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Four groups of lambs aged 1 week, 4 weeks, 1/2 year and 1 year old respectively were inoc
ulated with Ehrlichia phagocytophila infected blood. Clinical signs, temperature reactions, 
haematological changes and parasitaemia were more moderate in lambs inoculated 
with E. phagocytophila at the age of 1 week than those recorded in the older animals. 
The clinical response to tick-borne fever (TBF) appears to be more severe with increas
ing age of the lambs. The lymphocyte reactivity to mitogens was reduced in the TBF infec
ted lambs, and was most pronounced in lambs in the 3 older age groups. 

ehrlichia; sheep; lymphocyte trans/ ormation. 

Introduction 
Young animals are reported to react to an Ehr
lichia phagocytophila infection with milder clin
ical reactions than older animals (McEwen 
1947,Jamieson 1947, Tuomi 1967). A recent inves
tigation by Stuen et al. (1992) has shown that the 
clinical reactions to tick-borne fever (TBF) in 
2-week old lambs were milder than in 6-week 
old lambs. In addition, lymphocyte blastogen
esis has been demonstrated to be suppressed in 
lambs infected with E. phagocytophila at the age 
of 3 weeks (Stuen et al. 1990): The present 
experiment was performed to further inves
tigate the clinical response and lymphocyte 
reactivity to TBF in lambs of different ages. 

Materials and methods 
The material comprised 4 age groups of lambs: 
1 week (Group 1), 4 weeks (Group 2), 112 year 
(Group 3) and 1 year (Group4). None of the ani
mals had previously been on Ixodes ricinus 
infected pasture. Each group comprised a total 
of 16 lambs of the Dala and Rygja breeds. 
Lambs in Groups 1 and 2 were twins. 
Eight lambs in each group were inoculated 
intravenously with 2 ml of a whole blood dime-

thyl sulpho:xide stabilate (Foggie et al. 1966) of 
a TBF- strain isolated from a local sheep flock, 
while the remainder served as controls. In 
Groups 1 and 2, single twins were inoculated. 
Rectal temperatures were measured once 
daily for at least 3 weeks starting on the day of 
inoculation (Day 0). Incubation period, dura
tion of fever and magnitude of fever were 
recorded as previously described (Stuen et al. 
1992). All animals were kept indoors during the 
experiment. Lambs in Groups 1 and 2 were 
kept with their dams whereas the older lambs 
were fed hay, silage and concentrates. 
The lambs in Groups 1 and 2 were weighed week
ly, and their daily weight gains for the 9 week 
experiment were calculated. 
Heparinized blood samples were collected on 
days 0, 7, 14, 28, 42 and 63 post-inoculation 
for measuring mitogen-induced lymphocyte 
transformation (LTT). Blood samples were 
also collected daily during the fever period. 
The blood samples were collected at the same 
h in the morning from all animals in each group. 
Total and differential leucocyte counts were 
performed as previously described (Stuen et 
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al. 1992). The percentage of parasitized neutro
phil granulocytes was calculated. 
The whole blood method for measuring LTT 
according to the method described by Larsen 
(1979) was used with some modifications. Brief
ly, the blood samples were diluted to a final con
centration of 1·106 lymphocytes per ml, with 
RPMI 1640 medium (Gibco, Scotland) sup
plemented with Hepes buffer (Gibco, Scot
land) and adjusted to a pH between 7.2 and 7.4. 
The culture medium also contained penicillin (100 
units/ml), streptomycin (100 µg/ml) and L-glu
tamine (30 mg/ml). Cultures were made in flat
bottomed plastic microtitre plates (Nunc, Den
mark) with 0.2 ml of the diluted blood per well. 
Each well received 20 µl of mitogens. Four 
wells were used for each sample and each con
trol. Cultures were incubated for a total of 68 
h at 37°C in a humidified atmosphere contain
ing 5% C02 in air. 
The following mitogens were used: phytohae
magglutinin (PHA)(Gibco Laboratories, USA), 
poke weed mitogen (PWM)(Gibco Laborato
ries, USA) and concanavalin A (ConA)(Sigma 
Chemical Company, USA). Effects of varying 
concentration of the mitogens were examined 
in preliminary tests. In subsequent tests, 60 

µl/ml of PHA, 60 µl/ml of PWM and 60 µg/ml 
of ConA were used. Stock solutions of mitogens 
were stored at -20°C in suitable aliquots. 
The synthesis of DNA by peripheral blood 

lymphocytes was determined by measuring the 
incorporation of (3H)-thymidine (specific activ
ity 185 GBq/mmol, Amersham, U.K.). Standard 
labelling was carried out by adding 1 µG of (3H)
thymidine in 10 µl of RPMI 1640 to each culture 
21 h before terminating incubation. The plates 
were then stored at -20°C. For harvesting, the 
cultures were thawed and the cells transferred 
onto glass fibre filter paper discs (Filtermats 7031, 
Skatron, Norway) with a semi-automatic mul
tiple cell culture harvester (Skatron, Norway). 
The filter discs were dried and transferred to scin
tillation vials containing 2.5 ml scintillation 
fluid (Opti-fluor 0, Packard, USA). The thymi
dine incorporation was measured with an auto
matic liquid scintillation counter (1500 Tri
carb, Packard, USA). 
All results were log10 transformed because of the 
variation in the cpm (counts per min) within each 
group. The response was calculated in all groups 
as a stimulation index (SI10g): 
Sl10g =(mean cpm10g in cultures with mitogen) 
- (mean cpm10g in cultures without mitogen) 

Table 1. Mean and standard deviation (std) of different clinical variables in Ehrlichia phagocytophila infected 
lambs in 4 different age groups, 1 week, 4 weeks, 1/2 year and 1 year old, respectively. 

1 Week 4 Weeks 1/2 Year lYear 
n=8 n=8 n=8 n=8 

Mean Std Mean Std Mean Std Mean Std 
Incubation 
period (days) 4.8 0.89 3.4 0.52 3.0 0.00 3.0 0.00 
Maximum 
temp.( 0 C) 41.4 0.30 41.7 0.18 41.4 0.20 42.1 0.14 
Duration of 
fever (days) 5.3 1.58 4.8 1.28 6.1 0.64 6.5 2.56 
Magnitude of 
fever (mm2)* 5168 1469 5892 1365 5314 420 8308 2108 

*The magnitude of fever is calculated as the area under the temperature curve with 40°C as base line. 
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cytes from both control and inoculated lambs dur
ing the first 2 weeks of sampling. In contrast, the 
SI10g for the control lambs in Group 2 rose dur
ing the first 2 weeks of sampling in all mitogen 
stimulated lymphocytes. 

Discussion 
The results of the present study indicate that the 
severity of clinical response to TBF infection 
increases with increasing age of the lambs. The 
oldest lambs had the most pronounced temper
ature reactions and parasitaemia was most 
prominent in lambs of the 3 older groups. 
Young lambs may receive TBF antibodies from 
their dams through colostrum. Serological tests 
were not performed in this study, so the influ
ence of colostral antibodies on the clinical reac
tions of lambs in Groups 1 and 2 is unknown. 
However, as previously demonstrated, 2-week 
old lambs seem to be more resistant to TBF infec
tion than 6-week old lambs, and this increased 
resistance appears to be due to factors other than 
TBF antibodies (Stuen et al. 1992). 
The maximum temperature and the magni
tude of fever in 6 months old lambs (Group 3) 
were less than those of 4 week old lambs 
(Group 2). However, the temperature differen
ces between inoculated and control lambs in 
Group 3 were between those of Group 2 and 
Group 4 (1 year old). This discrepancy is diffi
cult to explain. Lambs in Group 3 were infec
ted with TBF in the autumn, while the other age 
groups were infected in the spring. The body tem
peratures were recorded at the same h every day 
to eliminate diurnal variation (Bligh et al. 1965). 
However, Bligh et al. (1965) also observed that 
there may be a seasonal variation in body tem
perature in sheep on pasture. 
A transient decrease in number of lympho
cytes during a TBF infection has been demon
strated by Taylor et al. (1941) and Batungbacal 
et al. (1982). In the present experiment, a drop 
in number of lymphocytes was recorded only on 
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a single day in lambs in Group 1, while decreased 
numbers were observed in the other groups 
for 5-6 days. 
The number of neutrophil granulocytes on Day 
0 was higher in 1 week old lambs than in the 
other groups. This agrees with observations 
made by Ullrey et al. (1965), who found that the 
number of neutrophil granulocytes in lambs 
decreases from the second week of life and 
throughout the first year. 
Although observations were not made between 
Day 14 and Day 28, the period of neutropenia 
was apparently similar in all inoculated lambs. 
Observations by others have shown that neutro
penia lasts for 1-3 weeks (Taylor et al. 1941, Fos
ter & Cameron 1970, Brodie et al. 1986). No dif
ference in the degree of neutropenia was 
observed between the age groups in the present 
experiment. 
A drop in the number of neutrophil granuloc
ytes was present in all TBF infected lambs on 
Day 14. This reduction appeared earlier and was 
subtained longer in the 3 older age groups. In 
a previous experiment, a reduced number of neu
trophil granulocytes was observed for more 
than 4 months in lambs inoculated with E. 
phagocytophila at the age of3 weeks (Stuen et 
al. 1990). 
Foggie (1951) observed that E. phagocytophi
la could survive for months in sheep. The agent 
was not found in the blood of a sheep 47 weeks 
after the primary infection, but reappeared in 
blood smears when the sheep was splenectom
ised in the 48th week. The reduction in number 
of neutrophil granulocytes in this study may be 
caused by destruction and sequestration of 
infected cells (Hudson 1950). Although the 
agent was not found in blood smears after the 
fever period, the extended period of reduced num
ber of neutrophil granulocytes observed in the 
present study could indicate a prolonged low
grade infection with E.phagocytophila. The 
question arises whether there may be differenc-
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Sammendrag 
Tick-borne fever (Sjodogg) hos lam av ulik alder. 

Fire grupper av lam, henholdsvis 1 uke, 4 uker, 1/2 ar 
og 1 ar gamle, ble podet med Ehrlichia phagocytophi
la infisert blod. Kliniske symtomer, tempteraturrespon
sen, hematologiske forandringer, samt parasittemi
en var mindre uttalt hos lam som ble podet nar de var 
1 uke gamle i forhold ti! lam i de pvrige gruppene. De 
kliniske reasjoner pa sjodogg syntes a pke med pkende 
alder pa lammene. Den mitogene lymfocyttresponsen 
var nedsatt hos sjodogginfiserte lam, mest uttalt hos 
lam i de 3 eldste gruppene. 
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