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Abstract

Background: In Nicaragua, cervical cancer is the leading cause of cancer death among women. Human
papillomavirus (HPV) testing, primarily using self-sampling, was introduced between 2014 and 2018 in three
provinces. We analyzed data from the HPV screening program with the goal of describing key characteristics
including reach, HPV prevalence, triage and treatment, and factors associated with follow-up completion.

Methods: We analyzed individual-level data from routinely collected forms for women attending HPV-based
cervical cancer screening. HPV-positive women were triaged with Pap or visual inspection with acetic acid (VIA)

prior to treatment. Logistic regression was used to identify factors associated with receiving triage and treatment;
analyses were adjusted for province, age, and self- vs. provider-collected sampling.

Results: Forty-four thousand six hundred thirty-five women were screened with HPV testing; 96.6% of women used
self-sampling. Six thousand seven hundred seventy-six women were HPV positive (15.2%), 54.0% of screen-positive
women received triage, and 53.1% of triage-positive women were treated, primarily with cryotherapy. If women lost
at triage are included, the overall treatment percentage was 27.8%. Province and provider sampling were significantly
associated with completing triage. Province and triage type were significantly associated with receiving treatment. The
odds of receiving treatment after Pap triage as compared to VIA was significantly lower (aOR: 0.05, 95% Cl: 0.04-0.08,

p <0.001), and the relative proportion of women receiving treatment after Pap triage versus VIA was 0.29.

Conclusions: Introduction of HPV testing resulted in a substantial number of women screened, and acceptance of self-
sampling was high. Management of screen-positive women remained a challenge, particularly with Pap triage. Our results

can inform other developing countries as they work to reach World Health Organization (WHO) elimination targets.
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Background

Although excellent tools exist today to prevent cervical can-
cer, the disease still kills over 300,000 women annually, with
over 90% of these deaths occurring in developing countries
[1]. While the Latin American region has experienced eco-
nomic growth over the past several decades, pockets of ex-
treme poverty and social disadvantage remain, and these
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communities are disproportionately affected by cervical
cancer. In Nicaragua, cervical cancer is the leading cause of
cancer death among women [1]. Over half of the country’s
incident cases are detected by age 49 [2], endangering the
health and economic well-being of individuals, families, and
communities when women are in the prime of their adult
lives. The Nicaraguan Ministry of Health’s (MINSA) efforts
to control cervical cancer have included a nationwide pro-
gram offering Pap testing in each health region and a new
national cytology laboratory in Managua as of 2014. How-
ever, the impact of Pap testing is inherently limited by
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characteristics such as low sensitivity, the need to rescreen
women every three years [3] and dependence on a large cy-
tology infrastructure.

Human papillomavirus (HPV) testing is a superior
screening method compared to Pap, offering higher sensi-
tivity and a better long-term predictive value [4, 5]. A major
advantage is that viral detection can be performed in self-
collected vaginal cells, thus avoiding a speculum exam
while producing more objective results than Pap. HPV tests
can be performed in a local or regional laboratory by a
trained technician, facilitating faster reporting of results.
When combined with an adequate system for following up
screen-positive women and access to efficient treatment,
HPV testing has the potential to reduce cervical cancer in-
cidence and mortality in low-resource settings, overcoming
some of the challenges associated with previous screening
methods [6-9]. The demonstrated clinical utility of HPV
testing along with availability of highly effective HPV vac-
cines has contributed to a global landscape in which the
World Health Organization (WHO) has called for the elim-
ination of cervical cancer. Countries are called upon to set
programmatic goals that include, among others, screening
of 70% of women twice between the ages 35 to 45 and
treatment of 90% of screen-positive women [10].

From 2014 to 2018, the global health organization
PATH worked closely with MINSA in Nicaragua through
the local NGO Fundacién Movicancer to introduce HPV
testing using QIAGEN’s careHPV™ assay within the public
sector health system in three provinces as part of the
“Scale-Up” project. “Scale-Up” was a regional effort to
introduce and scale up HPV testing for cervical cancer
screening in four Central American countries. We ana-
lyzed HPV screening program performance in Nicaragua
in 2017 within the public sector health system, when
screening activities under the Scale-Up project were fully
underway. Our goal was to describe key characteristics of
the program including reach, HPV prevalence, triage and
treatment, and factors associated with follow-up comple-
tion. These results, including successes and challenges en-
countered in program delivery, can inform other low- and
middle-income countries (LMICs) as they work to reach
WHO elimination goals.

Methods

Details of the overall Scale-Up project methods have
been described elsewhere [11]. This report is a second-
ary analysis, using data from the public sector health sys-
tem in Nicaragua. MINSA defined the target population
for screening with HPV tests as all women aged 30 to
59 years living in the provinces of Chinandega, Chon-
tales, and Carazo (141,637 women) [12]. These provinces
are generally representative of most of Nicaragua’s geo-
graphic territories and populations: Carazo is closest to
Managua and is the most urbanized, densely populated
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and wealthiest of the three; Chontales is primarily rural
with a disperse population and is more economically de-
pressed; and Chinandega contains both large urban cen-
ters and significant rural territory with populations
living in a wide range of economic circumstances. Ab-
sent are communities and conditions typically found on
the more ethnically diverse and remote provinces of the
Atlantic coast of Nicaragua. Women were screened op-
portunistically in public clinics and during community
outreach campaigns. Women were first encouraged to
collect their own vaginal samples and were offered a
simple brush and tube along with printed visual instruc-
tions and verbal coaching by a nursing assistant, nurse,
or community health worker. If a woman preferred a
clinician-collected sample, she could have one upon re-
quest. Local management algorithms specified that
women who screened negative for HPV would be re-
screened in 5 years, while screen-positive women were
referred for additional care. The subsequent care in-
cluded a “triage” step, wherein women underwent either
Pap or visual inspection with acetic acid (VIA) (Fig. 1)
depending on the capacity of the clinicc. Women with
any abnormal Pap result (atypical squamous cells of un-
determined significance [ASCUS] or greater) were re-
ferred to colposcopy followed by treatment of any visible
lesion (biopsy confirmation of disease was not required by
the Nicaraguan management algorithm for HPV positive
women, even in suspected HSIL cases). Women with a
VIA-positive evaluation were treated immediately or re-
ferred for further care if needed, and women with a VIA-
negative evaluation were advised to return in 1 year for
rescreening. In 2017, MINSA offered cryotherapy and ex-
cision treatment for precancer cases, as well as hysterec-
tomy, radiation, and chemotherapy in cases of cancer.

The 2017 data of interest for this analysis were extracted
from forms and logs routinely collected in the public sector
health system on cervical cancer screening visits and
follow-up. De-identified data, including province, age, sam-
pling method (self- or provider-collected), HPV test result,
triage visit with Pap or VIA, triage result, treatment visit,
and treatment method were sent to PATH for analysis. We
conducted descriptive analyses and generated 95% confi-
dence intervals (CI) where relevant. Time elapsed between
screening, triage, and treatment among those managed with
Pap versus VIA was assessed and compared using a T-test.
We used both crude and adjusted logistic regression
models to identify whether province, age, screening modal-
ity, or triage method was associated with receiving triage
and treatment among screen-positive women; results are
reported as odds ratios (OR) and 95% confidence intervals
(95% CI) as compared to not receiving triage or treatment.
All statistical analyses were conducted in Stata 13.1 (Stata-
corp, College Station, TX). This secondary analysis of de-
identified data was determined not to be human subjects
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Fig. 1 Overview of HPV-based screening, triage, and treatment algorithm in Nicaragua. HPV: Human papillomavirus. VIA: Visual inspection with
acetic acid. Shaded areas represent the steps under evaluation in this report

research by PATH’s research determination committee and
thus was exempt from ethics committee review.

Results

Screening program characteristics and HPV positivity

A total of 44,635 women were screened with HPV tests
across the three provinces in 2017 (Table 1). The largest
proportion of women screened (47.8%) was in the Chi-
nandega province. The mean age of women across all
three provinces was 40.8 years (standard error [SE]: 8.6)
and nearly all women (99.1%) were within the target age
range of 30 to 59 years. Nearly all women (96.6%) col-
lected their own vaginal samples.

HPV positivity ranged among provinces from 14.2%
(95% CI 13.7-14.7) in Chinandega to 16.2% (95% CI
15.5-16.9) in Chontales, with a value of 16.0% (95% CI
15.4-16.7) in Carazo. Chinandega had significantly lower
HPV positivity compared to the other two provinces.
HPV prevalence varied by age group; some differences
were statistically significant (Table 1). Women aged 25
to 29years had the highest HPV prevalence of 25.7%
(95% CI 19.9-32.5), followed by a significant drop in the
30 to 34year age group to 18.5% (95% CI 17.9-19.2).
Prevalence generally declined through subsequent age
groups to 12.5% among women aged 55 to 59 years (95%
CI 11.4-13.5) and then increased significantly to 22.7%
in women aged 60 years or older (95% CI 16.8-30.0).
HPV prevalence was slightly lower in women with self-
collected samples (15.3, 95% CI 14.9-15.6) as compared

to provider-collected samples (17.6, 95% CI 14.8-20.7),
but this difference did not reach statistical significance.

Triage of HPV positive women

Among the 6776 HPV positive women, 3656 (54.0%)
had a triage test recorded (Table 2); the remaining 3120
(46.0%) were considered lost at the triage step. Overall,
2784 (76.1%) of the HPV-positive women who were
triaged received Pap while the remaining 872 (23.9%) re-
ceived VIA. The proportion of VIA triage varied by
province, with Chontales using VIA for the highest pro-
portion (60.9%) and Chinandega the least (15.9%) (data
not shown).

Triage and treatment among women managed with Pap,
VIA

Among the women triaged with Pap, 513 women
(21.7%) received a result of ASCUS or greater (ASCU
S+), and 15.1% did not have Pap results recorded in our
available data (Table 2). Among women with a Pap re-
sult of ASCUS+, 117 had an ASCUS result (22.8%), 308
had a low-grade squamous intraepithelial lesion (LSIL)
result (60.0%), 82 had a high-grade squamous intrae-
pithelial lesion (HSIL) result (16.0%), and 6 had a result
of cancer (1.2%) (data not shown); these results were not
biopsy-confirmed in our available dataset. Among
women triaged with Pap, 132 women were treated; this
represents 25.7% of women with an ASCUS+ Pap result
in triage. Considering only those women with an HSIL
or cancer result (HSIL+) in Pap triage, 27 (30.7%) were
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Table 1 HPV screening activity and test results by sociodemographic and programmatic characteristics among women screened for

cervical cancer in Nicaragua in 2017

Total HPV Positive
N % N Prevalence % (95% Cl)
Total 44,635 100 6776 152 (14.9-15.5)
Department
Carazo 12,261 27.5 1962 16.0 (154-16.7)
Chinandega 21,333 478 3028 14.2 (13.7-14.7)
Chontales 11,041 24.7 1786 16.2 (15.5-16.9)
Age, years
Mean (SE) 40.8 (8.6) N/A 39.5 (8.5) N/A
Median (IQR) 39.0 (33-47) N/A 37.0 (20-71) N/A
In target age range (30-59 years) 44,222 99.1 6681 98.6
Out of target age range 376 08 91 1.3
<25 39 0.09 9 23.1 (124-39.0)
25-29 183 04 47 25.7 (19.9-32.5)
30-34 13,255 29.7 2456 5(17.9-19.2)
35-39 9485 21.3 1459 4 (14.7-16.1)
40-44 7200 16.1 1011 0(133-14.9)
45-49 5744 129 715 5(11 33)
50-54 4700 105 562 0 29)
55-59 3838 86 478 5(11 3.5)
60+ 154 03 35 22.7 (16.8-30.0)
Missing 37 0.08 4 8 (4.1-25.8)
HPV Screening Method
Self-collected 43,105 96.6 6578 153 (14.9-15.6)
Provider-collected® 637 14 112 17.6 (14.8-20.7)
Unknown 893 20 86 96 (79-11.7)

Abbreviations: HPV Human papillomavirus, SE standard error, IQR Interquartile range, Cl confidence interval
@133 women were screened by both modalities; these women have been included in the provider-collected category, as there was generally either a real or
perceived problem with the self-collected sample that required a provider to recollect the sample, and this provider-collected sample was used for HPV testing

treated; this percentage did not differ significantly from
those women with an LSIL or ASCUS (LSIL-) result in
Pap triage (p = 0.243; data not shown).

Among women triaged with VIA, 402 (46.1%) received a
VIA positive result and 28 (3.2%) had no VIA result re-
corded (Table 2). Among women triaged with VIA, 361
were treated; this represents 89.9% of VIA-positive women
in triage.

Time elapsed between screening, triage and treatment
steps

Among triaged women, 70.2% of women had a mean
time elapsed between screening and triage recorded, and
51.3% of triage-positive women likewise had mean time
elapsed between triage and treatment recorded. The
mean time elapsed between HPV sample collection and
Pap collection for triage was 58.1 days (standard devi-
ation [SD]: 37.7); among women triaged with Pap for

whom data were available on time between visits, 2 were
treated on the same day as triage. For remaining women
in this category, mean time from Pap triage to treatment
was 103.8days (SD: 93.4) (Table 2). Among HSIL+
women, the mean time elapsed between triage and treat-
ment was 158.4 days (SD: 156.8). This was significantly
longer than for those women with LSIL- of 83.6 days
(SD: 63.9, p<0.001; data not shown). The mean time
elapsed between HPV sample collection and VIA triage
exam was 78.6 days (SD: 61.5); for women triaged with
VIA for whom data were available on time between
visits, the majority (82.4%) were treated the same day.
For remaining women in this category, mean time from
VIA triage to treatment was 75.2 days (SD: 83.6 days),
which was not statistically significantly different from
women triaged with Pap. Data on time between HPV
sample collection and delivery of test result were not
available.
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Table 2 Triage by method, treatment and time elapsed in follow-up of HPV positive women in Nicaragua in 2017
Total Triaged Triaged with Pap N (%) Triaged with VIA N (%) P valuet
N (%)
Women triaged 3656 (100) 2784 (100) 872 (100) <0.001
Triage result
Negative 2293 (62.7) 1851 (66.6) 442 (50.7) <0.001
Positive® 915 (25.0) 513 (21.7) 402 (46.1) <0.001
Unknown 448 (12.3) 420 (15.1) 28 (3.2) <0.001
Treated 486 (13.3) 132 (4.7)° 361 (414) <0.001
Percent treated among triage-positive women 531 257 89.8
Number of days from screening to triage
N (women with available data) 2566 (70.2) 2089 477
Mean (SD) 61.9 (SD: 43.8) 58.1 (SD: 37.7) 786 (SD: 61.5) <0.001
Number of days from triage to treatment
N (women with available data) 470 (51.39 116 318
Treated on same day 263 (56.0) 2(01.7) 262 (82.4) <001
Mean days if not treated on same day (SD) 89.2 (SD 86.5) 103.8 (SD 934) 75.2 (SD 83.6) 0.05

Abbreviations: VIA visual inspection with acetic acid, SD standard deviation

A Pap result of atypical squamous cells of undetermined significance (ASCUS) or greater in the triage step was considered triage-positive and therefore required

treatment according to the local management algorithm

PThere were 82 cases classified as high-grade squamous intraepithelial (HSIL) in Pap triage, of which 25 were treated (30.5%)

“Percentage of triage-positive women with available data
$P-value comparing HPV positive women triaged with Pap versus VIA

Treatment modalities

Among those with a record of treatment, 472 women
were treated with cryotherapy (97.1%) and 14 (2.9%) re-
ceived advanced procedures including 5 hysterectomies,
7 cold knife conizations, 1 chemotherapy and 1 radio-
therapy (data not shown). All excision treatments oc-
curred in the Chontales province.

Factors associated with triage, treatment completion

In adjusted analyses, both province and screening mo-
dality were significantly associated with a woman com-
pleting the triage step (Table 3). After adjusting for age
and screening modality, the odds of a woman complet-
ing triage were 2.78 times higher for women residing in
Chontales (95% CI: 2.43-3.19, p <0.001) and 1.23 times
higher for women residing in Chinandega (95% CI:
1.09-1.38, p<0.001) compared to women residing in
Carazo. After adjusting for age and province, the odds of
completing triage were 2.82 times higher for women
who had a provider-collected sample compared to
women who collected their own sample for HPV testing
(95% CI: 1.82-4.39, p < 0.001).

In adjusted analyses, both province and triage method
were significantly associated with a woman receiving
treatment (Table 4). After adjusting for age and triage
method, women residing in Chinandega were 66% less
likely to receive treatment than women residing in Car-
azo (aOR: 0.34, 95% CI: 0.20-0.56, p<0.001). After
adjusting for age, province, and screening modality, the

odds of receiving treatment after Pap triage as compared
to VIA was significantly lower (aOR: 0.05, 95% CI: 0.04—
0.08, p<0.001), and the relative proportion of women
receiving treatment after Pap triage versus VIA was 0.29.
There were no statistically significant associations ob-
served between age and receipt of triage or treatment, or
between screening modality (self- versus provider-
collected sampling) and receipt of treatment. There was
also no statistically significant association between a
HSIL+ Pap result in triage and receiving treatment (data
not shown).

Discussion

It is widely acknowledged that having an effective screen-
ing and treatment program is a crucial step toward ultim-
ately reducing cervical cancer burden [10]. Our analysis of
data from the first systemic collection of indicators for
cervical cancer screening and treatment showed that HPV
tests in Nicaragua reached approximately 31.5% coverage
of the target population of the three provinces analyzed in
2017. If replicated in subsequent years, this approach
could reach 100% coverage within the 5-year screening
interval specified in Nicaraguan guidelines for HPV testing
[13]. In order to achieve this coverage, MINSA would
likely need to undertake a population-based outreach
strategy rather than the opportunistic approach used here,
and our data do not allow us to speculate on HPV test up-
take under such a strategy. Although MINSA had sub-
stantial existing Pap infrastructure before HPV test
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Table 3 Factors associated with receiving triage among HPV screen positive women in Nicaragua in 2017

Not Triaged Triaged
(N =3120) (N =3656)
n (%) n (%) Unadjusted Prevalence OR? (95% Cl) Adjusted Prevalence ORP (95% Cl) Triage Ratio
Province
Carazo 1062 (54.1) 900 (45.9) Ref Ref Ref
Chinandega 1482 (48.9) 1546 (51.1) 1.23 (1.10-1.38)* 1.23 (1.09-1.38)* 1.1
Chontales 576 (32.3) 1210 (67.8) 248 (217-281)* 278 (243-3.19)* 148
Age, years
<30 28 (50.0) 28 (50.0) Ref Ref Ref
30-39 1812 (46.3) 2103 (53.7) 1.16 (0.68-1.97) 1.18 (0.69-2.02) 1.07
40-49 747 (433) 979 (56.7) 1.31 (0.77-2.23) 1.36 (0.79-2.34) 1.13
50-59 512 (49.2) 528 (50.8) 1.03 (060-1.77) 1.07 (0.62-1.86) 1.02
60+ 19 (54.3) 16 (45.7) 0.84 (0.36-1.96) 0.89 (0.38-2.11) 091
Unknown 2 (500 2 (50.0) 1.00 (0.13-7.60) 0.63 (0.08-4.97) 1.00
HPV Screening Modality
Self-collected 3019 (45.9) 3559 (54.1) Ref Ref Ref
Provider-collected 27 (24.1) 85 (75.9) 267 (1.73-4.13)* 2.82 (1.82-4.39)* 1.40
Unknown 74 (91.9) 12 (14.0) 0.14 (0.07-0.25)* 0.07 (0.04-0.14)* 026
Abbreviations: HPY Human papilloma virus, C/ confidence interval, OR odds ratio, Ref Reference category
* P values <0.001
@Unadjusted prevalence odds ratio for the association between each risk factor and receiving triage (either Pap or VIA)
PAdjusted prevalence odds ratio for all the listed factors
Table 4 Factors associated with receiving treatment among HPV positive, triage positive women in Nicaragua in 2017
Not treated Treated
(N =429) (N =486)
n (%) n (%) Unadjusted Prevalence OR? (95%Cl) Adjusted Prevalence OR® (95%Cl) Treatment Ratio
Province
Carazo 50 (29.2) 121 (70.7) Ref Ref Ref
Chinandega 199 (70.1) 85 (29.9) 0.18 (0.12-0.27)* 0.34 (0.20-0.56)* 042
Chontales 180 (39.1) 280 (60.9) 0.64 (0.44-0.94)** 0.67 (042-1.07) 0.86
Age, years
<30 5 (55.6) 4 (444) Ref Ref Ref
30-39 247 (44.3) 311 (55.7) 1.57 (042-5.92) 1.26 (0.21-7.77) 1.25
40-49 102 (46.4) 118 (53.6) 144 (0.38-5.52) 1.37 (0.22-8.59) 1.21
50-59 71 (57.3) 53 (42.7) 0.93 (0.24-3.64) 1.13 (0.18-7.27) 0.96
60+ 4 (100.0) 0(0) NA NA NA
Unknown
HPV Screening Modality
Self-collected 420 (46.8) 477 (53.2) Ref Ref Ref
Provider-collected 9 (52.9) 8 (47.1) 0.78 (0.30-2.04) 1.11 (0.37-332) 0.89
Unknown 0 (0) 1 (100.0) NA NA 1.88
Triage Method
VIA 48 (11.9) 354 (88.1) Ref Ref Ref
Pap 381 (74.3) 132 (25.7) 0.05 (0.03-0.07)* 0.05 (0.04-0.08)* 029

Abbreviations: HPV Human papillomavirus, C confidence interval, OR odds ratio, Ref Reference category, NA not applicable, VIA visual inspection with acetic acid
*P values < 0.001

**P value = 0.022

#Unadjusted odds ratio for the association between each risk factor and treated

PAdjusted odds ratio for all the listed factors
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introduction, it is unclear how HPV test coverage may
compare to previous efforts because these indicators were
not routinely monitored. While HPV test positivity varied
by province, it was within the expected range for this re-
gion, including mirroring the U-shaped curve in HPV
prevalence by age seen in other studies, with higher preva-
lence among younger and older women and a decline in
middle age [14, 15]. The high percentage of self-collected
HPV samples indicates a wide acceptance of this screening
modality when it is offered as a primary outreach strategy.
These programmatic successes were largely made possible
by MINSA'’s broad network of provincial and local health
facilities extending dedicated resources and personnel
time.

Although these successes in screening outreach and
test performance are notable, the low overall triage and
treatment percentages are of concern. Only half of the
triage-positive women had documented treatment, and if
the same triage-positive rates are applied for women lost
at triage, the overall treatment percentage is just 27.8%,
substantially lower than the 90% goal set by WHO in its
elimination targets [10]. This estimate relies on several
assumptions, including that women were truly lost in
the triage step rather than receiving treatment elsewhere.
In Guatemala and Honduras, where similar HPV testing
strategies were implemented under the Scale-Up project,
the percentages of triage-positive women treated be-
tween 2015 and 2018 were 84.7 and 58.8%, respectively
[11]; and estimated percentages of women treated, ac-
counting for those lost in the triage step, were reduced
to 71.2 and 30.2%, respectively. Findings from an HPV-
based screening program in Argentina, where the
screening algorithm uses Pap and colposcopy for triage,
85.2% of women with confirmed CIN2+ lesions were
treated; this represents just 27.7% of women with an ab-
normal Pap in triage [16]. Although limited, some of
these findings are similar to Nicaragua’s and suggest that
the Nicaraguan experience may point to challenges com-
mon to low-resource settings that will require specific
interventions to retain women in the screening and
treatment cascade.

Our analysis suggests that MINSA’s decision to triage
most HPV-positive women with Pap rather than VIA is
an important factor contributing to low triage and treat-
ment percentages. Although data on time elapsed in the
screening and treatment process were incomplete, avail-
able data show that while it took slightly more time for
women to access VIA compared to having a Pap smear
collected, the subsequent time to treatment was dramat-
ically shorter because most women triaged with VIA re-
ceived treatment the same day, whereas most women
triaged with Pap had to wait for their results and receive
treatment in a different appointment months later. Over
15% of women triaged with Pap never had a result
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recorded, likely because of the challenges presented by
distance of and delay in cytology processing services.
Even women with HSIL+ Pap results did not appear to
be prioritized within the system for rapid follow-up, per-
haps due to limited availability of more advanced treat-
ment such as LEEP, although it is difficult to draw firm
conclusions about this subgroup of women in the ab-
sence of histological confirmation of disease. Notably,
over three times as many women who were triage-
positive with VIA received treatment compared to those
who were triage-positive with Pap. This is likely due, at
least in part, to the multiple visits required for a
complete Pap follow-up compared to VIA.

Evidence suggests that triaging with either Pap or VIA
effectively nullifies the gain in sensitivity of testing with
HPV for primary screening [17]. Cost-effectiveness
models suggest that a screen-and-treat approach, in
which all HPV-positive women are treated and VIA is
used only to determine treatment eligibility (rather than
to triage women), would be the most effective and cost-
effective strategy for Nicaragua [18] and other countries
in the region [19]. Alternatively, emerging evidence indi-
cates that machine learning algorithms, which are cur-
rently under evaluation, could dramatically improve the
quality of the visual triage step using digital images of
the cervix [20], enabling providers to better “see-and-
treat” with less overtreatment than we currently observe
in an “HPV test-and-treat” algorithm.

Although the Nicaraguan management algorithm mir-
rors WHO guidelines in calling for a one-year follow-up
visit for women who were HPV positive but negative in
the triage step, unfortunately our data set did not in-
clude this indicator. In another evaluation nested within
the Scale-Up project, we analyzed one-year follow-up at-
tendance among HPV positive, triage negative women in
Honduras. In that context, just 3.6% of women returned
spontaneously. Health care providers were able to recall
an additional 71.3% of women using phone calls and
other reminder contacts. 36% of women returning for a
one-year follow up appointment remained HPV positive,
underscoring the importance of this follow-up step [21].
In Central America and elsewhere, health authorities
may wish to consider these findings when designing
their screening and treatment algorithms and delivering
their screening programs.

Another finding was that women with clinician-
collected samples were more likely to receive triage (al-
though sampling modality was not associated with receiv-
ing treatment); our data do not provide insight into why
these women had clinician-collected samples. While broad
use of self-sampling is likely to be the most practical way
for LMICs to screen 70% of their target populations in
order to reach WHO elimination goals, it is important to
consider additional programmatic implications of this
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approach. It may be that women who self-sample require
more tailored outreach to encourage attendance at follow-
up compared to women with provider-collected samples.

Our results also raise concerns about treatment mo-
dality in Nicaragua. According to MINSA and project
field workers, cryotherapy was widely available in the
provinces where HPV testing took place and stockouts
of cryotherapy gas were rare, which is often not the case
in low-resource settings [22]. However, the lack of avail-
ability of advanced treatment modalities was clearly a
challenge, particularly in Carazo and Chinandega where
no women were reported to have received excision treat-
ment although studies in other populations suggest that
about 15% of women with precancerous lesions could
benefit from it [23, 24]. Some women seek care in the
private sector and records of their treatment may be lost
to the public system.

Histological data and cancer registry data were not avail-
able for our evaluation; thus, it is beyond the scope of the
current analysis to confirm diagnoses or estimate cure rates.
Nevertheless, our data give us important insight into the
state of treatment efforts in 2017. Other LMICs are also
likely to face the challenge of limited capacity for treatment.
Reports from other countries indicate that thermal ablation
is an effective and practical alternative to cryotherapy that
may enable countries to increase their ablative treatment
capacity [25, 26]. WHO guidelines issued in 2019 support
the use of thermal ablation in LMICs [27].

Of note, in 2018 MINSA invested time and resources in
finding and following up women who screened positive
for HPV in previous years, including 2017. This effort led
to additional women in the target provinces receiving
treatment, for a total of 67.1% of HPV-positive, triage-
positive women receiving treatment from 2015 to 2018
[11], and suggests that there is potential for LMICs to ad-
dress the problem of loss to follow-up within a longer
timeframe, given sufficient resources and prioritization.

Our analysis was possible because of a concerted effort
by MINSA to implement more robust data collection
practices, enabling tracing of screen-positive women
through triage and treatment, analysis of individual data,
and periodic review of key consolidated indicators. Weak-
ness in existing health information system (HIS) infra-
structure is likely to present challenges in many LMICs as
they work to eliminate cervical cancer. Examples of cer-
vical cancer screening-related HIS improvements from
Nicaragua [28], Argentina [29], and Malaysia [30] provide
practical models for countries seeking to ensure that their
HIS enables them to effectively monitor treatment com-
pletion and overall screening program performance.

Conclusions
Our analysis of 2017 data from Nicaragua contributes to
a growing body of evidence suggesting that LMICs can
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make progress toward implementing more effective
cervical-cancer screening programs, and that self-
sampling can help LMICs overcome infrastructure bar-
riers to reach their target populations. In order to ensure
that these programs meet their intended goal of redu-
cing cervical cancer morbidity and mortality and ultim-
ately achieve the WHO’s cervical cancer elimination
targets, new strategies and renewed commitment to
streamline and strengthen follow-up, management, and
treatment of screen-positive women are needed.

Abbreviations

aOR: Adjusted Odds Ratio; ASCUS: Atypical squamous cells of undetermined
significance; CIN: Cervical intraepithelial neoplasia; HIS: Health information
system; HPV: Human papillomavirus; HSIL: High grade squamous
intraepithelial lesion; LMICS: Low- and middle-income countries; LSIL: Low
grade squamous intraepithelial lesion; MINSA: Nicaragua Ministry of Health;
VIA: Visual inspection with acetic acid; WHO: World Health Organization

Acknowledgements
We would like to thank Marge Murray of PATH for her editorial support of
this article.

Authors’ contributions

FH led content development and writing of the article. FM provided
conceptual input and edited article drafts. BM edited article drafts. JMR
edited article drafts. JA edited article drafts. RS edited article drafts. PB led
data analysis and edited article drafts. KAT edited article drafts. JJ provided
conceptual input and edited article drafts. SDS provided conceptual input
and edited article drafts. All authors read and approved the final manuscript.

Funding

This work was supported by the Bill & Melinda Gates Foundation, Seattle, WA
[Grant number OPP1086544]. The findings and conclusions contained within
are those of the authors and do not necessarily reflect positions or policies
of the Foundation.

Availability of data and materials
The datasets used and/or analyzed during the current study are available
from the corresponding author on reasonable request.

Ethics approval and consent to participate

This secondary analysis of de-identified data was determined not to be hu-
man subjects research by PATH's research determination committee and
thus was exempt from ethics committee review.

Consent for publication
Not applicable.

Competing interests

FH, FM, BM, JMR, JA, RS, PB, KT, and SDS declare no conflicts of interest. JJ
was the co-owner and Deputy Manager of Onco Prev International, a Peru-
vian company, from 2012 through March 2017. Onco Prev offers cervical can-
cer screening services and in 2016 also began positioning for distribution of
medical devices including colposcopes and the Liger thermo-coagulator.
Onco Prev International did not commercialize any medical instrument dur-
ing the time JJ was part of that company.

Author details

'PATH, Department of Sexual & Reproductive Health, 2201 Westlake Ave,
Suite 200, Seattle, WA 98101, USA. *Movicancer, Rpto. Las Palmas, del
Seméforo “El Guanacaste” (Walmart), 200 mts. al Lago, 175 mts. al Este,, Casa,
#1108 Managua, Nicaragua. *Jose Jeronimo Consulting, Damascus, MD
20872, USA.



Holme et al. BVIC Public Health

(2020) 20:495

Received: 29 October 2019 Accepted: 26 March 2020
Published online: 15 April 2020

References

1.

Bray F, Ferlay J, Soerjomataram |, Siegel RL, Torre LA, Jemal A. Global cancer
statistics 2018: GLOBOCAN estimates of incidence and mortality worldwide
for 36 cancers in 185 countries. CA Cancer J Clin. 2018,68(6):394-424.
https://doi.org/10.3322/caac.21492.

Bruni L, Albero G, Serrano B, Mena M, Gdmez D, Munoz J, Bosch FX, de
Sanjosé S. ICO/IARC Information Centre on HPV and Cancer (HPV
Information Centre). Human Papillomavirus and Related Diseases in the
World. Summary Report 17 June 2019. https//www.hpvcentre.net/statistics/
reports/XWX.pdf. Accessed 8 Aug 2019.

Cuzick J, Arbyn M, Sankaranarayanan R, et al. Overview of human
papillomavirus-based and other novel options for cervical Cancer screening
in developed and developing countries. Vaccine. 2008,26:K29-41. https://
doi.org/10.1016/j.vaccine.2008.06.019.

Cuzick J, Clavel C, Petry K-U, et al. Overview of the European and north
American studies on HPV testing in primary cervical cancer screening. Int J
Cancer. 2006;119(5):1095-101. https://doi.org/10.1002/ijc.21955.

Khan MJ, Castle PE, Lorincz AT, et al. The elevated 10-year risk of cervical
precancer and cancer in women with human papillomavirus (HPV) type 16
or 18 and the possible utility of type-specific HPV testing in clinical practice.
JNCI J Natl Cancer Inst. 2005,97(14):1072-9. https://doi.org/10.1093/jnci/
djis7.

Arbyn M, Smith SB, Temin S, Sultana F, Castle P. Detecting cervical
precancer and reaching underscreened women by using HPV testing on
self samples: updated meta-analyses. BMJ. 2018;363:k4823. https://doi.org/
10.1136/bm;j.k4823.

Gok M, Heideman D, Kemenade F, et al. HPV testing on self collected
cervicovaginal lavage specimens as screening method for women who do
not attend cervical screening: cohort study. BMJ. 2016;353:12823. https://doi.
0rg/10.1136/bmj.c1040.

Arrossi S, Thouyaret L, Herrero R, et al. Effect of self-collection of HPV DNA
offered by community health workers at home visits on uptake of
screening for cervical cancer (the EMA study): a population-based cluster-
randomised trial. Lancet Glob Health. 2015;3(2):e85-94. https://doi.org/10.
1016/S2214-109X(14)70354-7.

Kitchener HC, Gittins M, Rivero-Arias O, et al. A cluster randomised trial of
strategies to increase cervical screening uptake at first invitation (STRA
TEGIC). Health Technol Assess Winch Engl. 2016;20(68):1-138. https://doi.
0rg/10.3310/hta20680.

World Health Organization (WHO). Cervical cancer elimination strategy.
https.//www.who.int/cancer/cervical-cancer/cervical-cancer-elimination-
strategy. Accessed 24 May 2019.

Holme F, Jeronimo J, Maldonado F, et al. Introduction of HPV testing for
cervical cancer screening in Central America: the Scale-Up project.
Preventive Medicine. 2020. https://doi.org/10.1016/j.ypmed.2020.106076.
Ministerio de Salud de Nicaragua (MINSA). Poblacién Por Grupos
Quinquenales Por Edad Segun SILAIS. Managua: Ministerio de Salud de
Nicaragua; 2017.

Ministerio de Salud de Nicaragua (MINSA). Norma y Protocolo Para La
Prevencion y Control Del Céncer Del Cuello Uterino. Managua: Ministerio de
Salud de Nicaragua; 2016.

Bruni L, Diaz M, Castellsagué X, Ferrer E, Bosch FX, de Sanjosé S. Cervical
human papillomavirus prevalence in 5 continents: meta-analysis of 1 million
women with normal cytological findings. J Infect Dis. 2010;202(12):1789-99.
https://doi.org/10.1086/657321.

Castle PE, Schiffman M, Herrero R, et al. A prospective study of age trends in
cervical human papillomavirus acquisition and persistence in Guanacaste,
Costa Rica. J Infect Dis. 2005;191(11):1808-16. https://doi.org/10.1086/
428779.

Arrossi S, Paolino M, Laudi R, et al. Programmatic human papillomavirus
testing in cervical cancer prevention in the Jujuy demonstration project in
Argentina: a population-based, before-and-after retrospective cohort study.
Lancet Glob Health. 2019;7(6):e772-83. https.//doi.org/10.1016/52214-
109X(19)30048-8.

Toliman PJ, Kaldor JM, Badman SG, et al. Performance of clinical screening
algorithms comprising point-of-care HPV-DNA testing using self-collected
vaginal specimens, and visual inspection of the cervix with acetic acid, for
the detection of underlying high-grade squamous intraepithelial lesions in

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

Page 9 of 9

Papua New Guinea. Papillomavirus Res. 2018;6:70-6. https://doi.org/10.1016/
j.pvr2018.10.009.

Campos NG, Mvundura M, Jeronimo J, Holme F, Vodicka E, Kim JJ. Cost-
effectiveness of HPV-based cervical cancer screening in the public health
system in Nicaragua. BMJ Open. 2017;7(6):015048. https://doi.org/10.1136/
bmjopen-2016-015048.

Campos NG, Maza M, Alfaro K, et al. The cost-effectiveness of implementing
HPV testing for cervical cancer screening in El Salvador. Int J Gynecol
Obstet. 2019. https://doi.org/10.1002/ijgo.12773.

Hu L, Bell D, Antani S, et al. An observational study of deep learning and
automated evaluation of cervical images for cancer screening. J Natl Cancer
Inst. 2019. https://doi.org/10.1093/jnci/djy225.

Thomson KA, Sandoval M, Bain C, Holme F, Bansil P, Figueroa J, De Sanjose
S Recall efforts successfully increase follow-up for cervical cancer screening
among HPV positive women in Honduras Accepted to Global Health:
Science and Practice on March 17, 2020.

Holme F, Kapambwe S, Nessa A, Basu P, Murillo R, Jeronimo J. Scaling up
proven innovative cervical cancer screening strategies: challenges and
opportunities in implementation at the population level in low- and lower-
middle-income countries. Int J Gynaecol Obstet. 2017;138(Suppl 1):63-8.
https://doi.org/10.1002/ijgo.12185.

Mitchell MF, Tortolero-Luna G, Cook E, Whittaker L, Rhodes-Morris H, Silva E.
A randomized clinical trial of cryotherapy, laser vaporization, and loop
electrosurgical excision for treatment of squamous intraepithelial lesions of
the cervix. Obstet Gynecol. 1998,92(5):737-44.

Sauvaget C, Muwonge R, Sankaranarayanan R. Meta-analysis of the
effectiveness of cryotherapy in the treatment of cervical intraepithelial
neoplasia. Int J Gynecol Obstet. 2013;120(3):218-23. https://doi.org/10.1016/
}ijg0.2012.10.014.

Randall TC, Sauvaget C, Muwonge R, Trimble EL, Jeronimo J. Worthy of
further consideration: an updated meta-analysis to address the feasibility,
acceptability, safety and efficacy of thermal ablation in the treatment of
cervical cancer precursor lesions. Prev Med. 2019;118:81-91. https.//doi.org/
10.1016/)ypmed.2018.10.006.

Sandoval M, Slavkovsky R, Bansil P, et al. Acceptability and safety of thermal
ablation for the treatment of precancerous cervical lesions in Honduras.
Tropical Medicine and International Health. 2019. https://doi.org/10.1111/
tmi.13315.

World Health Organization (WHO). WHO guidelines for the use of thermal
ablation for cervical pre-cancer lesions. Geneva: World Health Organization;
2019. Licence: CC BY-NC-SA 3.0 IGO.

Almendarez Peralta J, Martinez GB. Manual de Usuario Del Sistema de
Vigilancia Para La Prevencion Del Cancer En La Mujer (SIVIPCAN), Version 4.
0. Managua: Fundacion Movicéncer; 2015.

Arrossi S, Thouyaret L, Laudi R, et al. Implementation of HPV-testing for
cervical cancer screening in programmatic contexts: the Jujuy
demonstration project in Argentina. Int J Cancer. 2015;137(7):1709-18.
https://doi.org/10.1002/ijc.29530.

Woo YL. The feasibility and acceptability of self-sampling and HPV testing
using Cepheid Xpert® HPV in a busy primary care facility. J Virus Erad. 2019;
5(Suppl 1):10-1.

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

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.3322/caac.21492
https://www.hpvcentre.net/statistics/reports/XWX.pdf
https://www.hpvcentre.net/statistics/reports/XWX.pdf
https://doi.org/10.1016/j.vaccine.2008.06.019
https://doi.org/10.1016/j.vaccine.2008.06.019
https://doi.org/10.1002/ijc.21955
https://doi.org/10.1093/jnci/dji187
https://doi.org/10.1093/jnci/dji187
https://doi.org/10.1136/bmj.k4823
https://doi.org/10.1136/bmj.k4823
https://doi.org/10.1136/bmj.c1040
https://doi.org/10.1136/bmj.c1040
https://doi.org/10.1016/S2214-109X(14)70354-7
https://doi.org/10.1016/S2214-109X(14)70354-7
https://doi.org/10.3310/hta20680
https://doi.org/10.3310/hta20680
https://www.who.int/cancer/cervical-cancer/cervical-cancer-elimination-strategy
https://www.who.int/cancer/cervical-cancer/cervical-cancer-elimination-strategy
https://doi.org/10.1016/j.ypmed.2020.106076
https://doi.org/10.1086/657321
https://doi.org/10.1086/428779
https://doi.org/10.1086/428779
https://doi.org/10.1016/S2214-109X(19)30048-8
https://doi.org/10.1016/S2214-109X(19)30048-8
https://doi.org/10.1016/j.pvr.2018.10.009
https://doi.org/10.1016/j.pvr.2018.10.009
https://doi.org/10.1136/bmjopen-2016-015048
https://doi.org/10.1136/bmjopen-2016-015048
https://doi.org/10.1002/ijgo.12773
https://doi.org/10.1093/jnci/djy225
https://doi.org/10.1002/ijgo.12185
https://doi.org/10.1016/j.ijgo.2012.10.014
https://doi.org/10.1016/j.ijgo.2012.10.014
https://doi.org/10.1016/j.ypmed.2018.10.006
https://doi.org/10.1016/j.ypmed.2018.10.006
https://doi.org/10.1111/tmi.13315
https://doi.org/10.1111/tmi.13315
https://doi.org/10.1002/ijc.29530

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Results
	Screening program characteristics and HPV positivity
	Triage of HPV positive women
	Triage and treatment among women managed with Pap, VIA
	Time elapsed between screening, triage and treatment steps
	Treatment modalities
	Factors associated with triage, treatment completion

	Discussion
	Conclusions
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

