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ABSTRACT 

MEINT JES, T., FOURIE, L.J . & HORAK, I.G. 2002. Effects of the scab mite Psoroptes ovis on the 
haematology and live mass of Merino and Dorper sheep. Onderstepoort Journal of Veterinary Re
search, 69 :285- 293 

Five Merino and five Dorper sheep were artificia lly infested with the sheep scab mite Psoroptes ovis 
and the effect of infestation on their haematology, serum protein levels and live mass recorded for a 
period of 14 weeks. The reaction of the Merino sheep to infestation was more severe than that of 
the Dorper sheep. Haematological values fluctuated within the normal range during the assessment 
period. The mean haemoglobin concentration of the Merino sheep declined until antiparastic treat
ment was administered 10 weeks after infestation , after which it gradually increased. The lympho
cyte counts of both breeds of sheep declined from 2 weeks to 10 weeks post-infestation , but 
increased after treatment, while the highest eosinophil counts were recorded in the Merino sheep at 
the height of the acute disease 8- 10 weeks post- infestation. Serum albumin values for both breeds 
and serum globulin values for the Merino sheep were higher than normal during the entire 14-week 
observation period . A decrease in serum albumin and an increase in serum globulin concentration 
occurred at the height of infestation in both breeds. The mean live mass of a second group of five 
infested Merino sheep decreased by 6.4 kg over a 16-week period compared to a gain of 4.56 kg for 
five infested Dorper sheep. 
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INTRODUCTION 

The sheep scab mite, Psoroptes ovis produces a 
proliferating dry scab-like lesion with a moist periph
ery causing intense irritation on sheep (Kirkwood 
1980). Infested animals nibble at the infected 
patches and scratch themselves continually (Tarry 
1974). The duration and frequency of scratching 
and rubbing and associated mouthing increase dur
ing the course of infestation (Corke, Broom & Tay-

lor 2001) . In addition to dermatological and behav
ioural changes, haematological changes accompany 
the expansion and regression of lesions (O'Brien , 
Robinson, Gray & O'Reilly 1995). Infestation can 
also have a marked effect on the live mass of 
sheep (Kirkwood 1980), and can result in signifi
cant economic losses in production, with reduced 
fleece and leather quality, lower conception rates, 
poor lamb growth , and frequent mortality (Bates 
1996; Kirkwood 1986). 
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The present study was conducted to determine the 
haematological and live mass changes in Merino 
and Dorper sheep artificially infested with P. o vis. 
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MATERIALS AND METHODS 

Donor sheep 

Infective material was collected from scab-infested 
sheep in the central Free State Province, South 
Africa and transferred directly onto the skins of two 
healthy Merino sheep. This material was kept in 
place by twisting an elastic band around the fleece 
directly above the site of infestation. These sheep 
were quarantined to prevent infestation of other 
sheep, and when lesions became established, 
approximately 6 weeks later, the sheep were used 
as a source of infective material. 

Experimental sheep and infestation 
procedures 

Five dewormed, healthy, year-old Merino wethers 
and five matching Dorper wethers were purchased 
from a scab-free farm during March 1997 and 
moved to a holding facility. On arrival the sheep 
were tagged for identification and vaccinated 
against enterotoxaemia. They were fed a ration of 
alfalfa hay and maintenance pills (Senwesco, Vil
joenskroon), with water supplied ad libitum. 

Approximately 2 weeks after purchase the sheep 
were each infested on the skin of their backs with 
15 ovigerous female P. o vis, 15 males, two attach
ment pairs and four eggs collected from a donor 
sheep, and thereafter kept separately in two quar
antine camps. Infestation was confirmed on all the 
sheep 1 week after placement of the mites. Ten 
weeks after infestation the sheep were each treat
ed with a single 1.5-mJi injection of the endectocide 
Dectomax® [Pfizer Animal Health Division (Pty) 
Ltd, South Africa] administered subcutaneously, to 
rid them of mites. 

Blood samples 

Commencing 2 weeks after infestation, blood sam
ples were taken every fortnight for 14 weeks in 
evacuated blood collection tubes from the jugular 
veins of the sheep prior to feeding. The tubes to be 
used for haematology contained heparin as antico
agulant; haemoglobin concentration, white blood 
cell and differential white blood cell (WBC) counts 
were determined by means of a Technicon H1 
blood analyser. 

The tubes to which no anticoagulant had been 
added, were centrifuged and the serum collected 
and diluted with 20 ~e B-2 Barbital Buffer and 5 ~ e 

serum. The relative percentages of serum albumin 
and serum globulin were determined using a Para-
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gon Electrophoresis SPE kit [Beckman Instruments 
(Pty) Ltd, South Africa] . The data were subjected to 
an analysis of variance (ANOV A) to assess the sig
nificance of differences occurring in the haemato
logical and serum protein values, during the course 
of infestation and between the Merino and Dorper 
sheep. The mean fortnightly values were subjected 
to at-test. . 

Live mass 

Ten healthy, dewormed, scab-free, year-old Merino 
and ten matching Dorper sheep were purchased 
during September 1997. On arrival at the holding 
facility all the sheep were tagged for identification 
and their mass measured on an electronic scale. 
Subsequently the two breeds were housed sepa
rately for approximately 3 weeks, in two camps, 
approximately 1 ha in size containing natural pas
ture. During this 3-week period both groups were 
fed 200-250 g of maintenance pills per sheep per 
day and 720 g of alfalfa hay per sheep per day, with 
water supplied ad libitum. 

Early in October 1997 the mass of each sheep was 
again measured and five Merino and five Dorper 
sheep were randomly selected and each infested 
with 30 ovigerous female P. Qvis, two males and 
two attachment pairs of mites collected from donor 
sheep. The remaining sheep in each group were 
used as controls. The two groups of infested sheep 
and the two sets of controls were each housed in 
separate quarantine camps, approximately 1 ha in 
size, containing natural pasture, and were fed a 
daily ration of alfalfa hay and maintenance pills. 

Once a week the infested sheep were closely 
observed for clinical signs of sheep scab, and were 
individually examined every fortnight for the pres
ence of scab lesions from which the affected sur
face area was calculated. The mass of the infested 
and control sheep was measured again at 3 weeks 
and 6 weeks after infestation and subsequently at 
fortnightly intervals for the' 16-week duration of the 
experiment. At each occasion the mass of the con
trol sheep was measured first to prevent cross
infestation between the groups. At the end of the 16-
week period 1.5 mJi of the endectocide Dectomax 
was administered to each of the infested sheep, by 
subcutaneous injection, to rid them of mites. 

The mean body masses of the four groups were 
subjected to a one-way ANOVA. Differences 
between the mean body mass of the Merino and 
the Dorper sheep were determined by a t-test. The 
program PRISMTM (GraphPad, Statistical Software, 
Inc.) was used for statistical analysis of the data. 



RESULTS 

Haematology 

The various haematological parameters remained 
within the limits considered normal for sheep. 

Haemoglobin (Fig. 1 A) 

The haemoglobin concentrations of the Merino 
sheep decreased until treatment at 10 weeks post
infestation and rose gradually thereafter. Those of 
the Dbrper sheep decreased initially but subse
quently increased followed by a steep rise after 
treatment. The values for the two breeds differed 
significantly 8 weeks after infestation (P = 0.001) as 
well as over the remainder of the 14-week obser
vation period (P = 0.014). 

wac (Fig . 1 B) 

The WBC counts of the Merino sheep decreased 
10 weeks post-infestation, but increased after treat
ment, whereas those of the Dorper sheep declined 
throughout the observation period. 

Lymphocytes (Fig. 1 C) 

Lymphocyte counts of both sheep breeds declined 
from 2-10 weeks post-infestation and increased 
after treatment, albeit temporarily in the Merinos. 
The differences between the two breeds were not 
significant (p = 0.755) . 

Monocytes (Fig. 1 D) 

Counts were at their lowest at treatment 10 weeks 
post-infestation and rose rapidly thereafter. The dif
ference between the two breeds was not significant 
(P = 0.507). 

Neutrophils (Fig. 1 E) 

Neutrophil counts of the Merino sheep dropped at 
10 weeks post-infestation and increased after treat
ment. Those of the Dorper sheep declined gradually 
throughout the period of observation. The difference 
between the two breeds was significant (P = 0.001). 

Eosinophils (Fig. 1 F) 

The highest eosinophil counts were recorded in the 
Merino sheep 8 weeks post-infestation . The counts 
of the Dorper sheep were stable for the first 6 
weeks after infestation and, with the exception of 
week 10, declined thereafter. The eosinophil counts 
of the two breeds differed significantly (P = 0.005) 
during the first 6 weeks after infestation. 
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Serum proteins 

The serum albumin concentrations of both breeds 
and the serum globulin concentration of the Merino 
sheep exceeded the levels generally considered 
normal for sheep. 

Albumin (Fig. 2A) 

The lowest serum albumin concentrations were 
recorded in both breeds of sheep 12 weeks post
infestation and increased thereafter. The difference 
between the two breeds was highly significant (P = 
0.001 ). 

Globulin (Fig. 2B) 

The serum globulin concentrations essentially fol
lowed the same pattern in the two breeds, reaching 
their highest levels 2 weeks after treatment and then 
declining. The peak globulin concentration recorded 
12 weeks post-infestation, corresponded to the 
time when the clinical condition of the Merino sheep 
appeared to be at its worst. The values for the two 
breeds differed significantly (P < 0.05). 

Live mass 

Merino sheep 

On arrival the mean live mass of the Merino sheep 
was 26.97 kg and had increased to 28.48 kg on the 
day of infestation (approximately 3 weeks later). A 
week after infestation the first signs of scab were 
observed and all the infested sheep developed 
lesions. At 2 weeks post-infestation the mean size 
of the lesion was 1 cm2 , and at 8 weeks the lesions 
had expanded to a mean size of 342 cm2 , with a 
moist periphery containing large numbers of mites. 
Twelve weeks after infestation the scab extended 
over a large portion of the body (mean 2 068 cm2) , 

the wool had become ragged and stained and the 
sheep were visibly irritated and continually scratch
ing. At 16 weeks large parts of the body were devoid 
of wool, and the animals were clearly very weak. 

The mean live mass of the infested sheep 
decreased from 27.32 kg to 20.92 kg during the 
course of infestation, whereas that of the controls 
increased from 29.64 kg to 33.08 kg (Fig. 3A). The 
initial mean live mass of the infested sheep and 
that of the controls did not differ significantly (P = 
0.2402) . The first significant difference occurred at 
12 weeks post-infestation (P = 0.0072), and at 16 
weeks the difference was highly significant (P < 
0.0001 ). 
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Dorper sheep 

On arrival the mean live mass of the Dorper sheep 
was 28.97 kg and had increased to 31.16 kg on the 
day they were infested approximately 3 weeks 
later. Although all the infested sheep initially devel
oped lesions, those on three disappeared and they 
had to be re-infested during the 4th week of the 

experiment. At 2 weeks post-infestation the mean 
lesion size was 0.46 cm2 , and this increased to 
59 cm2 and 149 cm2 at 8 and 12 weeks post-infes
tation respectively. At 8 weeks the infested sheep 
displayed signs of uneasiness and irritation, and 
tufts of wool were visible in their teeth. At the termi
nation of infestation at 16 weeks, loss of fleece was 
minimal and the sheep appeared healthy. 
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The mean live mass of the infested sheep increased 
by 4.56 kg from 30.16 kg to 34.72 kg, and that of 
the controls by 5.88 kg from 32.16 kg to 38.04 kg 
(Fig. 3B). The mean live mass of the two groups of 
Dorper sheep did not differ significantly at any 
occasion (P> 0.005). The differences between the 
Merino and Dorper sheep were highly significant (P 
= 0.0001). 

DISCUSSION 

Haematology 

Unfortunately no uninfested sheep were kept as 
controls during this experiment and the haemato
logical tests were only initiated 2 weeks after mites 
had been placed on the sheep. However, the find
ings correspond to those of similar experiments 
performed on adult Suffolk-cross sheep in Ireland 
and Hereford calves in the United States of 
America (Stromberg & Guillot 1987b; O'Brien et al. 
1995). 

The feeding behaviour of P. ovis is still not entirely 
clear. The mouthparts of the mites can penetrate to 
the inner layer of the stratum corneum of the epi
dermis, but apparently no deeper (Sinclair & Filan 
1989). The chelicerae are laterally compressed, 
with relatively long digits, probably used for abrad
ing the host tissue (Rafferty & Grey 1987). The dis
tal region of the hypostome is developed into a pair 
of fan-like structures, the pseudoruttella, similar to 
the proboscis of the housefly, and apparently 
assists with lapping up fluids (Rafferty & Grey 1987; 
Bates 1997). At one stage it was assumed that the 
mites, feeding on the outer epidermal layers, ingest
ed mainly lipids (Sinclair & Kirkwood 1983), or that 
these served as a source of nutriment before der
mal vesicles formed (Sinclair & Filan 1989). How
ever, it is now thought that although lipid is ingested 
it is not digested and that the mites graze the skin 
around the moist periphery of the scab lesion, tak
ing in serum components present in the surface 
exudates and skin secretions associated with the 
lesion (Bates 1997). 

Both Psoroptes cuniculi and P. ovis feeding on rab
bits and P. ovis feeding on cattle ingest erythro
cytes (Deloach & Wright 1981; Wright & Deloach 
1981). This apparently does not occur in sheep 
(Rafferty & Gray 1987) and consequently is unlike
ly to be the cause of the decrease in haemoglobin 
concentration of the Merino sheep in the present 
study. A similar reduction in haemoglobin concen
tration has been recorded in Suffolk-cross sheep in 
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Ireland, and it was suggested that this could result 
from a suppression of erythropoiesis (O'Brien et al. 
1995). A mild non-regenerative anaemia has been 
observed in calves infested with P. ovis (Stromberg 
& Guillot 1987a), as well as a decrease in serum 
iron and in total iron binding capacity, indicative of 
anaemia associated with chronic inflammation 
(Stromberg, Fisher, Guillot, Pruett, Price & Green 
1986). 

The lymphocyte counts of both groups of sheep 
declined during the first 8 weeks of infestation, with 
a fairly pronounced drop during the acute stage of 
the disease at 10 weeks. In Ireland lymphocyte 
counts declined in both infested and in control 
sheep and the decline was partly ascribed to the 
stress of frequent handling, coupled with additional 
stress during the acute stage of the disease 
(O'Brien et al. 1995). The lymphocyte counts of 
calves infested with P. ovis as well as those of con
trol calves, decreased during the first 5 weeks of 
infestation. This was attributed to stress during their 
adjustment to stanchioning, but whereas the counts 
of the control calves then rose, the counts of the 
infested animals continued to decline until treat
ment at 7 weeks and only increased thereafter 
(Stromberg & Guillot 1987b). The difference in lym
phocyte counts between the two groups of calves 
after 5 weeks of infestation probably reflected con
tinued stress in the infested calves as a result of 
chronic dermatitis (Stromberg & Guillot 1987b). 

NeutrophiTs are considered to be a sensitive indica
tor of both the progressive and regressive phase of 
P. ovis infestation in cattle (Stromberg & Guillot 
1987b). A decrease in neutrophils in the peripheral 
blood is closely associated with mite activity and 
may be caused by the rapid efflux of these cells 
from the circulating granulocyte pool. Although 
neutrophils are not a dominant feature of the 
inflammatory reaction in the dermis of calves 
(Stromberg & Fisher 1986), their migration into the 
scab over an extensive surface area in infested cat
tle could lead to neutropaenia (Stromberg & Guillot 
1987b). A rapid decrease in neutrophil numbers 
has been recorded in calves between 1 and 3 
weeks post-infestation, followed by an equally rapid 
increase to normal levels 1 week after treatment at 
7 weeks (Stromberg & Guillot 1987b). In the pres
ent study the number of circulating neutrophils 
decreased at the peak of infestation in the Merino 
sheep and, as in the calves, increased after treat
ment. 

An increase in the numbers of circulating eosino
phils has long been associated with parasitic infes-



tations (Nelson, Bell, Clifford & Keirans 1977). The 
eosinophil counts in the Merino sheep could be 
associated with the severity of the clinical reaction 
of the animals, with the highest values 8 and 10 
weeks after infestation. The eosinophi l counts of 
the Dorper sheep were already high 2 weeks post
infestation and with the exception of week 10, when 
a temporary increase occurred, they declined from 
weeks 6-14. In Scotland the superficial lymph 
nodes of the carcasses of lambs infested with P. 
avis were enlarged and had a greenish tinge to the 
cortex caused by an increase in eosinophils 
(Cochrane 1994). This supports the hypothesis that 
the cutaneous response to the mites is at least in 
part a hypersensitivity reaction (O'Brien et al. 1995) . 

Serum proteins 

No reason for the initial elevated serum albumin 
levels of both the Merino and Dorper sheep can be 
given. Mite infestation possibly caused the progres
sive decrease in serum albumin in the Merino 
sheep as well as the slight decrease in the Dorper 
sheep 10 and 12 weeks after infestation. A decline 
in serum albumin concentration in sheep infested 
with P. avis has previously been recorded and was 
ascribed to the effects of the disease and possibly 
to the anorexia accompanying severe sheep scab 
(O'Brien et al. 1995). A decrease in serum albumin 
concentration is a feature of several helminth infec
tions of the gastro-intestinal tract of sheep and cat
tle (Urquhart, Armour, Duncan, Dunn & Jennings 
1996). This decrease has been attributed to a leak
age of serum proteins through the more permeable 
hypertrophic or damaged epithelium of the para
sitized gut, and, because of its smaller molecular 
size, serum albumin is selectively depleted. A sim
ilar phenomenon may take place in the dermis in 
the region of the moist periphery of the scab lesion. 

An increase in serum globulin concentration can 
indicate an antibody response to the presence of 
an antigen. In Ireland artificial infestation of adult 
sheep of mixed breeds with P. avis resulted in an 
increase in serum globulin concentration 3 weeks 
later (O'Brien et al. 1995). A delay in the return of 
globulin levels to normal, after the animals had 
been dipped in an acaricide, was ascribed to the 
possible persistence of dead mites and mite parti
cles in the fleece, acting as a continuing antigenic 
stimulus (O'Brien et al. 1995). The serum globulin 
levels of the Merino sheep in the present study 
increased steadily to peak at 12 weeks after infes
tation, whereas the Dorper sheep had only slightly 
elevated levels in the 10th and 12th weeks after 
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infestation. Serum globulin concentrations in both 
breeds decreased slightly 4 weeks after the termi
nation of infestation. Not only was the mean lesion 
size on the skin of the Dorper sheep significantly 
smaller than that on the Merino sheep, but also 
their hairy coats were shorter and less dense than 
the fleece of the Merino sheep. This could facilitate 
shedding of dead mites or mite material and the 
total antigenic challenge would thus presumably be 
lower. The differences in serum globulin levels 
between the two breeds support this contention . 

Live mass 

The intense irritation experienced by the Merino 
sheep during the course of infestation obviously 
interrupted their feeding, and whilst being fed they 
would frequently stop to bite or scratch. In the 
United Kingdom the duration of rubbing and 
scratching by artificially infested sheep increased 
throughout infestation and there was a positive cor
relation between the time spent rubbing and the 
surface area of the scab lesions (Corke et al. 2001). 
These activities must affect the time devoted to 
feeding and hence the amount of feed ingested, 
and where healthy and infested sheep are kept 
together, hamper the ability of the latter to compete 
for feed (Kirkwood 1980). 

Hereford heifer calves infested with P. avis had sig
nificantly lower daily live mass gains than uninfest
ed control animals, and their maintenance energy 
requirements increased by> 50 % (Cole & Guillot 
1987). They also tended to have a lower dry mass 
digestibility than control animals (Cole & Guillot 
1987), similar to that noted in calves during cold 
stress (Christopherson & Kennedy 1983). 

Calves with severe P. avis infestation may have dif
ficulty in consuming sufficient feed to meet mainte
nance energy requirements and therefore may be 
susceptible to hypothermia (Cole & Guillot 1987). 
Cold stress appears to decrease digestibility in 
ruminants as a result of an increase in the rate of 
passage of ingesta through the digestive tract, pos
sibly due to increased thyroid activity associated 
with cold exposure (Christopherson & Kennedy 
1983). Loss of hair and a damaged integument 
could reduce thermal insulation and thus further 
increase the effect of cold stress. It is possible that 
sheep infested with P. avis will react in a similar 
fashion to calves , particularly Merino sheep on 
which the development of lesions and hence loss of 
wool is greatest during the cold winter months 
(Meintjes 1999), thus increasing the likelihood of 
cold stress. 
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The feed that the sheep received prior to infestation 
was sufficient to ensure an increase in the mean 
live mass of the Merino sheep by 1.51 kg and that 
of the Dorper sheep by 2.19 kg . In addition the live 
mass of both control groups increased during the 
16-week study period. 

During the early stages of disease the live mass of 
the infested Merino sheep increased, but as the 
size of the lesions increased so did the levels of 
discomfort and possibly energy output, and as a 
result their live mass, and probably feed consump
tion, declined. Significant losses in mass by the 
Merino sheep were first recorded at 12 weeks post
infestation, corresponding to peak development of 
lesions. The reaction of the Merino sheep to infes
tation was similar to that recorded in 9-month-old 
fully fleeced Cheviot sheep artificially infested with 
P. ovis (Kirkwood 1980). These sheep also gained 
mass during the first 5 weeks of infestation, but this 
tailed off and by 14 weeks they had gained only 1 .1 
kg compared to a 14.6 kg gain by uninfested con
trol sheep (Kirkwood 1980). 

The development of lesions on the Dorper sheep 
was considerably slower and much less extensive 
than that on the Merino sheep and the differences 
in live mass between the infested and control Dor
per sheep were never significant. Live mass gains 
in calves are generally not affected until infestation 
with P. ovis covers more than 15 % of an animal's 
body surface (Cole, Guillot & Purdy 1984), and a 
similar proportion of damaged skin might be appli
cable in sheep before live mass gain is affected. 
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