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Abstract

Scabies is a parasitic infestation with high global burden. Mass drug administrations (MDAs) are
recommended for communities with a scabies prevalence of >10%. Quantitative analyses are
needed to demonstrate the likely effectiveness of MDA recommendations. In this study, we
developed an agent-based model of scabies transmission calibrated to demographic and epidemio-
logical data from Monrovia. We used this model to compare the effectiveness of MDA scenarios for
achieving scabies elimination and reducing scabies burden, as measured by time until recrudescence
following delivery of an MDA and disability-adjusted-life-years (DALYs) averted. Our model
showed that three rounds of MDA delivered at six-month intervals and reaching 80% of the
population could reduce prevalence below 2% for three years following the final round, before
recrudescence. When MDAs were followed by increased treatment uptake, prevalence was main-
tained below 2% indefinitely. Increasing the number of and coverage of MDA rounds increased the
probability of achieving elimination and the number of DALYs averted. Our results suggest that
acute reduction of scabies prevalence by MDA can support a transition to improved treatment
access. This study demonstrates how modelling can be used to estimate the expected impact of
MDAs by projecting future epidemiological dynamics and health gains under alternative scenarios.

Background

Scabies is a parasitic infestation commonly observed in tropical and resource-poor settings [1].
The primary manifestations of scabies are severe pruritic skin lesions on the host [2, 3]. Scratching
due to scabies infestation often leads to secondary bacterial infections such as Group A Streptococcus
infections [4, 5]. In 2016, it was estimated that scabies caused 3.8 million disability-adjusted life-years
(DALYs) globally [6].

To reduce the scabies burden, an ivermectin-based mass drug administration (MDA) strategy
is reccommended when the community-level scabies prevalence is above 10% [7]. Several clinical
studies in island populations have shown a significant reduction in scabies prevalence one year
after a single round of MDA [8-10]; however, one study did not demonstrate a reduction, which
was believed to be due to high human mobility [11]. Longer-term follow-up has demonstrated
some rebound in prevalence following cessation of MDA delivery [8, 12, 13]. To date, most MDA
studies have taken place in isolated communities [8, 10, 11, 14, 15], making their direct
application to larger areas and to highly interconnected urban settings uncertain.

Based on previous observations and practical considerations around programme delivery, the
current recommendation is for three to five rounds of MDA applied at annual intervals [7]. Sur-
veillance of the population should be continued for at least one year following the last MDA round
to assess whether the prevalence has reached the target level of less than 2%. When the observed
prevalence is below this ‘stopping threshold’, it is proposed that annual MDA rounds can be
stopped [2]. Following cessation of MDA, health systems need to be strengthened to ensure access
to ongoing treatment of scabies for sustained control [7]. As there are no clear recommendations
for communities with a prevalence between 2% and 10%, and existing recommendations are based
on limited evidence and expert opinion, the World Health Organization (WHO) has highlighted
the need for further modelling research to estimate the likely effectiveness of MDA strategies [7].
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Previous modelling studies have estimated the likely impact of
scabies interventions including MDAs [16—19], but have not expli-
citly investigated the current MDA recommendations. In this
study, we use an agent-based model of scabies transmission, cali-
brated to demographic and epidemiologic data from Monrovia, to
estimate the effectiveness of alternative recurring MDA strategies in
an urban population with a starting prevalence of around 10%, and
estimate their longer-term impact, independently and in combin-
ation with improved treatment access.

Methods
Demographic and epidemiologic model and data

A cross-sectional survey conducted in New Kru Town, Mon-
rovia, Liberia (population size of over 20,000 [20]) in 2020
found a community-level scabies prevalence of 9.3% [21].
Since the prevalence is in the range of 2-10%, it is not clear
whether an MDA should be applied in Monrovia, and whether
an MDA strategy would be effective to reduce the scabies
burden. We extended an existing framework of disease trans-
mission in an age- and household-structured population [22]
(Supplementary material S1). We calibrated demographic
parameters so that the model generated household size and
age distributions corresponding to those observed in Monro-
via, Liberia [21] (Supplementary material S2.1).

Historical (and unrepeatable) studies indicate that prior infec-
tion can reduce the intensity of parasite burden in adult individuals
[23]. However, there is insufficient evidence of such apparent
immunity to assign an immune state or related parameters in the
model. We, therefore, used a susceptible-infectious-susceptible
(SIS) model to generate the dynamics of scabies infestation and
transmission in this population. We assumed that clearance of a
scabies infestation was primarily driven by treatment rather than
natural recovery and that the duration of infestation therefore
corresponds to the time until treatment [23]. As the average time
until scabies treatment is not known for Liberia, we assumed a
mean infestation duration of 90 days, based on health system visit
data from Liberia [24]. We used Bayesian inference [25] to calibrate
transmission coefficients to match age- and household-size-specific
patterns of scabies incidence observed in Monrovia [21]
(Supplementary material S2.2).

MDA scenarios

We defined MDA scenarios in terms of the number of rounds,
time interval between rounds, population coverage (percentage of
population receiving treatment), population selection (whether
individuals or households are selected randomly), and treatment
efficacy (the probability of recovery of an infested person follow-
ing treatment) (Table 1). In the individual-based population
selection method, the participation of individuals was independ-
ent across each round, for example an individual had the same
probability of participating in rounds 1, 2, and 3. In the
household-based selection, we assumed that the participation of
a household was consistent across rounds and within each house-
hold every member either did or did not receive MDA. While we
assumed that each MDA round consists of two doses of ivermectin
given at 7-14 days intervals, and that every selected individual in
each round received two doses, we also considered participating
individuals who do not receive one or both doses (Supplementary
material S6) [7]. We considered scenarios with large population
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Table 1. MDA parameters and their values

Parameters Values References
Rounds of MDA 3,5 [71
Time interval between 1 year, 6 months, 2 years [7]

rounds

80% [8], 85% [27],
81% [11], >80% [7]

Population coverage (%
of target population
receiving treatment)

60%, 70%, 80%, 90%

Population selection Random, Household-based [7,28]

method

Treatment efficacy (after 85%, 90%, 95%"

two doses)

94% [27], 90% [29],
88% [8]

?Results with 85% and 95% treatment efficacy are presented in Supplementary material S6.1.

coverages as 93% population coverage has been achieved in an
MDA targeting malaria in Monrovia [26]. We simulated scenarios
for all combinations of MDA parameters shown in Table 1. We
conducted sensitivity analyses around the average infestation days
(Supplementary material S5 and S7), treatment efficacy
(Supplementary material S6.1), systematic non-treatment (where
the duration of infestation for 10% of individuals was increased
from 90 days to 5 years), and systematic non-compliance (where
20% of the individuals or households never receive treatment
through MDA) (Supplementary material S6 and S7).

We compared the effectiveness of the selected MDA strategies
in the absence and presence of importation (Supplementary
material S6.2). For each run, we recorded whether a prevalence
of less than 2% was achieved one year after the last MDA round,
whether scabies was eliminated (zero infestations), the number of
undiscounted and discounted DALYs averted per 10,000 people
over 20 years, and the time until prevalence recrudesced to its
baseline (pre-MDA) level (Supplementary material S4). As the
simulation model is stochastic, we ran each scenario 100 times and
calculated means and 95% quantiles. We used these values to
calculate the probability of decreasing prevalence to below the
proposed stopping threshold of 2%, the probability of achieving
elimination, estimation of discounted and undiscounted DALYs
averted, and the distribution of the time gained until another
MDA strategy would be necessary (when the prevalence reaches
pre-MDA levels).

Systemic changes

The long duration of infestation is a likely contributor to high
scabies prevalence. This duration corresponds to the time until
treatment as there is no natural recovery from scabies [23]. Access
to health services and healthcare-seeking behaviour (normalisa-
tion) are factors that affect the time until treatment [30,
31]. MDAs may provide an opportunity to decrease the average
duration of infestation in several ways. By reducing prevalence,
MDA strategies may help break the normalisation of scabies and
encourage people to seek treatment earlier [30, 31]. Second, a
healthcare system will be better able to provide treatment for
every affected person when there are fewer such individuals in
society [2]. However, in order for MDAs to be followed by
systemic changes, post-MDA drug treatment must be available
in the primary healthcare system. We selected two MDA strat-
egies (MDA strategies applied with random individual selection
in three annual rounds and 60% and 80% population coverage) to
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understand the impact of systemic changes. For selected scen-
arios, we estimated the additional impact of longer-term changes
to the health system by reducing the time it takes for someone to
receive effective treatment for scabies by 10% and 20% after the
last MDA round.

Results

The probability of decreasing scabies prevalence below the
stopping threshold increases as the time interval between
rounds is reduced

We observed that the probability of achieving a prevalence below
2% increases with a shorter time interval between MDA rounds
(Figure 1).

For an annual MDA strategy with three rounds, at least 80%
population coverage was necessary to reach the stopping thresh-
oldin at least 75% of the simulations (Figure 2). At 90% coverage,
prevalence less than the stopping threshold was achieved in more
than 90 out of 100 runs, irrespective of number of rounds,
interval between rounds, and method of selection. In contrast,
at the lowest level of coverage tested (60%), this same result could
only be achieved when five rounds of MDA were conducted atan
interval of six months between rounds. Household-based selec-
tion almost always produced a higher proportion of simulations
with less than 2% prevalence than random selection.

Both the probability of scabies elimination and overall DALYs
averted increase as the number of MDA rounds and population
coverage are increased

We found that an MDA strategy consisting of five annual rounds
with 90% population coverage resulted in elimination in only 18%
of simulations (Table 2). We observed more DALYs averted with
more MDA rounds and a higher population coverage (Table 2). The
probability of scabies elimination one year after program cessation
increased when we considered shorter time intervals between
rounds, as previously described [19]. We also found that the
average number of DALYs averted was higher when the time
interval between MDA rounds was reduced. In addition, we did
not observe a notable impact of the method of population selection
on DALYs averted in 20 years.
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Systemic changes coupled with MDA strategies can help us
sustainably maintain the scabies prevalence at a lower level

We observed that reducing the time to routine treatment of
scabies by 20% after the final MDA round of an MDA strategy
consisting of three annual rounds and 80% population coverage
results in the elimination of scabies in 36% of simulations,
compared to 0% of simulations in scenarios with no reduction
in the time to treatment. This suggests that, following MDA,
health system or behavioural changes which result in a reduction
in the infestation duration can sustainably maintain scabies
prevalence at a lower level (Figure 3a). These sustained reduc-
tions in prevalence post MDA occur because the shortened
duration of infestation corresponds to reductions in the basic
reproduction number, RO, from 1.24 (baseline) to 1.10 with a
10% reduction, and to 0.99 with a 20% reduction (Supplementary
material S3).

In a hypothetical scenario, where health system or behavioural
changes suddenly occur at year 2, a reduction in scabies prevalence
is also sustainably maintained at a low level (Figure 3b). However,
without an MDA strategy, it is unlikely that the ‘normalisation
cycle’ of scabies that inhibits clinical presentations will be reversed.
Also, given the high baseline prevalence of scabies, treatment seek-
ing at this level would exceed the capacity of the healthcare system.
For instance, in order to achieve a 20% reduction in the infestation
duration without an MDA (difference between blue solid and
dotted lines in Figure 3b), more than 1,000 additional people are
needed to seek treatment between years 2 and 3 in New Kru Town,
Monrovia, Liberia.

We evaluated the sensitivity of the impact of MDAs to system-
atic non-treatment, scabies importation, and systematic non-
compliance. If the main driver of endemic prevalence is assumed
to be systematic non-treatment, MDA strategies can be highly
effective to reduce transmission (Supplementary material S7).
However, if scabies importation is a dominant source of new
infections, the efficacy of MDA strategies decreases as the seeding
rate increases (Supplementary material S6.2). We also evaluated the
sensitivity of the impact of MDAs to the assumption that every
selected individual in each round received two doses of treatment
within 7-14 days. When individuals do not receive one or two doses
in each MDA round, the effectiveness of MDA decreases
(Supplementary material S6). We also observed that systematic
non-compliance, where individuals not receiving treatment in
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Figure 1. The scabies prevalence in 20 years with MDA strategies consisting of three rounds, 80% population coverage, random individual selection, and (a) six-month (b) two-year
time intervals. The green dashed lines show when MDA rounds are applied. The red dotted lines represent MDA stopping threshold (2%). It is assumed that there is no scabies

importation.
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Figure 2. The proportion of simulation runs with less than 2% prevalence is achieved in differing MDA strategies. The first column (a & c) shows the MDA strategies with household-
based selection and the second column (b & d) shows the MDA strategies with random individual selection. The first row (a & b) shows the MDA strategies with three rounds and the
second row (c & d) shows the MDA strategies with five rounds. Each panel is grouped by the population coverage in MDAs and MDA intervals. Each value is calculated one year after
the last MDA round from 100 simulation runs. In these scenarios, it is assumed that there is no scabies importation.

previous rounds do not receive treatment in the following rounds,
has only a limited impact on MDA effectiveness when there is a
high population coverage (Supplementary material S7).

Discussion

In this study, we evaluated the effectiveness of various MDA
strategies for reducing the scabies prevalence using an agent-
based model calibrated to survey data collected in Monrovia,
Liberia [21]. We observed that while MDAs can have short-
and medium-term success [8, 9, 32, 33], it remains likely that
prevalence will return to pre-MDA levels over longer time
periods, especially in the absence of health system or systemic
behavioural changes [19]. However, sustainable improvements to
scabies control can be achieved when MDAs are coupled with
systemic changes that reduce the time it takes for scabies infest-
ations to be successfully treated (Figure 3). When post-MDA
treatment is available in the healthcare system, MDAs may nat-
urally provide an environment for systemic changes by breaking
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the normalisation cycle and increasing the per capita rate of
healthcare access of individuals with scabies [30, 31], which
highlights the importance of post-MDA treatment accessibility.
Moreover, MDA are likely to have a higher chance of sustainably
maintaining scabies prevalence at a low level when supported by
other interventions such as improved education and health sys-
tem accessibility [1, 2, 34, 35].

The current recommendation is for 3-5 rounds of MDA,
stopping when prevalence is reduced below 2% [2, 7]. We
observed that prevalence can be reliably reduced below 2% pro-
vided that the population coverage is sufficient (Figure 2). We
also observed that it is unlikely that MDAs will be sufficient to
eliminate scabies without broader health system changes that
reduce delays in treatment of scabies beyond the MDA setting
(Figure 3).

Several existing studies use modelling to compare the effective-
ness of scabies interventions including MDAs [16—19]. However, to
our knowledge, this is the first modelling analysis to estimate the
efficacy of recommended MDA strategies, as well as the first to
quantify the role of community transmission in a sub-Saharan
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Table 2. Percentage of simulations with <=2% prevalence one year after the last MDA round, percentage of simulations with scabies elimination, DALYs averted per
10,000 people (mean, 2.5-97.5 quantiles), and time until prevalence reaches baseline are presented for MDA strategies with at least 80% population coverage

The percentage of Time until
runs with < =2% Percentage of Discounted DALYs prevalence returns to
prevalence one runs with scabies averted per 10,000 baseline

MDA Population Population MDA year after the last MDA elimination people in 20 years (mean, 2.5-97.5
rounds selection coverage (%) interval round (%) (%) (mean, 2.5-97.5 quantiles) quantiles, in years)
5 Household 90 6 months 100 18 271.1 (144.7, 369.3) 20+ (11.6, 20+)
5 Random 90 1 year 100 10 262.4 (175.2, 359.4) 20+ (12.7, 20+)
5 Household 90 1 year 100 10 259.9 (146.8, 370.8) 20+ (12.7, 204)
5 Random 90 6 months 100 16 259.7 (166.7, 350.8) 20+ (11.7, 20+)
5 Household 90 2 years 99 0 242.0 (176.3, 320.7) 20+ (13.8, 20+)
5 Random 90 2 years 98 3 241.0 (171.4,329.8) 20+ (13.5, 20+)
5 Random 80 6 months 100 0 240.7 (132.9, 350.7) 20+ (11.2, 204)
5 Household 80 6 months 100 0 231.6 (142.3, 347.6) 20+ (11.6, 20+)
5 Household 80 1 year 100 0 219.5 (147.7, 346.9) 20+ (11.5, 20+)
Random 80 1 year 100 0 205.0 (135.4, 316.8) 18.2 (11.7, 20+)
3 Household 90 6 months 100 0 183.9 (88.0, 347.6) 18.4 (8.2, 20+4)
5 Household 80 2 years 64 0 178.8 (103.1, 340.5) 16.4 (12.9, 20+)
3 Random 90 6 months 100 0 175.2 (132.6, 231.7) 17.7 (7.7, 20+)
3 Household 90 1 year 100 0 172.3 (104.7, 328.6) 17.7 (8.1, 20+)
5 Random 80 2 years 46 0 163.8 (125.9, 231.9) 15.9 (12.4, 20+)
3 Random 90 1 year 100 0 161.8 (101.0, 334.8) 13.6 (8.1, 20+)
3 Random 90 2 years 91 0 144.9 (100.8, 280.5) 13.2 (8.5, 20+)
3 Household 90 2 years 92 0 138.9 (101.2, 203.0) 12.8 (8.7, 17.8)
3 Household 80 6 months 99 0 128.3 (84.9, 220.8) 12.3 (6.9, 17.9)
3 Random 80 6 months 100 0 120.3 (76.0, 201.4) 12.2 (6.8, 18.4)
3 Household 80 1 year 78 0 113.9 (77.4, 178.2) 11.8 (7.1, 13.8)
3 Random 80 1 year 76 0 113.6 (73.2, 160.3) 11.2 (7.2, 20+)
3 Household 80 2 years 35 0 107.6 (75.0, 148.8) 11.4 (8.0, 19.0)
3 Random 80 2 years 26 0 104.3 (77.7, 148.8) 11.4 (7.6, 17.9)

Note: Time until prevalence returns to baseline is calculated among the runs in which scabies is not eliminated. MDA strategies are ordered from best to worst in terms of discounted DALYs

averted. Undiscounted DALYs averted results are presented in Supplementary material S6.

African setting. For instance, our model showed that among MDA
strategies with >80% coverage, the discounted DALY averted per
10,000 people increased from 104 to 271 years when the population
coverage and number of rounds increased. Our study provides a
flexible modelling framework for scabies that can be calibrated to
other settings to compare community-level interventions using
DALYs and incidence statistics.

As with any modelling study, our results depend on assump-
tions made and are subject to some limitations. First, limited data
were available to calibrate some model parameters, including
duration of infestation, which may be longer in the presence of
systematic non-treatment, and importation rate. Our sensitivity
analyses established that estimates of MDA efficacy were sensi-
tive to these parameters. Collection of additional data on time to
treatment of scabies and population mobility may reduce the
uncertainty around model estimates. Second, in this study, we
report the ‘true’ prevalence of scabies in the modelled population.

https://doi.org/10.1017/50950268823001310 Published online by Cambridge University Press

In reality, estimates of prevalence will depend on the sampling
strategy used to detect infestations [36]. Monitoring the impact of
MDAs and responding appropriately will thus require effective
surveillance in addition to effective interventions. We also found
that when population coverage is high, systematic non-
compliance has a limited impact on MDA efficacy. Finally, we
estimated DALYs averted under various MDA scenarios and
found that high population coverage in MDA rounds increased
the number of DALYs averted. We did not consider the differing
costs associated with each scenario; however, strategies that were
likely to avert most DALYs were also likely to be the most
resource intensive. The results presented here could form the
basis of future cost-effectiveness analyses to provide a more
robust basis for comparison [8, 37].

In summary, our modelling study suggests that MDAs can play a
critical role in scabies control by reducing the prevalence and
maintaining it at a low level when combined with systemic changes.
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Figure 3. Scabies prevalence over 20 years with (orange) and without (blue) an MDA strategy. Green dashed lines show when MDA rounds are applied (years 0, 1, and 2). Solid pink
line (year 2) shows when the duration of infestation is reduced. Solid lines represent scenarios with an average of 90 days (baseline — 0% reduction) duration of infestation
throughout the simulation, while dashed and dotted lines represent an average of 81 (10% reduction) and 72 (20% reduction) days duration of infestation after year 2, respectively.
MDA strategies were applied with random individual selection in three annual rounds and 80% population coverage. There was no scabies importation.

This study demonstrates how modelling can be used to refine and
define effective interventions in reducing scabies burden in large
populations with endemic prevalence.

Supplementary material. The supplementary material for this article can be
found at https://doi.org/10.1017/50950268823001310.
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