the optimal 
antenatal settings for this technology.

Trial registration PACTR202302766902029.

Keywords Trichomonas vaginalis, Point‑of‑care test, Pregnancy, Sexually transmitted infection (STI), Antenatal care 
(ANC)

Introduction
Infection with the parasite Trichomonas vaginalis (TV) is 
the most prevalent curable sexually transmitted infection 
(STI) in the world [1]. A systematic review and meta-
analysis showed that TV infection during pregnancy was 
associated with pre-labour rupture of membranes,  pre-
term delivery,  and low birthweight [2]. In sub-Saharan 
Africa, the pooled prevalence estimate of TV among 
pregnant women has been reported to be 13.8% [3]. Wet 
mount microscopy or culture have been frequently used 
to diagnose trichomoniasis but both  require a micro-
scope and other sophisticated laboratory equipment, and 
have poor sensitivity and specificity when compared to 
nucleic acid amplification tests (NAATs) [4]. Syndromic 
algorithms have been developed to aid in the manage-
ment of non-viral STIs in low-resource settings. However, 
because trichomoniasis is often asymptomatic in women, 
syndrome-based management of STIs has limited utility. 
In antenatal care (ANC) settings, the sensitivity of these 
algorithms for diagnosing TV with vaginal discharge 
is low, whereas specificity is higher [5–8]. Point-of-care 
(POC) tests for TV are available and may facilitate rapid 
antenatal case detection and subsequent treatment [4]. 
This is particularly important given time-sensitive nature 
of pregnancy [9]. Although there is uncertainty regard-
ing the value of screening all pregnant women [10], a tar-
geted approach could benefit women with specific risk 
factors or conditions, requiring further investigation. 
POC tests should, ideally, meet the REASSURED crite-
ria (Real-time connectivity, Ease of specimen collection, 
Affordable, Sensitive, Specific, User-friendly, Rapid and 
robust, Equipment free or simple and environmentally 
friendly, Deliverable to end-users) [11].

The World Health Organization (WHO) recently pub-
lished target product profiles for POC tests for syphilis, 
gonorrhoea, chlamydial infection and trichomoniasis 
[12]. In this context, we evaluated the performance of 
an antigen-based test for TV (OSOM® Trichomonas 
Rapid Test, Sekisui Diagnostics, LLC, Massachusetts, 
USA) when compared to a reference NAAT (Aptima® 
Trichomonas vaginalis assay; Hologic, San Diego, USA) 
for detection of TV in pregnant women in Nchelenge, 
Zambia. Aptima® Trichomonas vaginalis assay uses 

transcription-mediated amplification targeting ribo-
somal RNA, and is highly sensitive and specific [13]. 
Additionally, we assessed the operational characteristics 
of the POC test among study staff and its acceptabil-
ity to the study participants. The OSOM® Trichomonas 
Rapid Test kits have a Clinical Laboratory Improvement 
Amendments waiver from the United States Food and 
Drug Administration and have been used in STI clinics 
and as part of sexual and reproductive services. The test 
uses an immunochromatographic capillary flow based 
“dipstick technology” that incorporates a pair of murine 
monoclonal antibodies. One antibody is conjugated to 
particles and dried onto the dipstick, whereas the other is 
immobilised on the dipstick’s surface. If present, TV anti-
gens will bind to the primary anti-trichomonas antibody 
conjugated to coloured particles, forming a complex. The 
complex is then captured by a second anti-trichomonas 
antibody coated on the nitrocellulose membrane, to pro-
duce a visible blue test line. To the best of our knowl-
edge, this antigen-based POC test has not been evaluated 
as a general screening tool for pregnant women in the 
antenatal setting. Our study is part of the WHO global 
ProSPeRo study (Project on STI POC Testing). This 
specific study was also registered with the Pan African 
Clinical Trials Registry (PACTR202302766902029, dated 
13/09/2022) and this report was prepared in accordance 
with the Standards for Reporting Diagnostic Accuracy 
(STARD) guidelines [14].

Methods
Sample size calculations
The sample size was calculated with the method 
described in the global ProSPeRo standard protocol 
[15] using an expected TV prevalence of 24.8% based 
on a pregnancy cohort study conducted between 2013 
and 2014 in the same facilities of the Nchelenge District 
[16]. Assumptions regarding the sensitivity and specific-
ity of the OSOM® Trichomonas Rapid Test were derived 
from published studies [17–24] (Supplementary Table 1), 
the majority of which had tested symptomatic  women. 
The sensitivity and specificity were estimated to be 80% 
and 98%, respectively. Thus, to produce prevalence esti-
mates within an accuracy of 5% based on a 2-sided alpha 



Page 3 of 11Sorano et al. BMC Infectious Diseases         (2024) 24:1482  

level of 0.05, we determined that 253 positive cases were 
needed to estimate sensitivity and 26 negative cases were 
required for specificity. Under the assumption of 24.8% 
prevalence, with an additional 10% to accommodate 
potential withdrawals or censoring from analysis, the 
total sample size required was 1,021.

Study site
This study was implemented in four health centres that 
provide ANC services in the Nchelenge District of Zam-
bia: Kabuta, Kafutuma, Kashikishi, and Nchelenge. All 
health centres are within the catchment area of the Saint 
Paul’s Mission Hospital in Luapula Province, northern 
Zambia, along the eastern shore of Lake Mweru with a 
total population of  approximately 233,000 inhabitants 
[25].

Study participants
Pregnant women at a minimum of 13 gestational weeks 
who attended the designated clinics for ANC services 
were recruited into the study. Individuals were excluded 
if they had received treatment with metronidazole or 
clindamycin during their current pregnancy, had a 
known allergy or if treatment with metronidazole was 
contraindicated, or had used a vaginal cream or ointment 
product, douched, or used vaginal lubricants within 72 h 
of recruitment.

Procedures
The participant flow in the study is illustrated in Fig.  1. 
After obtaining written informed consent from pro-
spective participants, gestational age was determined 
by sonography as part of the eligibility screening. For 
pregnant adolescents under 18 years of age, we obtained 
assent from the patients themselves, followed by consent 
from their parents in compliance with Zambian law. For 
eligible participants, background and clinical informa-
tion including self-reported TV-associated symptoms 
and other STI symptoms (unusual vaginal discharge, pain 
during urination, itching or burning of the vulva) was 
collected. We asked questions regarding patients’ will-
ingness to wait for POC test results. We recorded this 
information in an electronic case report form designed in 
REDCap [26].

Clinical staff collected four vaginal swabs per par-
ticipant: one for the TV POC test, one for the bacterial 
vaginosis (BV) POC test that was being evaluated in 
parallel [data to be presented elsewhere], one for NAAT 
analysis of TV, and one for  Nugent scoring for BV. The 
order of swab collection was randomised so equal num-
bers of women provided swabs throughout the study 
in the 24 variations of order that are possible when col-
lecting  four  samples per  participant. Taking this into 

consideration, we generated a random list of 1,100 sam-
pling sequences prior to study initiation. An independent 
researcher, otherwise not involved in the study, prepared 
opaque envelopes containing the sample collection order 
and participant IDs. When eligibility was determined, 
participants opened the envelopes when their eligibility 
was determined, to reveal the order of swabbing to be fol-
lowed. POC tests were performed according to manufac-
turers’ instructions by clinical or laboratory staff. Results 
were then independently read by two clinicians, or one 
clinician and one laboratory staff member, each of whom 
entered the results into REDCap, with neither staff mem-
ber knowing the reading of the other. A separate study 
staff member then communicated the POC test results to 
participants in writing. If participants tested positive for 
either TV or BV, study staff administered a 2-g dose of 
metronidazole at the same visit. At the end of the study, a 
questionnaire was completed by the clinic staff about the 
operational utility characteristics of the POC test.

Laboratory analysis
The Aptima® Trichomonas vaginalis Assay was used as 
the reference standard NAAT. Rayon swabs in the kit 
were used for sample collection. We placed the samples 
in a cooler box filled with ice and transferred to Saint 
Paul’s Mission Hospital for storage at −80℃ within six 
hours of collection. Samples were later shipped to the 
WHO Collaborating Centre for Gonorrhoea and Other 
STIs at Örebro University in Sweden for reference test-
ing. Clinical information and results of the POC tests 
were blinded to those who performed the reference 
NAAT in Sweden. HIV and syphilis tests were con-
ducted as part of routine antenatal care. Core tests® ONE 
STEP Syphilis Test Kit (Core Technology, Atlanta, USA) 
was used for the screening of syphilis, and Determine® 
HIV Test Kit (Abbott, Illinois, USA) was used for HIV 
screening.

Data handling
Data were directly entered into REDCap by the study 
staff using electronic tablets with consistency and valida-
tion rules to prevent data entry error. The study coordi-
nator reviewed daily entries, uploading records through a 
protected portal to a secure server hosted by the London 
School of Hygiene & Tropical Medicine in the United 
Kingdom. The research team reviewed records weekly 
and resolved data queries. Frequency tables were gen-
erated to assess completeness and accuracy of data col-
lected throughout enrolment.

Statistical analysis
Basic characteristics of participants were described using 
numbers and proportions for categorical variables, and 
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the median and interquartile range (IQR) for continu-
ous variables. POC test results (positive, negative, inde-
terminate, or invalid) were compared with results from 
the Aptima® Trichomonas vaginalis Assay as a reference 
standard. Any indeterminate or invalid results, as well 
as instances of missing data, were excluded from the 

analysis of accuracy measures; we reported the number 
of invalid results separately. Two-by-two tables were con-
structed for each facility, based on the results of the POC 
test for TV and the NAAT reference test, so that the four 
cells represented true positives, false negatives, false pos-
itives, and true negatives. Sensitivity, specificity, positive 

Fig. 1 Participant flow diagram of antigen‑based point‑of‑care test for trichomoniasis among pregnant women in Zambia
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and negative likelihood ratios (LR), positive and nega-
tive predictive values (PPV and NPV) were estimated by 
comparing the index test with the reference laboratory 
test using a bivariate random effect meta-analysis model 
with logit transformation [27] to address both within-site 
variation and between-site variations. Stata midas and 
metaDTA software  packages [28–30] were used for the 
meta-analysis. This modelling took into account poten-
tial threshold effects and the correlation between sensi-
tivity and specificity. Sub-group analyses were conducted 
based on presence of TV-associated symptoms to see if 
diagnostic accuracy estimates differed depending on the 
presence or absence of symptoms as pre-specified in the 
protocol. Based on prevalence scenarios, positive and 
negative LRs were plotted using Fagan’s nomogram in 
order to obtain post-test infection probability. Observed 
inter-rater agreement and Cohen’s Kappa were calcu-
lated. The numbers and proportion of each category of 
answers obtained from the operational characteristics 
and the willingness to wait questions were calculated. We 
used Stata 18.0 software [31] for our analyses.

Results
Between February 15 and May 26, 2023, 1,077 poten-
tially eligible individuals were screened for study entry, 
and 1,021 of these were enrolled in the study. Results 
of both the TV POC test and the reference NAAT test 
were obtained in 1,015 individuals. The STARD 2015 
flow diagram is shown in Fig. 2. The median participant 
age was 23  years (IQR: 20–30) (Table  1). The majority, 
(70.7%), of pregnant women were married or living with 
a partner, whereas remaining participants (29.3%) were 
single, separated, divorced, or widowed. In total, 56.9% 
of women were in their second trimester (13–27 gesta-
tional weeks), whereas 43.1% were in their third trimester 
(28–39 gestational weeks). Nineteen percent had at least 
one TV-associated symptom. The most common symp-
tom was itching or burning of the vulva (15.3%) and 6.2% 
reported having an unusual vaginal discharge. A total of 
8.6% tested HIV-positive and 14.7% were seropositive for 
syphilis using a treponemal POC test.

The results of the POC test and NAAT for TV at each 
facility are presented in Table 2, whereas the prevalence 
estimates based on the NAAT and accuracy measures of 
the antigen-based POC test for TV are shown in Table 3. 

Fig. 2 STARD 2015 flow diagram. * Used metronidazole (MTZ) or clindamycin (CLM) during current pregnancy; † Used or performed any 
of the following within 72 h of visit: (i) vaginal cream or ointment product, (ii) douching, or (iii) spermicides, vaginal lubricants, or feminine sprays
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Prevalence estimates by NAAT were 23.2%, 18.8%, 
26.4%, and 19.6% in Kabuta, Kafutuma, Kashikishi, and 
Nchelenge, respectively. Three samples produced inde-
terminate or invalid POC test results, all of which were 
negative by NAAT. Figure 3 shows the forest plots of sen-
sitivity and specificity of the POC test. The specificities 
of the POC were uniformly high across facilities, rang-
ing between 99.1% and 100.0%. In contrast, sensitivities 

ranged from 59.7% in Kashikishi to 77.8% in Kafutuma. 
The pooled prevalence, sensitivity and specificity across 
facilities were 22.3% (95% CI 18.4–26.2%), 66.4% (95% CI 
57.7–74.1%), 99.6% (95% CI 98.8–99.9%), respectively.

The TV positivity detected by TV NAAT was higher 
among individuals with TV-associated symptoms com-
pared to those without these symptoms (30.1% [95%CI 
23.7 – 36.5] vs 20.4% [95%CI 16.7 – 24.0]; relative ratio 
1.48, 95% CI 1.14 – 1.89; P = 0.0026). The POC sensitiv-
ity was also significantly higher among individuals with 
these symptoms compared to those without (83.6% 
[95%CI 70.1 – 91.7] versus 60.4% [95%CI 50.3 – 69.7], rel-
ative ratio 1.39, 95% CI 1.14–1.68; P = 0.0001). The PPVs 
and NPVs based on prevalence scenarios of the mini-
mum, maximum of the observed site and pooled preva-
lence are shown in Table  4. Overall, PPVs ranged from 
97.6% to 98.4%, and NPVs from 89.4% to 92.7%. Fagan’s 
nomogram is plotted based on prevalence scenario and 

Table 1 Basic characteristics of participating pregnant women 
in Zambia, 2023

a One participant was missing value
b Two participants were missing value

Basic characteristics (N = 1,015) Number or 
median

Percentage 
or IQR

Facility
 Kabuta 138 13.6%

 Kafutuma 144 14.2%

 Kashikishi 451 44.4%

 Nchelenge 282 27.8%

Age (years) 23 20–30

Age (years) in category
  < 18 36 3.6%

 18–24 551 54.3%

 25–34 323 31.8%

 35 and above 105 10.3%

Marital status
 Single 288 28.4%

 Married or living with a partner 717 70.7%

 Separated, divorced, or widowed 9 0.9%

Number of previous pregnancies
 0 310 30.5%

 1 225 22.2%

 2 176 17.3%

 3 or more 304 30.0%

Gestational week at enrolment
 13–27 week 578 56.9%

 28–39 week 437 43.1%

Symptoms associated with trichomoniasis
 Unusual vaginal  dischargea 63 6.2%

 Pain during  urinationa 43 4.2%

 Itching or burning of the  vulvaa 155 15.3%

 At least one symptom  aboveb 196 19.3%

HIV status
 Positive 87 8.6%

 Negative 918 90.4%

 Unknown 10 1.0%

Syphilis point-of-care test
 Positive 149 14.7%

 Negative 862 84.9%

 Unknown 4 0.4%

Table 2 Results of OSOM® Trichomonas Rapid Test and 
reference NAAT (Aptima® Trichomonas vaginalis Assay) for T. 
vaginalis in pregnant women in Zambia, 2023 (n = 1,015)

Site Index test result NAAT for Trichomonas 
vaginalis

Condition 
present

Condition 
absent

Total

Kabuta
 Positive 20 0 20

 Negative 12 106 118

 Indeterminate or invalid 0 0 0

 Total 32 106 138

Kafutuma
 Positive 21 1 22

 Negative 6 116 122

 Indeterminate or invalid 0 0 0

 Total 27 117 144

Kashikishi
 Positive 71 1 72

 Negative 48 330 378

 Indeterminate or invalid 0 1 1

 Total 119 332 451

Nchelenge
 Positive 40 1 41

 Negative 15 224 239

 Indeterminate or invalid 0 2 2

 Total 55 227 282

Combined
 Positive 152 3 155

 Negative 81 776 857

 Indeterminate or invalid 0 3 3

 Total 233 782 1015
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positive and negative LR (Additional file 1 Figures S1-S3). 
Observed inter-rater agreement of POC test results was 
99.7% (1,016/1,019), with a Cohen’s Kappa of 0.989.

The acceptability component involved asking two ques-
tions: (i) If these rapid tests are available at this clinic in 
the future, would you be willing to wait for the results at 
the clinic, directly after the tests are performed? And (ii) 
If yes, how long would you be willing to wait? Nearly all 
women, 98.7% (1,000/1,013), said they would be will-
ing to wait for POC test results at the facility if the same 
devices were available in the future. Just 1.2% (12/1,013) 
responded saying they would not wait, and one woman 
said she did not know if she would wait. Of those who 
said they would be willing to wait, 3.2% (32/1,000) were 
willing to wait for up to 2 h, 24.4% (245/1,000) were will-
ing to wait for up to 1 h, 60,2% (602/1,000) up to 30 min, 
99.4% (994/1,000) up to 20  min, and 0.6% (6/1,000) of 

respondents did not know. All participants of the study 
did wait for the POC test results.

The responses of the study staff recorded follow-
ing administration of their questionnaire regarding the 
operational/utility characteristics of the OSOM® Tricho-
monas Rapid Test are shown in Table 5. Overall, the anti-
gen-based POC test showed high levels of acceptability 
among both clinical and laboratory staff.

Discussion
In these ANC settings in Zambia, the antigen-based POC 
test for TV demonstrated moderate sensitivity at 66.4%, 
and high specificity at 99.6% when used to screen a popu-
lation that included both symptomatic and asymptomatic 
individuals during pregnancy. Overall, the POC test did 
not meet the WHO target for sensitivity of 85% among 
POC tests for TV. However, the POC test exceeded 
the WHO target for specificity (99%) [11]. Among 

Table 3 Participant characteristics and performance of OSOM® Trichomonas Rapid Test compared to reference NAAT (Aptima® 
Trichomonas vaginalis Assay) for T. vaginalis in pregnant women in Zambia, 2023

Symptomatic participants had at least one of the following: unusual vaginal discharge, pain during urination, itching or burning of the vulva
a The sum of symptomatic and asymptomatic cases is not equal to the overall count; one case each in Kabuta and Kashikishi was missing symptom information

Participant characteristics N Prevalence (%) (95% CI) Sensitivity (%) (95% CI) Specificity (%) (95% CI)

Overall (symptomatic and asymptomatic participants)
 Kabuta 138a 23.2 (16.4 – 31.1) 62.5 (43.7 – 78.9) 100.0 (96.6 –100.0)

 Kafutuma 144 18.8 (12.7 – 26.1) 77.8 (57.7 – 91.4) 99.1 (95.3 – 100.0)

 Kashikishi 450a 26.4 (22.4 – 30.8) 59.7 (50.3 – 68.6) 99.7 (98.3 – 100.0)

 Nchelenge 280 19.6 (15.2 – 24.8) 72.7 (59.0 – 83.9) 99.6 (97.5 – 100.0)

 Pooled estimate 1,012a 22.3 (18.4 – 26.2) 66.4 (57.7 – 74.1) 99.6 (98.8 – 99.9)

Positive likelihood ratio = 171.2 (54.2 – 541.1)

Negative likelihood ratio = 0.34 (0.26 – 0.43)

Diagnostic odds ratio = 508 (156 – 1655)

Asymptomatic participants
 Kabuta 96a 18.8 (11.5 – 28.0) 55.6 (30.8 – 78.5) 100.0 (95.4 – 100.0)

 Kafutuma 111 17.1 (10.6 – 25.4) 73.7 (48.8 – 90.9) 98.9 (94.1 – 100.0)

 Kashikishi 371a 24.5 (20.2 – 29.2) 52.7 (42.0 – 63.3) 99.6 (98.0 – 100.0)

 Nchelenge 236 18.6 (13.9 – 24.2) 68.2 (52.4 – 81.4) 100.0 (98.1 – 100.0)

 Pooled estimate 814a 20.4 (16.7 – 24.0) 60.4 (50.3 – 69.7) 99.7 (98.7—99.9)

Positive likelihood ratio = 195.2 (46.8 – 813.8)

Negative likelihood ratio = 0.40 (0.31 – 0.51)

Diagnostic odds ratio = 491 (112 – 2159)

Symptomatic participants
 Kabuta 41a 31.7 (18.1 – 48.1) 69.2 (38.6 – 90.9) 100.0 (87.7 – 100.0)

 Kafutuma 33 24.2 (11.1 – 42.3) 100.0 (63.1 – 100.0) 100.0 (86.3 – 100.0)

 Kashikishi 78a 35.9 (25.3 – 47.6) 82.1 (63.1 – 93.9) 100.0 (92.9 – 100.0)

 Nchelenge 44 25.0 (13.2 – 40.3) 90.9 (58.7 – 99.8) 97.0 (84.2 – 99.9)

 Symptomatic 196a 30.1 (23.7 – 36.5) 83.6 (70.1 – 91.7) 99.3 (90.7—100.0)

Positive likelihood ratio = 124.0 (8.2 – 1881.8)

Negative likelihood ratio = 0.17 (0.09 – 0.32)

Diagnostic odds ratio = 749 (39 – 14,320)
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symptomatic participants, the sensitivity increased to 
83.6%, almost reaching the WHO’s target. The overall 
sensitivity of the POC test in this study was at the lower 
end of the range compared to past studies which used a 
NAAT as reference standard (67—92%), while specific-
ity was within the reported range (97–100%) [17–24] 

(Additional file  1 Table  S1). Past studies targeted popu-
lations predominantly with STI symptoms, and pregnant 
women had not been included. This was the first study 
to evaluate the POC test among pregnant women in an 
ANC setting which included both symptomatic and 
asymptomatic individuals. Therefore, it is likely that the 

Fig. 3 Forest plots of sensitivity and specificity of OSOM® Trichomonas Rapid Test compared to reference NAAT (Aptima® Trichomonas vaginalis 
Assay) for T. vaginalis in pregnant women in Zambia, 2023

Table 4 Positive predictive value and negative predictive value based on prevalence scenarios

Prevalence scenarios are based on the minimum and maximum of the observed site and pooled prevalence

PPV Positive predictive value, NPV Negative predictive value, 95%CI 95% Confidence interval

Prevalence range (%) Pooled sensitivity 
(%)

Pooled specificity 
(%)

Prevalence 
scenarios

PPV (95%CI) NPV (95%CI)

Overall (symptomatic and asymptomatic participants)
22 (19 – 26) 66.4 99.6 19 97.6 (92.7 – 99.2) 92.7 (90.8 – 94.2)

22 98.0 (93.9 – 99.3) 91.3 (89.1 – 93.1)

26 98.4 (95.0 – 99.5) 89.4 (86.8 – 91.5)

Asymptomatic participants
20 (17—25) 60.4 99.7 17 97.6 (90.6 – 99.4) 92.5 (90.6 – 94.0)

20 98.0 (92.1 – 99.5) 91.0 (88.7 – 92.8)

25 98.5 (94.0 – 99.6) 88.3 (85.5 – 90.6)

Symptomatic participants
30 (24—36) 83.6 99.3 24 97.5 (72.1 – 99.8) 95.0 (90.9 – 97.3)

30 98.2 (77.8 – 99.9) 93.4 (88.1 – 96.4)

36 98.6 (82.1 – 99.9) 91.5 (84.9 – 95.4)
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performance characteristics of the TV POC test could 
vary depending on the ratio of symptomatic to asympto-
matic individuals in the ANC population being screened. 
In our study, 19.3% had TV-associated symptoms.

The WHO target product profile for TV POC tests 
state that training time should require less than 90 min, 
and, when deployed, test results should be available 
within 60  min and easily interpretable with minimal 
instructions [12]. The OSOM® Trichomonas Rapid Test 

met all these criteria. Moreover, the WHO target prod-
uct profile emphasizes the importance of POC tests that 
can be used by health care providers without dependency 
on laboratory technicians. In our study, swabs were col-
lected by clinicians, and the POC test results were inter-
preted either by two clinicians, or by one clinician and 
one laboratory staff member, and we used the results of 
clinicians for the diagnostic accuracy analysis. Impor-
tantly, study staff who read the POC test results were 
blinded to each other’s reading. In this context, we found 
a very high inter-rater agreement of 99.7%.

We shipped all samples from Zambia to Sweden at the 
end of the study, and the longest any sample had been 
stored before analysis by NAAT was six months. The 
storage conditions were optimal throughout: −80  °C 
from the day of collection in Zambia and between—60 °C 
and −80 °C in transit to Sweden before processing. Thus, 
storage time is unlikely to have compromised the refer-
ence NAAT testing for any samples.

The reference test, Aptima Trichomonas vaginalis 
Assay, utilises transcription-mediated amplification 
technology, which targets ribosomal RNA. There are 
thousands of ribosomal RNA copies within a single cell, 
allowing the assay to detect even minimal protozoa loads. 
This could explain why the sensitivity of the TV POC test 
was found to be low in our study, although our findings 
in the sub-group of symptomatic cases were  consistent 
with prior studies of symptomatic women. Further inves-
tigation is needed, such as quantifying TV in the samples 
with quantitative PCR (qPCR) or performing viability 
PCR and comparing these results to the POC test results.

There are other potential sources of bias that merit con-
sideration. The prevalence of TV in this study may have 
been influenced by the antenatal booking procedures 
of each facility. Participants were recruited on a fixed 
day of the week at each facility, and within each facility 
there was a designated day for the first ANC visit. Conse-
quently, the gestational age of pregnant women at some 
facilities was more advanced than at  others. Addition-
ally, the random order of collecting four vaginal swabs 
from each participant was aimed at balancing the overall 
biological material collected. While this approach could 
have affected sensitivity, specificity, PPV and NPV esti-
mates, any potential impact on results would likely have 
been minimal, particularly given the increase in vaginal 
discharge women experience during pregnancy.

From an operational standpoint, the TV POC test was 
user-friendly, requiring minimal training and delivered 
results within 25  min in the majority of cases. Given 
the rural African context of this study, where preg-
nant women travel long distances to attend ANC health 
centres, the POC test, although lacking in sensitivity, 
resulted in the treatment of many women who would 

Table 5 Assessment of operational characteristics of the OSOM® 
Trichomonas Rapid Test by study staff (n = 14)

Operational 
characteristics

Clinicians Laboratory 
staff

Total Percentage

Number of staff inter‑
viewed

8 6 14 100.0%

Clarity of kit instructions

 Difficult to follow 0 0 0 0.0%

 Fairly clear 0 0 0 0.0%

 Very clear 6 4 10 71.4%

 Excellent 2 2 4 28.6%

Ease of use

 Complicated 0 0 0 0.0%

 Fairly easy 0 0 0 0.0%

 Very easy 7 5 12 85.7%

 Excellent 1 1 2 14.3%

Ease of interpretating results

 Difficult 0 0 0 0.0%

 Fairly easy 0 1 1 7.1%

 Very easy 3 4 7 50.0%

 Unambiguous 5 1 6 42.9%

Rapidity of test results

  < 15 min 3 0 3 21.4%

 15–25 min 3 6 9 64.3%

  > 25 min 2 0 2 14.3%

Hands‑on time

  < 5 min 3 0 3 21.4%

 5–10 min 2 4 6 42.9%

  > 10 min 3 2 5 35.7%

Training time required

  < 30 min 4 2 6 42.9%

 30 min—1 h 4 4 8 57.1%

  > 1 h 0 0 0 0.0%

Number of tests needed to be performed before being comfortable 
with POC test

 1 2 2 4 28.6%

 2 3 0 3 21.4%

 3 2 2 4 28.6%

 4 0 0 0 0.0%

 5 0 2 2 14.3%

 6 or more 1 0 1 7.1%
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otherwise have remained undiagnosed. The high speci-
ficity of the test, and thus the high PPV, is indicative of 
relatively little overtreatment when the POC test would 
be used in the field.

In our study, samples were collected by clinical staff. 
However, some studies have demonstrated that self-col-
lected swabs can achieve comparable sensitivity and speci-
ficity to clinician-collected samples. Self-collection offers 
several advantages, including increased privacy, accessi-
bility, and convenience, making it an attractive option. To 
validate fully the use of POC tests with self-collected swabs 
and maximize their potential impact, further research is 
needed to assess their performance under such conditions.

Conclusion
As a tool for general screening of pregnant women for 
TV, this antigen-based POC test did not meet the WHO 
target for sensitivity, but it exceeded the WHO target for 
specificity. The POC test performed better in the sub-
group of pregnant women who were symptomatic, nearly 
reaching the WHO target for sensitivity, and exceeding 
the WHO target for specificity. Further investigation is 
needed to understand which antenatal settings and sub-
groups might benefit from this technology.

Abbreviations
ANC  Antenatal care
CI  Confidence interval
IQR  Interquartile range
LR  Likelihood ratio
NAAT   Nucleic acid amplification test
NPV  Negative predictive value
POC  Point‑of‑care
PPV  Positive predictive value
ProSPeRo study  Project on Sexually Transmitted Infection Point‑of‑care Testing
RR  Risk ratio
STI  Sexually transmitted infection
TV  Trichomonas vaginalis
WHO  World Health Organization

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s12879‑ 025‑ 10698‑9.

Additional file 1: Diagnostic accuracy of antigen‑based point‑of‑care 
versus nucleic acid amplification testing for genital trichomoniasis among 
pregnant women attending antenatal care facilities in Zambia

Acknowledgements
The authors extend their gratitude to the individuals and organizations who 
contributed to the success of this study, particularly to the staff and partici‑
pants of Kabuta, Kafutuma, Kashikishi and Nchelenge health centres, and St. 
Paul’s Mission Hospital.

Disclaimer
Some authors are current or former staff members of the World Health 
Organization. These authors alone are responsible for the views expressed in 
this publication and they do not necessarily represent the views, decisions, or 
policies of the World Health Organization.

About this supplement
This article has been published as part of BMC Infectious Diseases Volume 24 
Supplement 1, 2024: Point‑of‑care Testing for Sexually Transmitted Infections: 
results of an independent multi‑country clinic‑based and clinic‑utility evalua‑
tion of STI diagnostics (PRoSPeRo project). The full contents of the supplement 
are available online at https:// bmcin fectd is. biome dcent ral. com/ artic les/ suppl 
ements/ volume‑ 24‑ suppl ement‑1.

Authors’ contributions
Conceptulisation – RMC; Methodology – SS, EBC, EHE, CS, MM, KB, MU, IT, RMC; 
Investigation – SS, EBC, EC, VM, MC, LG, CS, DC, RMC; Laboratory analysis – DS, 
DG, MM; Data curation – SS, MM, KB; Formal Analysis – SS, MM, MMA; Valida‑
tion – MM, MMA; Writing – original draft – SS, RMC; Writing – review & editing 
– SS, EBC, EC, VM, MC, LG, EHE, CS, MM, DC, DS, DG, MM, MMA, KB, MU, IT, RMC; 
Supervision – RMC. All authors approved the final article.

Funding
SS is supported by WISE Program (Doctoral Program for World‑leading Innova‑
tive & Smart Education) of Ministry of Education, Culture, Sports, Science and 
Technology. Hologic provided the Aptima Trichomonas vaginalis tests. The 
funders had no role in study design, data collection and analysis, decision 
to publish, or preparation of the manuscript. This work was also partially 
funded by the UNDP‑UNFPA‑UNICEF‑WHO‑World Bank Special Programme 
of Research, Development and Research Training in Human Reproduction 
(HRP), a co‑sponsored programme executed by the World Health Organization 
(WHO) and the Government of Canada.

Data availability
The datasets used and/or analysed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
This study was approved by the WHO Ethics Review Committee (Protocol 
ID: ITD 8960), the London School of Hygiene & Tropical Medicine Ethics 
Committee (Protocol No. 26262), the Tropical Disease Research Centre Ethics 
Committee (IRB Registration: 00002911), and the Zambian National Health 
Research Authority (NHRA000002/01/06/2022). Written informed consent 
from prospective participants were obtained.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1 Faculty of Infectious and Tropical Diseases, London School of Hygiene & 
Tropical Medicine London, London WC1E 7HT, United Kingdom. 2 School 
of Tropical Medicine and Global Health, Nagasaki University, 1‑12‑4 
Sakamoto, Nagasaki 852‑8523, Japan. 3 Department of Biological Sciences, 
University of Zambia, Lusaka, Zambia. 4 Department of Diagnostics and Pub‑
lic Health, University of Verona, Verona, Italy. 5 Tropical Diseases Research 
Centre, Ndola, Zambia. 6 St. Paul’s Mission Hospital, Nchelenge, Zambia. 
7 WHO Collaborating Centre for Sexually Transmitted Infections, London 
School of Hygiene & Tropical Medicine, London, UK. 8 Division of Global 
Health, Department of Public Health, Graduate School of Health Sciences 
Kobe University, Kobe, Japan. 9 Department of Laboratory Medicine, WHO 
Collaborating Centre for Gonorrhoea and Other STIs, Faculty of Medicine 
and Health, Örebro University, Örebro, Sweden. 10 Department of Sexual 
and Reproductive Health and Research, World Health Organization, Geneva, 
Switzerland. 11 Faculty of Medicine and Health Sciences, Ghent University, 
Ghent, Belgium. 12 Institute for Global Health, University College London 
(UCL), London, UK. 

Received: 27 January 2024   Accepted: 19 February 2025

https://doi.org/10.1186/s12879-025-10698-9
https://doi.org/10.1186/s12879-025-10698-9
https://bmcinfectdis.biomedcentral.com/articles/supplements/volume-24-supplement-1
https://bmcinfectdis.biomedcentral.com/articles/supplements/volume-24-supplement-1


Page 11 of 11Sorano et al. BMC Infectious Diseases         (2024) 24:1482  

References
 1. World Health Organization. Global progress report on HIV, viral hepatitis 

and sexually transmitted infections, 2021. 2021; Available from: https:// 
www. who. int/ publi catio ns/i/ item/ 97892 40027 077. Accessed 12 Feb 
2025.

 2. Van Gerwen OT, Craig‑Kuhn MC, Jones AT, Schroeder JA, Deaver 
J, Buekens P, et al. Trichomoniasis and adverse birth outcomes: a 
systematic review and meta‑analysis. BJOG An Int J Obstet Gynaecol. 
2021;128(12):1907–15.

 3. Nyemba DC, Medina‑Marino A, Peters RPH, Klausner JD, Ngwepe P, Myer 
L, et al. Prevalence, incidence, and associated risk factors of STIs during 
pregnancy in South Africa. Sex Transm Infect. 2021;97:375–81.

 4. World Health Organization. Laboratory and point‑of‑care diagnostic test‑
ing for sexually transmitted infections, including HIV. 2023. Available from: 
https:// www. who. int/ publi catio ns/i/ item/ 97892 40077 089. Accessed 12 
Feb 2025.

 5. Tann CJ, Mpairwe H, Morison L, Nassimu K, Hughes P, Omara M, et al. 
Lack of effectiveness of syndromic management in targeting vagi‑
nal infections in pregnancy in Entebbe. Uganda Sex Transm Infect. 
2006;82(4):285–9.

 6. Romoren M, Velauthapillai M, Rahman M, Sundby J, Klouman E, Hjortdahl 
P. Trichomoniasis and bacterial vaginosis in pregnancy: Inadequately 
managed with the syndromic approach. Bull World Health Organ. 
2007;85(4):297–304.

 7. Vallely LM, Toliman P, Ryan C, Rai G, Wapling J, Gabuzzi J, et al. Perfor‑
mance of syndromic management for the detection and treatment 
of genital Chlamydia trachomatis, Neisseria gonorrhoeae and Tricho-
monas vaginalis among women attending antenatal, well woman and 
sexual health clinics in Papua New Guinea: A cross‑section. BMJ Open. 
2017;7(12):e018630. https:// doi. org/ 10. 1136/ bmjop en‑ 2017‑ 018630.

 8. Chaponda EB, Bruce J, Michelo C, Chandramohan D, Chico RM. Assess‑
ment of syndromic management of curable sexually transmitted and 
reproductive tract infections among pregnant women: an observational 
cross‑ sectional study. BMC Pregnancy Childbirth. 2021;3:1–10.

 9. Tong H, Heuer A, Walker N. The impact of antibiotic treatment for syphilis, 
chlamydia, and gonorrhoea during pregnancy on birth outcomes: A sys‑
tematic review and meta‑analysis. J Glob Health. 2023;13:04058. https:// 
doi. org/ 10. 7189/ jogh. 13. 04058.

 10. Riddell MA, Vallely LM, Mengi A, Badman SG, Low N, Wand H, et al. Point‑
of‑care testing and treatment of sexually transmitted and genital infec‑
tions to improve birth outcomes in high‑burden, low‑resource settings 
(WANTAIM): a pragmatic cluster randomised crossover trial in Papua New 
Guinea. Lancet Glob Heal. 2024;12(4):e641–51. Available from: https:// 
linki nghub. elsev ier. com/ retri eve/ pii/ S2214 109X2 40000 44

 11. Land KJ, Boeras DI, Chen XS, Ramsay AR, Peeling RW. REASSURED diag‑
nostics to inform disease control strategies, strengthen health systems 
and improve patient outcomes. Nat Microbiol. 2019;4(1):46–54. Available 
from: https:// doi. org/ 10. 1038/ s41564‑ 018‑ 0295‑3

 12. World Health Organization. Point‑of‑care tests for sexually transmitted 
infections target product profiles. 2023. Available from: https:// www. who. 
int/ publi catio ns/i/ item/ 97892 40077 102. Accessed 12 Feb 2025.

 13. Chapin K, Andrea S. APTIMA ® Trichomonas vaginalis, a transcription‑
mediated amplification assay for detection of Trichomonas vaginalis in 
urogenital specimens. Expert Rev Mol Diagn. 2011;11(7):679–88. Available 
from: http:// www. tandf online. com/ doi/ full/ 10. 1586/ erm. 11. 53

 14. Bossuyt PM, Reitsma JB, Bruns DE, Gatsonis CA, Glasziou PP, Irwig L, 
LijmerJG Moher D, Rennie D, de Vet HCW, Kressel HY, Rifai N, Golub RM, 
Altman DG, Hooft L, Korevaar DA, Cohen JF F the SG. STARD2015: An 
Updated List of Essential Items for Reporting Diagnostic Accuracy Stud‑
ies. 2015. Available from: https:// www. equat or‑ netwo rk. org/ repor ting‑ 
guide lines/ stard/. Accessed 12 Feb 2025.

 15. Cordioli M, Gios L, Mirandola M, Zorzi A, Barbara C, Padovese V, Hancali A, 
Oumzi H, Kularatne R, Jiang TT, Caceres CF, Vargas S, Alvarez CS, Camey 
E, Peeling RW, Unemo M, Ballard R, Blondeel K, Kiarie J, Thwin SS, Toskin 
I; ProSPeRo Network. Standardised protocol for a prospective interna‑
tional multicentre clinical‑based evaluation of point‑of‑care tests for the 
screening of genital and extragenital chlamydial and gonococcal infec‑
tions in men who have sex with men and for the screening of genital 
chlamydial, gonococcal and Trichomonas vaginalis infections in at risk 
women. BMJ Open. 2024;14(6):e073565. https:// doi. org/ 10. 1136/ bmjop 
en‑ 2023‑ 073565.

 16. Chaponda EB, Matthew Chico R, Bruce J, Michelo C, Vwalika B, Mhara‑
kurwa S, et al. Malarial infection and curable sexually transmitted and 
reproductive tract infections among pregnant women in a rural district of 
Zambia. Am J Trop Med Hyg. 2016;95(5):1069–76.

 17. Piwonka H, Butcher R, Smeltzer J, Doyle B, Smart H, Cockrell A. 2: Compar‑
ison of three methods for diagnosis of trichomonas vaginalis infections. 
Am J Obstet Gynecol. 2016;215(6): S827. Available from: https:// doi. org/ 
10. 1016/j. ajog. 2016. 09. 029

 18. Huppert JS, Hesse E, Kim G, Kim M, Agreda P, Quinn N, et al. Adolescent 
women can perform a point‑of‑care test for trichomoniasis as accurately 
as clinicians. Sex Transm Infect. 2010;86(7):514–9. Available from: http:// 
www. ncbi. nlm. nih. gov/ pubmed/ 20595 142

 19. Territo HM, Wrotniak BH, Bouton S, Burstein GR. A New Strategy for 
Trichomonas Testing Female Adolescents in the Emergency Department. 
J Pediatr Adolesc Gynecol. 2016;29(4):378–81. Available from: https:// doi. 
org/ 10. 1016/j. jpag. 2016. 01. 120

 20. Verwijs MC, Agaba SK, Sumanyi JC, Umulisa MM, Mwambarangwe L, 
Musengamana V, et al. Targeted point‑of‑care testing compared with 
syndromic management of urogenital infections in women (WISH): a 
cross‑sectional screening and diagnostic accuracy study. Lancet Infect 
Dis. 2019;19(6):658–69. Available from: https:// doi. org/ 10. 1016/ S1473‑ 
3099(18) 30724‑2

 21. Pillay A, Lewis J, Ballard RC. Evaluation of Xenostrip‑Tv, a rapid diag‑
nostic test for Trichomonas vaginalis infection. J Clin Microbiol. 
2004;42(8):3853–6.

 22. Jones HE, Lippman SA, Caiaffa‑Filho HH, Young T, Van De Wijgert JHHM. 
Performance of a rapid self‑test for detection of Trichomonas vaginalis in 
South Africa and Brazil. J Clin Microbiol. 2013;51(3):1037–9.

 23. Nathan B, Appiah J, Saunders P, Heron D, Nichols T, Brum R, et al. 
Microscopy outperformed in a comparison of five methods for detect‑
ing Trichomonas vaginalis in symptomatic women. Int J STD AIDS. 
2015;26(4):251–6.

 24. Garrett N, Mitchev N, Osman F, Naidoo J, Dorward J, Singh R, et al. 
Diagnostic accuracy of the Xpert CT/NG and OSOM Trichomonas Rapid 
assays for point‑of‑care STI testing among young women in South Africa: 
A cross‑sectional study. BMJ Open. 2019;9(2):1–5.

 25. Zambia Statistics Agency. 2022 Census of Population and Housing. 
2022. Available from: https:// www. zamst ats. gov. zm/ wp‑ conte nt/ uploa 
ds/ 2023/ 12/ 2022‑ Census‑ of‑ Popul ation‑ and‑ Housi ng‑ Preli minary. pdf. 
Accessed 12 Feb 2025.

 26. Harris PA, Taylor R, Thielke R, Payne J, Gonzalez N, Conde JG. Research 
electronic data capture (REDCap)—A metadata‑driven methodology and 
workflow process for providing translational research informatics sup‑
port. J Biomed Inform. 2009;42(2):377–81.

 27. Reitsma JB, Glas AS, Rutjes AWS, Scholten RJPM, Bossuyt PM, Zwin‑
derman AH. Bivariate analysis of sensitivity and specificity produces 
informative summary measures in diagnostic reviews. J Clin Epidemiol. 
2005;58(10):982–90.

 28. Dwamena B. MIDAS: Stata module for meta‑analytical integration of 
diagnostic test accuracy studies. Stat Softw Components. 2007;(Novem‑
ber 2007):1–2. Available from: https:// www. resea rchga te. net/ publi cation/ 
49981 22_ Meta‑ analy tical_ Integ ration_ of_ Diagn ostic_ Accur acy_ Studi es_ 
in_ Stata. Accessed 12 Feb 2025.

 29. Nyaga VN, Arbyn M. Metadta: a Stata command for meta‑analysis and 
meta‑regression of diagnostic test accuracy data – a tutorial. Arch Public 
Heal. 2022;80(1):1–15.

 30. Nyaga VN, Arbyn M. Comparison and validation of metadta for 
meta‐analysis of diagnostic test accuracy studies. Res Synth Methods. 
2023;14(3):544–62. Available from: https:// onlin elibr ary. wiley. com/ 10. 
1002/ jrsm.1634

 31. StataCorp. Stata Statistical Software: Release 18. College Station, TX: 
StataCorp LLC. 2023. https:// www. stata. com/ suppo rt/ faqs/ resou rces/ 
citing‑ softw are‑ docum entat ion‑ faqs/.

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

https://www.who.int/publications/i/item/9789240027077
https://www.who.int/publications/i/item/9789240027077
https://www.who.int/publications/i/item/9789240077089
https://doi.org/10.1136/bmjopen-2017-018630
https://doi.org/10.7189/jogh.13.04058
https://doi.org/10.7189/jogh.13.04058
https://linkinghub.elsevier.com/retrieve/pii/S2214109X24000044
https://linkinghub.elsevier.com/retrieve/pii/S2214109X24000044
https://doi.org/10.1038/s41564-018-0295-3
https://www.who.int/publications/i/item/9789240077102
https://www.who.int/publications/i/item/9789240077102
http://www.tandfonline.com/doi/full/10.1586/erm.11.53
https://www.equator-network.org/reporting-guidelines/stard/
https://www.equator-network.org/reporting-guidelines/stard/
https://doi.org/10.1136/bmjopen-2023-073565
https://doi.org/10.1136/bmjopen-2023-073565
https://doi.org/10.1016/j.ajog.2016.09.029
https://doi.org/10.1016/j.ajog.2016.09.029
http://www.ncbi.nlm.nih.gov/pubmed/20595142
http://www.ncbi.nlm.nih.gov/pubmed/20595142
https://doi.org/10.1016/j.jpag.2016.01.120
https://doi.org/10.1016/j.jpag.2016.01.120
https://doi.org/10.1016/S1473-3099(18)30724-2
https://doi.org/10.1016/S1473-3099(18)30724-2
https://www.zamstats.gov.zm/wp-content/uploads/2023/12/2022-Census-of-Population-and-Housing-Preliminary.pdf
https://www.zamstats.gov.zm/wp-content/uploads/2023/12/2022-Census-of-Population-and-Housing-Preliminary.pdf
https://www.researchgate.net/publication/4998122_Meta-analytical_Integration_of_Diagnostic_Accuracy_Studies_in_Stata
https://www.researchgate.net/publication/4998122_Meta-analytical_Integration_of_Diagnostic_Accuracy_Studies_in_Stata
https://www.researchgate.net/publication/4998122_Meta-analytical_Integration_of_Diagnostic_Accuracy_Studies_in_Stata
https://onlinelibrary.wiley.com/10.1002/jrsm
https://onlinelibrary.wiley.com/10.1002/jrsm
https://www.stata.com/support/faqs/resources/citing-software-documentation-faqs/
https://www.stata.com/support/faqs/resources/citing-software-documentation-faqs/

	Diagnostic accuracy of an antigen-based point-of-care test versus nucleic acid amplification testing for genital trichomoniasis among pregnant women attending antenatal care facilities in Zambia
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 
	Trial registration 

	Introduction
	Methods
	Sample size calculations
	Study site
	Study participants
	Procedures
	Laboratory analysis
	Data handling
	Statistical analysis

	Results
	Discussion
	Conclusion
	Acknowledgements
	References


