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Efficacy and schedule of Ivermectin in vivo against 
naturally acquired infestation of Sarcoptes scabiei on 
wild red foxes (Vulpes vulpes) treated in a controlled 
veterinary / clinical rehabilitation environment
Ryan Fox1*
1 The Fox Hospital, Red Fox Rehabilitation Clinic, United Kingdom

Ivermectin is widely used in the treatment of veterinary and human endoparasites 
and ectoparasites. Ivermectin is administered to red foxes with Sarcoptes scabiei mite 
infestation, killing the mites once sufficient concentrations are reached provided the 
mites have a sufficiently developed CNS and are not in one of three life cycle molt 
periods. There does not appear to be a consensus on the optimal frequency of 
ivermectin administration despite many wildlife studies, and this study shows that 
molt period and co-morbidities may be significant factors in the efficacy of ivermectin 
in vivo on red foxes in real world rehabilitation care scenarios.

Analyses for the presence of mange mites were performed on 3,420 skin samples, 
from a total of 111 rescued wild red foxes (Vulpes vulpes) from 2020 to 2021. Most of 
the foxes had crusted scabies, and all had co-morbidities, as is common and almost 
guaranteed in naturally infected wild red foxes. This report was based upon 
widely recognised dose rates of ivermectin 1% by sub-cutaneous (s.c.) injection 
between 200–400 μg/kg (0.02–0.04mL/kg), which was given at 7 -day intervals 
following skin scrapings and confirmation of Sarcoptes scabiei. Many patients were 
deemed in such poor condition upon rescue, precluding doubling the dose, especially 
since red foxes seem to be particularly susceptible to hepatic diseases. All patients 
presented with co-morbidities, additional investigations and treatments were carried 
out on the patients for their respective injuries, indications and conditions, including 
traumatic injuries, nutritional deficiencies, organ disease, and co-parasitism. Details 
of co-morbidities beyond their relevance to ivermectin efficacy are not reported here. 
Patients were stabilised and their overall condition and injuries treated and improved 
first before addressing the mange infestation to reduce the potential of any adverse 
reactions to medication.

Among the 111 red foxes, it was found that there is a potential need for up to nine 
treatments at 7-day intervals to effectively eradicate Sarcoptes scabiei fully, in a 
controlled, clinical environment. Nine patients required nine treatments before 
results showed no evidence of infestation, 25 patients required eight treatments, 
22 patients required seven treatments, 31 patients required six treatments, and 24 
patients required five treatments. The minimum acceptable amount of treatments 
was found to be five treatments, 7-days apart, and this was on patients with little to 
no clinical signs of mites or lesions but suspected based on the author’s experience 
with early warning signs and subsequently confirmed through skin scrapings. This 
suggested strongly that any less than five treatments could result in patients being 
released back to the wild still infested, particularly if skin scrapings are not done as 
a routine procedure during the treatment and prior to wild release. Two simulated 
models illustrated different mites and how the molting period can potentially affect 
treatment.

Red foxes required up to nine single doses given at 7-day intervals to eradicate 
naturally caused infection, likely due to mite life cycle, molting periods, and mating 
frequency and the patients being in a weakened state initially reducing their ability 
to fight off disease, with five doses, instead of two, being the minimum before the 
infection was confirmed to be eradicated. It was also clear that delaying treatment 
for the mites was necessary to ensure the best chance of survival based on other 
indications and severely compromised immune systems of most patients. Patients 
would need to be in care or being treated for their underlying conditions alongside 
the scabies for around 8-12 weeks minimum, with a suggested 16-20 weeks on some 
more serious patients to avoid releasing back to the wild population with untreated 
conditions and/or a potential of re-infestation of mites causing post-release decline.
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Introduction

Red foxes (Vulpes vulpes) are known to suffer particularly in urban 
areas from mange, most commonly Sarcoptes scabiei (Scott 
et al., 2020; Soulsbury et al., 2007). However, the author has 
found through treating a large number of red fox patients that 
the underlying causes are most linked to malnutrition (mineral, 
nutrient, vitamin and/or amino acid deficiencies) and/or 
acidosis, particularly with a heavy parasite burden, which red 
foxes with mange commonly experience. Poor and insufficient 
diet through decimation of natural habitats or prey poisoned 
by pest control substances leading to secondary toxicity, 
diminished body condition through infected wounds often 
caused by bite wounds of cats or other foxes or open fractures 
and subsequent infected wounds leading to an inability to hunt 
effectively and a subsequently a poorly operating immune 
system eventually leading to a heavy parasite burden are 
common root causes (Fox R., unpub. data). In rural 
environments, this seems to be much less, likely due to various 
factors including but not limited to more natural and 
uncontaminated prey, lack of human-caused obstacles or 
hazardous environment and larger open space reducing the 
potential for territory issues (Fox R., unpub. data).  

Ivermectin is commonly prescribed to treat both internal 
and external parasitic infections, including Sarcoptes scabiei 
infections. Shortly after it became available, reports of resistance 
to ivermectin have become widespread (Furnival-Adams et al. 
2024, Laing et al. 2017, Shoop 1993). In the veterinary world, 
ivermectin resistance is now a concern in cases of roundworm 
infection in horses, cattle, and sheep, as well as canine 
heartworm infections (Kaplan 2004). However, reports of 
ivermectin resistance in human and livestock parasites have 
been limited and contentious to date (Crump & Ōmura 2011).

There are a number of studies pertaining to different dose 
schedules and ivermectin efficacy, and they appear to vary 
significantly in results from single dose and double dose in 
vitro (Mounsey et al. 2017) to 7 doses recommended by the 
U.S Centers for Disease Control and Prevention (CDC 2023) 
and U.K. National Health Service (NHS 2024). However, there 
does not appear to be a consensus on the optimal frequency of 
ivermectin administration.

The present study aimed to understand the efficacy of different 
dose schedules to standardise the ivermectin administration 
protocol for red foxes infected by Sarcoptes scabiei in the wild. 
The study involved, the red foxes, in vivo, in a rehab/rescue 
environment and in clinical best-case conditions, suggesting the 
accuracy to be potentially as close to ideal real-world conditions 
as possible.   

In this study, the author refers mostly to crusted scabies since 
wild foxes were generally not reported by members of the 
public until they were advanced in their condition and already 
crusting. However, it was still noted that on suspicion of molting 
periods or possible biofilm protection, there did appear to be 
some ivermectin resistance based on the skin scraping results 
each time, resulting in a need for further doses, where the 
minimum amount of doses required was still above those stated 
in other studies.

Sarcoptes scabiei mite has three life cycle molt periods 
(between larvae and protonymph, protonymph and tritonymph 
or tritonymph and adult). Life cycle molting periods affect the 
efficacy of ivermectin. A study was conducted by Feng et al. 
(2023) demonstrated that “molting Sarcoptes mites are less 
susceptible to ivermectin than active mites. As a consequence, 
mites may survive after two doses of ivermectin given 7 days 
apart due not only to hatching eggs but also to the resistance of 
mites during their molting process. [Their] results provide insight 
into the optimal therapeutic regimens for scabies and highlight 
the need for further research on the molting process of Sarcoptes 
mites, where one third of mites survive the administration of 
ivermectin during a molting stage”. 

While scabies has been observed in human patients with 
seemingly normal immune response, it should be noted that in 
red foxes, particularly adults, as demonstrated in (Supplementary 
Table S1), co-morbidities existed in each patient and it is the 
opinion of the author that there was in every case an underlying 
condition that appeared to have led to a reduced immune 
response and unnatural bodily terrain leading to the infestation 
of the mange mites suggesting strongly that mange is not a 
primary concern and instead a condition contracted and 
infested only once the fox was severely immunocompromised. 
The author notes that in his experience the exception to this 
appears to be only in newborns and young cubs still nursing 
from their already infected mother, since Sarcoptes scabiei 
is spread through direct contact, and the cubs then appear to 
become malnourished and lacking in vital nutrients via poor 
mother’s milk quality, leading to further decline. In the case 
of this report, usually either a declined immunoresponse 
leading to a chronic or acute parasite burden, a poorly 
functioning lymphatic system, previously untreated open infected 
wounds leading to a suspected infection of the blood, severe 
malnutrition and/or serious lack of essential minerals, vitamins, 
amino acids and nutrients due to environmental factors. The 
author has recognised patterns over the course of many 
hundreds of red fox patients treated hands-on, spanning 
multiple years (Fox, R., unpub. data).

Methods
A total of 111 wild red foxes (Vulpes vulpes) were rescued from 
2020 to 2021, showing clinical signs and indications of decline, 
injury and/or mange suspicion, reported by members of the 
public and subsequently rescued and brought into a clinical 
veterinary environment for treatment. All samples were 
obtained as part of the standard protocol during healing 
therapies on rescued patients with the goal of healing and 
releasing them back to the wild where possible. 

Skin samples from the patients were taken during the standard 
triage procedure within the first hour of rescue. Each time skin 
samples were taken by skin scrapes, a little mineral oil was 
placed on 3 microscope slides as well as a drop of mineral oil 
on the area of skin about to be sampled/scraped, then skin 
scrapings were carried out using a sterile size 10 scalpel blade 
per patient dipped in a little mineral oil (liquid paraffin) to help 
adhere mites and/or eggs to the blade, per patient on 3–4 areas 
of the body (including lesion areas, common areas on red foxes 
or suspected areas where it was not obvious in early stage 
patients. Where patients had a significant thick crust, a 
mineral oil-dipped dull scalpel blade or small medical spatula 
was used to get a sample from under the crust, with care 
taken to not cause the patient any pain, harm or stress. Skin 
was scraped on each occasion until capillary ooze was obtained 
to ensure removal of the epidermis where mites burrow. Skin 
samples from each area were then placed onto their individual 
microscope slides with cover slips, labelled according to the 
patient where necessary and the skin area sampled and 
examined under compound microscopy at 4x and 10x objective 
to identify the presence of infection (Figure 1). After samples 
were taken each patient was placed into isolation in either a 
veterinary stainless steel or polypropylene industry standard 
clinical veterinary kennel and remained for the duration of 
their treatment to avoid any cross contamination where their 
clinical environment could be disinfected multiple times per day 
as necessary to maximise the potential for the fastest healing and 
reduce or eliminate any possibility of environmental reinfection, 
with disposable incontinence pads changed frequently each 
day, each patient quarantined and isolated from others with no 
materials in kennel that could harbour any eggs, larvae or mites 
and in each case and each interaction, long arm length gloves 
and nitrile over-gloves and disposable aprons disposed of 
between patients and with every interaction eliminating any 
cross contamination. Cleaning of kennels was done using 
F10SCXD Veterinary Disinfectant rated for various bacteria, 
fungi, moulds, viruses, micro organisms and spores, and Safe4 
veterinary biocide disinfectant. Another reason patients 
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Figure 1. Sarcoptes scabiei, skin scraping samples, red foxes (Vulpes vulpes). a) ventral surface of an adult male Sarcoptes scabiei. b) ventral surface of 
a Sarcoptes scabiei protonymph. c) ventral surface of a pregnant adult female Sarcoptes scabiei. 

were placed into an environment capable of being disinfected 
multiple times per day and not into environments with hay, 
wood shavings, or similar and in outdoor enclosures during 
treatment was due to the potential for mites to fall off the 
host and reattach onto new hosts within 24 to 36 hours, as 
demonstrated by Arlian et al. (1984).

Samples were taken on the initial triage day to confirm 
infection and again on each day of treatment, prior to treatment. 
The author is aware of an amended schedule which has also been 
implemented and recommended by the CDC following a study 
on ivermectin resistance (Currie et al. 2004). Due to the poor 
condition each patient came in at the point of rescue and the 
risk of adverse reaction to the medication it was decided to not 
administer on day 2 and 9 according to that schedule, although 
the author is aware it can be beneficial in otherwise healthier 
more stable patients. Ivermectin was administered on treatment 
days (depending on the patient and their skin scraping result) 
1, 8, 15, 22, 29, and for those still showing active infection, 
treatment was extended accordingly on a per patient basis and 
administered according to results on days 36, 43, 50, 57, 64 
and 71 where necessary. It is recognised that red foxes being 
wild animals and their specific behaviour are known to exhibit 
the masking of health conditions or injuries until late stage, 
therefore by the time they are rescued they are often very 
advanced and significantly declined in their condition(s), 
as such they are at much greater risk of adverse reaction to 
pharmaceutical medications with known adverse reactions 
or ingredients that are likely to cause an adverse reaction or 
exacerbate existing symptoms, particularly on patients with 
a compromised lymphatic system and/or eliminatory organ 
problem where the elimination of toxins or foreign compounds 
need to be metabolised or eliminated via those routes. The 
author is aware that the BSAVA Small Animals Formulary 10th 

Edition Part A (the then current edition at the time of treatment 
of all patients) stated 200µg/kg (0.02mL/kg), q2wks for 4-6 

weeks. (Allerton et al. 2020, Chitty et al. 2020). The author is 
also aware of various other therapies and medications shown 
to be effective against Sarcoptes scabiei (Bernigaud et al. 2016, 
2018, Mounsey et al. 2017), none of which were used in the 
patients listed on this specific study and it should be noted that 
different protocols are used for different patients depending 
on their condition, other indications, stage of illness and other 
factors. For this study, the only patients listed are those where 
only ivermectin was used for the mange symptoms; any other 
therapies used, which were mostly nutritional and hydration 
based, were not known to have any contraindications with 
ivermectin. The volume of mites was not determined at any 
point throughout each patient’s treatment, as this would have 
been both impractical and unnecessarily invasive to attempt to 
determine — one of the important factors during the patients’ 
rehabilitation was comfort and providing a stress free 
environment for recovery, merely the presence of clinical 
evidence of infestation was sufficient. The 7-day intervals 
between ivermectin administration were followed so as not 
to overload the already immunocompromised patients, since, 
in the author’s experience, usually when foxes are admitted to 
rehabilitation care with mange, they are often quite advanced 
and significantly sick with co-morbidities.

While skin samples were taken upon initial triage to confirm 
infection (see “First Triage” column in Supplementary Table S1), 
treatment for mange itself was not started immediately due to 
each patient’s other indications and their compromised immune 
system as the priority was to heal the patients effectively and 
safely and not cause any unnecessary potential of medication 
induced shock or adding any toxic ingredients to a patient 
struggling to eliminate additional toxins through a poorly 
functioning lymphatic system and eliminatory organs, factoring 
in the potential adverse reaction to early administration of 
pharmaceutical drugs where contraindications and adverse 
reactions are known. For this reason, treatment was started 

https://doi.org/10.63033/JWLS.WIOO2051

https://doi.org/10.63033/JWLS.WIOO2051


56Journal of Wildlife Science

once patient’s overall condition was stable, (recorded in 
Supplementary Table S1 as “Day 1”), referring to Day 1 of 
ivermectin treatment, administered sub-cutaneous by injection 
of POM-V ivermectin 1% injectable w/v solution (in this case 
‘Noromectin’ or ‘Ivomec’) as a single dose rate for confirmed 
presence of Sarcoptes scabiei of 200µg/kg (0.02mL/kg), Q7days 
until confirmation of eradication by way of two consecutive 
negative microscopy examined skin scraping results on multiple 
lesion sites or previously infected sites on the body. The 
plasma half-life of ivermectin varies depending on the dose, 
formulation, and regimen.

After the first triage, the time between said triage on the day 
of patient intake to the first day of ivermectin administration 
depended upon the stability of the patient, which ranged 
anywhere from around 3–6 weeks. In most cases, the patient 
was bathed after the initial skin samples were taken during first 
triage, to ease their skin condition somewhat and reduce the 
potential for infected wounds, and then bathed a second time 
usually up to 7 days later, as a follow up using mild cruelty-free 
dog shampoo which all patients tolerated well. The author has 
found this to be the best method of hygiene for the patients and 
has been shown to improve patient comfort. Stress-induced or 
restraint-induced myopathy has not been observed in stable 
patients. In fact, red foxes tolerate treatment well in the right 
environment, provided the carer understands red fox behaviour 
and is experienced in interpreting it as well as providing 
the right environment for recovery.  Red foxes when handled 
safely and correctly simply muzzle and correct manual handling 
by hand generally in most cases leads them to be quite 
submissive, particularly when immunosuppressed or significantly 
sick or injured, even masking pain which can be challenging for 
veterinary professionals with little to no prior experience with 
red foxes. With that said the author has not seen any instances 
in capture myopathy in any red fox patient thus far. The author is 
aware that a number of organisations choose to instead attempt 
to regularly massage vegetable based oils (such as off the shelf 
supermarket seed oils) into the infected and dirty skin of red 
fox patients in an attempt to loosen the crust, the author has 
found this to be unnecessarily stressful, messy, unhygienic and 
not as effective as simply bathing with shampoos on up to two 
occasions.  It is recognised by the author that mange in red 
foxes is usually a much later symptom of the result of other 
indications, and as such mange appears to be the least of the 
patients’ concerns when they are at the stage of rescue. The 
author has found over 7 years at the time of writing that red fox 
patients brought in with natural infections of mange mites were 
chronically or acutely immunocompromised and/or injured, 
suggesting the underlying conditions preceded and likely led 
to the mite infestation. The author has no records of a patient 
treated for mange without other co-morbidities, of higher 
treatment priority. The age and stage of the mange mites 
infestation further indicated that the mites infestation were 
relatively younger than other conditions indicated by all 
patients. It has, therefore, been necessary to address the more 
serious, acute or chronic indications first to improve survival 
and recovery, and delay treatment against the mange mites 
until the patient is more stable.  All patients in this study had 
compromised immune systems, likely to have declined them 
enough to create an environment suitable for sarcoptes mites 
and other parasites to later develop, survive and thrive in and 
on the patient, with the various defense mechanisms of the 
body otherwise unable to destroy and remove the live and dead 
parasites effectively.

Bodily locations of samples:
Method of sample was the same for each patient, a scalpel skin 
scraping taken at three sites on each patient, and examined 
under microscopy.  

Adult patients were sampled from 3 sites on their body. Juvenile 
cubs were sampled from four. The same sites were sampled on 
each patient throughout to ensure consistency.  The sites on the 
body at which the patients were sampled were as follows:  

Adult red foxes:
Sample site 1
an obvious significant skin lesion site indicated on the patient.

Sample site 2
a second, different obvious significant skin lesion site indicated 
on the patient.

Sample site 3
base of the tail at the joining of the sacrum and caudal vertebrae 
area, a common site for skin parasites to fester.;

Juvenile red foxes:  Same as adults, plus;
Sample site 4
on juveniles, samples were taken as per the adults and in 
addition from the head region, where possible the muzzle, 
forehead and behind ears - common areas for nursing and young 
cubs to contract mites by proxy during suckling from an infected 
vixen, which is usually how the very young end up with mange 
mites initially.

Simulated models of mite life cycle and ivermectin 
administration
To contextualise the in vivo findings of this study, I developed 
two simulated models theoretically visualising how mite life 
cycle stage and molt period timing might interact with ivermectin 
administration schedule. Each model follows the reproductive 
trajectory of a single female mite and her progeny across 
successive ivermectin doses, demonstrating how molt-period 
resistance could extend the number of treatments required for 
full eradication. The models are not predictive but are intended 
as visual representations to support interpretation of the 
treatment outcome data. The simulated models make the 
following assumptions:

(a) that the Mite Developmental Stages & Time Lengths are 
similar to those shown by Arlian & Vyszenski-Moher (1988) as 
summarised in Table 1.

(b) that ivermectin is administered by sub-cutaneous injection, 
once per 7-day interval, until confirmation of eradication of 
infection (in this case for up to 9 weeks);

(c) that ivermectin kills all three mites on the 3 egg timelines 
shown at the relevant point where no molting period is 
present on that day, (although, in reality, mites of different ages 
may vary), or;

(d) that at least one third of mites survive ivermectin 
administration on the individual 3 egg birth timeline where 
ivermectin administration coincides with any mite(s) who 
happen to be in any of the molt periods.

(e) that molt periods provide resistance to the ivermectin due to 
the possibility of protection from the cuticle (Arlian & Vyszenski-
Moher 1988) since we know there is resistance to the 
medication, and there are three molt periods in the life cycle 
from egg to adult, therefore, 3 potential periods of time that 
approximately one third of the mites may resist and survive the 
ivermectin. Since mites lay approximately 2 to 3 eggs per day, 
this assumes a potential minimum 1-in-3 survival rate of the 
mite if, on the day of ivermectin administration, any of the mites 
are at one of the three molting stages.

(f) that at least one of the mites on each 3-egg timeline is female 
and reaches mating age and is able to lay eggs, and at least one 
mating age capable male is present for mating, bearing in mind 
this shows only the lifetime of a single original mite and the 
possibility of multiple mites present increases the chances and 
likelihood of this to a realistic assumption exponentially.

(g) that rescues who opt for ivermectin may do so due to the 
cost for one 50mL bottle of ivermectin capable of treating a 
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potential of at least 23 to 46 patients (if we assume a dose of 
200-400µg/kg (0.02-0.04mL/kg) for the average adult weight 
of a fox patient at 6kg, assuming 9 doses in total over 9 weeks 
at 7 day intervals) comparable to a single tablet containing 
fluralaner, afoxolaner or sarolaner or a similar based tablet 
capable of treating one patient in one hit, making ivermectin 
potentially approximately 23 to 46 times more cost effective than 
one tablet, albeit more labour intensive, yet potentially ‘safer’.

(h) that ivermectin has been chosen as a result of the 
indications of the fox patients requiring a milder, safer 
medication to prevent the possibility of medication-induced 
shock or toxicity or further damage to the patient based on 
known adverse reactions of other common medications.

(i) that the commonly used homoeopathic remedies commonly 
suggested for foxes with suspected mange by most fox rescues 
in the UK (and subsequently repeated by many members of the 
public on various online social media platforms) are ineffective, 
failing to address any of the patient’s indications (Supplementary 
Table 1) common to new intake foxes with confirmed Sarcoptes 
scabiei mites.

Results
A total of 3420 skin scrapings were taken from 111 patients 
over the course of their respective treatment schedules (Figure 
2, Supplementary Table S1). Where a skin scrape was positive 
for infection, eggs, larvae or any stage of mite, it was followed 
up with a dose of ivermectin. Supplementary Table S1 enlists 
each individual patient, their indications upon intake, initial 
triage and the minimum number of doses of Ivermectin 1% 
injectable w/v solution required for each individual patient, 
found to range between five and nine doses (given as one dose 
per 7-day interval).

Simulated Model
While the results of this study are based on actual samples and 
real in vivo data, the simulated models (Figures 3 & 4) show a 
very basic theoretical visual on how this can potentially occur 
since we know from the study by Feng et al. (2023) that there 
is potential for up to a third of mites surviving ivermectin 
due to molt period. The simulated models demonstrate this 
showing two different scenario examples of a single female 
mite life, mating and birth cycle, with subsequent life, mating 
and birth cycles of offspring in conjunction with ivermectin 

administration. The first model (Figure 3) follows a young 
female mite, having only had a potential opportunity to mate 
once, laying three eggs a day for four days before perishing 
from ivermectin exposure, with the resulting mites from those 
matings not surviving beyond three treatments of ivermectin 
but able to lay eggs before death and those resulting mites 
able to mate and lay eggs, but not survive beyond three further 
treatments. This example demonstrates that even for a young 
single mite that only managed to mate once and only give birth 
for four days, the host still required nine doses of ivermectin 
at one dose per 7-day intervals, due to molt periods and 
administration days coinciding with those molt periods. The 
second model (Figure 4) follows an older female mite, able to 
have mated and subsequently lay eggs for 19 days in a row, three 
eggs per day, and despite those hatched eggs and the resulting 
mites being able to reproduce multiple times yet the host only 
required six doses of ivermectin at one dose per 7-day interval 
to eradicate the entire bloodline based on the timing of the 
administration of the ivermectin and the fortunate timing of the 
molt periods on the original mite and subsequent offspring. 

The purpose of these simulated cycles was to demonstrate the 
variation in the need for dose schedule length based on known 
and theoretical yet plausible outcomes with in vivo infections. 

This shows that the timing of ivermectin treatment and molt 
periods are a significant factor in the number of doses required 
due to molt period ivermectin resistance and the mites’ potential 
one-third survival rates previously observed (Feng et al. 2023).

Effective doses and schedule
In all cases, in each patient, it was found that stabilising the 
patient and treatment of the co-morbidities was a higher 
priority over the Sarcoptes scabiei infection. Once treatment was 
started for the Sarcoptes scabiei infestation, the minimum doses 
were found to be between 5 and 9 doses (given as one dose per 
7- day interval). The Sarcoptes scabiei resistance to ivermectin 
during any of the three life cycle molting processes is a likely 
factor. Ivermectin as a milder medication over a longer schedule 
was preferred over a single dose of other medication with higher 
toxicity risk, which did not pose a problem since the co-morbidities 
all required a long schedule to treat and recover from and all 
of the patients tolerated the captivity well since a comfortable 
environment was provided and patients were supervised by 
a care provider with experience in red fox behaviour, body 
language and medical care.

It was not clear during this study whether the non-responsiveness 
of some patients to some doses was due to resistance or due to 
other operational factors. It was not possible to determine with 
certainty whether the life cycle of the mites and the molting 
period resistance was a factor or whether biofilms in general 
came into play. All environmental factors were the same across 
all patients, although co-morbidities differed across many of the 
patients (other than juvenile siblings rescued together), and it 
is unclear whether there were any patient-specific biochemical 
factors in relation to their other indications having an effect on 
the ivermectin efficacy. I can only speculate the possibility of the 
mite molting periods playing a role, given that patients with the 
same or similar indications had different reactions, including 
same-age siblings (juveniles rescued together at similar stages 
of infection, for example).

While there have been a variety of treatment methods published 
for wildlife, there still appears to be a lack of consensus, particularly 
with red foxes (Rowe et al. 2019).

Other Findings:
While not part of this report, all adult red foxes in this study 
were found to have lungworm eggs (Eucoleus aerophilus and/or 
Eucoleus boehmi) in each of their faecal floats under microscopy, 
all of whom were asymptomatic and separately treated 
accordingly prior to release back to the wild.

Clinical significance:
Red foxes usually mask injury and health conditions incredibly 

Table 1. Simulated model Sarcoptes scabiei mite life stages and time 
durations

Development Stage Length of Time
Egg 2.08~2.21 days

Larvae 3.22~4.20 days, including 
1~23 hour molt

Molt Stage 1 from larvae to 
Protonymph

1-23 hours in the final stages 
of the above 3.22~4.20 days

Protonymph 2.33-3.40 days, including 
3-30 hour molt

Molt Stage 2 from Proto-
nymph to Tritonymph

3-30 hours in the final stages 
of the above 2.33~3.40 days

Tritonymph 2~3.42 days, including 3-30 
hour molt

Molt Stage 3 from Tritomyph 
to Adult Mite

3-30 hours in the final stages 
of the above 2~3.42 days

Adult Mite 1 to 2 months
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well until extremely advanced and often signs of slow decline 
can be almost undetectable until final stages, sometimes within 
days, hours or minutes of death. This means a fox may seem fine, 
even with extreme injuries or conditions, until hours or minutes 
before passing away due to their natural survival instincts. 
Experience with and knowledge of the species behaviour and 
body language, or consulting with those who have, is essential 
to effectively treating and diagnosing.  This can also be a reason 
foxes are not rescued until advanced stages of indications are 
obvious.

Discussion
While ivermectin remains a common treatment, studies on newer 
drugs such as isoxazolines may have superior efficacy and a 
single-dose regimen due to longer half- life and coverage for the 
entire mite life cycle, and to avoid repeated handling. As this was 
a retrospecific case series, where patient records were selected 
retrospectively, the qualifying criteria for patients discussed in 
this paper were those being administered ivermectin specifically; 
therefore, a comparative study was not carried out, and those 
administered isoxazolines or other remedies instead were not 
included. It should be noted, however, that the condition red 
foxes come into care in these cases is usually at an advanced 
stage. By the time foxes are able to be seen or captured for 
treatment, it is usually because they have become weak, 
desperate, and finally showing signs of distress and disease. Red 
foxes are remarkably resilient acting on natural instincts for 
survival. They are well known among those who hold 
expertise in their behaviour, lifestyle and medical treatments 
to mask pain and medical conditions with almost absolute 
mastery. By the time a red fox shows symptoms, they are 
usually unable to mask these any longer, which means patients 
like these usually need to be considered urgent cases. Red foxes 
are not like companion animals, who may show symptoms very 
early on. In the cases discussed above, this means the patients 
were already advanced in their inability to filter out toxic loads 
efficiently, and so their elimination pathways were a priority 
area of concern and of higher priority than the Sarcoptes scabiei 
infection. Many of the foxes in these presented cases had a 
very guarded prognosis upon intake, so lessening toxic shock 
potential or further toxin intake was a consideration. For this 
reason, isoxazolines were not administered as the patients 
required long-term care for their comorbidities, as is often the 
case with Sarcoptes scabiei red fox patients. Even if isoxazolines 
are chosen, many of the comorbidities they have take many 
weeks to rectify effectively regardless of avoiding relapse after 
release back to the wild.

Given this, it is suggested that caution may be warranted if 
choosing isoxazolines due to the potential additional toxic load 
and the initial temporarily retarded elimination pathways, 

considering that comorbidities noted in many of the patients 
included renal, hepatic and lymphatic drainage indications with 
anaemia. If choosing this classification of treatment, delaying 
their use would be suggested, which in some cases may negate 
one of their main benefits of single use, particularly as some 
rescue centres may appear to choose them for the purpose of 
reducing captivity time. To the author’s knowledge, from own 
experience and discussions with other rehabilitators over the 
years, isoxazolines or other pharmaceutical or synthetic drugs 
may potentially cause suspected toxin-related adverse reactions 
or potentially fatal results if given too early, which the author 
has witnessed in early cases leading to a change in regimen and 
schedule.

In many cases, the author finds success in choosing to carry 
out cleaning of the patient’s skin upon intake by bathing while 
following handling caution such as the use of effective muzzle, 
proper handling without the need of bite gloves (full arm-length 
gloves with nitrile over gloves and disposable apron are usually 
sufficient and provide effective dexterity and safe handling), and 
the use of a veterinary tub table with a quiet warm free flowing 
shower attachment nozzle. A mild flea, tick and anti-fungal 
shampoo was used in these specific cases to address any 
potential topical bacterial and fungal presence. This seems to be 
sufficient.  In some cases, a second bathing is followed up one or 
two weeks later on a case-by-case basis and depending on the 
patient’s behaviour and personality as they recover and as the 
skin improves with sloughing of crust and dead skin. Red foxes 
have a very dense double coat, so this bathing helps provide a 
less favourable environment for any stage of the mite life cycle.  

Many foxes in cases like these where they are significantly 
immunocompromised are accepting of the treatment through 
weakness and almost limp or unreactive (as opposed to patients 
with minor ailment who are still able to be naturally full 
defensive), making this process in the first few hours of rescue 
fairly straight forward. No lasting mental or physical adverse 
effects were shown in any of the patients bathed. Some may 
choose to administer natural or pharmaceutical methods 
surrounding bacterial infection of the skin, the author has found 
oral pharmaceutical antibiotics to be mostly unnecessary unless 
there are clear indications and confirmation of specific bacterial 
overgrowth on wounds (such as those who came into care with 
bite wounds), and is assessed on a case-by-case basis. In this 
paper, the patients without wounds relating to other injuries 
were not administered pharmaceutical antibiotics, in favour of 
preserving the gut microbiome to aid healing. Due to the bathing 
stage, the author saw nothing to indicate that antibiotics were 
required throughout the entire treatment schedule for those 
admitted without infected wounds unrelated to the Sarcoptes 
scabiei infection (such as animal bites).

Figure 2. Summary of the number of doses of ivermectin 1% injectable w/v solution required for each individual patient to eradicate the infestation 
of Sarcoptes scabiei, ranging between 5 and 9 doses (given as one dose per 7-day interval). 

58Journal of Wildlife Science

Fox

https://doi.org/10.63033/JWLS.WIOO2051

https://doi.org/10.63033/JWLS.WIOO2051


Figure 3. Simulated model of a young female mite that mated once and laid 3 eggs/day for 4 days before dying from ivermectin. Resulting offspring 
survived up to 3 treatments, mating and laying eggs before death; their offspring similarly did not survive beyond 3 further treatments. Despite 
originating from a single, short-lived female, the host still required 9 ivermectin doses at 7-day intervals to eradicate the infestation, owing to molt 

periods coinciding with administration days. (To download high resolution, click here)
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Figure 4. Simulated model of an older female mite (cf. Fig 2.) that laid 3 eggs/day for 19 consecutive days, with resulting offspring reproducing 
multiple times. Despite greater reproductive output than Fig 2., the host required only 6 ivermectin doses at 7-day intervals to eradicate the 

theoretical bloodline, owing to favourable timing of administration relative to molt periods in the original mite and her offspring. 
(To download high resolution, click here)

Recommendations on red fox rescue
It is the author’s opinion through treating a large number of 
patients like this over the years (Fox, R., unpub. data) that the 
treatment of Sarcoptes scabiei in the wild population of red 
foxes, through rescue organisations should be treated as a 
secondary issue and the primary issues, such as malnutrition 
and/or wounds rectified as a priority with the mange treated 
once the patient is stable and improved somewhat and their 
elimination pathways are functioning optimally, with full 
confirmation by skin scrapings (not assumptions) to confirm 
complete eradication of the mange, and healing of other 
co-morbidities (which could be between 6–10 weeks or longer 
before releasing back to the wild to increase chances of survival 
and reduce possibility of reinfection upon release. It would 
also be prudent to factor in the original reason for rescue and 
indications of the patient which regards to whether it is best 
practice to releasing the fox back to the exact location or to 
soft release carefully and effectively to another area abundant 
with natural resources and prey without disrupting the balance 
in that area, on the basis of a patient coming in with severe 
malnutrition and whether it would be wise to release back to 
an area clearly lacking in natural resources or where they may 
have been pushed away from available food (particularly in 
heavily populated urban environments with competitive 
resource guarding by other wildlife or red foxes) or in an area 

that has a known problem for mange suffering foxes. The author 
believes it is the responsibility of any organisation rescuing 
and/or rehabilitating red foxes with a view to release back to the 
wild upon healthy recovery to make sufficient efforts to survey 
the area and ensure survival chances rather than a quick 
turnaround of patients and releasing them to the same location 
for convenience. It should be noted that in the author’s 
experience of personal hands-on care with many foxes of 
different indications, red foxes generally tolerate both short and 
long-term veterinary captivity during treatment so long as the 
right enclosure, regimen and calm, supervised environment are 
provided, and the carers respect and understand fox-specific 
behaviour and body language.
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