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Preventive chemotherapy to control soil-transmitted helminthiasis
averted more than 500 000 DALYs in 2015
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Background: Preventive chemotherapy (PC), the large-scale administration of anthelminthics, is recom-
mended by the World Health Organization (WHO) for the control of soil-transmitted helminthiasis (STH). Since
2010, donated anthelminthics for STH have boosted the implementation of PC programmes in children,
achieving global coverage of more than 60% in 2015. The WHO Global Health Estimates attribute an annual
loss of over 3.3 million disability-adjusted life-years (DALYs) to STH. The aim of this study is to estimate the
impact of PC programmes on child morbidity.

Method: We used data from the WHO Global Health Estimates, national coverage data on PC and the results
of an evaluation of the impact of PCin 17 countries on morbidity previously conducted by our group.

Results: We estimated that the implementation of PC averted in 2015 over 44% of the DALYs that would have
been caused in children by STH without the control intervention. A reduction in morbidity of over 75% is
expected, if the global target is reached in 2020. If the programme is subsequently maintained, morbidity
from STH will be almost totally removed by 2025.

Conclusions: In endemic areas, preventive chemotherapy provides a significant health benefit. We consider
this estimation potentially useful to evaluate the cost utility of the investment made by several endemic

countries on PC to control STH.
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Introduction

Over 1 billion people are infected with soil-transmitted helminths
(STH), a group of intestinal parasites that are intensively transmitted
in tropical and subtropical areas, especially where water supply
and sanitation infrastructure are inadequate.’ The STH group
includes four species of worms: Ascaris lumbricoides, Trichuris tri-
chiura, and the hookworms Necator americanus and Ancylostoma
duodenale.

The morbidity caused by STH results from a disturbance of
the normal nutritional processes; the exact mechanism by
which this occurs varies by species.? STH morbidity is propor-
tional to the number of worms infecting the host. For A. lumbri-
coides and T. trichiura, only infections of moderate to heavy
intensity are considered to cause damage to health, while hook-
worm infections of all intensities are linked to morbidity.>

The WHO Global Health Estimates* measure the annual health
burden of all human diseases and those attributed to STH,

globally, for all ages, a loss in 2010 of 3.394 million disability-
adjusted life-years (DALYs). WHO estimates attribute morbidity
due to A. lumbricoides and T. trichiura only if these infections are
of moderate and heavy intensity; hookworm infections of any
intensity are considered to cause morbidity.

Preventive chemotherapy (PC) is the strategy recommended by
WHO to control morbidity attributed to STH and other selected
neglected tropical diseases (NTD).> Pre-school children (pre-SAQ),
school-age children (SAC) and women of reproductive age
(WRA) are considered particularly vulnerable to STH infections,
and WHO recommends the periodic treatment of these groups
at risk in countries endemic for STH. The recommended fre-
quency of the PC intervention is once or twice per year accord-
ing the STH prevalence in the population at baseline.

Global coverage of this intervention has progressively increased
in children from less than 30% in 2010 to 30% in 2011, 35% in
2012, 40% in 2013, 43% in 2014 to over 58% in 2015 and is
expected to reach the target set by WHO of 75% by 2020°
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Marocco et al.® measured the effect of PC on the morbidity of
each species of STH in 17 control programmes for which parasito-
logical baseline and follow up data at different intervals were avail-
able. In that study we considered the morbidity associated with
infections due to A. lumbricoides and T. trichiura of moderate and
heavy intensity (if only infections of light intensity remained in a
population group, we considered the morbidity for those parasites as
completely eliminated); for hookworm we considered any infection
to cause morbidity, in line with the WHO Global Health Estimates.*

The study showed that the efficacy of PC drugs varies depend-
ing on the different STH species. However, after 1 year of treat-
ment the number of infections of moderate and heavy intensity
for each STH species were reduced by over 75%. Over time, and
with multiple rounds of PC according to the WHO-recommended
schedule,” the reduction approaches 100%. This study makes it
possible to predict reductions in STH-related morbidity over time.

WHO has managed the donation of anthelminthics to control
STH since 2011: every year, data on PC coverage in each endemic
country are collected and validated before new amounts of
anthelminthics are donated. These data are updated annually®
and published online in the WHO NTD databank.®*°

The objectives of this study are to estimate the number of
DALYs that have been averted in children in 2015 by PC imple-
mented during 2010-2015 and to estimate the number of
DALYs that will be averted in 2020 if PC coverage is expanded to
reach the global target of 75%.

Methods

This study aims to estimate the number of DALYs averted in 2015
by extrapolating the results measured by Marocco et al.® in 17
countries (where classes of intensity of infection were measured
at baseline and follow up) to all the other countries receiving PC
for STH in which an estimation of the baseline morbidity is avail-
able” but follow up data on intensity of infection are not.

For this purpose, in each endemic country, we applied to the
DALYs attribute to STH in 2010, a reduction corresponding to the
length of implementation of PC as calculated by Marocco et al.®
The reduction was applied proportionally to the population receiv-
ing PC (i.e. if only half of the SAC population in a country has
received 5 consecutive years of PC and the rest nothing, we applied
the reduction in DALYs corresponding to 5 years, only to the half of
the population treated and we assumed that in the rest the popu-
lation, the DALYs caused by STH remained unchanged).

To perform this calculation, we needed, for each STH endemic
country:

e the morbidity (in DALYs) attributed to STH in 2010;
e the PC coverage data 2010-2015.

STH morbidity in the absence of PC interventions

A number of studies estimating the burden of STH in DALYs have
been conducted in recent years."'? We selected the DALY estimation
in WHO Global Health Estimate* as the basis for our study because
these data are freely available online, and provide the estimates by
country, age group, and by each of the different STH parasites.

For each STH endemic country we extracted from the WHO
Global Health Estimates* the number of DALYs lost to A.

lumbricoides, T. trichiura and hookworm infections in the
absence of large-scale PC interventions (i.e., in 2010). The data
were summarized globally, by STH species and by at-risk groups
(Table 1).

PC coverage data

The WHO NTD databank®® collects coverage data from all coun-
tries that implement PC, and that request donations of albenda-
zole or mebendazole.

We are confident that these coverage data are of high qual-
ity because after submission from the manager of the national
control programme they are scrutinized and, in case of doubt,
the manager is requested to explain unexpected high or low
coverage, discrepancies between the amount of number of
donated medicines and the number distributed, and discrepan-
cies between the reported number of treatments and the
amount of remaining medicine. This exercise of data verification
can take several months from the date of data submission (nor-
mally in August of every year) and publication (normally in
December of every year).

From the NTD databank'® we extracted for each endemic
country:

e the number of pre-SAC in need of treatment, each year for
2010-2015;

e PC coverage in pre-SAC, each year for 2010-2015;

e the number of SAC in need of treatment, each year for
2010-2015;

e PC coverage in SAC, each year for 2010-2015.

From the PC national coverage data for 2010-2015 we calcu-
lated in each country the percentage of the population of chil-
dren (pre-SAC and SAC separately) that were treated for 1, 2, 3,
4,5 or 6 years with the following method.

In the case of monotonically increasing PC coverage in a
country, the PC national coverage in 2010 corresponds to the
percentage of children treated consecutively for 6 years (from
2010 to 2015). The difference between the PC national coverage
in 2011 and 2010 corresponds to the percentage of children
treated consecutively for 5 years (from 2011 to 2015), and so
on. In Figure 1(a), we present the case of Senegal, where the PC
national coverage in SAC started at 14% in 2010 and reached
70% in 2015. In this example we assumed that:

14% of SAC received 6 years of treatment;
10% of SAC received 5 years of treatment;
36% of SAC received 4 years of treatment;
3% of SAC received 3 years of treatment;
25% of SAC received 2 years of treatment;
6% of SAC received 1 year of treatment.

Using the percentages of children treated consecutively for
each time length between 2010 and 2015 (as presented in
Figure 1(a)), along with the curves described by Marocco et al,®
it was then possible to calculate the percentage of DALYs
expected to be averted by PC.

In the case where expansion of PC coverage was not
monotonically increasing (i.e. PC national coverage in the
country decreased in one or more years), we were not able to
directly apply the same methodology since our estimation on
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Table 1. Estimated number of disability-adjusted life years (DALYs) lost every year (without intervention) in high-risk groups and the number
averted by preventive chemotherapy by 2015 and by 2020

Category STH burden (2010): DALYs lost DALYs averted in 2015** by DALYs expected to be
for STH without intervention. PC 2010-2015 (thousands). averted in 2020** by PC
(thousands). 2010-2020 (thousands).
STH (in children) 1262 549 (44%) 909 (73%)
A. lumbricoides 539 284 (53%) 408 (76%)
T. trichiura 150 61 (41%) 108 (72%)
Hookworms 571 204 (36%) 393 (69%)
By high- risk group
Pre-school children (all species) 396 180 (45%) 295 (74%)
A. lumbricoides 249 124 (50%) 190 (76%)
T. trichiura 30 14 (45%) 24 (76%)
Hookworms 116 41 (35%) 81 (69%)
School-age children (all species) 862 368 (43%) 613 (71%)
A. lumbricoides 287 158 (55%) 215 (75%)
T. trichiura 121 48 (40%) 86 (71%)
Hookworms 454 163 (36%) 312 (69%)
by region
AFR* (all species) 488.8 211.4 (43%) 353.2 (72%)
A. lumbricoides 224.5 119.4 (53%) 172 (76%)
T. trichiura 51.5 15.6 (30%) 35.6 (69%)
Hookworms 212.8 76.3 (36%) 145.4 (68%)
Pre-school children 178.8 88.0 (49%) 142.9 (80%)
School age children 310.0 123.4 (40%) 210.2 (68%)
AMR* (all species) 106.7 33.1(31%) 69.8 (65%)
A. lumbricoides 36.1 12 8 (35%) 24.6 (68%)
T. trichiura 21.7 2 (42%) 16.1 (74%)
Hookworms 48.9 10 9 (22%) 29.7 (59%)
Pre-school children 27.9 7 (28%) 18.1 (365%)
School age children 78.8 25 3 (32%) 51.6 (65%)
SEAR* (all species) 381.7 220.6 (58%) 302.3 (79%)
A. lumbricoides 172.1 109.6 (64%) 133.9 (78%)
T. trichiura 27.2 18.1 (67%) 23.2 (86%)
Hookworms 182.5 92.8 (51%) 145.1 (80%)
Pre-school children 107.1 44.7 (42%) 72.5 (68%)
School age children 274.6 175.8 (64%) 232.7 (84%)
EUR* (all species) 3.5 1.1 (31%) 3.1 (87%)
A. lumbricoides 3.5 1.1 (31%) 3.1 (87%)
T. trichiura 0.018 0 0.011 (60%)
Hookworms 0.002 0 0.001 (50%)
Pre-school children 1.7 0.6 (35%) 1.7 (100%)
School age children 1.9 0.4 (21%) 1.2 (65%)
EMR* (all species) 76.1 28.2 (37%) 54.9 (72%)
A. lumbricoides 58.5 25 5 (44%) 44 6 (77%)
T. trichiura 1.9 3 (16%) 1 (64%)
Hookworms 15.7 2 4 (15%) 1 (58%)
pre-school children 35.6 23 5 (66%) 30 7 (86%)
school age children 40.5 7 (12%) 24 (60%)
WPR* (all species) 205.1 55.2 (27%) 127 (62%)
A. lumbricoides 44.2 15.3 (35%) 29.3 (67%)
T. trichiura 49.2 18.4 (37%) 32.7 (66%)
Hookworms 111.7 21.5 (19%) 64 9 (57%)
Pre-school children 483 16.8 (35%) 1 (64%)
School age children 156.8 38.3 (24%) 95 8 (61%)

*AFR = African Region; AMR = The Americas Region; EMR = Eastern Mediterranean Region; EUR = European region; SEAR = South East Asia Region; WPR = Western
Pacific Region.
**Compared with 2010 DALY.

459



A. Montresor et al.

(a) 100
"""""""""""" Percentage of children
80, ot e treated 1 time = 6%
g 80
o Percentage of children
o treated 2 times = 25%
2 70
8
B e Percentage of children
c 60 treated 3 times = 3%
£
2
£ 50
S
© Percentage of children
E 4D [ treated 4 times = 36%
g
<
O 30 [
©
I Ty |
T 20 Percentage of children
= treated 5 times = 10%
10 e o b Percentage of children
treated 6 times = 14%
2010 2011 2012 2013 2014 2015
Year
(b) 100 : :
M Not considered for DALY calculation
- Considered for DALY calculation Percentage of children
treated 1 time = 22%
g 80
o OV el
g Percentage of children
g TO [ treated 2 times = 10%
(5]
2
g 60 Percentage of children
£ treated 3 times = 21%
[=]
E 50
S TV L. ...
[&]
g
£ 40
(5]
>
o
8 30
g Percentage of children
2 treated 6 times = 47%
< 20
z
10
2010 2011 2012 2013 2014 2015
Year

Figure 1. Example of calculation of the number of children treated one, two, three, four, five and 6 times from the annual coverage figures 2010~
2015. (a) Coverage of school age children in Senegal (monotonical increase). (b) Coverage of SAC in Vietnam (non-monotonical increase).

morbidity reduction due to PC is calculated only for consecu-
tive treatments. In this case, we decided to be conservative
in measuring the DALY reduction, and the percentage of chil-
dren with interrupted treatment was not taken into account
in the estimation of the number of DALYs averted. An
example of the methodology is presented in Figure 1(b) for
Vietnam, where in 2012 the national coverage of SAC was

lower than in the previous 2 years. The percentage of children
treated in 2010 and 2011 exceeded the percentage covered
in 2012 and was not taken into account for the calculation of
the number of DALYs averted.

For each endemic country we calculated the percentage of
children (separately for pre-SAC and SAC) that were treated for
1, 2, 3, 4,5 and 6 years with PC in the period 2010-2015.
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Calculation of DALY averted 2010-2015

For each endemic country, knowing:

e the number of DALYs lost due to STH in 2010;
e the percentage of pre-SAC and SAC treated for 1 or more
years with PC during 2010-2015;

and by applying the curves developed by Marocco et al.® that
predict the reduction in morbidity in a population treated at dif-
ferent times (1-10 years) for each of the STH parasites, we were
able to estimate the number of DALYs averted by PC for each
STH endemic country in 2015.

We summed up the national results of the number of DALYs
averted by PC at global and regional levels for each STH species,
and for the three STH species combined.

Number of DALYs expected to be averted in 2020

We used a similar approach as described previously to calculate
the number of DALYs that are expected to be averted in 2020
and we assumed that the PC will reach 75% coverage in each
STH endemic country.

For each endemic country we calculated the yearly increase
in coverage necessary to progressively reach the global target of
75% coverage of PC in 2020. We assumed a linear trend (e.g. if
a country reached 50% PC coverage in 2015, we assumed a 5%
increase every year to reach 75% coverage in 2020). If a coun-
try had already reached the global target in 2015, we assumed
that it would maintain this level for the next 5 years.

Analogous to the methods used for the first objective, we
used the estimated percentages of children treated consecu-
tively for each time length between 2010 and 2020, along with
the curves described by Marocco et al.,® to calculate the per-
centage of DALYs attributed to STH that are expected to be
averted by PC.

Again, we summed up the national results of the number of
DALYs expected to be averted by PC interventions at global and
regional levels for each STH species and for the three STH spe-
cies combined.

Sensitivity analysis

To address uncertainty in the reduction of moderate/high uncer-
tainty, we also utilized the lower and upper values of the confi-
dence interval of the curves defined by Marocco et al® to
estimate DALYs averted in our study.

In addition to the variations on the reduction of infection of
moderate/heavy intensity, we also estimated DALYs averted
with the assumption that 75% coverage would be reached in
each country 5 years later than anticipated (i.e. all countries
reaching target coverage in in 2025 instead of 2020)

Results

STH morbidity in the absence of PC interventions

Globally, the total number of DALYs lost in 2010 (before the start
of large-scale PC interventions) every year in all age groups due
to STH infections was reported at 3.377 million, of which 0.399
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Figure 2. Number of DALYs lost because of STH before 2010, number of

DALY averted in 2015 by the PC intervention and number if DALYs
expected to be averted in 2020 in pre-SAC, SAC and WCBA.

million were lost in pre-SAC, 0.862 million in SAC and 0.622 mil-
lion in WRA. In terms of STH species, 1.094 DALYs were lost to A.
lumbricoides, 0.542 million were lost to T. trichiura and 1.739
million were lost to hookworms.®

Table 1 summarizes the morbidity in children attributed to
the different STH species and the total averted morbidity (by
STH species, age group and WHO region) in children in 2015.

In pre-SAC, most of the morbidity is due to A. lumbricoides
(0.25 million DALYs), while in SAC the main morbidity is due to
hookworms (0.45 million DALYs). The WHO African Region had
the most DALYs due to STH (0.48 million) in the absence of PC
interventions; A. lumbricoides is the parasite species responsible
for the largest proportion of the disease burden.

Figure 2 shows the number of DALYs due to STH in the three
groups at risk.

Estimation of number of DALYs averted in 2015 by PC
for STH conducted in 2010-2015

In both subgroups of children, PC implemented during 2010-2015
is estimated to have averted more than 549 000 DALYs in 2015,
corresponding to 44% of the disease burden (in DALYs) present in
2010 before the global expansion of STH control programmes.

Approximately half of the DALYs from A. lumbricoides were
averted. Most of the DALYs (283 000) were averted by control of
A. lumbricoides and approximately 368 000 of the 549 000
DALYs averted were averted in SAC.

Figure 2 shows the number of DALYs averted by PC in the
three groups at risk targeted in 2010-2015. Data on PC cover-
age among WCBA are not collected in detail and so, despite the
fact that we know that a number of women of reproductive age
is treated in the context of the global programme to eliminate
lymphatic filariasis, we could not calculate the impact on DALYs
in this group.

Table 1 summarizes the DALYs averted in 2015 due to the
control of morbidity attributed to different STH species, in the
different groups at risk and in the different WHO regions.
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In term of WHO regions, the South-East Asia Region has the
most DALYs averted (220 000), corresponding to more than 57%
of the 2010 burden in the region.

Estimation of the number of DALYs expected to be
averted by PC for STH (2015-2020)

An additional 360 000 DALYs are expected to be averted by reach-
ing the 75% global target for PC in 2020 (that focuses on pre-SAC
and SAC), bringing the total reduction in DALYs due to STH to 73%;
this percentage is expected to approach 100% if, after reaching
global target, PC is maintained for another 5 years.

Most of the additional reduction will be obtained by control-
ling hookworm infections (averting an additional 189 000
DALYs), bringing the total reduction of the baseline burden of
hookworm infections to nearly 70%.

Table 1 summarizes also the DALYs expected to be averted
due to the different STH species, in the different groups at risk
and in the different WHO regions.

Sensitivity analysis

Using the lower and upper values of the CI for the three STH para-
sites we calculated that the number of DALYs averted in 2015
could fluctuate, for pre-SAC between 156 000 and 216 000 DALYs
and for SAC between 319 000 and 428 000 DALYs.

In 2025 the fluctuation ranges between 202000 and
317000 DALY for pre-SAC and ranges between 432000 and
641 000 DALYs for SAC.

If we contemplate reaching the 75% coverage target in 2025
instead of 2020, the DALYs averted in 2020 would be 238 000
for PreSAC (instead of 295 000) and 490 000 for SAC (instead of
613 000).

Discussion

We consider that a quantification of the benefits from the DALYs
averted by PC conducted during 2010-2015 will allow the cost
per DALY averted to be estimated and compared with that
obtained by other interventions for other diseases.

STH morbidity in the absence of PC interventions

The 3.37 million DALYs attributed to STH in the absence of PC inter-
ventions are remarkable when compared with the DALYs attributed
to other important diseases, such as Parkinson’s disease (2.58 mil-
lion) and acute hepatitis B (3.5 million), which receive much more
attention and investment for the control of their morbidity.

It is interesting that in pre-SAC most of the burden of STH is
caused by A. lumbricoides (69%) and in SAC most of the burden
of STH is caused by hookworm infections, most likely due to the
different age distributions of the two parasites.*?

The fact that T. trichiura, the STH parasite more difficult to
control with the anthelminthics currently used in PC'“ is, in total,
causing only 11% of the STH morbidity is noteworthy.

It is also interesting to compare the burdens in WHO’s
African and South-East Asia regions: in countries in the African

Region, fewer individuals are infected by STH, but the morbidity
is higher due to a higher prevalence of hookworm infections.

STH morbidity averted during 2010-2015

In our opinion, this is the first study to estimate the STH DALYs
averted by PC interventions and, therefore, we do not have other
estimations to compare with.

In the period 2010-2015, in which the donation of anthel-
minthics for STH was concretized and a steady increase of PC cover-
age was achieved, over 44% of morbidity in children was averted. If
progress is sustained and the global target for PC coverage is
reached as expected, the morbidity averted every year could be as
much as 73% of the morbidity present before the intervention.

Despite these impressive results, we consider that our esti-
mates of the number of DALYs averted by PC are conservative
for two reasons:

e As depicted in Figure 1b, we did not account for treatments
that were not continuous over time, meaning that in 68 out
of 102 endemic countries a proportion of the PC treatments
provided was not taken into consideration.

e Pre-SAC and SAC should be considered as transitory groups, so
individuals who received PC treatment during childhood will
continue to experience the benefit from the intervention in the
subsequent phases of their life. A more detailed calculation
would further add to the total number of DALYs averted.

It has not been possible to estimate the number of DALYs
averted in WCBA because details on the number of individuals
treated every year has been reported only from 2016. However,
we expect PC coverage for this at-risk group to expand in the
near future.

The WHO Global Health Estimates* estimated a reduction of
STH morbidity in children for 2015 (compared with 2010) in the
order of 7%. The present study estimates a morbidity reduction
for STH in the order of 44% for the same interval (that is, six
times higher). We consider the reason for this discrepancy to be
the expansion of PC interventions during 2010-2015.

Of note is that the individuals in whom morbidity due to STH
has been averted (or drastically reduced) frequently continue to
live in highly contaminated environments with poor sanitation
and are therefore exposed to re-infection. Despite the successes
obtained until now by PC for STH, the intervention cannot be
completely stopped for the moment even in areas where morbid-
ity is now low. The frequency of PC can be progressively reduced,
but PC cannot be abandoned until improvements in sanitation
impede environmental contamination with human excreta.® Even
in our sensitivity analysis, using the lower CI bands from the
Marocco et al.® study, we find a significant number of DALYs
averted from low/moderate intensity infections.

Estimation of the number of DALYs expected to be
averted by PC for STH (2015-2020)

This estimation is conducted assuming that the efficacy of the
drug will remain the same during 2015-2020. WHO s actively
monitoring drug efficacy in countries that have been imple-
menting PC for more than 5 years. For now there are no
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indications of reduced efficacy of albendazole or mebendazole
on any of the STH parasites, but continuous monitoring of drug
efficacy is necessary,'* in addition to measures to protect the
efficacy of those drugs (e.g. targeting the intervention to groups
at risk in order to maintain refugia where drug pressure is lim-
ited) we are testing drug combinations effective against STH to
be deployed in case of resistance.*”

In addition, we consider that the target of reaching 75% of
children will be achieved in all endemic countries: coverage data
received from countries for the 2016 drug requests for PC to be
implemented in 2017 and 2018 show that the increase in global
PC coverage is progressing better than expected.” Nevertheless,
we also estimated the number of DALYs averted should the
coverage targets only be reached in 2025, showing that even in
this scenario significant amount of DALYs would be averted.

We consider this estimation potentially useful to evaluate the
cost utility of the investment made by several endemic countries
on PC to control STH. One of the limitations is that we used the
WHO Global Health Estimates;* by using a different baseline evalu-
ation of the DALYs caused by STH we would have obtained the
same proportion, but a different total number of DALYs averted.

Reporting on DALY burden averted, in addition to reductions in
infections and programme coverage, improves our understanding
of the impact that these interventions have, and how they con-
tribute to achieving the broader sustainable development goals.*®
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