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Abstract 

Background: Cervical cancer is a major problem in women and it is important to find a suitable and acceptable 
screening method, especially among young in low-resource areas for future human papillomavirus (HPV) vaccine 
follow-up investigations. The study sought to test the acceptability of self-sampling as well as the suitability of the 
specimen collecting devices.

Methods: Ninety-eight young women from rural KwaZulu-Natal were enrolled between March and July 2014. 
Collected genital specimens were transferred to colour indicator cards for HPV detection. Participants answered a 
questionnaire where they described their experiences with self-sampling. Samples were tested for high-risk HPV using 
GP5/6+ PCR.

Results: Of the enrolled participants, 91 answered questionnaires and indicated that self-sampling was preferred by 
51/91 (56%) women while 40/91 (44%) indicated preference for sampling by a doctor (p = 0.023). The majority, 64% 
were comfortable using a swab, 22% preferred a brush while 11% were comfortable with both devices. Of the 98 self-
sampled specimens 61 were negative for HPV in both specimens while 37 were HPV-positive in either brush or swab. 
Of the 37, 26 (70%) were HPV-positive in both brush and swab (kappa = 0.743) and 11 (30%) were discordant.

Conclusions: Self-sampling was acceptable to the majority of participants in this rural area. The Dacron swab was 
the preferred device, and can be used in combination with colour indicator cards for comfortable self-sampling, easy 
storage and transport of specimens plus detection.
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Background
The global burden of cervical cancer is estimated at 
528,000 new cases and causes 266,000 annual deaths [1]. 
Eighty-five percent of the cervical cancer burden occurs 
in less developed regions such as sub-Saharan and devel-
oping countries [1]. Cervical cancer is the 5th most com-
mon cancer worldwide and the third most common in 
females [2]. The cervical cancer incidence is estimated at 
31.5 cases per 100,000 people in South Africa and 11.5 

per 100,000 in Europe with a mortality rate of 17.9 cases 
per 100,000 people in South Africa [1, 2]. South Africa 
is a middle-income country, with a large proportion of 
its population living in low resource rural areas. In these 
poor communities, cervical cancer screening strategies 
and reporting have not been successfully implemented 
[3]. Even when cervical cancer screening is offered in 
the local clinics, 87% of women do not participate as the 
women are unaware of the availability of services, scared 
of the procedure or cite religious and cultural reasons for 
not participating [4–6]. Cervical cancer screening may 
be improved by use of easily accessible testing for people 
from all socioeconomic levels. Some have recommended 
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human papillomavirus (HPV)-based detection on self-
sampled material to screen for cervical cancer [7].

A variety of sampling devices can be used for HPV 
detection for example Dacron swabs, cotton wool tipped 
swabs, cytobrushes and vaginal washings (lavage), either 
by self-collection or collected by a health worker. Stud-
ies in America, showed an 80% agreement between phy-
sician-directed swabs and self-collected vaginal tampons 
[8]. An excellent HPV detection agreement was reported 
between self-collected and physician collected cervico/
vulvo-vaginal specimens in transport media from women 
aged 18–25 years [9]. In a meta-analysis on self-collected 
vaginal samples, cotton swabs and Dacron swabs were 
found to have an overall sensitivity of 0.74 and specific-
ity of 0.88 compared to clinician-collected samples [10], 
whilst another meta-analysis showed that self- and clini-
cian-collected samples gave an overall equivalent result 
for detecting HPV DNA [11].

Self-collected samples for HPV testing might be a bet-
ter approach in areas where cultural and programmatic 
barriers may limit the use of routine gynecologic proce-
dures [12]. This self-sampling strategy may be important 
as an alternative for cervical cancer screening possibly 
increasing the participation in primary screening and fol-
low-up. In addition, self-sampling may be used for future 
HPV vaccination follow-up investigations among rural 
young women residing in low resource areas.

The main objectives of the study were to (i) assess 
the acceptability of self-sampling among young rural 
women, (ii) to evaluate the optimal sampling device, and 
(iii) investigate the use of Flinders Technology Associ-
ates (FTA) cartridge indicator cards for safe storage and 
transport of DNA for hr-HPV detection.

Methods
Study design and study area
The study had a cross-sectional design and was nested 
in a larger main clinical study. The latter was investigat-
ing Female Genital Schistosomiasis (FGS) and other 
sexually transmitted infections including HPV [13]. HPV 
was included because like in FGS, HPV is linked to cer-
vical lesions. Kwa-Zulu-Natal has a subtropical climate 
with high humidity and generally warm temperature 
with high rainfall [14]. The study was carried out in the 
coastal areas which have a humid and hot climate with a 
lot of rainfall [14]. The study area has a population size of 
630,464 [15]. A proportion of the population in this dis-
trict was reported to have no access to piped water (19%) 
and 7.1 had no access to waste disposal system and 5.8% 
had no flush toilets [16, 17]. Rural Health Care facilities 
are situated in mountainous areas that are difficult to 
access resulting in the influx of people in urban clinics 
[16].

Study participants
Female participants aged 16  years and above were 
recruited from randomly selected high schools from the 
rural district in the northern coastal region of KwaZulu-
Natal, South Africa. This district has minimal infrastruc-
ture; much of the population lives in informal settlements 
and has little sanitation and other infrastructure. Young 
women were targeted for this study because of the 
assumption that they are sexually active and would pro-
vide enough HPV positive samples to be able to compare 
the sampling devices used.

The study population consisted of young women, 
recruited from high schools from a rural area in the 
northern coastal region of KwaZulu-Natal, South Africa. 
Inclusion criteria for the study were (1) attending the 
largest (more than 300 pupils) government high schools 
situated more than 10 kilometres from the coastline 
and below 300  m above sea level, (2) provided written 
informed consent, (3) sexually active, (4) not pregnant (5) 
above 16 years of age and (6) prepared to undergo self-
sampling. Female participants were recruited from ran-
domly selected high schools. Enrolment of participants 
into the study and group allocation was carried out fol-
lowing an outline in Fig. 1.

Data collection
Trained research assistants interviewed the study par-
ticipants in their local language, isiZulu. For sample 
collection each participant was given verbal, written 
and graphical instructions to follow when collecting a 
sample. The self-sampling devices, the Dacron swab-EZ 
(Becton–Dickinson, Erembodegem, Belgium) and the 
Viba-brush (Rovers Medical Devices B.V., Oss, The Neth-
erlands), were alternated as first and second sampling 
device respectively per group. One group collected using 
a Dacron swab first while the other group of participants 
used a Viba brush first. After a sample was collected, it 
was transferred to a solid carrier, the indicator FTA elute 
card (Whatman Group, Kent, UK), which changes color 
from purple to white when enough material has been 
transferred. Cards were kept at room temperature until 
they were processed.

Description of the questionnaire
After the sample collection, participants self-adminis-
tered a questionnaire on pain experienced and their pre-
ferred specimen-collection method. The reasons for their 
preferences were asked using open ended questions. The 
questionnaire was completed confidentially in the wait-
ing room area of the research site clinic.
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DNA extraction
Deoxyribonucleic acid obtained using swabs and Viba-
brushes was extracted from FTA cards following the 
FTA elution method described previously [18]. Briefly, 
3  mm punches were obtained using a sterile perforator 
(3  mm Harris Unicore device, Whatman). The punches 
were washed once with sterile distilled water. The DNA 
was eluted in 50  µl of sterile distilled water, by heating 
at 95 °C for 30 min. Extracted DNA was transferred to a 
clean tube, and kept at − 20 °C until analysis.

High‑risk human papillomavirus detection
Human papillomavirus was detected by GP5+/6+ HPV 
PCR [19] followed by an enzyme immunoassay method 
(EIA) [20] using a cocktail mix of high risk probes con-
taining the hr-HPV types 16; 18; 26; 31; 33; 35; 39; 45; 
51; 52; 53; 56; 58; 59; 66; 68; 73; and 82 (Whitehead Sci-
entific, South Africa). The PCR mix consisted of nucle-
ase free water, 10×  PCR buffer with  MgCl2, 25  mMol 
 MgCl2, 2.5 µM GP5+ and 2.5 µM GP6+ primers, 10 mM 

nucleotides and 5 units taq polymerase [21]. For PCR, 
10 µl of extracted DNA was added to 40 µl of PCR mix. 
These were run on 40 PCR cycles as follows: 5  min at 
94 °C (Centigrade), 1 min at 94 °C, 2 min at 40 °C, 1 min 
30 s at 72 °C and 10 min at 72 °C. At the end of 40 cycles 
the PCR products were kept at 4  °C until the EIA was 
performed. For the EIA, streptavidin coated plates (96 
flat wells clear plates, Thermo scientific, Denmark) were 
used. The detection was performed using digoxin-labeled 
probes and monoclonal antidigoxin alkaline phosphatase 
antibody (A1054, Sigma, USA). A positive reaction was 
detected by the alkaline phosphatase substrate p-nitro-
phenyl phosphate (P4744, Sigma). The optical density 
(OD) was read at 405  nm using a spectrophotometer 
(Bio-Tek Instruments).

Six negative (DNA isolated from lung cancer cell line 
A549) and two positive controls (DNA isolated from 
cervical cancer cell lines HeLa and SiHa) were included 
in each run. The cut-off value for hr-HPV positivity was 
calculated as the mean plus three times the standard 

A�er informa�on mee�ngs. 
Invited the first 125 female high 

school students (age = 16+)

Enrolment and consent 
procedures for  eligibility

Interview, pregnancy tes�ng, 
randomiza�on of 123 women

Group A: clinician sampling => 
swab => brush (n = 41) 

19 women refused 
gynaecological examina�on (A = 

22)

Group B:  swab => brush => 
clinician sampling (n = 41)

all women par�cipated 
(B = 41)

Group C: brush => swab => 
clinician sampling (n = 41)

6 women refused 
gynaecological examina�on or 

FTA cartridges missing or 
insufficient DNA samples 

(C = 35) 

Ineligible or not willing (n=2)

Fig. 1 Number of participants recruited, enrolled and group randomisation. Numbers on the flow-chart indicate the number of participants at 
each stage of enrolment and randomisation of participants
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deviation of six negative controls in each plate. Samples 
with a ratio of 2 or more were regarded as positive.

High‑risk HPV genotyping
All the specimens from which hr-HPV was detected, as 
described above, were further analyzed to identify the 
genotypes. For genotyping, individual probes were used 
instead of a probe cocktail mix used for the EIA test. 
Individual probes for the most common hr-HPV geno-
types in cervical cancer [22] were used in testing (16; 18; 
26; 31; 33; 35; 39; 45; 51; 52; 53; 56; 58; 59; 66; 68; 73; and 
82). The hr-HPV genotype was calculated following the 
formula of the mean OD plus three times the standard 
deviation of all samples in the plate. After excluding all 
the outliers, the final mean + 3SD was recorded and used 
as the cut off.

Statistical analysis
The sample size was calculated based on the hypothesis 
that 50% young women will prefer a self-sampling proce-
dure over the gynaecological examination and that 10% 
would prefer the gynaecological examination. In order to 
detect the difference with a significance level of 5% and 
power of 80% a sample size of 25 participants would be 
needed in each of the three groups for sample collection 
sequence and randomisation. In order to accommodate 
for uncertainties, and increase the power of the investiga-
tion, 125 participants were approached and of these, 98 
were included in this study.

The data were captured and analyzed by the IBM SPSS 
Statistics 22 package.

The results on the preferred device were compared 
using 2  ×  2 tables and Pearson Chi square test. The 
correlation of hr-HPV detection with Viba-brush and 
Dacron swab on the FTA card was determined using 
kappa statistics to determine the correlation beyond that 
expected by chance. A p value of < 0.05 was considered 
to imply a statistically significant difference between the 
variables. Kappa values were considered as poor (< 0.20), 
fair (0.21–0.4), moderate (0.41–0.60), good (0.61–0.80) 
and very good (0.81–1.00 and above) agreement, respec-
tively [23]. Discordant results were defined as those that 
were HPV positive on one specimen type while negative 
on the other.

Results
All 98 participants were females attending rural high 
schools (grades 10–12), and residing in low resource areas 
of the KZN province. The women were aged between 
16 and 22  years (median age 18) and had an average of 
two sexual partners in their lifetime (SD = 1.227). In all, 
79 (80.6%; 95% CI 71.9–87.2) had heard about sexually 
transmitted infections (STI) whereas 17 (17%; 95% CI 

11.0–26.1) denied any knowledge of STI. All study par-
ticipants did the self-collection of vaginal samples using 
the Viba-brush and the Dacron swab.

The questionnaire was completed by 91 participants 
(93%; 95% CI 86–96.5), whereas seven women did not 
return the completed questionnaire (reasons unknown). 
Of the 91 participants, 58 (63.7%; 95% CI 53.5–72.9) pre-
ferred a Dacron swab (p value < 0.001) whereas 20 (22%; 
95% CI 14.7–31.5) preferred a brush for self-sampling. 
Ten (11%; 95% CI: 6.1–19.1) were comfortable with both 
and three (3.3%; 95% CI 0.8–10.02) did not indicate a 
preference. Only 5/91 (5.5%; 95% CI 2.4–12.2) women 
reported pain using a swab, whereas pain was reported by 
25/91 (27.5%; 95% CI 19.4–37.4) using the brush. Of 91 
participants 58 indicated a preference for self-sampling 
over collection with sampling by a doctor (OR =  2.44; 
95% CI 1.62–3.68; p = 0.023). They cited reasons against 
clinician-sampling related to time, cost, discomfort, 
embarrassment and some were worried about meeting 
male doctors. However, 21 out of 91 (23%) participants 
who preferred self-sampling also gave reasons in favor 
of clinician-sampling, which included fear of inadequate 
self-sampling, trust in the doctor’s expertise in sample 
collection and disease diagnosis. Of the 91 participants 
who answered the questionnaire 52 (57.1%; 95% CI 46.9–
66.0 linked clinicians’ expertise with better diagnosis and 
8 (8.7%; 95% CI 4.5–16.4) indicated that they were scared 
to hurt themselves when performing self-sampling.

All 98 FTA cards had changed color, indicating that 
enough DNA had been transferred by the participants. 
Of the 98 participants, 37 were positive for hr-HPV, with 
26 positive in both the brush and the swab and 11 were 
discordant. Of the 11 hr-HPV discordant results, three 
were negative in brush (positive in swab) and eight were 
negative in the swab (while positive in the brush) speci-
mens. This resulted in a kappa value of 0.743, indicating 
good correlation of the HPV DNA detection between 
swab and brush specimens (Table 1). The sample size was 
not large enough to explore the differences in DNA yield 
between the sampling methods. The sequence of sam-
pling had no significant effect on the HPV positivity of 
each sample type, however, this could represent a type 2 
error.

At least one concordant genotype was found in 16 of 
the 26 participants that were hr-HPV positive in both 
brush and swab. In the brush we found a high number of 
hr-HPV genotype 39 (p = 0.011) and HPV 51 (p < 0.001) 
whereas in the swab type 66 was overrepresented 
(p =  0.046), for all other genotypes the prevalence was 
comparable in swab and brush specimens.
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Discussion
The Dacron swab was the self-sampling device preferred 
by our study population, possibly because it was found to 
be less painful. The study showed that cards can be kept 
at room temperature in an area such as ours which was 
remote, hot and humid. Young sexually active women 
were targeted for this study because of the assumption 
that they would provide enough HPV positive samples to 
be able to compare the sampling devices used.

The FTA cards have offered a useful collection and 
transportation tool for DNA test samples across a wide 
range of temperatures (22–45 °C) and humidity between 
20 and 100% [24]. FTA card coupled with Viba-brush is 
suitable for HPV DNA testing [18] and has been used in 
other types of specimens and showed good stability for 
years when stored at room temperature [25, 26].

The fact that the swab specimens could be easily trans-
ferred to FTA cards may be beneficial for communities 
living in low resource areas provided the price is low. 
Self-sampling may be used to reach individuals who have 
difficulties reaching the health facilities, have religious 
reasons or are not comfortable with undergoing gyneco-
logical examination. Self-sampling for HPV screening 
has some advantages over collection by a health worker. 
These samples can be cost-effective, easy to collect and 
less demanding in terms of storage and transportation 
methods. For self-sampling to be effective it is necessary 
that the sampling tools or devices are user-friendly, that 
the targeted population is comfortable with using them, 
and that the laboratory test is able to detect the viral 
infection from such samples.

Reasons for discordant hr-HPV results between the 
preferred device and the brush could not be ascertained. 
Therefore, further research to work out the sensitiv-
ity and specificity of the Dacron swab specimen on FTA 
card for HPV test is necessary since this type of specimen 
was preferred. FTA cartridges and self-collected brush 
specimens have been tested previously for HPV molecu-
lar analysis [18].

Although self-sampling may seem easy and comfort-
able for women and is well-accepted by some [27, 28], 
it is met with less enthusiasm in other communities 
[29]. Currently there is no consensus on the preferred 
and most suitable sampling device. Previous reports 
have shown a high preference for home self-sampling 

due to religious and/or cultural beliefs and a feeling of 
embarrassment. The young and unmarried women have 
been found to be particularly hesitant about clinician-
sampling or full gynecological examination [29, 30]. 
Although a statistically significant majority of our par-
ticipants preferred self-sampling, a proportion of them 
were concerned regarding their ability to collect the sam-
ple correctly [30–32] and trusting the physician sampling 
[33]. This may indicate that training and information will 
be required to achieve a high uptake of self-sampling 
for female genital samples. Some participants indicated 
being scared of hurting themselves, a perception which 
if left unaddressed may lead to insufficient sample being 
obtained for optimal DNA analysis.

Successful implementation of self-sampling should 
be viewed in the light of the sampling tool used. In this 
study, two-thirds of the participants preferred using the 
swab thus suggesting that a swab can be used comfortably 
for self-collection of genital samples. Previous reports of 
self-sampling using swab specimens for HPV DNA analy-
sis made use of transport media which can preserve the 
specimen [29] whereas some made use of self-collected 
cervico-vaginal lavage [28, 34]. However, with current 
local specimen transport system none of these methods 
would have been adequate for our rural setting with lack 
of good transport systems [16]. Poor transport system 
impacts on posting system in the rural areas. In our study 
we found that FTA elute cards yielded enough DNA for 
hr-HPV detection for both brush and swab specimens. 
This would eliminate the possibility of specimen leak-
age and the need for bigger size packaging. Furthermore, 
the FTA cards change color to indicate enough DNA has 
been obtained, which is an additional advantage as it will 
reassure women that their self-sampling procedure was 
correct thus giving confidence to women regarding their 
sampling technique.

Although we cannot preclude a type 2 error we found 
that neither device out-performed the other for hr-HPV 
detection. A good correlation was observed between 
the swab and the brush with regards to the number of 
positive and negative samples in this study, however, dis-
cordant results were found in hr-HPV genotypes in the 
specimens. Other reports have shown a higher preva-
lence of HPV detection from specimens collected in 
FTA cards than those in liquid medium from Costa Rica 

Table 1 Hr-HPV detection in Dacron swab and Vibra-brush self collected specimens

HPV positive HPV negative Total p value k value

n % n %

Dacron swab 29 30 (0.21–0.39) 69 70 98 < 0.001 0.743

Viba brush 34 35 (0.26–0.45) 64 65 98
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women involved in phase III vaccine trial [35]. In addi-
tion, DNA yield in FTA card collected specimens was 3.5 
times more than those in liquid medium. Furthermore, 
previous reports have indicated a higher prevalence of 
certain HPV types in the vagina compared with the cer-
vix in women younger than 50  years [36]. Variations in 
the actual sampling technique and the anatomical sites 
touched by the woman inside the vagina may contribute 
to the discordant results between self-sampling devices 
[36]. In the United States, the average length of vagina in 
premenopausal women not having undergone hysterec-
tomy has been estimated at 9.2 cm [37] which may sug-
gest that the self-sampled specimens are of lower vaginal 
tract origin.

The cytological tests (Pap smears or liquid based cytol-
ogy) are currently the most widely used and available 
conventional test for cervical cancer screening [38, 39]. 
However, there has been a growing interest regarding use 
of HPV DNA detection and molecular techniques [40]. 
Cytology was reported to have low sensitivity and high 
specificity for cancer diagnosis when compared to HPV 
DNA detection, and primary HPV screening has recently 
been endorsed by scientific societies and regulatory agen-
cies in the US and Europe for women [41]. Furthermore, 
HPV detection on self-collected samples has been intro-
duced as a way to decrease non-participation in cervical 
cancer screening programs [42–44].

Whereas cervical cancer screening would normally aim 
at older women, we included young women for self-sam-
pling to increase the chances of detecting HPV as infec-
tion is most common in this age group. It is not advisable 
to advocate HPV screening on young women since HPV 
infection will usually regress [45]. The HPV screen-
ing has high sensitivity and low specificity and positive 
results in young women may instigate unwarranted fear 
of imminent cervical cancer [46]. However young women 
are expected to have a higher HPV prevalence [47]. In 
order to compare the two sampling devices a likely high-
endemic population was sought. Furthermore, given the 
high HIV prevalence in South Africa and in the Kwa-
Zulu-Natal province, young women are more likely to 
be prone to developing high grade lesions and cervical 
cancer. Women with HIV are more prone to HPV infec-
tion and were also reported to have a greater than 40-fold 
chance to develop squamous intraepithelial lesions [48].

Limitations in this study were the sample size, which 
due to financial constraints was kept at a (statistically 
acceptable) minimum and consistency in the sampling 
technique. For privacy reasons, we could not ascertain 
the consistency in the self-sampling technique between 
participants regarding the anatomical part of the genita-
lia each woman touched during sampling.

The HIV status was not included in the study since it 
was not a prevalence study but it was merely to assess 
FTA card in combination with the Dacron swab against 
a Viba brush for HPV analysis. However, given the high 
HIV prevalence in South Africa, and hence, the potential 
impact, it would have been interesting to know if HIV 
infection had any significant effect on participant accept-
ability for self-sampling.

Conclusions
Self-sampling was accepted by our rural study partici-
pants and the Dacron swab was comfortable for self-
collection of female genital samples. Use of the Dacron 
swab coupled with the FTA indicator cards showed that 
sufficient DNA was collected and preserved. This study 
showed that the method can be used for identifying HPV 
and is acceptable to rural women. However, we would 
not encourage use of self-sampling for HPV screening in 
young women because a positive HPV result may cause 
anxiety and fear that they have cancer. Further investiga-
tion is necessary involving older age groups from rural 
KZN province on the acceptance and usefulness of self-
sampling. However, this study shows that self-sampling is 
accepted and feasible, and therefore, self-sampling collec-
tion of specimens for HPV analysis may be of value for 
HPV vaccine rollout follow-up investigations in KZN. 
There will also be a need for proper training of women on 
the technique self-sampling technique.

Abbreviations
HPV: human papillomavirus; Hr-HPV: high risk human papillomavirus; DNA: 
deoxyribonucleic acid; EIA: enzyme immunoassay; PCR: polymerase chain 
reaction.

Authors’ contributions
JNM conceived and designed the study, carried out the laboratory analysis 
and produced the first draft of the manuscript, HNG carried out gynecological 
examinations, designed the study, facilitated the collection of cervico-vaginal 
lavage, and drafted the manuscript, AM supervised sample management and 
performed DNA extraction, and reviewed the manuscript. MT conceived and 
designed the study, carried out funding applications, participant coding and 
database management, and drafted the manuscript, PDN designed the study, 
carried out funding applications, participant coding, field work and database 
management, and drafted the manuscript, EFK is principal investigator of the 
study, conceived and designed the study carried out funding applications, 
participant coding, database management, and drafted the manuscript, 
MFDB participated in the design of the study, guided the methodology and 
results analysis, and drafted the manuscript, ZLMK participated in conceiving 
and the design of the study and drafted the manuscript. All authors read and 
approved the final manuscript.

Author details
1 School Laboratory Medicine and Medical Science, University of KwaZulu-
Natal, Durban, South Africa. 2 Department of Biomedical and Clinical 
Technology, Durban University of Technology, PO Box 1334, Durban 4000, 
South Africa. 3 Norwegian Centre for Imported and Tropical Diseases, Depart-
ment of Infectious Diseases, Oslo University Hospital, Oslo, Norway. 4 Faculty 
of Medicine, University of Oslo, Oslo, Norway. 5 Discipline of Public Health, 
Nelson R Mandela School of Medicine, University of KwaZulu-Natal, Durban, 
South Africa. 6 Claybrook Center, Imperial College London, London, UK. 



Page 7 of 8Mbatha et al. BMC Res Notes  (2017) 10:702 

7 Laboratory of Cancer Research and Clinical Oncology, University of Antwerp, 
Antwerp, Belgium. 8 Department of Biomedical Sciences, Mangosuthu Univer-
sity of Technology, Durban, South Africa. 

Acknowledgements
We thank the following organizations and individuals without whom this 
study would not have been successful: the study participants who gave their 
time for the sake of exploring this issue. The research assistants, drivers and 
nurses for support, assistance and guidance of the study participants. Otimati 
Clinic and Ilembe District is thanked for hosting the study. Geert Bienvenu, 
GE Healthcare Belgium, for the donation of FTA cards. Meindert Zwart, Rovers 
Medical, The Netherlands, for the donation of Viba-brushes. Deepak Singh, 
Durban University of Technology, South Africa, for assistance with statistical 
analysis. Prof Dr. Filip Lardon for offering NJM lab space in the Laboratory for 
Cancer Research and Clinical Oncology, Antwerp University, Belgium.

Competing interests
The authors declare that they have no competing interests.

Availability of data and materials
Permission to share data can be obtained from the main study principal 
investigator (PI), should any information be required regarding used data, it 
can be requested from the corresponding author who will then communicate 
with the PI.

Consent for publication
This manuscript contains no individual person’s data, images or videos (except 
for contact details for co-authors) and no case reports are included.

Ethics approval and consent to participate
The study was granted ethical approval from the Biomedical Research Eth-
ics Committee (BREC) of the University of KwaZulu-Natal (BF029/07) and 
(BE234/14). Further ethical approval was received from the Department of 
Health, Pietermaritzburg, KZN, (HRKM010-08; 2009). Participants that had 
signed an informed consent were enrolled in the study. Furthermore, at each 
point of the investigation each participant was asked if she was still willing to 
participate.

Funding
The research leading to the results discussed in this manuscript received 
funding from: The University of Copenhagen with the support from the Bill 
and Melinda Gates Foundation, Grant# OPPGH5344 for funding the project. 
The European Research Council under the European Union’s Seventh 
Framework Programme (FP7/2007-2013)/ERC Grant Agreement No. PIRSES-
GA-2010-269245 University of KwaZulu-Natal College of Health Sciences 
funding.

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

Received: 2 March 2016   Accepted: 30 November 2017

References
 1. Ferlay J, Soerjomataram I, Dikshit R, Eser S, Mathers C, Rebelo M, Parkin 

DM, Forman D, Bray F. Cancer incidence and mortality worldwide: 
sources, methods and major patterns in GLOBOCAN 2012. Int J Cancer. 
2015;136(5):E359–86.

 2. GLOBOCAN 2012: estimated cancer incidence, mortality and prevalence 
worldwide in 2012. (http://globocan.iarc.fr/Pages/fact_sheets_cancer.
aspx).

 3. Hoque M, Hoque E, Kader SB. Evaluation of cervical cancer screening 
program at a rural community of South Africa. East Afr J Public Health. 
2008;5:111–6.

 4. Nene B, Jayant K, Arrossi S, Shastri S, Budukh A, Hingmire S, Muwonge 
R, Malvi S, Dinshaw K, Sankaranarayanan R. Determinants of women s 

participation in cervical cancer screening trial, Maharashtra, India. Bull 
World Health Org. 2007;85(4):264–72.

 5. Daley E, Alio A, Anstey EH, Chandler R, Dyer K, Helmy H. Examining 
barriers to cervical cancer screening and treatment in Florida through a 
socio-ecological lens. J Community Health. 2011;36(1):121–31.

 6. Waller J, Bartoszek M, Marlow L, Wardle J. Barriers to cervical cancer 
screening attendance in England: a population-based survey. J Med 
Screen. 2009;16(4):199–204.

 7. Cuzick J, Arbyn M, Sankaranarayanan R, Tsu V, Ronco G, Mayrand MH, 
Dillner J, Meijer CJLM. Overview of human papillomavirus-based and 
other novel options for cervical cancer screening in developed and 
developing countries. Vaccine. 2008;26:K29–41.

 8. Harper DM, Raymond M, Noll WW, Belloni DR, Duncan LT, Cole BF. Tam-
pon samplings with longer cervicovaginal cell exposures are equivalent 
to two consecutive swabs for the detection of high-risk human papil-
lomavirus. Sex Transm Dis. 2002;29(11):628–36.

 9. Winer RL, Feng Q, Hughes JP, Yu M, Kiviat NB, O’Reilly S, Koutsky LA. 
Concordance of self-collected and clinician-collected swab samples for 
detecting human papillomavirus DNA in women 18 to 32 years of age. 
Sex Transm Dis. 2007;34(6):371–7.

 10. Ogilvie G, Patrick D, Schulzer M, Sellors J, Petric M, Chambers K, White R, 
FitzGerald J. Diagnostic accuracy of self collected vaginal specimens for 
human papillomavirus compared to clinician collected human papillo-
mavirus specimens: a meta-analysis. Sex Transm Infect. 2005;81(3):207–12.

 11. Petignat P, Faltin DL, Bruchim I, Tramèr MR, Franco EL, Coutlée F. Are self-
collected samples comparable to physician-collected cervical specimens 
for human papillomavirus DNA testing? A systematic review and meta-
analysis. Gynecol Oncol. 2007;105(2):530–5.

 12. Chernesky MA, Hook EW III, Martin DH, Lane J, Johnson R, Jordan JA, 
Fuller D, Willis DE, Fine PM, Janda WM. Women find it easy and prefer to 
collect their own vaginal swabs to diagnose Chlamydia trachomatis or 
Neisseria gonorrhoeae infections. Sex Transm Dis. 2005;32(12):729–33.

 13. Kleppa E, Ramsuran V, Zulu S, Karlsen GH, Bere A, Passmore JS, Ndhlovu 
P, Lillebø K, Holmen SD, Onsrud M, Gundersen SG, Taylor M, Kjetland EF, 
Ndung’u T. Effect of female genital schistosomiasis and anti-schistosomal 
treatment on monocytes, CD4+ T-cells and CCR5 expression in the 
female genital tract. PLoS ONE. 2014;9(6):e98593.

 14. Water wise-water situation in South Africa. (http://www.waterwise.co.za/
site/water/environment/situation.html).

 15. Ilembe Health District. (http://www.kznhealth.gov.za/ilembe.htm).
 16. Lehlola P. Census 2011 Municipal Report KwaZulu-Natal. Pretoria, South 

Africa; 2012.
 17. District Management Team of iLembe District. Ilembe District Health Plan 

2015/2016. Health Department K-N; 2015.
 18. Lenselink CH, de Bie RP, van Hamont D, Bakkers JM, Quint WG, Massuger 

LF, Bekkers RL, Melchers WJ. Detecting and genotyping HPV in self-
obtained cervico-vaginal samples using the FTA cartridge: introduc-
ing new possibilities for cervical cancer screening. J Clin Microbiol. 
2009;47(8):2564–70.

 19. de Roda Husman AM, Walboomers JMM, van den Brule AJC, Meijer CJLM, 
Snijders PJF. The use of general primers GP5 and GP6 elongated at their 3′ 
ends with adjacent highly conserved sequences improves human papil-
lomavirus detection by PCR. J Gen Virol. 1995;76(4):1057–62.

 20. Jacobs M, de Roda Husman A, Van den Brule A, Snijders P, Meijer C, 
Walboomers J. Group-specific differentiation between high-and low-
risk human papillomavirus genotypes by general primer-mediated 
PCR and two cocktails of oligonucleotide probes. J Clin Microbiol. 
1995;33(4):901–5.

 21. Saiki RK, Gelfand DH, Stoffel S, Scharf SJ, Higuchi R, Horn GT, Mullis KB, 
Erlich HA. Primer-directed enzymatic amplification of DNA with a ther-
mostable DNA polymerase. Science. 1988;239(4839):487–91.

 22. Muñoz N, Bosch FX, De Sanjosé S, Herrero R, Castellsagué X, Shah 
KV, Snijders PJF, Meijer CJLM. Epidemiologic classification of human 
papillomavirus types associated with cervical cancer. N Engl J Med. 
2003;348(6):518–27.

 23. Altman DG. Practical statistics for medical research. Boca Raton: CRC 
Press; 1990.

 24. Madhanmohan M, Yuvaraj S, Manikumar K, Kumar R, Nagendrakumar 
S, Rana S, Srinivasan V. Evaluation of the Flinders Technology Associ-
ates cards for storage and temperature challenges in field conditions 

http://globocan.iarc.fr/Pages/fact_sheets_cancer.aspx
http://globocan.iarc.fr/Pages/fact_sheets_cancer.aspx
http://www.waterwise.co.za/site/water/environment/situation.html
http://www.waterwise.co.za/site/water/environment/situation.html
http://www.kznhealth.gov.za/ilembe.htm


Page 8 of 8Mbatha et al. BMC Res Notes  (2017) 10:702 

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

for foot-and-mouth disease virus surveillance. Transbound Emerg Dis. 
2015;63:675–80.

 25. Banura C, Franceschi S, van Doorn L-J, Wabwire-Mangen F, Mbidde EK, 
Weiderpass E. Detection of cervical human papillomavirus infec-
tion in filter paper samples: a comparative study. J Med Microbiol. 
2008;57(2):253–5.

 26. Milne E, van Bockxmeer FM, Robertson L, Brisbane JM, Ashton LJ, Scott RJ, 
Armstrong BK. Buccal DNA collection: comparison of buccal swabs with 
FTA cards. Cancer Epidemiol Biomark Prev. 2006;15(4):816–9.

 27. Lippman SA, Jones HE, Luppi CG, Pinho AA, Veras MAM, van de Wijgert 
JH. Home-based self-sampling and self-testing for sexually transmit-
ted infections: acceptable and feasible alternatives to provider-based 
screening in low-income women in São Paulo, Brazil. Sex Transm Dis. 
2007;34(7):421–8.

 28. Deleré Y, Schuster M, Vartazarowa E, Hänsel T, Hagemann I, Borchardt 
S, Perlitz H, Schneider A, Reiter S, Kaufmann AM. Cervicovaginal self-
sampling is a reliable method for determination of prevalence of human 
papillomavirus genotypes in women aged 20 to 30 years. J Clin Microbiol. 
2011;49(10):3519–22.

 29. Szarewski A, Cadman L, Ashdown-Barr L, Waller J. Exploring the accept-
ability of two self sampling devices for human papillomavirus testing 
in the cervical cancer screening context: a qualitative study of Muslim 
women in London. J Med Screen. 2009;16(4):193–8.

 30. Waller J, McCaffery K, Forrest S, Szarewski A, Cadman L, Austin J, Wardle 
J. Acceptability of unsupervised HPV self-sampling using written instruc-
tions. J Med Screen. 2006;13(4):208–13.

 31. Howard M, Lytwyn A, Lohfeld L, Redwood-Campbell L, Fowler N, Karwala-
jtys T. Barriers to acceptance of self-sampling for human papillomavirus 
across ethnolinguistic groups of women. Can J Public Health Revue 
Canadienne de Sante’e Publique. 2009;100:365–9.

 32. Mitchell S, Ogilvie G, Steinberg M, Sekikubo M, Biryabarema C, Money 
D. Assessing women’s willingness to collect their own cervical samples 
for HPV testing as part of the ASPIRE cervical cancer screening project in 
Uganda. Int J Gynecol Obstet. 2011;114(2):111–5.

 33. Berner A, Hassel SB, Tebeu P-M, Untiet S, Kengne-Fosso G, Navarria I, 
Boulvain M, Vassilakos P, Petignat P. Human papillomavirus self-sampling 
in Cameroon: women’s uncertainties over the reliability of the method 
are barriers to acceptance. J Lower Genit Tract Dis. 2013;17(3):235–41.

 34. Rositch AF, Gatuguta A, Choi RY, Guthrie BL, Mackelprang RB, Bosire R, 
Manyara L, Kiarie JM, Smith JS, Farquhar C. Knowledge and acceptability 
of Pap smears, self-sampling and HPV vaccination among adult women 
in Kenya. PLoS ONE. 2012;7(7):e40766.

 35. Gonzalez P, Cortes B, Quint W, Kreimer AR, Porras C, Rodríguez AC, 
Jimenez S, Herrero R, Struijk L, Hildesheim A. Evaluation of the FTA carrier 
device for human papillomavirus testing in developing countries. J Clin 
Microbiol. 2012;50(12):3870–6.

 36. Castle PE, Rodriguez AC, Porras C, Herrero R, Schiffman M, Gonzalez P, 
Hildesheim A, Burk RD. A comparison of cervical and vaginal human 
papillomavirus. Sex Transm Dis. 2007;34(11):849.

 37. Given FT, Muhlendorf IK, Browning GM. Vaginal length and sexual func-
tion after colpopexy for complete uterovaginal eversion. Am J Obstet 
Gynecol. 1993;169(2):284–8.

 38. Nanda K, McCrory DC, Myers ER, Bastian LA, Hasselblad V, Hickey JD, 
Matchar DB. Accuracy of the Papanicolaou test in screening for and 
follow-up of cervical cytologic abnormalities: a systematic review. Ann 
Intern Med. 2000;132(10):810–9.

 39. Kitchener HC, Castle PE, Cox JT. Achievements and limitations of cervical 
cytology screening. Vaccine. 2006;24:S63–70.

 40. Wright TC Jr, Denny L, Kuhn L, Pollack A, Lorincz A. HPV DNA testing of 
self-collected vaginal samples compared with cytologic screening to 
detect cervical cancer. JAMA. 2000;283(1):81–6.

 41. Joura EA, Pils S. How can we achieve HPV control in Europe? Futur Virol. 
2015;10(10):1125–7.

 42. Szarewski A, Cadman L, Mesher D, Austin J, Ashdown-Barr L, Edwards R, 
Lyons D, Walker J, Christison J, Frater A. HPV self-sampling as an alterna-
tive strategy in non-attenders for cervical screening—a randomised 
controlled trial. Br J Cancer. 2011;104(6):915–20.

 43. Wikström I, Lindell M, Sanner K, Wilander E. Self-sampling and HPV testing 
or ordinary Pap-smear in women not regularly attending screening: a 
randomised study. Br J Cancer. 2011;105(3):337–9.

 44. Gök M, van Kemenade FJ, Heideman DA, Berkhof J, Rozendaal L, Spruyt 
JW, Beliën JA, Babovic M, Snijders PJ, Meijer CJ. Experience with high-risk 
human papillomavirus testing on vaginal brush-based self-samples 
of non-attendees of the cervical screening program. Int J Cancer. 
2012;130(5):1128–35.

 45. Moscicki A-B, Ma Y, Wibbelsman C, Darragh TM, Powers A, Farhat S, Shi-
boski S. Rate of and risks for regression of CIN-2 in adolescents and young 
women. Obstet Gynecol. 2010;116(6):1373.

 46. Friedman AL, Shepeard H. Exploring the knowledge, attitudes, beliefs, 
and communication preferences of the general public regarding HPV 
findings from CDC focus group research and implications for practice. 
Health Educ Behav. 2007;34(3):471–85.

 47. Franceschi S, Herrero R, Clifford GM, Snijders PJF, Arslan A, Anh PTH, Bosch 
FX, Ferreccio C, Hieu NT, Lazcano-Ponce E. Variations in the age-specific 
curves of human papillomavirus prevalence in women worldwide. Int J 
Cancer. 2006;119(11):2677–84.

 48. Moodley J, Hoffman M, Carrara H, Allan B, Cooper D, Rosenberg L, Denny 
L, Shapiro S, Williamson AL. HIV and pre-neoplastic and neoplastic 
lesions of the cervix in South Africa: a case-control study. BMC Cancer. 
2006;6(1):135.


	Self-sampling for human papillomavirus testing among rural young women of KwaZulu-Natal, South Africa
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Study design and study area
	Study participants
	Data collection
	Description of the questionnaire
	DNA extraction
	High-risk human papillomavirus detection
	High-risk HPV genotyping
	Statistical analysis

	Results
	Discussion
	Conclusions
	Authors’ contributions
	References




