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Abstract
Background  Treatment failure is considered to be an important factor in relation to the increase in scabies incidence over the last decade. 
However, the regional and temporal differences, in addition to the predictors of therapy failure, are unclear.
Objectives  We aimed to conduct a systematic review of the prevalence of treatment failure in patients with scabies and investigation of 
associated factors.
Methods  We searched MEDLINE, EMBASE, CINAHL, Web of Science, Scopus, Global Health and the Cochrane Central Register of 
Controlled Trials from inception to August 2021 for randomized and quasi-randomized trials, in addition to observational studies that enrolled 
children or adults diagnosed with confirmed or clinical scabies treated with permethrin, ivermectin, crotamiton, benzyl benzoate, malathion, 
sulfur or lindane, and measured treatment failure or factors associated with treatment failure. We performed a random effects meta-analysis 
for all outcomes reported by at least two studies.
Results  A total of 147 studies were eligible for inclusion in the systematic review. The overall prevalence of treatment failure was 15.2% [95% 
confidence interval (CI) 12.9–17.6; I2 = 95.3%, moderate-certainty evidence] with regional differences between World Health Organization 
regions (P = 0.003) being highest in the Western Pacific region (26.9%, 95% CI 14.5–41.2). Oral ivermectin (11.8%, 95% CI 8.4–15.4), topi-
cal ivermectin (9.3%, 95% CI 5.1–14.3) and permethrin (10.8%, 95% CI 7.5–14.5) had relatively lower failure prevalence compared with the 
overall prevalence. Failure prevalence was lower in patients treated with two doses of oral ivermectin (7.1%, 95% CI 3.1–12.3) compared 
with those treated with one dose (15.2%, 95% CI 10.8–20.2; P = 0.021). Overall and permethrin treatment failure prevalence in the included 
studies (1983–2021) increased by 0.27% and 0.58% per year, respectively. Only three studies conducted a multivariable risk factor analysis; 
no studies assessed resistance.
Conclusions  A second dose of ivermectin showed lower failure prevalence than single-dose ivermectin, which should be considered in all 
guidelines. The increase in treatment failure over time hints at decreasing mite susceptibility for several drugs, but reasons for failure are rarely 
assessed. Ideally, scabicide susceptibility testing should be implemented in future studies.

What is already known about this topic?

•	 Several drug treatments are available for the management of scabies infestation; however, treatment failure is considered to be an 
important factor in the increasing incidence of scabies infestations.

•	 Reduced susceptibility in vitro and case reports on clinical resistance have been reported for both main scabicides, permethrin and 
ivermectin.

•	 There is limited evidence on the reasons for treatment failure.
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Scabies is a pruritic contagious dermatosis caused by the 
Sarcoptes scabiei mite.1 It spreads mostly via direct skin con-
tact. Scabies was added to the World Health Organization 
(WHO) portfolio of neglected tropical diseases in 2017. It 
continues to be a common skin disorder, affecting approx-
imately 130 million people globally.2 While the majority of 
cases occur in developing countries,3,4 outbreaks in devel-
oped countries account for a significant proportion of the 
global scabies burden.5 Treatment failure, which can occur 
in up to 30% of cases, is considered a major factor in the 
increasing incidence of scabies that has recently been 
reported in developed countries.6–9

There are a variety of scabicidal drugs, which can be 
broadly divided into topical and oral agents, and include 
oral or topical ivermectin, topical permethrin, lindane, ben-
zyl benzoate and crotamiton. There are several systematic 
reviews and meta-analyses on the benefits and harms of 
scabies treatments,10–13 but these reviews lack an assess-
ment of the reasons for failure and do not consider differ-
ences between regions or differences over time.

It has been suggested that predictors of treatment failure 
are associated with the immune status of the host, choice of 
treatment, exposure to future transmission events and drug 
resistance.14,15 However, studies are very heterogeneous 
and have never been assessed systematically. Treatment 
failure resulting from drug resistance is difficult to ascertain 
without excluding inadequate treatment or reinfestation.1

There is limited evidence on the prevalence of treat-
ment-resistant scabies for various drugs. Furthermore, there 
has been no comprehensive review on the factors asso-
ciated with treatment failure. Therefore, we conducted a 
systematic review and meta-analysis of randomized clinical 
trials and observational studies to determine the prevalence 
of treatment failure and investigate the associated factors 
in children and adults diagnosed with scabies treated with 
permethrin, ivermectin, crotamiton, benzyl benzoate, mala-
thion, sulfur or lindane.

Materials and methods

We registered our protocol on the international pro-
spective register of systematic reviews (PROSPERO) 
(CRD42021274639) and reported the review findings 
according to the PRISMA guidelines.16

Eligibility criteria

We included randomized and quasi-randomized trials, pro-
spective or retrospective cohorts, case–control studies, and 
longitudinal (one-arm) observational studies (time-series 

and before–after studies), and case-series with more than 
five patients that enrolled children or adults with a diagnosis 
of confirmed or clinical scabies (all forms, including crusted 
scabies) treated with permethrin, ivermectin, crotamiton, 
benzyl benzoate, malathion, sulfur or lindane, and meas-
ured at least one of our outcomes of interest (i.e. treatment 
failure, reinfestation, retreatment/recurrence, persistent 
itching, susceptibility of scabies mites, or risk factors for 
treatment failure).

Information sources

A medical librarian (R.C.) developed search strategies 
specific to individual databases for the review questions 
listed above. We searched MEDLINE, EMBASE, CINAHL, 
Cochrane Central Register of Controlled Trials (CENTRAL), 
Scopus, Global Health and Web of Science without lan-
guage or publication status restrictions. We reviewed the 
reference lists of included studies and relevant reviews for 
additional eligible studies. Our search strategy included 
terms for scabies, the mite and treatments, and further 
details of this strategy are provided in Appendix S1 (see 
Supporting Information). All databases were searched from 
inception until 13 August 2021.

Study selection

Pairs of trained reviewers screened titles and abstracts of 
identified citations independently, using a standardized, 
pilot-tested form. Subsequently, reviewers assessed eligi-
bility of full texts of potentially eligible studies. Reviewers 
resolved disagreements by discussion or adjudication with a 
third reviewer (B.S. or L.M.). We used DistillerSR online sys-
tematic review software (Evidence Partners, Ottawa, ON, 
Canada; http://systematic-review.net) for screening titles 
and abstracts and full-text articles.

Data abstraction and risk of bias assessment

Using standardized, pilot-tested forms, trained reviewers, 
independently and in duplicate, extracted the following 
information from eligible studies: (i) study characteristics 
[author’s name, publication year, study design (observa-
tional, quasi-randomized and randomized), country of origin, 
and funding source], (ii) population-related information [age, 
percentage of female patients, setting (i.e. hospitalized or 
outpatient), disease severity, diagnosis method, type of sca-
bies], (iii) details of the intervention/exposure and compar-
ison [e.g. scabicidal drug(s) used, doses, and formulations 
(e.g. oral, topical), duration of treatment, level of assessment 
(i.e. confirmed scabies, clinically diagnosed scabies, mite 

What does this study add?

•	 We performed a comprehensive systematic review on the prevalence of treatment failure and associated factors.
•	 Treatment failure was lower with two oral doses of ivermectin compared with one dose. Treatment failure with permethrin increased 

significantly over time, which might indicate decreasing mite susceptibility.
•	 We identified the need to assess the reasons for treatment failure in future studies, as only three studies conducted a multivariable 

risk factor analysis and none assessed resistance.
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susceptibility)], and details of any additional instructions 
given, and (iv) outcomes of interest (treatment failure, rein-
festation, retreatment/recurrence, persistent itching, sus-
ceptibility of scabies mites) and their definitions. Data were 
collected from all intervention or control arms of studies, 
provided the participants received a scabicide of interest.

Risk of bias in the studies that reported the frequency of 
treatment failure was assessed using the tool developed by 
Hoy et al.17 This tool has the following 10 domains: (i) repre-
sentativeness of the sample, (ii) the sampling frame, (iii) sam-
pling technique, (iv) response bias, (v) the use of proxies, 
(vi) case definition, (vii) validity of measurements, (viii) uni-
formity of data collection, (ix) the prevalence period and 
(x) the appropriateness of the numerator and denominator. A 
judgement of high or low risk of bias can be assigned to each 
of these domains. An overall judgement of low, moderate or 
high risk of bias was made for each study based on the rater’s 
appraisal of the 10 items, as recommended by Hoy et al.17

Reviewers resolved disagreements about data extraction 
and risk of bias assessment by discussion and, if needed, 
adjudication by a third reviewer (B.S. or L.M.). The results 
of these assessments were plotted as bar charts using 
Microsoft Excel.

Data synthesis

In the studies that reported treatment success, we estimated 
treatment failure as the number of participants who did not 
have treatment success but were not lost to follow-up. All 
listed definitions of our outcome of interest were analysed 
as treatment failure. We pooled any outcome reported in 
two or more studies using the DerSimonian–Laird random 
effects model for meta-analysis.18 For meta-analysis of the 
prevalence of treatment failure, we used the Freeman–
Tukey double arcsine transformation to stabilize the vari-
ances.19 Heterogeneity was determined by visual inspection 
of forest plots and I2-values. The results of the studies were 
narratively described when the number of eligible studies 
was not sufficient for meta-analysis or when studies were 
conceptually heterogeneous and did not warrant pooling. 
We used STATA (StataCorp, Release 16.0, College Station, 
TX, USA) for all statistical analyses.

Subgroup analyses

Regardless of the observed statistical heterogeneity, when 
two or more studies were available in each subgroup, we 
conducted the following subgroup analyses: (i) level of 
assessment (diagnosis), (ii) type of scabicides used and 
route of administration and (iii) region/country. We used 
meta-regression to investigate whether the prevalence of 
treatment failure changed over time. For subgroup analysis, 
we tested for interaction using a χ2 test for significance.20

To investigate treatment failure that was unlikely, owing to 
lack of compliance or mistakes in drug application but pos-
sibly hinting towards drug resistance, we selected studies 
for subgroup analyses in which precautions were described 
and taken in order to ascertain whether treatments were 
applied appropriately and/or reinfestation was unlikely. 
These were studies that had at least 14 days of follow-up 
and in which additional instructions were given, e.g. treat 

and wash clothes, beddings and belongings, or treat close 
contacts. For these analyses, we focused on ivermectin and 
permethrin.

Certainty of evidence assessment

We assessed the certainty in our pooled estimates using the 
Grading of Recommendations, Assessment, Development, 
and Evaluation (GRADE) approach. GRADE evaluates the fol-
lowing five domains: risk of bias, inconsistency, imprecision 
of pooled estimates, indirectness and evidence of publica-
tion bias. Based on these domains, the certainty of evidence 
can be graded as very low, low, moderate or high.21

Results

Our search yielded 3536 unique records, from which 401 
articles (11.3%) were retrieved for full-text screening. Of 
those, 254 articles (63.3%) were excluded for the following 
reasons: not including adults or children with confirmed or 
clinical scabies treated with scabicides (134 articles, 52.7%), 
nor reporting treatment failure (37 articles, 14.6%) or factors 
associated with scabies treatment failure/success (83 arti-
cles, 32.7%). Figure 1 provides details of the study selec-
tion process and the list of excluded studies is available in 
Appendix S2 (see Supporting Information).

Characteristics of included studies

We included 147 studies, the majority of which were ran-
domized trials (63 studies, 42.9%) and observational stud-
ies (58 studies, 39.5%). Almost 30% were conducted in 
high-income countries (46 studies), one-third in upper 
middle-income countries (47 studies) and another third in 
lower middle-income countries (48 studies). Most of the 
studies were conducted in the Eastern Mediterranean 
region (40 studies, 27.2%), Europe (29 studies, 19.7%) and 
South East Asia (32 studies, 21.8%). Included studies were 
published between 1983 and 2021, with a median publi-
cation year of 2010 [interquartile range (IQR) 1999–2015]. 
Most studies enrolled both adults and children (65 studies, 
44.2%), 52 studies enrolled only adults (35.4%) and 17 stud-
ies enrolled only children (11.6%). Characteristics of the 
included studies are provided in Table S1 (see Supporting 
Information), and the list of included studies is available in 
Appendix S3 (see Supporting Information).

Treatment characteristics

The most common treatments given to patients with sca-
bies were ivermectin (83 studies, 34.7%) and permethrin 
(62 studies, 25.9%) followed by lindane (33 studies, 13.8%) 
and benzyl benzoate (32 studies, 13.4%). In eight studies 
(5.4%) patients were treated with two or more drugs as 
a combination therapy or sequentially. In addition to the 
pharmacotherapy, one or more additional treatment instruc-
tions (e.g. treatment of contacts and environmental control 
measures) were given to participants in 87 studies (59.2%). 
Further information on the treatment characteristics is pro-
vided in Tables S1 and S2 (see Supporting Information).
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Outcomes

Most studies expressed their outcomes as treatment suc-
cess (124 studies, 84.4%); the remaining 23 studies (15.7%) 
reported treatment failure (Table S1). In these studies, treat-
ment failure was not clearly defined, or defined as reinfesta-
tion, retreatment, recurrence of scabies, persistent itching or 
lack of scabies mite susceptibility. The assessment of the out-
come of treatment was performed using one or more of the fol-
lowing: clinical examination (121 studies, 82.3%), microscopic 
examination (52 studies, 35.4%), patient history (27 studies, 
18.4%) and dermatoscopy (12 studies, 8.2%). The median time 

for outcome assessment was 14 days (IQR 7–28). Additional 
details are outlined in Table S3 (see Supporting Information).

Risk of bias

The overall risk of bias for the majority of included studies 
was judged to be moderate (76 studies, 51.7%) or high (46 
studies, 31.3%). The domains with the most concerns were 
the nonrandom nature of the sample, the representative-
ness of the sample, the sampling frame and the follow-up 
time (prevalence period). Details of risk of bias assessments 
are summarized in Figure 2.

Figure 1  PRISMA flow diagram.
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Overall treatment failure

The overall prevalence of treatment failure across treatments 
was 15.2% (95% CI 12.9–17.6; I2 = 95.3%, moderate-cer-
tainty evidence). The prevalence of treatment failure was 
numerically higher in children (18.6%, 95% CI 13.3–24.5) 
compared with adults (14.1%, 95% CI 10.4–18.2), but the 
difference was not statistically significant (P -value for test 
of interaction = 0.196).

Specific treatment regimens

Pooled prevalence of treatment failure for topical ivermec-
tin was 9.3% (95% CI 5.1–14.3; I2 = 82.1), 11.8% (95% CI 
8.4–15.4; I2 = 92.5%) for oral ivermectin, 10.8% (95% CI 
7.5–14.5; I2 = 93.5%) for permethrin, 18.1% (95% CI 12.5–
24.3; I2 = 92.8%) for lindane, 25.3% (95% CI 16.4–35.3; 
I2 = 97.7%) for benzyl benzoate, 27.7% (95% CI 17.9–38.7; 
I2 = 90.6%) for crotamiton. Few studies reported on combi-
nation therapies with heterogeneous results. Table 1 pro-
vides the results of meta-analysis for therapy failure.

Oral ivermectin when used in two doses was associ-
ated with lower treatment failure prevalence (7.1%, 95% 
CI 3.1–12.3) compared with a single dose (15.2%, 95% CI 
10.8–20.2; P = 0.021). The difference in treatment failure 
between a single and a second application of permethrin 
was not statistically significant (single dose: 8.5%, 95% CI 
3.6–15.1; second dose: 7.3%, 95% CI 3.3–12.5; P -value for 
the test for subgroup effects = 0.757).

Subgroup analyses

The lowest levels of treatment failure were in the studies 
conducted in Europe (6.0%, 95% CI 1.5–12.4; I2 = 95.3) 

and the highest levels of treatment failure were from the 
studies conducted in the Western Pacific region (26.9%, 
95% CI 14.5–41.2; I2 = 94.1) (Figure S1; see Supporting 
Information). The test for subgroup effects between WHO 
regions was significant (P = 0.003). However, studies that 
used objective methods (microscopy or dermatoscopy) 
to confirm scabies infestation were more likely to report 
treatment failure (19.5%, 95% CI 16.0–23.3; I2 = 95.2%) 
compared with studies that used clinical examination and/
or patient history (12.2%, 95% CI 9.7–14.9; P -value for test 
of interaction = 0.001). This was the case for most treat-
ments (Table 1).

In studies with additional precautions implemented to 
minimize mistakes in drug application, compliance or rein-
festation, hence possibly hinting at drug resistance, the 
overall prevalence of failure was 9.2% (95% CI 5.4–13.8; 
I2 = 91.3%) in patients treated with ivermectin. This was 
lower in patients treated with two doses of oral ivermec-
tin (4.2%, 95% CI 0.7–9.5; I2 = 86.0%) compared with 
those treated with one dose (13.1%, 95% CI 7.4–20.0; 
I2 = 85.5%) or with topical ivermectin (13.7%, 95% CI 
9.4–18.8; I2 = 66.4) (P = 0.023) (Figure 3). For permethrin, 
prevalence of failure in such studies was 9.9% (95% CI 
5.4–15.3, I2 = 90.1%).

Treatment failure over time

Overall treatment failure was more likely in recent stud-
ies (17.4%, 95% CI 14.4–20.5; I2 = 93.8%) compared with 
studies published before 2011 (12.8%, 95% CI 10.0–15.8]; 
I2 = 93.9%). This is also the case for oral ivermectin. Our 
findings were limited for topical ivermectin owing to 
the low number of studies that examined this treatment 
(Table 1).

Figure 2  Risk of bias in included studies.
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Table 1  Results of the meta-analysis and subgroup analysis of therapy failure for different scabicidal agents

Drug/treatment regimen Subgroupa
Number 

of studies
Number of 

patients analysed
Failure rate 

(95% CI) I 2
Interaction 

P-value

Oral ivermectin Objective assessment 34 1814 18.6 (12.9–25.0) 88.2 < 0.001
Clinical exam/patient history 45 4083 7.7 (4.7–11.4) 91.3
Published before 2011 37 2636 8.2 (4.9–12.2) 92.4 0.031
Published 2011 or later 42 3264 15.3 (9.9–21.5) 94.1
Eastern Mediterranean 19 1516 17.1 (11.1–23.9) 89.6 0.073
South East Asia 22 1255 12.0 (6.6–18.6) 89.9
Europe 15 943 2.1 (0.0–8.2) 87.4
Africa 6 1359 11.6 (2.0–26.0) 91.9
America 9 350 8.6 (3.5–15.4) 66.3
Western Pacific 8 470 24.5 (6.2–49.0) 95.9
Overall 79 5893 11.8 (8.4–15.4) 92.5 NA

Topical ivermectin Objective assessment 5 562 15.0 (12.0–18.2) 0.0 0.037
Clinical exam/patient history 5 535 5.7 (0.7–14.3) 89.7
Published before 2011 2 39 0.0 (0.0–4.2) 0.0 0.005
Published 2011 or later 8 1058 11.6 (7.2–16.8) 81.9
Eastern Mediterranean 6 902 16.2 (13.8–18.7) 0.0 < 0.001
South East Asia 2 156 2.0 (0.2–5.0) 0.0
Europe 1 10 0.0 (0.0–27.8) –
Africa – – – –
America 1 29 0.0 (0.0–11.7) –
Western Pacific – – – –
Overall 10 1097 9.3 (5.1–14.3) 82.1 NA

Permethrin 5% Objective assessment 23 1459 13.3 (6.7–21.9) 93.2 0.355
Clinical exam/patient history 34 3658 9.0 (5.8–12.7) 93.8
Published before 2011 22 2046 6.7 (3.2–11.3) 89.3 0.048
Published 2011 or later 35 3071 13.7 (9.5–18.5) 91.7
Eastern Mediterranean 19 1336 13.3 (7.2–20.6) 90.3 < 0.001
South East Asia 18 966 8.6 (5.4–12.3) 69.2
Europe 9 406 9.7 (0.0–30.2) 94.6
Africa – – – –
America 10 1888 8.0 (2.7–15.3) 93.6
Western Pacific 1 546 50.0 (33.2–66.8) NA
Overall 57 5142 10.8 (7.5–14.5) 93.5 NA

Lindane Objective assessment 15 1121 20.0 (12.4–28.7) 90.5 0.604
Clinical exam/patient history 19 1518 16.7 (9.2–25.6) 93.9
Published before 2011 22 1645 18.1 (11.1–26.3) 93.1 0.973
Published 2011 or later 12 994 18.2 (10.1–28.0) 91.6
Eastern Mediterranean 14 1006 19.9 (11.6–29.5) 90.9 < 0.001
South East Asia 7 524 30.0 (16.4–45.6) 92.7
Europe 2 61 8.0 (2.0–16.7) –
Africa 1 117 0.0 (0.0–3.2) –
America 9 881 13.9 (7.9–21.1) 83.6
Western Pacific 1 50 2.0 (0.4–10.5) NA
Overall 34 2639 18.1 (12.5–24.3) 92.8 NA

Benzyl benzoate Objective assessment 13 841 34.8 (23.3–47.3) 91.3 0.054
Clinical exam/patient history 21 5797 20.0 (11.6–30.0) 97.1
Published before 2011 19 5435 26.2 (15.1–39.0) 97.3 0.809
Published 2011 or later 15 1203 24.6 (16.1–34.1) 91.7
Eastern Mediterranean 6 667 34.4 (20.4–49.8) 92.8 < 0.001
South East Asia 9 4948 19.4 (6.7–36.3) 98.0
Europe 7 369 3.1 (0.0–9.9) 77.2
Africa 8 411 36.6 (23.2–51.2) 87.5
America 1 20 90.0 (69.9–97.2) –
Western Pacific 3 223 39.7 (20.1–61.0) NA
Overall 34 6638 25.3 (16.4–35.3) 97.7 NA

Crotamiton Objective assessment 8 743 20.6 (9.8–34.0) 93.2 0.029
Clinical exam/patient history 5 182 41.1 (27.9–55.0) 63.3
Published before 2011 6 227 21.9 (4.1–46.7) 92.6 0.281
Published 2011 or later 7 698 35.7 (31.6–39.8) 15.1
Eastern Mediterranean 8 740 32.1 (25.5–39.1) 68.1 < 0.001
South East Asia – – – –
Europe 2 81 2.1 (0.0–7.2) 100.0
Africa – – – –
America 3 104 37.4 (4.1–78.9) 99.9
Western Pacific – – – –
Overall 13 925 27.7 (17.9–38.7) 90.6 NA

Malathion – 2 247 53.9 (47.6–60.1) 0.0 NA
Sulfur – 2 230 52.2 (45.6–58.8) 0.0 NA

(Continued)
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Figure 3  Treatment failure possibly resulting from drug resistance in patients treated with ivermectin.CI, confidence interval. The subgroups include 
studies in which precautions against mistakes in drug application, compliance or reinfestation were taken (treatment of contacts, washing and 
sealing of bedding and clothing, clear instructions on medication use).

Table 1  (Continued )

Drug/treatment regimen Subgroupa
Number 

of studies
Number of 

patients analysed
Failure rate 

(95% CI) I 2
Interaction 

P-value

Permethrin 2% – 4 448 14.6 (2.1–34.4) 94.1 NA
Permethrin – ivermectin – 2 61 3.8 (0.0 –11.3) 0.0 NA
Permethrin – crotamiton – 2 45 5.1 (0.1–14.5) 0.0 NA
Permethrin – sulfur – 1 30 13.3 (0.0–11.3) – NA
Crotamiton – benzyl benzoate – 1 10 10.0 (1.8–40.4) – NA
Crotamiton – lindane – 2 15 4.8 (0.0–25.4) 0.0 NA
Crotamiton – sulfur – 1 15 0.0 (0.0–20.4) – NA
Ivermectin – lindane – 1 2 – –
Ivermectin – benzyl benzoate – 2 250 53.2 (46.9–59.4) 0.0

CI, confidence interval; NA, not applicable. aSome studies reported failure rates using both objective and clinical exam/patient history.
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In a meta-regression, year of publication was a signifi-
cant predictor of treatment failure, with a 0.27% (95% CI 
0.01–0.50; P = 0.017) increase in treatment failure for every 
1-year increase in publication year. We found a similar trend 
for permethrin (increase in failure prevalence per publication 
year = 0.58%, 95% CI 0.18–0.98; P = 0.005), while the trend 
for ivermectin was not significant (0.41%, 95% CI −0.08–
0.89; P = 0.097) (Figure 4a,b).

Factors associated with treatment failure

A total of 20 studies reported factors assumed to be associ-
ated with treatment failure (Table 2). Three of these studies 

used multivariable regression analysis (Table 3).14,15,36 Owing 
to considerable variability among these studies, we were 
not able to perform meta-analysis. One study explicitly listed 
resistance as a reason for treatment failure but justified this 
only by the fact that the treatments were applied by the 
investigators.25

Discussion

Treatment failure varied greatly across the drugs used to 
treat scabies, with permethrin and ivermectin showing 
the lowest prevalence of treatment failure. Oral ivermectin 

Figure 4  Trends in treatment failure (%) over time based on publication year of included studies for (a) permethrin and (b) ivermectin.The red line 
represents the linear prediction. The blue circles represent studies, and the size of a circle is proportional to weight (inverse variance).
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administered in two doses was associated with a significant 
reduction in treatment failure compared with a single dose. 
Treatment failure has increased progressively over time at 
a rate of 0.2% per year. In the included studies, treatment 
failure was assumed to be linked to the characteristics of the 
drug administration, the disease severity, treatment imple-
mentation issues and patient characteristics. Drug resist-
ance has never been assessed.

Our findings on the levels of treatment failure of ivermec-
tin and permethrin are mostly similar to the findings from 
other studies.11,13 In contrast to one trial,38 this systematic 
review presents evidence that two doses of oral ivermectin 
are associated with a lower prevalence of treatment failure 
compared with one dose. This may reflect both the fact 
that ivermectin has limited ovicidal activity and a short half-
life.39–41 Several current guidelines, such as the European or 

UK National guidelines, already recommend two rounds of 
oral ivermectin treatment.42 Other guidelines, such as the 
German and Japanese guidelines, do not generally recom-
mend a second dose of ivermectin, but the findings of this 
systematic review support doing so in the future.43,44

Our analysis revealed a significant increase over time in 
overall and permethrin treatment failure, and we also found 
higher rates of ivermectin treatment failure in studies pub-
lished in 2011 or later. This correlates with the dramatic 
increase in scabies incidence observed in several European 
countries since 2011, especially in adolescents and young 
adults with presumed lower treatment compliance.6–9

Resistance phenomena were reported for ivermectin-
refractory cases45,46 and suggested for treatment with 
permethrin in recent case reports.37–49 Possible resistance 
mechanisms are known for most commonly used scabi-
cides.50 Moreover, subtle changes in drug formulation can-
not be ruled out, leading to less effective treatment. This 
possibility would be consistent with recent work51 that 
assessed mites isolated from permethrin-refractory cases 
that did not yield an in vitro correlate for loss of permethrin 
susceptibility. While promising novel treatments are being 
tested,52,53 our finding of a significant increase in treatment 
failure over the last decade and the ongoing surge in incident 
cases provides justification for taking swift action. Thus, 
combinations of current treatments may be an option as 
suggested by a recent network meta-analysis.11

Few studies investigated the reasons for treatment failure, 
and none assessed the susceptibility of mites. Information 
on the latter would be required to differentiate treatment 
resistance from other reasons for failure such as compliance 
errors. While methods to assess resistance phenotypically 
were developed many years ago, they are applicable only 
in specific settings.45,46,54 In larger studies, susceptibility of 
mites is not determined, which is likely to reflect the lack 
of suitable methods. It would be highly desirable to fill this 
methodological gap. Genetic typing of mites with typing 
schemes exceeding single-gene assessments would be 
a feasible approach going forward.55–57 For a start, typing 
schemes combining variable gene markers with S. scabiei 
orthologues of genes predicted to encode target proteins of 

Table 2  Putative factors assumed to be associated with treatment 
failure in included studies

Drug characteristics
  Limited drug potency22–24

  Taking only one type of treatment (oral or topical)14

  Single-dose treatments14

  Resistance25

  Lower doses of medication26

  Longer delay between administration of treatments26

Disease characteristics
  Severity of scabies27

Treatment implementation issues
  Delay between onset of pruritus and first treatment14

  Contact with untreated25,28–32

  Inappropriate application33,34

  No decontamination14

  Taking treatment with food14

  Lack of water for bathing29

  Use of corticosteroids during treatment14,35

  Failure to reach/treat contacts14,22,25

Patient characteristics
  Being a nurse36

  Being female36

  Cognitive, behavioural or mobility impairments (owing to ageing 
or other factors)35,37

  Impaired surface lipid content on ageing skin37

Table 3  Predictors of treatment failures from the multivariable logistic regression analysis

Study (year), design Population/treatment(s) Predictor of therapy failure
Adjusted odds 
ratio (95% CI)

Aussy (2019), 
prospective cohort14

Ambulatory patients with clinical 
diagnosis of scabies from 14 
private dermatology practices in 
France treated with any scabicide 
regimen

Delay between onset of pruritus and first scabies 
treatment > 1 month

2.95 (1.38–6.32)

Other known case(s) of scabies in the patient’s contacts 2.13 (1.07–4.24)
Absence of decontamination of furniture with acaricide 5.81 (1.96–16.7)
One dose of oral ivermectin vs. two doses (with or 
without benzyl benzoate)

6.62 (2.71–16.2)

Topical benzyl benzoate alone vs. two doses of ivermectin 3.51 (1.55–7.95)
Leistner (2017), one-arm 
longitudinal study36

Healthcare workers in one acute 
care hospital in Germany treated 
with 5% permethrin ointment

Disposable gloves rarely used when examining the patient 9.79 (1.16–82.42)
Holding the patient often 8.15 (1.12–59.27)

Makigami (2011), 
retrospective chart 
review15

Inpatients from a long-term care 
hospital for the elderly with 
confirmed diagnosis of 
scabies treated with any scabicide 
regimen

Higher serum total lymphocyte counta 0.57 (0.38–0.84)
Treatment with lindanea 0.21 (0.08–0.54)

CI, confidence interval. aPredictors are reported as in the original study. As the reported odds ratio is below 1, these factors are considered predictors 
for treatment success and factors with an odds ratio greater than 1 would be considered a predictor of treatment failure.
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ivermectin and permethrin may be derived from the recently 
expanded S. scabiei genomic information. Genotyping of 
mites from treatment-responsive vs. refractory groups may 
eventually become informative in relation to resistance-as-
sociated genotypes. This approach has been successful for 
other classes of pathogens.58

The strengths of this work lie in the breadth of the search, 
the examination of trends over time (1983–2021) and the 
narrative synthesis of factors associated with treatment fail-
ure. Most limitations of our review originate from the under-
lying evidence. The risk of bias was moderate to high in 
most of the studies. Despite our subgroup analyses, there is 
some considerable unexplained heterogeneity. This may be 
due to study design, differences in dosing, duration of treat-
ments, timing of outcome assessment, and other clinical 
aspects of the studies. Topical synergized pyrethrins were 
not included in the search and analysis. Furthermore, our 
search was completed in 2021 and therefore more recent 
studies have not been included in this analysis. We used 
a random effects model, which appropriately incorporated 
heterogeneity, but we advise caution in the interpretation 
of these findings. Owing to the lack of statistical power, 
we could not adjust the temporal trend analysis for overall 
treatment failure by type of treatment. Therefore, we cannot 
rule out that the overall increasing trend can be attributed to 
permethrin only or that this trend is influenced by a change 
of treatment over time. In addition, the reporting of dosages, 
frequency of administration and treatment instructions in 
general was poor and precluded in-depth investigation into 
these issues. These items should be standard in reporting 
in order to improve comparability of treatment regimens and 
understanding of treatment failure.

We made two modifications to our protocol. Firstly, we 
used one adapted search strategy, rather than two, for both 
research questions. Secondly, we used the tool designed 
by Hoy et al.17 to assess and report risk of bias, given that 
we were extracting proportion data from studies of different 
designs.

Our study is the most comprehensive review on the 
prevalence of scabies treatment failure and failure possibly 
resulting from the development of treatment resistance. In 
contrast to previous reviews, our findings show evidence 
of lower treatment failure for two doses of ivermectin com-
pared with one dose. There is a trend of increasing overall 
and permethrin treatment failure, which may hint towards 
reduced mite susceptibility. Approaches to enable inves-
tigation of reduced mite susceptibility in trials are needed 
and should be a high research priority. Guidelines should 
be harmonized with respect to two treatment courses and 
consideration may be given to combinatorial treatments.

Funding sources

This work was supported by the Robert Koch Institute, Berlin, 
Germany through grant funding (TFS_221). The Robert Koch 
Institute contributed to the study design, data extraction and 
interpretation, and the writing of the manuscript.

Conflicts of interest

B.S. and L.M. received funding from Robert Koch Institute 
to perform this review.

Additional statements

L.M. and B.S. contributed equally to this work.

Data availability

The data underlying this article will be shared on reasonable 
request to the corresponding author.

Ethics statement

Not applicable.

Supporting information

Additional Supporting Information may be found in the 
online version of this article at the publisher’s website.

References

	 1	 Johnston G, Sladden M. Scabies: diagnosis and treatment. BMJ 
2005; 331:619–22.

	 2	 GBD 2015 Disease and Injury Incidence and Prevalence 
Collaborators. Global, regional, and national incidence, preva-
lence, and years lived with disability for 310 diseases and inju-
ries, 1990–2015: a systematic analysis for the Global Burden of 
Disease Study 2015. Lancet 2016; 388:1545–602.

	 3	 Fuller LC. Epidemiology of scabies. Curr Opin Infect Dis 2013; 
26:123–6.

	 4	 Hay RJ, Steer AC, Engelman D, Walton S. Scabies in the devel-
oping world – its prevalence, complications, and management. 
Clin Microbiol Infect 2012; 18:313–23.

	 5	 Engelman D, Kiang K, Chosidow O et al. Toward the global con-
trol of human scabies: introducing the International Alliance for 
the Control of Scabies. PLoS Negl Trop Dis 2013; 7:e2167.

	 6	 Amato E, Dansie LS, Grøneng GM et al. Increase of scabies infes-
tations, Norway, 2006 to 2018. Euro Surveill 2019; 24:190020.

	 7	 Lugović-Mihić L, Aždajić MD, Filipović SK et al. An increasing 
scabies incidence in Croatia: a call for coordinated action among 
dermatologists, physicians and epidemiologists. Zdr Varst 2020; 
59:264–72.

	 8	 Reichert F, Schulz M, Mertens E et al. Reemergence of scabies 
driven by adolescents and young adults, Germany, 2009–2018. 
Emerg Infect Dis 2021; 27:1693–6.

	 9	 van Deursen B, Hooiveld M, Marks S et al. Increasing incidence 
of reported scabies infestations in the Netherlands, 2011–2021. 
PLOS ONE 2022; 17:e0268865.

	10	 Dhana A, Yen H, Okhovat JP et al. Ivermectin versus permethrin 
in the treatment of scabies: a systematic review and meta-anal-
ysis of randomized controlled trials. J Am Acad Dermatol 2018; 
78:194–8.

	11	 Thadanipon K, Anothaisintawee T, Rattanasiri S et al. Efficacy 
and safety of antiscabietic agents: a systematic review and net-
work meta-analysis of randomized controlled trials. J Am Acad 
Dermatol 2019; 80:1435–44.

	12	 Rosumeck S, Nast A, Dressler C. Ivermectin and perme-
thrin for treating scabies. Cochrane Database Syst Rev 2018; 
4:CD012994.

	13	 Dressler C, Rosumeck S, Sunderkötter C et al. The treatment 
of scabies: a systematic review of 25 randomized controlled 
trials. Dtsch Arztebl Int 2016; 113:757–62. DOI: 10.3238/
arztebl.2016.0757

	14	 Aussy A, Houivet E, Hébert V et al. Risk factors for treatment fail-
ure in scabies: a cohort study. Br J Dermatol 2019; 180:888–93.

D
ow

nloaded from
 https://academ

ic.oup.com
/bjd/article/190/2/163/7251446 by R

obert Koch-Institut user on 11 Septem
ber 2025

http://academic.oup.com/bjd/article-lookup/doi/10.1093/bjd/ljad308#supplementary-data
https://doi.org/DOI: 10.3238/arztebl.2016.0757
https://doi.org/DOI: 10.3238/arztebl.2016.0757


173Failure of scabies treatment, L. Mbuagbaw et al.

	15	 Makigami K, Ohtaki N, Ishii N et al. Risk factors for recurrence of 
scabies: a retrospective study of scabies patients in a long-term 
care hospital. J Dermatol 2011; 38:874–9.

	16	 Page MJ, McKenzie JE, Bossuyt PM et al. The PRISMA 2020 
statement: an updated guideline for reporting systematic 
reviews. Syst Rev 2021; 10:89.

	17	 Hoy D, Brooks P, Woolf A et al. Assessing risk of bias in preva-
lence studies: modification of an existing tool and evidence of 
interrater agreement. J Clin Epidemiol 2012; 65:934–9.

	18	 DerSimonian R, Kacker R. Random-effects model for meta-analy-
sis of clinical trials: an update. Contemp Clin Trials 2007; 28:105–14.

	19	 Nyaga VN, Arbyn M, Aerts M. Metaprop: a Stata command to 
perform meta-analysis of binomial data. Arch Public Health 2014; 
72:39.

	20	 Altman DG, Bland JM. Interaction revisited: the difference 
between two estimates. BMJ 2003; 326:219.

	21	 Guyatt GH, Oxman AD, Vist GE et al. GRADE: an emerging con-
sensus on rating quality of evidence and strength of recommen-
dations. BMJ 2008; 336:924–6.

	22	 Matthewman J, Manego RZ, Dimessa Mbadinga LB et al. A ran-
domized controlled trial comparing the effectiveness of individual 
versus household treatment for Scabies in Lambaréné, Gabon. 
PLoS Negl Trop Dis 2020; 14:e0008423.

	23	 Meenakshi M, Sadhna K, Neeraj S et al. An open label, rand-
omized, comparative study of antiscabietic drugs permethrin, 
gamma benzene hexachloride and ivermectin in patients of 
uncomplicated scabies. Int J Pharmacol Clin Sci 2014; 3:15–21.

	24	 Romani L, Whitfeld MJ, Koroivueta J et al. Mass drug administra-
tion strategies to control scabies in a highly endemic population. 
Am J Trop Med Hyg 2015; 93 (4 Suppl.):162.

	25	 Taplin PD, Meinking TL, Porcelain SL et al. Permethrin 5% dermal 
cream: a new treatment far scabies. J Am Acad Dermatol 1986; 
15:995–1001.

	26	 Levy M, Martin L, Bursztejn AC et al. Ivermectin safety in infants 
and children under 15 kg treated for scabies: a multicentric obser-
vational study. Br J Dermatol 2020; 182:1003–6.

	27	 Taplin D, Arrue C, Walker JG et al. Eradication of scabies with a 
single treatment schedule. J Am Adac Dermatol 1983; 9:546–50.

	28	 Bécourt C, Marguet C, Balguerie X, Joly P. Treatment of scabies 
with oral ivermectin in 15 infants: a retrospective study on toler-
ance and efficacy. Br J Dermatol 2013; 169:931–3.

	29	 Haar K, Romani L, Filimone R et al. Scabies community preva-
lence and mass drug administration in two Fijian villages. Int J 
Dermatol 2014; 53:739–45.

	30	 Neto VS. [Comparative study of monosulfiram and benzyl ben-
zoate in the treatment of scabies]. An Bras Dermatol 1984; 59: 
213–14 (in Portuguese).

	31	 Rotti SB, Prabhu GD, Rao GV. Prevalence of scabies among 
school children in a rural block of coastal Karnataka. Indian J 
Dermatol Venereol Leprol 1985; 51:35–7.

	32	 Taplin D, Rivera A, Walker JG et al. A comparative trial of three 
treatment schedules for the eradication of scabies. J Am Acad 
Dermatol 1983; 9:550–4.

	33	 Hamm H, Beiteke U, Hoger PH et al. Treatment of scabies with 
5% permethrin cream: Results of a German multicenter study. 
J Dtsch Dermatol Ges 2006; 4:407–13.

	34	 Taplin D, Meinking TL, Chen JA, Sanchez R. Comparison of cro-
tamiton 10% cream (Eurax) and permethrin 5% cream (Elimite) 
for the treatment of scabies in children. Pediatric Dermatology 
1990; 7:67–73.

	35	 Moberg SA, Lowhagen GB, Hersle KS. An epidemic of scabies 
with unusual features and treatment resistance in a nursing 
home. J Am Acad Dermatol 1984; 11:242–4.

	36	 Leistner R, Buchwald D, Beyer M, Philipp S. Scabies outbreak 
among healthcare workers in a German acute care hospital. 
J Infect Prev 2017; 18:189–92.

	37	 Wilson MM, Philpott CD, Breer WA. Atypical presentation of sca-
bies among nursing home residents. J Gerontol A Biol Sci Med 
Sci 2001; 56:M424–7.

	38	 Sharma R, Singal A. Topical permethrin and oral ivermectin in 
the management of scabies: a prospective, randomized, double 
blind, controlled study. Indian J Dermatol Venereol Leprol 2011; 
77:581–6.

	39	 Mounsey KE, Dent JA, Holt DC et al. Molecular characterisation 
of a pH-gated chloride channel from Sarcoptes scabiei. Invert 
Neurosci 2007; 7:149–56.

	40	 Chen IS, Kubo Y. Ivermectin and its target molecules: shared and 
unique modulation mechanisms of ion channels and receptors by 
ivermectin. J Physiol 2018; 596:1833–45.

	41	 Bernigaud C, Fernando DD, Lu H et al. In vitro ovicidal activity of 
current and under-development scabicides: which treatments kill 
scabies eggs? Br J Dermatol 2020; 182:511–13.

	42	 Salavastru CM, Chosidow O, Boffa MJ et al. European guideline 
for the management of scabies. J Eur Acad Dermatol Venereol 
2017; 31:1248–53.

	43	 Sunderkötter C, Feldmeier H, Fölster-Holst R et al. S1 guide-
lines on the diagnosis and treatment of scabies – short version. 
J Dtsch Dermatol Ges 2016; 14:1155–67.

	44	 Executive Committee of Guideline for the Diagnosis and 
Treatment of Scabies. Guideline for the diagnosis and treat-
ment of scabies in Japan (third edition). J Dermatol 2017; 
44:991–1014.

	45	 Mounsey KE, Murray HC, King M, Oprescu F. Retrospective 
analysis of institutional scabies outbreaks from 1984 to 2013: 
lessons learned and moving forward. Epidemiol Infect 2016; 
144:2462–71.

	46	 Currie BJ, Harumal P, McKinnon M, Walton SF. First documen-
tation of in vivo and in vitro ivermectin resistance in Sarcoptes 
scabiei. Clin Infect Dis 2004; 39:e8-12.

	47	 Balestri R, Magnano M, Infusino SD et al. Scabies is becom-
ing less sensitive to permethrin therapy. J Eur Acad Dermatol 
Venereol 2021; 35: e889–91.

	48	 Mayer KE, Biedermann T, Posch C. European scabies challenge: 
what about permethrin-resistant mites? J Eur Acad Dermatol 
Venereol 2022; 36: e712–13.

	49	 Mazzatenta C, Piccolo V, Argenziano G, Bassi A. Is scabies 
becoming less sensitive to permethrin therapy? J Eur Acad 
Dermatol Venereol 2021; 35:e607–9.

	50	 Khalil S, Abbas O, Kibbi AG, Kurban M. Scabies in the age 
of increasing drug resistance. PLoS Negl Trop Dis 2017; 
11:e0005920.

	51	 Yürekli A. Is there a really resistance to scabies treatment with 
permethrin? In vitro killing activity of permethrin on Sarcoptes 
scabiei from patients with resistant scabies. Dermatol Ther 2022; 
35:e15260.

	52	 Bernigaud C, Fang F, Fischer K et al. Efficacy and pharmacoki-
netics evaluation of a single oral dose of afoxolaner against 
Sarcoptes scabiei in the porcine scabies model for human infes-
tation. Antimicrob Agents Chemother 2018; 62:e02334–17.

	53	 Fernando DD, Fischer K. Spinosad topical suspension (0.9%): a 
new topical treatment for scabies. Expert Rev Anti Infect Ther 
2022; 20:1149–54.

	54	 Walton SF, Myerscough MR, Currie BJ. Studies in vitro on the 
relative efficacy of current acaricides for Sarcoptes scabiei var. 
hominis. Trans R Soc Trop Med Hyg 2000; 94:92–6.

	55	 Mounsey K, Ho MF, Kelly A et al. A tractable experimental model 
for study of human and animal scabies. PLoS Negl Trop Dis 2010; 
4:e756.

	56	 Andriantsoanirina V, Izri A, Botterel F et al. Molecular survey of 
knockdown resistance to pyrethroids in human scabies mites. 
Clin Microbiol Infect 2014; 20:O139–41.

	57	 Andriantsoanirina V, Ariey F, Izri A et al. Sarcoptes scabiei mites 
in humans are distributed into three genetically distinct clades. 
Clin Microbiol Infect 2015; 21:1107–14.

	58	 Alcock BP, Huynh W, Chalil R et al. CARD 2023: expanded cura-
tion, support for machine learning, and resistome prediction at 
the Comprehensive Antibiotic Resistance Database. Nucleic 
Acids Res 2023; 51:D690–9.

D
ow

nloaded from
 https://academ

ic.oup.com
/bjd/article/190/2/163/7251446 by R

obert Koch-Institut user on 11 Septem
ber 2025


	﻿﻿﻿﻿﻿﻿﻿﻿﻿﻿﻿﻿﻿﻿﻿Failure of scabies treatment: a systematic review and meta-analysis﻿

	﻿﻿Materials and methods﻿

	﻿﻿Eligibility criteria﻿

	﻿﻿﻿Information sources﻿

	﻿﻿﻿Study selection﻿

	﻿﻿﻿Data abstraction and risk of bias assessment﻿

	﻿﻿﻿Data synthesis﻿

	﻿﻿﻿Subgroup analyses﻿

	﻿﻿﻿Certainty of evidence assessment﻿


	﻿﻿﻿﻿Results﻿

	﻿﻿﻿Characteristics of included studies﻿

	﻿﻿﻿Treatment characteristics﻿

	﻿﻿﻿Outcomes﻿

	﻿﻿﻿Risk of bias﻿

	﻿﻿﻿﻿Overall treatment failure﻿

	﻿﻿﻿Specific treatment regimens﻿

	﻿﻿﻿Subgroup analyses﻿

	﻿﻿﻿﻿Treatment failure over time﻿

	﻿﻿﻿﻿Factors associated with treatment failure﻿


	﻿﻿﻿﻿﻿﻿Discussion﻿

	﻿﻿﻿﻿﻿Funding sources﻿

	﻿﻿﻿Conflicts of interest﻿

	﻿﻿﻿Additional statements﻿

	﻿﻿﻿Data availability﻿

	﻿﻿﻿Ethics statement﻿


	﻿﻿Supporting information﻿

	﻿﻿References﻿



