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Abstract: In this study we determined occurrence of mange in breeding rabbits on 1368 commercial farms
in Portugal and Spain during 1996-2022. We obtained our information by carrying out 11737 visits to 1334
doe farms, 11 farms only with growers, and 23 artificial insemination (Al) centres. The median size of the
visited doe farms was 450 does (minimum to maximum: 100-2500 does) and 1175 does (ranging from100
to 6000 does) in 1996 and 2022, respectively. Al was used on 9% of the farms visited in 1996 and 95% in
2022. For our diagnoses we used (1) clinical observations on all visited farms to detect sarcoptic mange; (2)
examination of the outer ear of breeding rabbits on a subset of farms to assess the prevalence of otodectic
clinical mange (OCM); and (3) the examination of breeding rabbits and youngstock does (2.5 to 5.5 mo old)
on a subset of 72 farms during 2018 to estimate prevalence of body mange compatible with cheyletiellosis.
They were mainly clinical diagnoses, supported sometimes by a laboratorial confirmation. Over the course
of the 27-yr clinical study, the cumulative incidence of sarcoptic mange was low; we recorded a total of 13
affected doe farms. The percentage of farms affected by OCM dropped from 55% in 1996 to 28% in 2022.
OCM mean prevalence for the period 1996-2022 and 95% binomial confidence interval (Cl) were 3.2% (95%
Cl [3.1-3.3%]), and 3.9% (95% CI [3.7-4.1%]) in does and bucks, respectively. We observed an improvement
over time; the OCM yearly mean prevalence decreased from 7% in 1996 to 2.3% in 2022 in females and from
7.2% to 2.2% in males, respectively. This progress was compatible with the use of semen coming from Al
centres; biosecurity measures and medical management also contributed. Genetic type was predisposing
risk factor for OCM. Enabling risk factors were year and season (more affected in summer). Hair and skin
disorders along the back, compatible with cheyletiellosis, were also assessed during 2018; we detected 50%
of positive farms with various prevalence results in females, males or young does. In this study, we describe
protocols observed in the control of benign and severe cases of mange in rabbitries, which included the use
of ivermectin and synthetic acaricides. Ivermectin was used on 36% of doe farms visited during 2018-2022;
we suggest that it should be used less often to lower its negative impact on the environment.

Key Words: rabbit mange, animal welfare, disease prevention, one health.

INTRODUCTION

Several types of mange in farmed rabbits are important parasitic dermatoses that affect health and animal welfare
and cause economic damage. They are mainly produced by various mites: Sarcoptes scabiei var. cuniculi (onwards:
S. scabiei), Psoroptes cuniculi, Cheyletiella parasitovorax, Leporacarus gibbus (formerly Listrophorus gibbus), and
Notoedres cati. Some mites produce almost clinically unapparent signs and lesions, with mild discomfort. Others
cause dermatitis, erythema, scaling and crusting, hypotrichosis and pruritus (Timm, 1988). Sarcoptic mange affects
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the edge of the ears, nose, eyelids, toes and tail; it can cause severe clinical signs and lesions, intense pruritus and
pain, cachexia and even death (Arlian and Morgan, 2017). N. cati var. cuniculi, a rarely observed rabbit parasite
(White et al., 2002), in farmed (Osborne, 1947), laboratory (Kraus, 1974) and pet (Turner, 2018) rabbits, produces
mildly pruritic lesions (Meana, 1999). The most common form of mange is otoacariosis [Syn. ear mange, ear canker,
psoroptic or otodectic clinical mange (OCM)], caused by P cuniculi (Arlian et al., 1981). This mite is found in the
epidermis of the inner ear, and is also occasionally found on the toes and other atypical areas (Bulliot et al., 2013).
Other frequently found mites are fur mites on the neck and back (C. parasitovorax) or abdomen (L. gibbus) (Kirwan
et al., 1998). Other mites, such as Demodex cuniculi, are commensal and less important (Harvey, 1990).

Awareness of the prevalence of different types of mange in commercial rabbitries and strategies used to control them
is of interest for several reasons that justify this study: (1) Some forms of mange are zoonotic diseases; the main ones
are sarcoptic and notoedric mange (Foley et al., 2016), followed by cheyletiellosis (Cohen, 1980) and mange caused
by L. gibbus, according to D'Ovidio and Santoro (2014). (2) Mange greatly affects the health and welfare of rabbits
(Broom and Frazer, 2015). (3) It causes economic damage as a result of the cost of treatment and skin seizures,
particularly in the case of Rex rabbits. (4) Mange is also important from an ecological standpoint, as wild rabbits
are susceptible to mange (Millan et al., 2012). Cross-species parasite transmission to other lagomorphs (Cardells
et al., 2021) or their predators (Arlian and Morgan, 2017) is also possible. (5) There are intercurrent processes such
as dermatophytosis or those produced by Malasezia spp. (Radi, 2004). Moreover, secondary super infections by
Staphylococcus spp. occur as a consequence of damage produced by mites and animals self-scratching. Lastly, (6)
if rabbit producers know the risks of mange, they will be more likely to use biosecurity measures and to implement
pro-health and pro-welfare innovations (Chiron et al., 2022).

Concerning the occurrence of mange, with cosmopolitan distribution, there is information covering more than 100 yr,
(Scott et al., 2001). In Spain, a study carried out between 1986 and 1995 on 691 farms showed a mean prevalence
of OCM of 4.7% and 5% affected females and males, respectively (Rosell et al., 2000). Regarding sarcoptic mange, a
study carried out in 1995 on 167 farms found 90 farms positive for ear mange, with affected does, bucks or both, and
3/167 with sarcoptic mange (Rosell et al., 2000). Concerning diagnosis, in initial stages of mange caused by S. scabiei
or C. parasitovorax, morphological identification of the mites is advisable to distinguish it from other dermopathies
(Harkness et al., 2010). However, on affected farms there might be several affected individuals, which facilitates the
diagnosis. Prevention includes (1) knowing the sanitary origin of future breeders; in fact, we have confirmed this route
of contagion. Likewise, (2) it is important to maintain an adequate degree of hygiene, paying particular attention to
areas where mites thrive. Similarly, (3) prevention includes occasional veterinary monitoring of “target” rabbits, which,
in our opinion, are adults and runts. The medical management of mange has evolved over the years, from the use
of mixed sulphur with oil on small farms worldwide, with recognised efficacy (Christodoulopoulos et al., 2001), to
topically applied synthetic acaricides, e.g., phoxim and diazinon, both of which are very effective but require careful
use (Larkin and Tjeerdema, 2000), or cypermethrin in housing and, since the end of the 1970s, ivermectin (Wilkins
etal., 1980). The types of mange requiring the use of ivermectin (zoonotic) bring together the 3 main aspects of One
Health: the health of people, rabbits and the environment. On the other hand, vaccination is an attractive ecological
alternative to the use of acaricides for parasite control. However, effective anti-parasite vaccines against mange have
not yet been developed. Various studies have shown that vaccination of rabbits with immunodominant antigens from
S. scabiei conferred partial protective immunity (Casais et al., 2016; Shen et al., 2023).

Given that mange affects public health and animal welfare and causes economic damage in the farms, we considered
it interesting to approach the following objectives: (1) Estimate the occurrence of OCM, with percentage of positive
farms and on-farm apparent prevalence between 1996-2022 in Spain and Portugal. (2) Determine the cumulative
incidence of farms with breeding rabbits, weaned rabbits or both affected by sarcoptic mange during 1996-2022. (3)
Estimate the prevalence of cheyletiellosis in breeding rabbits and young does (aged 2.5 to 5.5 mo old) during 2018.
(4) Investigate predisposing and enabling risk factors for OCM. (5) Describe visits made to farms with mange cases
and the control methods used, including ivermectin, from 2018 until 2022.
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MATERIALS AND METHODS

This retrospective study was carried out from January 1st, 1996 to December 31st, 2022 (a 27-yr period). In this
study, we included the records gathered from 11737 visits (216 in Portugal and 11521 in Spain). Visits took place as
part of daily veterinary practice, routine health monitoring and surveillance, and consulting activities on farms housing
females, males or weaned rabbits, in Portugal and Spain. Animal Care and Use Committee approval was not needed
for this study, as the data were obtained from rabbits raised under commercial conditions; farms must comply with
European recommendations and laws on animal welfare, food safety, public health and environmental protection.

Characteristics of the studied farms

The present observational study includes the findings obtained during visits made by the first author to 1368 farms;
1280 located in Spain [there is a map with locations in the figure 1, in (Rosell ef al., 2019)], and 88 in Portugal
(from Lisbon to the North). They were mostly meat-producing farms; there were 3 farms for laboratory rabbits, 4 for
pets, 6 for restocking and 4 for Rex rabbit production; no Angora rabbit farms were visited. Mainly breeding-finishing
farms were visited (1334), with the exception of 11 farms of weaned-growing rabbits, and 23 Al centres. There was
a monthly flow (>10%) of young breeding rabbits (Rosell and de la Fuente, 2009). The visited farms represent a
significant proportion of the farms present (Rosell and de la Fuente, 2018). We asked producers about their rabbit
breeds and lines, doe inventories, i.e., females bred once or more, generally at 4.5-5.5 mo old. The majority of
food-producing rabbits were commercial breeding lines, with the exception of New Zealand White rabbits, and non-
selected “coloured” rabbits (de la Fuente and Rosell, 2012). Rabbit line was an independent variable in present study.
The number of visits, farms visited yearly and farms with physically explored males, females or both, are shown in
Table 1.

Over the 27-yr study, the number of farms with males, and consequently the number checked, decreased from 192
in 1996 to 14 in 2022.

Table 1: Overall characteristics of commercial farms visited and checked in Portugal and Spain during 1996-2022.

Year 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005
Number of visits 402 419 405 427 329 462 398 375 379 389
FA visited 222 217 199 204 137 169 142 154 173 182
FA with does checked 195 160 121 82 34 102 109 115 140 119
Females examined 10694 8746 6475 5377 1609 7219 8496 8329 11918 15301
FA with males checked 192 148 105 64 23 70 52 52 56 44
Males examined 2850 2052 1448 1164 299 1294 914 1038 1186 849
Year 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
Number of visits 334 379 474 516 542 642 704 469 478 463
FA visited 193 177 186 198 188 160 198 133 111 115
FA with checked does 86 87 88 120 43 91 66 40 52 95
Females examined 9615 11178 12634 14635 3493 8668 5399 3229 4348 8654
FA with males checked 32 32 21 47 29 36 23 20 25 29
Males examined 671 952 876 1348 854 1322 1388 1324 1566 1742
Year 2016 2017 2018 2019 2020 2021 2022  Total

Number of visits 475 445 401 384 361 342 343 11737

FA visited 126 103 87 78 85 9N 78 1368

FA with checked does 93 81 70 48 33 43 52 891

Females examined 9057 9237 7609 5334 4115 4953 5719 212041

FA with males checked 21 16 19 17 10 12 14 549

Males examined 1463 820 1011 750 744 915 1003 31843

FA, farms; FA visits refers to the total number of farms visited (one farm could have been visited more than once).
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On-farm management procedures

The management practices of most importance in rabbit production are housing, breeding system and feeding. We
visited farms with different characteristics of habitat and environment, as described in a previous work (Rosell et al,
2023). We recorded the breeding practices used on each farm: e.g., type of service, i.e., if does were bred by Al or
naturally mated, and Al centre supplying semen, if any. In addition, we gathered the number of batches per farm; a
group of rabbit does serviced on the same day is considered a batch. The use of a single batch allows the “all in—all
out” system to be used and housing to be cleaned and disinfected (Huneau-Salaiin ef al., 2015).

Veterinary visits to the rabbit farms and diagnostic workup

In this study, the clinical information on productive and sanitary events was collected during veterinary visits by
the first author, from January 1996 through December 2022. When classifying the visit, we only considered the
main cause, e.g., check-up (no relevant problems), or disease such as mange, amongst others (Rosell, 2003). On
several visits, breeding rabbits were examined outside their individual housing to assess their body condition and
sanitary status. In the case of lactating females, we checked for the presence or absence of clinical rhinitis, mastitis,
ulcerative pododermatitis and mange, following the previously described protocol (Rosell, 2003). All these criteria
were classified as binary variables. The case definition of a rabbit affected by clinical mange was based on the
observation of scabby lesions inside one or both outer ears (otodectic, Figure 1), and rarely in other areas (Figure 2).
Also, when we observed scabs on the skin, mainly on the nose, toes, tail (sarcoptic, Figure 3); besides, there were
farms with mixed infestations by various types of mites such as S. scabiei and P cuniculi (Figure 4), as pointed
out by Low (1911). We made presumptive diagnoses of bodily mange, when scabs and scratches were observed
on the neck, shoulder blades and dorsal area (cheyletiellosis, Figure 5), according to Scott ef al., (2001). We also
observed mixed infestations, by C. parasitovorax and P cuniculi (Figure 6). Concerning these types of mange, there
were differential diagnostic patterns (Harkness et al., 2010). With respect to OCM, the presence of wax in some
cases caused uncertainty; a key aspect of this diagnosis was the examination of both ears with lighting. There were
cases of suppurative ofitis, possibly related to mange or not, although OCM does not cause otitis media (Kraus,

[~

Figure 1: Female with otodectic mange by Psoroptes  Figure 2: The same female with affection of toes by P
cuniculi, cuniculi. (Case confirmed by microscopic identification
of the mites).
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Figure 3: Female with sarcoptic mange by Sarcoptes Figure 4: Female with a double infestation by S. scabiei

scabiei. mites on the outer surface of the pinna and Psoroptes
cuniculi on the inner surface. Cases confirmed by
microscopic observation of skin scrapes.

Figure 5: Female with cheyletiellosis (confirmed).
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Figure 6: Otoacariosis and cheyletiellosis (confirmed).

1974, Mancinelli and Lennox, 2017). The clinical approach to mange has other uncertain cases related to hair loss,
inadequate care of the fur, or overgrown teeth, as indicated by D’Ovidio and Santoro (2013); however, concerning
cheyletiellosis, as well as scaling and dermatosis, self-inflicted scratches are commonly found (White, 2023).

We diagnosed a case definition of affected cohort or farm (1) when sarcoptic mange or OCM were the most serious
problems detected, in absence, e.g., of myxomatosis, rabbit haemorrhagic disease or severe digestive processes,
among others; (2) when threshold values for the prevalence of OCM were: >10% of breeding rabbits or an increase
in prevalence was observed compared to previous visits to the farm. Farms without problems should have no affected
rabbits. Lastly, (3), in relation to back mange, we evaluated prevalence in youngstock females (2.5 to 5.5 mo old),
adult does (served from 4.5-5.5 mo old onwards) and males, with a binary resuft.

On-farm prevention and treatment features

On visits we also asked farm staff questions related to the biosecurity practices, vaccination schedules and treatment
protocols. The recommendations were made by us or other attending veterinarians. Regarding prevention of mange,
during the period 1996-2022 we paid special attention to selection and multiplication centres serving pure lines or
crossbred young females to production farms. Additionally, we visited insemination centres that supplied semen
to commercial farms. In the treatment of severe cases of mange (e.g., sarcoptic mange, high prevalence of OCM,
cheyletiellosis in Rex), we recommend: (1) parenteral use of ivermectin (e.g., a commercial product with 10 mg/mL
ivermectin), a single-dose of 0.2 mL subcutaneous administered/doe during the first week postpartum. As crossbred
maternal lines does weigh between 4.2 and 4.9 kg (Table 7 in: de la Fuente and Rosell, 2012), the dosage is 400 ug/
kg. (2) Concerning medical management in severe cases, a second treatment after 7 d was recommended, for two
consecutive parturitions; (3) topical administration of a phoxim solution to all does (e.g., a commercial product with
phoxim 0.5 mg/mL, 2 mL/L water), e.g., as described in Rosell (2023), with a second application 10 d later. Any
remaining phoxim solution was only used in manure pits and corridors. The dosing regime was reduced from the third
month on (one injection of ivermectin at postpartum and topical treatment at weaning); and (4) spraying of manure
pits and corridors with cypermethrin 3 times 7-10 d apart. Diazinon (e.g., a commercial product with dimpilate
150 mg/mL) was used on other farms only for pits and corridors.
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Sampling protocol

On-farm monitoring and surveillance systems (Thrusfield, 2018) for rabbit disease surveys are common in our
practice. The clinical approach for mange included the examination of a sample of males or females; we targeted only
lactating does (in this study “adult does”) and working males. Sample size (n) was calculated using WinEpi software
(De Blas, 2006) considering the population at risk (by groups of animals), expected confidence (95%) and expected
prevalence (p %). Then we proceeded with the checking of does or bucks using random systematic sampling,
conducted as in previous studies (Rosell et al., 2023).

Laboratory procedures

Skin scrapings were obtained from the animals and incubated in a Petri dish at 37°C for 24 h. The mites were then
observed using magnification lenses (Olympus SZX9, Tokyo, Japan) and taxonomically identified according to their
morphological features (Kraus, 1974; Mullen and 0'Connor, 2019).

Data recording

For this 27-yr observational study, we distributed the information in 8 databases (Table 2). Information was recorded
on the farm in paper form and then gathered on different spreadsheets.

Databases 1 and 2 refer to visits made during the 27-yr period. Databases 3 through 8 are subsets and refer to
disease occurrence determined by evaluating farm level. We examined breeding rabbits on 956 of the 1386 farms
visited. We checked females on 891 doe farms (with or without males) and examined males (with or without females)
on 549. Database 5 corresponds to the examination of bucks in Al centres, without females on the same farm. Lastly,
we examined males and females on 478 farms. In this study, we determined the occurrence of OCM mainly through
prevalence and the occurrence of sarcoptic mange with the cumulative incidence (Thrusfield, 2018).

Statistical analysis

When the examination was carried out, we calculated apparent prevalence of OCM with the population of breeding
rabbits at risk (lactating does, males), sample of examined rabbits (ne), sick rabbits found (ns) and degree of expected
confidence (95%). We converted our anonymised raw data to Microsoft Excel 2010 (Microsoft Corp., Redmond, WA,
USA). Statistical significance was indicated by a P-value <0.05. The dependent variable: OCM prevalence was binomial
(proportion) distribution in the GENMOD procedure with a logit link function. Each visit was recorded, first with the date
(i.e., year and season), which are independent variables in our study. The third variable included rabbit genetic line.
Five different rabbit lines of commercial synthetic rabbits were used in the study; commercial brands are not specified
due to confidentiality reasons. These three variables were common in the analysis model for males and females. The
units of analysis were the 4272 (females) and 2027 (males) cohorts, (proportion: ns sick rabbits /ne examined rabbits);
that is, the visits, not the farms. The factors of variation on the dependent variable: OCM prevalence were estimated
independently according to the gender (males and females) using the following model: Y“H:u+A‘+Si+Lk+euk“ where

Table 2: Database, visits to farms and examinations carried out from 1996 to 2022 and used for the present study.

Database Traits Record N Cohort N Farm N Period
1 Total visits to farms 11737 NA 1368  1996-2022
2 Visits due to mange 66 NA 43 1996-2022
3 Exams of does by farm 2120412 4272 891 1996-2022
4 Exams of males by farm 31843 2027 549  1996-2022
5 Exams of bucks on Al "centres 11807 412 13 1996-2022
6 Exams of males and does on the same farm 17302 males 1443 478 1996-2022
63306 does
7 Cheyletiellosis in young does, adult does or both ~ 923+7609 169 72 2018
8 Cheyletiellosis in adult males 1011 40 17 2018

3L actating females. "Artificial Insemination centres. NA: not applicable.
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Y,, was the dependent variable: OCM prevalence on each farm visit, i was the mean of the dependent variable; A
was explained by the effect of the /yr (27 levels), SJ was explained by the effect of the /" season (4 levels: January to
March was winter and so on), L, was explained by the effect of the Ktrabbit line (5 levels, with>100 cohorts per line),
and g, Was the residual effect. We present the prevalence of OCM with the 95% binomial confidence interval (Cl).

Statistical analysis was performed with SAS (2004), using GENMOD, UNIVARIATE or FREQ procedures, depending on
the analyses used.

RESULTS AND DISCUSSION

Visits where mange was the main problem

Throughout this study, we performed 66 visits to 43 farms due to a clinical problem related to naturally occurring
cases of mange. In our study, the median size of farms where mange was a relevant issue was 685 does (minimum
to maximum: 180-4300 does) and the mean size, 911 does. Most (50) were cases due to OCM (e.g., 30-90%
estimated prevalence), and 16 due to sarcoptic type. We did not diagnose any severe cases of cheyletiellosis. In
relation to lesions on the toes of the hind limbs, we also diagnosed staphylococcal dermatitis. In some cases, we
suspected self-mutilation (Timm, 1988), compatible with pruritus due to staphylococcosis or iatrogenic causes, after
injection; Van Praag et al., (2010) point to these mites as one of the causes of this behavioural disorder. Concerning
sarcoptic mange, in 1996, 8 visited farms out of 195 had cases of this type. Over the course of 27 yr, we recorded
a total of 13 farms affected by sarcoptic mange (1%). There was 1 farm housing pet rabbits (a case visited in 1999)
and 12 rabbits for meat. In such cases, the prevalence within the affected farms was not evaluated. The last visit
to a farm affected by sarcoptic mange was in 2016; the highlight of that visit was the presence of myxomatosis;
however, we took the opportunity to obtain Figure 7, where we compared two 72-d-old rabbits, one with sarcoptic

Figure 7: Seventy two-day old rabbits affected by sarcoptic mange (left) and ringworm (right).
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mange (left) and the other with ringworm (right). On
farms affected by sarcoptic mange it is not uncommon to
find weaned rabbits with lesions. Concerning ear mange,
the observation in young rabbits was exceptional; we
observed some cases in runts housed on farms with poor
hygiene (results not presented). In 2004, on one farm
with cases of sarcoptic mange, we acted in coordination
with medical services treating scabies in the family of
producers, due to contagion from rabbits to humans.

[t was necessary to differentiate lesions due to ringworm
(Figure 8); In this case there are more scales, fewer
and thinner scabs than in mange. Furthermore, in the
positive farms there were several sick rabbits, facilitating
diagnosis.

Prevalence of OCM in farmed lactating does

In the course of the 27-yr study, we gathered
information on 4272 cohorts during 3796 visits to
891 farms. We examined 212041 lactating does out
of 2641709 females at risk (8%); that is, our target.
The mean size examined was 50 does out of 427 at risk
per cohort. Figure 9 shows the prevalence data from
the current study, including the results from a previous . o
study performed from 1991 until 1995, with estimated ~ Figure 8: Young doe aged 100 d old with ringworm
prevalence of OCM from 5.1% in 1991 10 6.2% in 1995 (Tichophyton mentagrophytes, confirmed)

(Rosell et al., 2000).

The percentage of farms affected by OCM dropped from 55% in 1996 to 28% in 2022. The mean estimated
annual prevalence of OCM in does was 3.2% (Confidence Interval/ Cl 95%: 3.1-3.3%); there were farms without
sick females and some with >90% does with OCM (farms with enzootic disease). At the beginning of the period,
estimated prevalence was 7%, decreasing to 2.3% obtained in 2022. The most recent outcome may be a baseline
threshold when assessing the sanitary status of farmed does, and the interference level: >10% OCM. However, the
final objective was to eradicate mange on farms. For this reason, from 1996 to 2022 we paid special attention to

1 Prevalence %

2O -_2NWHhOOTO N O®O©

Figure 9: Mean relative and annual prevalence of otodectic clinical mange (OCM) in lactating does, and standard error
of mean (95% confidence interval with error bars), rolling average for 3 yr (dotted line) and trend line. This study was
based on the clinical examination of 48 701 does from 1991 to 1995 (darker grey columns) (Rosell et al., 2000), and
212041 does from 1996 onwards in 4272 cohorts and 891 farms (lighter grey columns, present study).
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monitoring the sanitary status of breeding rabbits and weaned rabbits on selection and multiplication farms (44), Al
centres (13), pet rabbit (4) or restocking farms (6), because they supply live animal material to production farms,
rabbits for homes or the environment. It is evident that the work of attending veterinarians on these farms also
concerns other diseases.

On-farm risk factors for ear mange in females

The results of the analysis of the risk factors that influenced the estimated prevalence of ear mange are shown in
Table 3. The model generated was significant (P<0.0001).

The three factors analysed, year, genetic line of the doe and Season, had a significant effect on the prevalence of
OCM. The year was the independent variable that had the greatest influence on the dependent variable (OCM),
followed by line of breeding rabbits (5 recorded genetic types with >100 cohorts each). The most affected line over
the 27 yr had 4.3% mange prevalence. In contrast, the rabbit line least affected had 2.2%. Wei et al. (2019) found
different morbidity risks of mange, in females of 2 lines. Differences between year and season were significant. There
were more affected does in summer (3.8%) and fewer in winter (2.5%); spring and autumn were transition periods
(3 and 3.5%, respectively). Marine (1924) also found greater diffusion of mites in summer.

Prevalence of ear mange in rabbit males

In the course of the 27-yr study we gathered information on 2027 cohorts from 549 farms with 31 843 individually
examined males out of 146249 at risk. The mean number of examined males was 15.7 out of 59 median males at
risk (minimum to maximum: 10 to 544 males) per cohort. Figure 10 shows the mean relative and annual prevalence
of OCM in males obtained in the current study and on a previous one performed from 1991 until 1995 (Rosell et al.,
2000).

During the 27-yr study, mean estimated prevalence was 3.9% OCM in males (95% Cl [3.7-4.1%]). Annual mean
prevalence dropped from 7.2% in 1996 to 2.2% in 2022. Using the GENMOD procedure, the effects of year and
season on the health of males were significant (P<0.0001 for both variables).

Prevalence of ear mange in males from insemination centres

During the 27-yr study, we made 173 visits to 13 insemination centres, located on farms without female rabbits. We
examined 11807 males grouped into 412 cohorts, out of a total of 56656 at risk. There were 2.4 cohorts per visit,
because in the centres there were males with maternal and others with paternal specialisation, from one or several
commercial lines (de la Fuente and Rosell, 2012). Overall prevalence for rhinitis was 19.4 and 3.9% for ulcerative
pododermatitis, which are normal values (Rosell et al., 2023). We did not find any males affected by otodectic or
sarcoptic mange.

Prevalence of ear mange depending on gender

Results for genders on the same farm were based on the examination of 17 302 males and 63 306 females organised
in 1443 cohorts obtained on 478 farms visited. Correlation was 0.622 (P<0.0001); if does were sick, the bucks often
were too. Females came mainly from maternal line; some males belonged to maternal lines, but mostly to those

Table 3: The GENMOD of the risk factors year, season, and line of the doe for the prevalence of otodectic clinical
mange, based on physical examination of 212041 does on 891 commercial rabbit farms in Portugal and Spain,
between 1996 and 2022. (df: degrees of freedom).

Factor of variation df Chi-squared P>F

Year 26 1643.86 <0.0001
Genetic line of the doe 4 259.61 <0.0001
Season 3 244 .47 <0.0001
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12 1 Prevalence %

Year

Figure 10: Mean relative and annual prevalence of ear mange in males, and standard error of mean (95% confidence
interval with error bars), rolling average for 3 yr (dotted line) and trend line. This study was based on the clinical
examination of 10881 males from 1991 until 1995 (darker columns) (Rosell et al., 2000), and 31843 males from
1996 onwards in 2027 cohorts and 549 farms (current study).

selected for meat traits (de la Fuente and Rosell, 2012). Figure 11 shows the evolution of the yearly prevalence of
OCM in bucks and does, number of farms with males and the use of Al on the farms visited. The number of doe farms
where Al was used rose from 2% in 1994 t0 95% in 2022.

The decreasing trend in the prevalence of OCM during the 27-yr period, both in bucks and does, might be due
to the implementation of Al on the farms, mainly when an external service was used (Rosell et al., 2020). During
1990-1994, farmed rabbit does were serviced by mount. There were 9 does per buck and they served 7.2 does per
month. Each female was serviced every 38 days, while a male serviced a female every 4 d (Rosell and Pérez, 1995).
Therefore, reproductive management might be the explanation that males were sicker than females. Considering that
transmission by direct contact amongst individuals is common in humans and other species (Otero et al., 2004), Al is
likely to have contributed to this improvement in sanitation, as it avoids contact between genders. In addition, with Al
in rabbitries, producers became better organised and used biosecurity more efficiently (Huneau-Salatin et al., 2015).

Prevalence of mange in the back and dorsal region

During 2018, we clinically checked 7609 rabbit does on 72 rabbitries and 1011 bucks on 17 farms, in addition to
923 unbred females (2.5-5.5 mo-old), gathered in 188 cohorts in total. The check-up protocol included examination
of the back and dorsal region of these rabbits, as well as the ears. On 26/72, there were females with lesions on the
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Figure 11: Mean yearly prevalence of otoacariosis in does and bucks, percentage of farms servicing does

with Al (dotted ling), from 1994 (2%) to 2019 (95%) as pointed out by Rosell et al. (2020) and present work.
—— Prevalence of does; —x— Prevalence of bucks; ——- % doe-farms with artificial insemination.
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back, compatible with cheyletiellosis (36.1%). Additionally, on 17/72 farms where none of the adult does had lesions
on the back or ears, young does were detected with lesions on the back; between 10 and 58% of young does were
affected. In all, 36/72 farms had young or adult does, or both, with lesions on the back compatible with cheyletiellosis
(50%). As for the males, we found affected rabbits on 11 farms/17 (64.7%), with a mean prevalence of 11.5%
and ranges between 4 and 60%. The presence of lesions in Rex rabbits was particularly noteworthy. These lesions
were not intense, but the morbidity risk was high. Flatt and Wiemers (1976) reported 43.2% prevalence in a survey
conducted on 6 commercial farms. They found over 50% of unapparent carriers of fur mites.

Control measures: diagnosis, prevention and treatment

Regarding diagnosis, throughout the 27-yr study we identified 6469 females and 935 males with otodectic mange.
When diagnosing OCM, other conditions such as pyogenic secretions, necrotising otitis or wax were observed (Rosell,
2023). There were few doubtful cases related to cheyletiellosis, or sarcoptic mange; e.g., due to fur loss or crusting
(dermatophytosis, fighting or pyogenic dermatitis), respectively. They were mainly clinical diagnoses, supported
sometimes by a laboratorial confirmation. In preventing mange, the critical control points (Noordhuizen et al., 2005)
are surveillance and certification of farms supplying young does, and examination on arrival at production farms. With
this goal, during 1996-2022 we visited 44 selection and multiplication farms supplying young females to production
farms, in addition to 13 insemination centres supplying semen. On affected farms, it is advisable to limit the use
of metaphylaxis and improve on-farm biosecurity with the cleaning of barns and equipment completed with steam
pressure; temperatures above 60°C kill mites (Van Praag, 2010). Rabbit mange mites can survive off their hosts for
between 4 and 21 d; they survive longer at low temperatures: 5°C and high relative humidity: >90%, according to
Arlain et al. (1981) or in parasitised tissue remains (Niedringhaus et al., 2019). Notoedres spp. cannot survive away
from the host, as pointed out by Foley et al. (2016). In the treatment, we recommend applying products without
touching the scabs, as attempting to remove otic crusts is quite painful (White, 2023). Concerning products, we
will make special mention of ivermectin. Thus, during 2018-2022, we visited 164 doe farms. The median size was
800 does (minimum to maximum: 100-6000 does). On 156/164 (95.1%), we checked whether producers were using
ivermectin; this was the case on 56/156 farms (35.9%). The dosage was 400 pg/kg, which was considered optimal
for single infestation by P cuniculi (Pandey, 1989), by N. cati (Rajamohanan and Joy, 1989) or mixed infestation by
P cuniculiand S. scabiei (Divisha et al., 2020), even with three species of mites (Panigrahi et al., 2016). Doses should
be adjusted in the case of does from lines selected for meat traits weighing up to an average of 6.3 kg (de la Fuente
and Rosell, 2012).

In severe cases, treatment was repeated, as ivermectin and other acaricides do not have ovicidal properties. Mite
eggs hatch in 4 d and, besides, this antiparasitic drug has a half-life of 8.3+2.3 d in cattle. Thus, does are treated at
least 3 times during their cycle; we coincide with Niedringhaus et al. (2019), in that repeating treatment is part of its
success in the control. At the end of this 27-yr study, for the treatment of OCM and cheyletiellosis we showed priority
for topical phoxim and cypermethrin or diazinon for housing. In severe cases of OCM, cheyletiellosis in Rex rabbits
and in sarcoptic cases, the use of ivermectin was our first choice. Topical use of diazinon was not recommended
(Varga, 2022). The comparative study of the 3 active ingredients was described by Dik and Uslu (2006), with good
results in sarcoptic mange. The majority of products and pesticides are not registered for rabbits; thus, it is essential
to use them with caution. Fipronil is not recommended in rabbits as it is toxic (Gupta and Anadon, 2018). lvermectin
has a persistent effect on the environment and affects biodiversity, as reported by Lumaret ef al. (2012) and Tarazona
et al. (2021): extremely high toxicity for invertebrates. For this reason, we recommend that ivermectin be restricted
to cases in which attending veterinarians providing care to rabbit farms deem it essential. Perhaps we will explore
the use of other therapeutic alternatives on commercial farms, such as those presented by Fang (2016) or Chebet
(2020), amongst others.

CONCLUSIONS
From 1996 to 2022, OCM was frequently diagnosed on commercial farms. Nevertheless, its occurrence decreased

from 55% of affected farms to 28% throughout the 27-yr study. In this period, the apparent mean prevalence of
OCM (95%) was 3.2% (3.1-3.3%) in females, and 3.9% (3.7-4.1%) in males. Yearly mean prevalence of OCM
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decreased from 7% in 1996 to 2.3% in 2022 and from 7.2 t0 2.2% in does and bucks, respectively. The occurrence
of sarcoptic mange was low, with a cumulative incidence of 13 out of 1368 visited farms being affected; we did
not diagnose any cases from 2016 onwards. Hair and skin disorders along the back compatible with cheyletiellosis
cannot be underestimated, particularly in Rex rabbits. The improvement in the occurrence of OCM was compatible
with the use of Al and purchasing semen from specialised centres; biosecurity measures and medical management
also contributed. Lastly, we suggest that the use of ivermectin be limited to cases in which attending veterinarians
consider it essential.
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