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Abstract

Cervical cancer (CC) is the fourth most common cancer in women, and the seventh overall, with an estimated 528,000 new cases in 2012
Although the annual number of cases has increased, cancer of the cervix has declined in relative importance: it was the second most common
cancer of women in 1975. In addition, the incidence and mortality of CC is variable within low- and middle-income countries (LMIC). In India,
there are 20.2 per 100000 new cases of CC diagnosed and 11.1 per 100000 deaths annually, accounting for more than one fifth of the global
CC deaths. In sub-Saharan Africa, 34.8 per 100000 women are diagnosed with CC annually and 22.5 per 100000 women die from this disease.
Therefore, various cost effective methods are required besides conventional pap smear screening to detect cervical cancer in low resource
settings. Various other methods are being introduced in low and middle income countries (LMIC) to improve detection at low cost. The tests
discussed are manual liquid based cytology (MLBC), HPV testing, cell block with marker study, and visual inspection by ascetic acid (VIA). The
various methods should be implemented by national screening programmes in LMIC countries.

Introduction

Cancer of the cervix uteri. Cervical cancer is the fourth
most common cancer in women, and the seventh overall, with
an estimated 528,000 new cases in 2012. Although the annual
number of cases has increased, cancer of the cervix has declined
in relative importance: it was the second most common cancer
of women in 1975. As with liver cancer, a large majority (around
85%) of the global burden occurs in the less developed regions,
where it accounts for almost 12% of all female cancers High-
risk regions, with estimated ASRs over 30 per 100,000, include
Eastern Africa (42.7), Mela-nesia (33.3), Southern (31.5) and
Middle Africa (30.6). Rates are lowest in Australia/New Zealand
(5.5) and Western Asia (4.4). Cervical cancer remains the
most common cancer in women in Eastern and Middle Africa.
There were an estimated 266,000 deaths from cervical cancer
worldwide in 2012, accounting for 7.5% of all female cancer
deaths Almost nine in 10 (87%) cervical cancer deaths occur in
less developed regions .The average risk of dying from cervical
cancer before age 75 is three times higher in the less than in more

developed regions Mortality varies 18-fold between the different
regions of the world, ranging from less than 2 per 100,000 in
Western Asia, Western Europe and Australia/New Zealand to
above 20 per 100,000 in Melanesia (20.6), Middle (22.2) and
Eastern (27.6) Africa [1,2].

In addition, the incidence and mortality of CC is variable
within low- and middle-income countries (LMIC). In India, there
are 20.2 per 100000 new cases of CC diagnosed and 11.1 per
100000 deaths annually, accounting for more than one fifth of the
global CC deaths. In sub-Saharan Africa, 34.8 per 100000 women
are diagnosed with CC annually and 22.5 per 100000 women die
from this disease. In contrast, in western Asian countries, only
3.8 per 100000 new cases are diagnosed per year and 1.6 per
100000 die from CC. Therefore, if the chances to survive CC are
considered, a woman in Thailand will have an approximately
58% chance of survival, while in India she will only have a 42%
chance. This survival is even more critical in Sub-Saharan Africa,
where women only have a 21% chance to survive CC. Overall, the
mortality to incidence ratio of CC is 52%, 2.
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The requisites for cervical screening

It is imperative by looking at the incidence and mortality
rates of cervical cancer CC in developing countries (LMIC),. an
effective screening procedure is followed. An ideal screening test
is one that is minimally invasive, easy to perform, acceptable
to the subject, cost-effective and efficacious in diagnosing the
disease process in its preinvasive or early invasive state [3].
About conventional pap smear (CPS)

From following its introduction by Papanicolau in 1927
exfoliative cervicovaginal cytology has been extensively
investigated and used as a screening test for cervical cancer [4].
The standard technique for Pap smear collection is to sample the
portio vaginalis of the cervix and the endo cervical canal using
a cervical spatula and endocervical brush. The collected sample
is smeared on a slide and then fixed immediately with cytology
fixative. Most clinicians are concerned with reducing sampling
errors by focusing on the technic of smear acquisition and
eliminating drying artifacts through rapid fixation [3].

Its limitations in low resource settings

a) Incorrect and inadequate sampling in 5-10% of cases

[5].

b)  Onlyup to 20% of harvested cells are transferred on the
slide leading to a reduction in the sensitivity of the test [5].

c) Mean sensitivity of only 55-60% [6].

d) Reported false negative rates varying from 25 to 50%
[71.
e) Reported false positive rates varying from 15 to 20 %

(8]

f)  Inter observer variation in the interpretation of
cytological abnormality making reporting subjective and
poorly reproducible [9].

Methods to overcome these limitations

Other Screening tests for cervical carcinoma include

a.  Fluid sampling techniques with automated thin layer
preparation (liquid based cytology)

b.  Automated cervical screening techniques
c.  Neuro medical systems

d. HPV testing

e.  Polar probe

f. Laser induced fluorescence

g.  Visual inspection of cervix after applying Lugol’s iodine
(VILI) or acetic acid (VIA).

h.  Speculoscopy

i. Cervicography [10]

Some of the other methods besides CPS are being
implemented in various centers especially the higher diagnostic
centers reaching out to urban population of women who are
economically more independent, educated aware of health
issues. Of these fluid cytology has made a beginning.

Liquid based cytology-types

Recently liquid based cytological technologies have been
developed and have gained popularity because in preliminary
studies the use of such techniques was associated with a
reduction in the incidence of inadequate cervical smears [11,12].
Two such technique that have been extensively tested are Thin
Prep (Cytyc Corp, Boxborough, MA) and Autocyte (Tri Path
Imaging, Burlington, NC). These fluid sampling devices have
been approved by the USFDA. Automated liquid based cytology
(LBC) have made entry in developing countries like India.
Semi automated methods within house methodology are being
introduced in various centers.

Manual liquid based cytology

On the other hand, Manual Liquid Based Cytology (MLBC) isa
technique that enables cells to be suspended in a monolayer and
thus improves detection of precursor lesions and improvement
of specimen adequacy. MLBC has been reported to improve the
effectiveness of cervical cancer screening in a population by
increasing the detection of histologically confirmed neoplastic
and preneoplastic disease while simultaneously decreasing
over diagnosis of benign processes. Also, in case of MLBC, the
residual sample can be used for other tests like detection of HPV
DNA, immunocyto chemistry on cell block thereby increasing the
utility of MLBC.

HPV methods

Several studies support that HPV testing is feasible in low-
resource settings and appears to be the best strategy for CC in
this context A large-cluster randomised trial from rural India
showed that a single round of HPV screening could reduce the
incidence and mortality from CC of approximately 50%, whereas
approaches based on VIA and cytology had little effect on these
outcomes. Until recently, the greatest limitations of HPV testing
were the need for expensive laboratory infrastructure and the 4-7
h time to process the test. The development of rapid molecular
methods for detecting HPV DNA screening (eg care HPV, qiagen,
genexpert-cepheid) or other POC type of tests is a milestone
in CC screening in low-resource settings. This is because these
new options may make screening more feasible in the future and
reduce the infrastructural requirements of previous screening
programmes [13,14]

Human papillomavirus (HPV) detection by PCR in our
setup

Polymerase chain reaction (PCR) was used to detect the
presence of HPV in the extracted DNA. PCR was done at two
levels: First a pair of consensus primers such as MY09/11 and
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GP5+/GP6+ amplifying a 450bp and 150bp length of L1 region
respectively was employed in the reaction and then the positive
samples were subjected to type specific PCR to detect the most
common high risk HPV subtypes like HPV-16 and HPV-18. A brief
master mix was prepared containing 2U/pL of Taq ploymerase
(Himedia), 2uM of dNTPs, 10x buffer with 25mm MgCl2 (working
=1x buffer) and 0.2uM of each of forward and reverse primers.
DNA concentration ranging from 50-80ng/reaction was added
and the total reaction was made upto 30uL using PCR grade
water. Amplification was performed in the Mastercycler gradient
(Eppendorf) at 95°C for 5min, followed by 32 cycles of 94°C for
1min, 60°C for 45sec, 72°C for 1min and a final extension of 72°C
for 2min. GAPDH gene was used as internal control to check
the adequacy of PCR reaction and DNA from HeLa cell line and
Siha cell line was used as positive control for HPV-18 and HPV-
16 respectively, while water was used as negative control. The
amplified PCR products were elecrophoresized on 2% agarose
gel with a 100bp ladder (Himedia). Our current PCR set-up gives
rapid, type-specific HPV detection with a turnaround time of
less than 24hrs and cost-effectiveness compare to commercial
avilable alternatives. Nevertheless, type-specific HPV testing is
valuable to check the burden of HPV infections epidemiologically.
Therefore, it can be considered as an indispensable tool to detect
HPV types. It has to be developed further so as to be used as a
primary screening method as national programme for HPV
detection at low cost in a poor resource country like India.

Cell block and P-16 biomarker

Cell blocks can be prepared from all types of cytological
specimens, except preparations with low cellularity such as
cerebrospinal fluids. There are several techniques to produce cell
blocks, such as cyto centrifugation, either with direct formalin
fixation or fixation after addition of plasma-thromboplastin. Cell
blocks perform in a highly reproducible way when stained with
mostantibodies, except for some used in the work- up oflymphoid
lesions. One distinct advantage of cell blocks is that many slides
can be prepared for extensive panels of immunostains. In
addition, the quality control of cell block staining is identical to
that of histopathology. The morphology of cell blocks is identical
to that seen in histological specimens and therefore familiar
to most pathologists. Cell blocks closely resemble Formalin-
Fixed Paraffin-Embedded sections and can be stained using
methods already established in general immunohistochemical
laboratories, which probably explains their providing the best
quality of imunocytochemical reactions.

The increased sensitivity of cell blocks in the diagnosis of
malignant conditions of cervix may be due to better preservation
of cytomorphologic features, better staining characteristics of
the nucleus, nucleoli, and cytoplasm, clear recognition of nuclear
and cytoplasmic features [15-17].

The oncogenic activity of E7 protein may also be tested

indirectly by the host cyclin-dependent kinase inhibitor

pl6Ink4a. This kinase inhibitor decelerates the cell cycle
by inactivating the cyclin-dependent kinases (CDK4/CDK6)
involved in retinoblastoma protein phosphorylation. Over
expression of p16INK4a in almost all cervical pre cancer (High-
grade lesions) and invasive CC has been shown to be directly
linked to the transforming activity of E7 oncoprotein, which is
produced by HPV. Cellular accumulation of p16INK4a can be
measured by cytochemistry on cell blocks. LBC, direct smears
and cervical biopsies. other useful marker studied is ki67. As a
combination with p16INK4a [18,19].

Visual inspection with acetic acid (VIA)

Visual inspection tests with 3%-5% acetic acid (VIA) and/
or Lugol’s iodine (VILI) appear to be a satisfactory alternative
screening approach to cytology. These tests have been used since
the 1990s, mainly in poor resource settings. They are simple,
cost-effective with relative ease of use, and may be performed
by different healthcare workers (physicians, nurse, midwives
and technicians). Moreover, this approach does not require high
technology or infrastructure and has been shown to reduce
mortality in developing countries. The visible changes that occur
in the cervix after application of acetic acid are immediate, and
can be categorized as negative or positive for cervical neoplasia.
These immediate results facilitate a same-day screen and
management strategy. Therefore, this allows most of the eligible
women to participate in the programme by minimizing repeat
visits. Evidence shows that this single-visit approach leads to the
most significant decrease in high-grade cervical intraepithelial
neoplasia (CIN) and it is regarded safe, acceptable and fairly
effective in India and Sub-Saharan Africa. Despite the limitations
of the concept of “screen and treat”, it helps to overcome
barriers of time, distance and loss to follow-up. [20,21]. In our
set up we work with an NGO who regularly check the rural
women population of our district by VIA .all VIA cases where
the squamocolumnar junction is inadequate are subject to pap
smear screening.

The future of cervical cancer detection in low resource
settings

The future of cervical cancer detection has many problems
to be tackled even though attempts are being made to improve
health care in low to middle income countries (LMIC). The
factors which require attention are creating more awareness
among rural population, national health programmes which
include pap smear screening as mandatory in both urban and
rural women with each having an health card as it happens in
developed countries. Better training of health providers that
includes primary health workers and doctors trained for this
programmes.

References

1. Ferlay J, Mataram SI, Dikshit R, Eser S, Mathers C, et al. (2012) Cancer
incidence and mortality worldwide: sources, methods and major
patterns in GLOBOCAN. Int ] Cancer 136(5): E359-E386.

m How to cite this article: Nandini M, Sherin, Devanand, Ashoka v, Nandish. Low Cost Cervical Cancer Screening Methods in Poor Resource Settings. J
Gynecol Women'’s Health. 2017; 5(3): 555661. DOI: 10.19080/JGWH.2017.05.555661.


http://dx.doi.org/10.19080/jgwh.2017.05.555661
https://www.ncbi.nlm.nih.gov/pubmed/25220842
https://www.ncbi.nlm.nih.gov/pubmed/25220842
https://www.ncbi.nlm.nih.gov/pubmed/25220842

Journal of Gynecology and Women’s Health

2. LaMontagne DS, Barge S, Le NT, Mugisha E, Mary E Penny, et al. (2011)
Human papilloma virus vaccine delivery strategies that achieved high
coverage in low- and middle-income countries. Bull World Health
Organ 89: 821-830B.

3. Rajendra AK, Yogesh VK (2006) Screening for cervical cancer : an
overview. ] Obstet Gynecol India 56(2): 115-122.

4. Papanicolaou GN, New cancer diagnosis. Proceedings of the Third Race
Betterment Conf 528: 1928.

5. Janicek MF, Averette HE (2001) Cervical cancer: Prevention, diagnosis
and therapeutics. CA Cancer ] Clin 51(2): 92-114.

6. Apgar BS (2001) New tests for cervical cancer screening. Am Fam
Physician 64: 729-731.

7. Mandelblatt JS, Lawrence WE, Womack SM, Jacobson D, Yi B, et al.
(2002) Benefits and costs of using HPV testing to screen for cervical
cancer. JAMA 287(8): 2372-2381.

8. Bovicelli A, Bristow RE, Montz FJ (2000) HPV testing: Where are we?
Anticancer Res 20: 4673-4680.

9. Wright TC, Cox JT, Massad LS, Twiggs LB, Wilkinson EJ, et al. (2002)
2001 consensus guidelines for the management of women with
cervical cytological abnormality. JAMA 287: 2120-2129.

10. Cheryl LR, Clair WM, Kevin R, Ruffin MT (2000) Prevention of cervical
cancer. Critical reviews in Oncology/Haematology 33(3): 169-185.

1

[N

.Howell LP, Davis RL, Belk TI, Agdigos R, Lowe ] (1998) The autocyte
preparation system for gynaecological cytology. Acta Cytol 42(1): 171-
177.

12. Bishop JW, Bisner SH, Colgan TJ (1998) Multicentre masked evaluation
autocyte and thinprep thin layer with matched conventional Pap,
including biopsy results. Acta Cytol 42(1): 189-197.

@ This work is licensed under Creative
@ Commons Attribution 4.0 Licens
DOI:10.19080/JGWH.2017.05.555661

13. Ogilvie GS, Patrick DM, Schulzer M, Sellors JW, Petric M, et al. (2005)
Diagnostic accuracy of self collected vaginal specimens for human
papillomavirus compared to clinician collected human papillomavirus
specimens: a meta-analysis. Sex Transm Infect 81: 207-212.

14. Sankaranarayanan R, Nene BM, Shastri SS, Jayant K, Muwonge R, et al.
(2009) HPV screening for cervical cancer in rural India. N Engl ] Med
360(4): 1385-1394.

15. Nandini NM, Nandish SM, Lopamudra K, Akshata K, Shweta K (2016)
Manual Liquid Based Cytology in Diagnosis of Gynecologic Pathology
Cancer Research Journal 4(4): 58-68.

16. Fetsh P, Simisir A, Abati A (2002) comparison of three commonly
used cytology preparations in effusion immunocytochemistry. Diagn
Cytopathol 26(1): 61-67.

17.Skoog L, Tani E (2011) Immunocytochemistry: an indispensable
technique in routine cytology. cytopathology 22(4): 215-229.

18. Cuschieri K, Wentzensen N (2008) Human papillomavirus mRNA and
pl6 detection as biomarkers for the improved diagnosis of cervical
neoplasia. Cancer Epidemiol Biomarkers Prev 17(10): 2536-2545.

19. Tsoumpou I, Arbyn M, Kyrgiou M, Wentzensen N, Koliopoulos G, et al.
(2009) p16(INK4a) Immunostaining in cytological and histological
specimens from the uterine cervix: a systematic review and meta-
analysis. Cancer Treat Rev 35(3): 210-220.

20. Blumenthal PD, Gaffikin L, Deganus S, Lewis R, Emerson M, et al.
(2007) Cervical cancer prevention: safety, acceptability, and feasibility
of a single-visit approach in Accra, Ghana. Am ] Obstet Gynecol 196(4):
407.

21.Sankaranarayanan R, Basu P, Wesley RS, Mahe C, Keita N, et al. (2004)
Accuracy of visual screening for cervical neoplasia: Results from an
IARC multicentre study in India and Africa. Int ] Cancer 110(6): 907-
913.

Your next submission with Juniper Publishers
will reach you the below assets
¢ Quality Editorial service
o Swift Peer Review
¢ Reprints availability
e E-prints Service
¢ Manuscript Podcast for convenient understanding
¢ Global attainment for your research
e Manuscript accessibility in different formats
( Pdf, E-pub, Full Text, Audio)
¢ Unceasing customer service

Track the below URL for one-step submission
https://juniperpublishers.com/online-submission.php

How to cite this article: Nandini M, Sherin, Devanand, Ashoka v, Nandish. Low Cost Cervical Cancer Screening Methods in Poor Resource Settings. J
Gynecol Women'’s Health. 2017; 5(3): 555661. DOI: 10.19080/JGWH.2017.05.555661.


http://dx.doi.org/10.19080/jgwh.2017.05.555661
https://juniperpublishers.com/online-submission.php
http://dx.doi.org/10.19080/jgwh.2017.05.555661
http://www.who.int/bulletin/volumes/89/11/11-089862/en/
http://www.who.int/bulletin/volumes/89/11/11-089862/en/
http://www.who.int/bulletin/volumes/89/11/11-089862/en/
http://www.who.int/bulletin/volumes/89/11/11-089862/en/
http://medind.nic.in/jaq/t06/i2/jaqt06i2p115.pdf
http://medind.nic.in/jaq/t06/i2/jaqt06i2p115.pdf
https://www.ncbi.nlm.nih.gov/pubmed/11577486
https://www.ncbi.nlm.nih.gov/pubmed/11577486
https://www.ncbi.nlm.nih.gov/pubmed/11988058
https://www.ncbi.nlm.nih.gov/pubmed/11988058
https://www.ncbi.nlm.nih.gov/pubmed/11988058
https://www.ncbi.nlm.nih.gov/pubmed/11966387
https://www.ncbi.nlm.nih.gov/pubmed/11966387
https://www.ncbi.nlm.nih.gov/pubmed/11966387
http://www.croh-online.com/article/S1040-8428(99)00073-6/abstract
http://www.croh-online.com/article/S1040-8428(99)00073-6/abstract
https://www.ncbi.nlm.nih.gov/pubmed/9479336
https://www.ncbi.nlm.nih.gov/pubmed/9479336
https://www.ncbi.nlm.nih.gov/pubmed/9479336
https://www.ncbi.nlm.nih.gov/labs/articles/9479339/
https://www.ncbi.nlm.nih.gov/labs/articles/9479339/
https://www.ncbi.nlm.nih.gov/labs/articles/9479339/
https://www.ncbi.nlm.nih.gov/pubmed/15923286
https://www.ncbi.nlm.nih.gov/pubmed/15923286
https://www.ncbi.nlm.nih.gov/pubmed/15923286
https://www.ncbi.nlm.nih.gov/pubmed/15923286
https://www.ncbi.nlm.nih.gov/pubmed/19339719
https://www.ncbi.nlm.nih.gov/pubmed/19339719
https://www.ncbi.nlm.nih.gov/pubmed/19339719
http://www.sciencepublishinggroup.com/journal/paperinfo?journalid=158&doi=10.11648/j.crj.20160404.11
http://www.sciencepublishinggroup.com/journal/paperinfo?journalid=158&doi=10.11648/j.crj.20160404.11
http://www.sciencepublishinggroup.com/journal/paperinfo?journalid=158&doi=10.11648/j.crj.20160404.11
https://www.ncbi.nlm.nih.gov/pubmed/11782091
https://www.ncbi.nlm.nih.gov/pubmed/11782091
https://www.ncbi.nlm.nih.gov/pubmed/11782091
https://www.ncbi.nlm.nih.gov/pubmed/21771092
https://www.ncbi.nlm.nih.gov/pubmed/21771092
https://www.ncbi.nlm.nih.gov/pubmed/18842994
https://www.ncbi.nlm.nih.gov/pubmed/18842994
https://www.ncbi.nlm.nih.gov/pubmed/18842994
https://www.ncbi.nlm.nih.gov/pubmed/19261387/
https://www.ncbi.nlm.nih.gov/pubmed/19261387/
https://www.ncbi.nlm.nih.gov/pubmed/19261387/
https://www.ncbi.nlm.nih.gov/pubmed/19261387/
https://www.ncbi.nlm.nih.gov/pubmed/17403438
https://www.ncbi.nlm.nih.gov/pubmed/17403438
https://www.ncbi.nlm.nih.gov/pubmed/17403438
https://www.ncbi.nlm.nih.gov/pubmed/17403438
https://www.ncbi.nlm.nih.gov/pubmed/15170675
https://www.ncbi.nlm.nih.gov/pubmed/15170675
https://www.ncbi.nlm.nih.gov/pubmed/15170675
https://www.ncbi.nlm.nih.gov/pubmed/15170675

	Title
	Abstract
	Introduction
	The requisites for cervical screening
	About conventional pap smear (CPS)
	Its limitations in low resource settings
	Methods to overcome these limitation
	Liquid based cytology-types
	Manual liquid based cytology 
	HPV methods 
	Human papillomavirus (HPV) detection by PCR in our setup
	Cell block and P-16 biomarker 
	Visual inspection with acetic acid (VIA)
	The future of cervical cancer detection in low resource settings 

	References

