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Abstract – The enteropathogenicity of avian reoviruses (ARVs), isolated from chickens affected
with malabsorption syndrome (MAS) from The Netherlands and Germany was studied. In the first
trial seven different ARVs isolated from MAS cases were inoculated in 1-day-old specific
pathogenic free (SPF) white leghorns. The pathogenicity was compared with 2 ARVs isolated from
cases of tenosynovitis, namely reference strain S1133 and a Dutch strain. Although a difference in
the severity of the clinical disease was observed, all reoviruses could induce vacuolar degeneration
and sloughing of the epithelium of the small intestine at day 2 post inoculation (PI) till day 7 PI.
Two Dutch and one German ARV derived from MAS causing the most severe intestinal lesions at
day 2 PI, were further studied in the second trial using SPF broilers. These reoviruses did not cause
weight gain depression in the broilers although lesions in the small intestine were present from day
1 up to day 4 PI and were more severe than in the white leghorn chickens. In one of the inoculated
groups apical denuded villi were already present at day 1 PI. At day 7 PI the small intestine of the
infected broilers appeared to be normal. Reovirus antigen was detected in the cytoplasm of the
enterocytes at the tip and middle section of the affected villi both in layers and in broilers. To study
the role of intestinal CD4+ and CD8+ T-cells and macrophages/monocytes in the pathogenesis of
ARV, the numbers of these cells of the jejunal villi of one infected and the control broiler groups
were compared. CD4+ T-cells were detected in low numbers and only in the infected broiler group
at day 14 PI. The numbers of CD8+ T-cells and macrophages/monocytes were significantly higher
in the infected broiler group than in the control broiler group at day 7 and 14 PI and at day 7 PI
respectively. Our study indicates that the reovirus alone cannot induce intestinal lesions as found in
MAS chickens. Moreover, CD8+ T-cells may play a major role in the pathogenesis and or reovirus
clearance in the small intestine.

malabsorption syndrome / runting-stunting syndrome / reovirus / enteropathogenicity /
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1. INTRODUCTION

The malabsorption syndrome (MAS) or
runting-stunting syndrome is an economic
problem in the broiler industry and is dis-
tributed around the world. Commonly, the
susceptible age to MAS is the first two
weeks of age. This syndrome is mainly
characterised by gastrointestinal lesions
directly resulting in weight gain depres-
sion. The gastrointestinal lesions generally
include proventriculitis and enteritis
with cellular infiltration, cystic crypts of
Lieberkühn, villus atrophy and villus
fusion [19]. Avian reoviruses (ARVs) have
been associated with MAS, both in field
surveys [5, 6, 12, 27] and in controlled
experiments [11, 22]. ARVs are also asso-
ciated with disease conditions like tenos-
ynovitis [3, 25]. Although the relationship
between reovirus and tenosynovitis is
well-established [25], this role is less clear
in MAS. Reoviruses isolated from MAS
chickens could induce lesions/microscopic
changes in the liver [24], heart [17], bursa
of Fabricius [15, 17], bone [27], proven-
triculus, intestine and tendons [20]. Reovi-
ruses associated with tenosynovitis could
also induce intestinal lesions [21].

Recently, we have shown reovirus anti-
gens in lesions of the small intestine of
MAS affected broilers early after inocula-
tion of the MAS-homogenates [22]. There-
fore we hypothesise that the reovirus may
be a priming agent in the early develop-
ment of the intestinal lesions in cases of
MAS. 

The role that different ARVs isolated
from MAS play in the intestinal lesions
and weight gain depression needs to be fur-
ther investigated. This paper describes the
enteropathogenicity of reoviruses isolated
in a controlled MAS experiment [22] and
from field cases of MAS in The Nether-
lands and Germany. In the first trial, we
compared the enteropathogenicity of sev-
eral MAS- associated reoviruses in SPF
white leghorn chickens with that of two
tenosynovitis-related ARVs by histopa-
thology. In the second trial, the entero-

pathogenicity of MAS-associated ARVs is
studied in 1-day-old SPF broilers.   

2. MATERIALS AND METHODS

2.1. Chickens 

One-day-old specific pathogen free
(SPF) white leghorn chicks and SPF broiler
chicks were used in trial 1 or 2 respectively.
The SPF white leghorn chickens were
obtained from the Institute for Animal Sci-
ence and Health, Lelystad, The Nether-
lands. The SPF broiler chickens were
obtained from the Animal Health Service,
Deventer, The Netherlands. The broiler
chickens are a crossbred of Hybro and
Cobb. Neither SPF white leghorn nor SPF
broiler chickens had maternal antibodies
against the reovirus and both were reovi-
rus-negative upon isolation procedures. 

2.2. Viruses  

Reovirus isolates used in trial 1 are pre-
sented in Table I. The MAS-associated
ARVs used were obtained from 2 sources.
ARV GEI10 97M, NLI01 80M, NLI02
88M, GEI09 97M, and NLI12 96M were
isolated from MAS-homogenates used in
the former study [22]. ARV NLI20 98M
and NLI19 97M were isolated from the
intestinal contents of MAS affected chick-
ens in the field. We also used two tenosyn-
ovitis-associated ARVs: S1133 [26] and a
Dutch field strain NLA13 96T, isolated at
the Animal Health Service, Deventer, The
Netherlands. All ARVs were propagated in
chicken embryo liver cells (CELC). The
fourth passage on CELC was used for
inoculation. The viruses were identified as
reoviruses with the immunoperoxidase
monolayer assay (IPMA) as described ear-
lier [1] using rabbit anti-reovirus poly-
clonal antibodies. All viruses were geno-
typed based on the �C amino acid
sequence and were classified in clusters
[10]. (Clusters are indicated in Tab. I.)
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Since Kant et al. [10] have submitted these
sequence data to GenBank, the accession
numbers are indicated in Table I. 

Based on the results in SPF layers in
trial 1, it was decided to carry out an
enteropathogenicity test in SPF broilers
with a selection of the formerly used reovi-
ruses: GEI09 97M, NLI19 97M, and
NLI20 98M. Since in the mean time, it was
found that the GEI10 97M contained
3 genotypes (clusters 1, 4, 5 in Kant et al.
[10]), this virus was cloned by the limiting
dilution method. Before use in the broilers,
ARVs NLI19 97M, NLI20 98M and also
one clone of GEI09 97M (genotype
cluster 4, Kant et al. [10]) were cloned.
The passage number of these clones on
CELC used for inoculation into the broilers
was 7, 7 and 12 respectively. We also used
ARV GEI09 97M containing all 3 geno-
types (fourth passage on CELC). 

All ARVs used in both trials were
titrated for a 50% tissue culture infective

dose (TCID50) before inoculation into the
chickens. 

2.3. Experimental designs

2.3.1. Trial 1: Enteropathogenicity test
in SPF white leghorn

One hundred 1-day old SPF white leg-
horn chicks were divided into 10 groups,
10 chicks each. Group 1 was orally inocu-
lated with 0.5 mL Dulbecco phosphate
buffered saline (PBS) and served as a
control group. Groups 2 to 10 were orally
inoculated with 0.5 mL of a suspension
containing 106 TCID50 /mL PBS of NLI01
80M, NLI02 88M, NLI12 96M, NLI20
98M, NLI19 97M, GEI10 97M, GEI09
97M, NLA13 96T and S1133, respectively
(Tab. I). The chickens were kept in isola-
tors and given feed and water ad libitum. 

The chicks were killed and necropsied
on days 2 and 7 post infection (PI). Pieces

Table I. Enteropathogenicity of avian reoviruses with a different origin and genotype inoculated in
1-day-old SPF White Leghorn chicks (trial 1).

Group,
reovirus code a

Genotype 
clustera

GenBank 
accession number b

Number of affected c

birds at day 2 PI (n = 5) 

1, PBS (control) – 0

2, NLI01 80Md 4 AF 354195 2

3, NLI02 88Md 4 AF354229 1

4, NLI12 96Md 4 AF354230 1

5, NLI20 98M 2 AF354197 4 

6, NLI19 97M 4 AF354196 3 

7, GEI10 97Md 1, 4, 5 AF354119 2

8, GEI09 97Md 1, 4, 5 AF354220 3

9, NLA13 96T 4 AF354228 1

10, S1133 [25] 1 2
a Reovirus codes and genotype clusters, according to Kant et al. [10] 

Designation: NL = case in The Netherlands; I = isolated at ID-Lelystad; 01 = first isolate of the year; 
80 = year of isolation; M = MAS originating. Furthermore: GE = Germany; A = isolate from Animal 
Health Service, Deventer; T = tenosynovitis; PBS = phosphate buffered saline.
b GenBank accession numbers of �C sequences as submitted by Kant et al. [10].
c Histopathological changes include vacuolar degeneration of the epithelium and sloughing of the epi-
thelium at the tip of the villi.
d Reoviruses obtained from a former MAS study [22].
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of the proventriculus, duodenum, jejunum,
ileum, cecal tonsil and bursa of Fabricius
were fixed in 10% buffered formalin and
processed for a histopathological study.
Parts of the same organs were snap frozen
in liquid nitrogen and kept at –70 °C for
immunohistochemistry.

2.3.2. Trial 2: The enteropathogenicity 
test in SPF broilers

One hundred and seventy-five 1-day-old
SPF broiler chicks were divided into
5 groups, 35 chicks each. Group 1 was
orally inoculated with 0.5 mL PBS and
served as a control group. Groups 2 to 5
were orally inoculated with 0.5 mL of viral
suspension containing 106 TCID50/mL
PBS of GEI09 97M (containing 3 geno-
types), cloned GEI09 97M (cluster 4),
cloned NLI19 97M (cluster 4) and cloned
NLI20 98M (cluster 2), respectively
(Tab. II). Five chickens per group were
weighed on days 7, 14 and 21 PI and necrop-
sied on days 1, 2, 4, 7 and 14 PI, whereas
on days 21 PI the remaining chickens (n =
10 per group) were weighed and necrop-
sied. Pieces of the proventriculus, duode-
num, jejunum, ileum, pancreas, cecal tonsil
and bursa of Fabricius were fixed with 10%
buffered formalin for a histopathological
study. The same parts of the intestine were

snap frozen in liquid nitrogen and kept at
–70 °C for immunohistochemistry. 

Cloacal swabs were taken for virus iso-
lation at day 7 PI. Blood was collected
before inoculation (n = 10) and at day 21 PI
(n = 10) via heart puncture for separation
of the serum to test for anti-reovirus anti-
bodies. 

2.4. Histopathology
and immunohistochemistry

All formalin-fixed tissues were proc-
essed according to standard procedures
and stained with haematoxylin and eosin
(H&E) [14]. The slides were studied under
a light microscope. All frozen tissues were
sectioned on a cryostat at 8-�m thickness
and taken up on glass slides (Superfrost®;
BDH, Poole, England). The tissues were
fixed with pure acetone and air-dried. An
immunoperoxidase staining was per-
formed for detection of reovirus antigen in
the small intestine, cecal tonsil and bursa
of Fabricius as described earlier [22]. To
study the intestinal cellular immune
response in broilers after reovirus infec-
tion, an immunoperoxidase staining was
performed on cryostat tissues of the jeju-
num of broilers in group 5 (reovirus NLI20
98M) and group 1 (control) in trial 2.

Table II. Effect of inoculation of 1-day-old SPF broilers with different avian reoviruses on body
weight. 

Group,
reovirus code (cluster) A

Body weight in grams (means � SD) (n = 5)

day 7 PI day 14 PI Day 21 PI

1 Control, PBS 84 ± 16.1 290 ± 17.1 517 ± 30.1a,c

2 GEI09 97M (1, 4, 5) 85 ± 6.3 290 ± 37.8 460 ± 50.9a

3 GEI09 97M (4) 82 ± 7.8 255 ± 22.1 590 ± 65.6b

4 NLI19 97M (4) 90 ± 8.8 268 ± 26.8 545 ± 49.8b,c

5 NLI20 98M (2) 84 ± 12.5 275 ± 39.4 527 ± 35.8b,c

A Reovirus code and cluster according to genotyping by Kant et al. [10]. Designation: GE = case in 
Germany; I = isolated at ID-Lelystad; 09 = 9th isolate of the year; 97 = year of isolation; M = MAS ori-
ginating. Furthermore: NL = The Netherlands; PBS = phosphate buffered saline.
a,b,c Means � SD in a column with no common superscript differ significantly (P � 0.05).
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Monoclonal antibodies anti-macrophage/
monocyte [7], helper T-cells (CD4+) and
cytotoxic T-cells (CD8+) (Southern Bio-
technology Associates, Inc, Birmingham,
AL, USA) were used separately. The num-
bers of positive cells (pc) in the villi were
assessed by randomly measuring the cut
surface area of longitudinal sections of the
villi that did not contain germinal centres
or lymphocytic aggregations. A cut surface
area (in square micron, sm) of a villus was
measured by the Optimas 5.2 Image Anal-
ysis System (Washington DC, USA). The
cut surface area of a villus was measured
from one side of the base of the villus (lam-
ina propria), passing the rim, the top of the
villus until the other side of the base of the
villus. To measure the cut surface area of
the villus, an optical magnification of
100 times was used. After measuring the
cut surface area, the positive cells in this
area were counted by a hand-counter with
optical magnification of 250 times or
higher in order to get a clear boundary of a
positive cell. This procedure was done for
3 sections of the jejunum per chick and for
3 villi per section. Hence the cut surface
area and the number of positive cells were
assessed 9 times in one chicken. 

2.5. Virus re-isolation 

All swab samples from the inoculated
and the control broilers of the experiment
were tested by virus isolation. The samples
were diluted in PBS, and inoculated onto
primary CELC. Inoculated cell cultures
were observed for a typical cytopathic
effect (CPE) for 4 days. Samples that were
CPE-negative in the first passage were
blindly passed at least 3 times. Isolation of
the reovirus was confirmed by IPMA at
24–48 hours PI, as mentioned in 2.2.

2.6. Serology 

All sera collected before inoculation
and sera collected at day 21 PI were tested

for antibodies against the reovirus by
IPMA.

2.7. Statistics 

Data were analysed with a two-way
analysis of variance model according to
SPSS for windows Release 6.1, 1994 [23].
The level of significance used was P <
0.05.

3.  RESULTS

3.1. Enteropathogenicity test in SPF 
white leghorn in (trial 1)

The infected chicks had varying clinical
signs and gross and histopathological
changes. A few chicks in groups 2, 4, 5, 8
and 9 showed weakness and mild diarrhoea
at day 2 PI. At day 7 PI, no clinical signs
were seen. Macroscopically, some chicks
of these groups had distended and pale
small intestines with watery and mucous
contents. The numbers of affected chick-
ens at day 2 PI are presented in Table I.
Histopathological changes including vacu-
olar degeneration of the epithelium and
sloughing of the epithelium were present at
the tip of the villi. Although the lesions
were also present in the duodenum, they
were the most prominent in the jejunum
and ileum. Also, these small intestinal
lesions were most obvious in groups 5, 6
and 8 (infected with MAS-associated
ARVs NLI20 98M, NLI19 97M and
GEI09 97M), whereas the lesions were less
severe in chickens in groups 9 and 10
(infected with tenosynovitis-associated
strains, NLA13 96T and S1133). At day
7 PI, all infected groups showed more or
less severe lesions in the small intestines
including vacuolar degeneration of the epi-
thelium and sloughing of the tip of the villi.
The lesions were, however, so straight that
part of the lesions might be artificial
because of the handling of the intestines.
No histopathological changes were present
in the control group at either time point.
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3.2. An enteropathogenicity test in SPF 
broilers (trial 2)

3.2.1. Clinical signs, gross lesions, 
histological changes
and immunohistochemistry 

None of the ARVs tested induced a
weight gain depression in the broilers
(Tab. II). At day 21 PI, the average body
weight of group 3 (inoculated with a
cloned virus of GEI09 97M) was signifi-
cantly higher than that of the other groups.
At days 1, 2 and 4 PI, a few chicks of
the infected groups showed weakness
and depression. Macroscopically, most
infected chicks had distended and pale
small intestines with watery and mucous
content from day 1 PI up to day 4 PI.
Histological changes including vacuolar
degeneration, ballooning and sloughing of
the epithelium at the tip of the villi were
present in all the infected groups (Fig. 1).
The numbers of the affected chickens are
presented in Table III. The lesions were
present in all parts of the small intestine.
However, the lesions were mostly present
in the jejunum and ileum of all infected
groups at days 1 and 2 PI. ARV NLI20
98M induced very quickly (day 1 PI),

Table III. Enteropathogenic effect of inoculation of 1-day-old SPF broilers with different avian
reoviruses as measured by histological changes. 

Group,
reovirus code (cluster) a

Number of affectedb birds (n = 5)

day 1 PI day 2 PI Day 4 PI day 7

1  Control, PBS 0 0 0 0

2  GEI09 97M (1, 4, 5) 2 4 3 0

3  GEI09 97M (4) 4 3 2 0

4  NLI19 97M(4) 4 3 2 0

5  NLI20 98M (2) 5 2 3 0
a Reovirus code and cluster according to genotyping by Kant et al. [10]. 
Designation: GE = case in Germany; I = isolated at ID-Lelystad; 09 = 9th isolate of the year; 97 = year 
of isolation; M = MAS originating. Furthermore: NL = The Netherlands; PBS = phosphate buffered 
saline. 
b Histological changes include vacuolar degeneration, ballooning and sloughing of the epithelium at 
the tip of the villi.

Figure 1. Infected intestinal villi of the ileum
from a SPF broiler infected with ARV NLI20
98M. Vacuolar degeneration and sloughing of
the villus epithelium (arrow head) at day 2 PI.
Bar = 105 �m.
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severe and widespread lesions like slough-
ing of the epithelium resulting in denuded
villi (group 5) (Figs. 1 and 2). These
lesions were more severe than in the other
groups in trial 2. Moreover, this virus
induced more severe early lesions in broil-
ers than in White leghorn chickens. From
day 7 PI on, the intestines of all ARV-
infected groups appeared to be normal. 

The epithelium of the bursa of Fabricius
of all infected groups underwent vacuolar
degeneration at days 4 and 7 PI whereas no
histological changes occurred in the
proventriculus, pancreas, or caecal tonsil in
any of the infected groups of broilers. Also,
at these time points, moderate lymphoid
depletion was present in the bursa of Fabr-
icius of broilers of group 5 (infected with
ARV NLI20 98M). 

Reovirus antigen was detected in the
cytoplasm of enterocytes at the tip and
middle section of the villi of the duode-

num, jejunum, ileum, and in the caecal ton-
sil and bursa of Fabricius of all infected
broiler groups at days 1, 2, and 7 PI
(Fig. 3). The reovirus antigen was mostly
found in the affected jejunum and ileum.
From day 7 on, no reovirus antigen was
detected in any of the infected groups. The
control group did not have histopathologi-
cal changes nor a positive reaction to the
reovirus antigen. 

The intestinal cellular immune response
was studied in the jejunum of group 5
(infected with NLI20 98M) and in group 1
(control group). Macrophages/monocytes
were present in the lamina propria of the
jejunum of both groups and increased from
day 4 PI on. At day 7 PI, macrophages/
monocytes (pc/sm) of the infected group
were significantly higher than those of the

Figure 2. Apical denudation of the ileal villus
from an SPF broiler infected with ARV NLI20
98M at day 2 PI. Bar = 50 �m.

Figure 3. Immunohistochemistry. A reovirus
antigen (arrow head) was detected at the tip and
in the middle section of the jejunal villi of an
SPF broiler infected with ARV NLI20 98 at day
2 PI. Bar = 105 �m.
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control group (P < 0.05). However, at
day 4 (not shown) and 14 PI, there was no
significant difference in macrophages/
monocytes pc/sm between the infected and
the control group. No CD4+ T-cells were
present in the jejunum of the control group
at either time point studied (day 1, 2, 4, 7
and 14 PI), whereas few CD4+ T-cells
were present only at day 14 PI in the lam-
ina propria of the jejunum of broilers of
the infected group. From day 4 PI on,
CD8+ T-cells were present in the epithe-
lium and lamina propria of the jejunum of
both groups. The CD8+ (pc/sm) of the
infected group was significantly higher
than that of the control group from days 7
and 14 PI (P < 0.05) (Tab. IV). 

3.2.2. Virus re-isolation

All cloacal swab samples from infected
groups 2 to 5 were positive for reovirus
isolation on day 7 PI. The swab samples
from the control group were negative for
reovirus isolation.

3.2.3. Serology (trial 2)

In the presera tested, no antibodies
directed against the reovirus were detected.
All sera obtained from the inoculated
groups (2 to 5) at day 21 PI were positive
against the reovirus. The control group had
no antibodies to the reovirus. 

4. DISCUSSION

All avian reoviruses isolated from the
cases of malabsorption syndrome used in
this study could induce lesions such as
vacuolar degeneration and sloughing of
enterocytes in the small intestine. Lesions
were observed both in white leghorn chick-
ens and in broilers. The lesions were, how-
ever, less severe in the white leghorn
chickens. This was especially the case for
NLI20 98M, which very quickly caused, in
comparison to the other ARVs, severe
lesions including apical denuded villi in
the small intestines of the broilers. Jones
et al. [9] have shown that broilers are
more susceptible to tenosynovitis reovi-
ruses than are white leghorns.

Although the ARVs caused intestinal
lesions in the broilers, none of them caused
weight gain depression. The lesions were
mainly present at the tip of the villus,
whereas the reovirus antigen was detected
at the tip and middle part of the villi. The
immunohistochemistry showing reovirus
antigen has been previously shown by
Jones et al. [8]. We speculate that ARVs
preferably replicate in more differentiated
enterocytes that are present at the tip of the
villi. It is known that the villus epithelia
are mostly generated from the crypt of
Lieberkühn and move up along the villi.
In this study, neither the lesion nor the
reovirus antigen was present in the crypt of

Table IV. The effect of a MAS-associated reovirus infection in SPF broilers on the number of
CD8+ T-cells and macrophages/monocytes in the jejunum at day 7 and 14 PI.

Group CD8+ T-cell A Macrophage/monocyte A

day 7 PI Day 14 PI day 7 PI day 14 PI

Control, PBS 0.14 ��0.10a
 (45)B

0.69 ��0.17a 
(45)

0.76 ��1.56a 
(45)

1.32 ��0.27a

(41)

NLI20 98M C 0.86 ��0.33b 
(45)

1.75 ��0.49b 
(45)

1.47 ��0.55b

(42)
1.53 ��0.34a 

(40)
A Number of CD8+ T-cells or macrophages, monocytes indicated as positive cells per square micron of 
villus [×1000].
B () = number of observations.
C Designation: NL = The Netherlands; I = isolated at ID-Lelystad; 20 = 20th isolate of the year; 98 = 
year of isolation; M = MAS originating; PBS = phosphate buffered saline.
a,b Means � SD in a column with no common superscript differ significantly (P < 0.05).
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Lieberkühn. In MAS affected broilers, the
intestinal lesions include enteritis with cys-
tic formation of the crypt of Lieberkühn,
villus atrophy and villus fusion [22]. This
indicates that the reovirus alone cannot
cause the same intestinal lesions as those
found in MAS. Our results are in accor-
dance with other studies that indicate that
one cannot reproduce common features of
MAS by using MAS-associated ARVs
alone [2, 11]. In contrast to our study, how-
ever, other investigators showed that
reoviruses isolated from MAS chickens
could induce weight gain depression [27,
28] with intestinal lesions [20] in broilers.
On the contrary to our study, they did not
use SPF broilers, but rather commercial
broilers. In commercial broilers, the com-
bination of the inoculated reovirus with
agents already present in the broiler may
cause the effect on weight gain.

Interestingly, at day 7 PI, lesions were
still present in the infected groups of the
white leghorns but not in the infected
groups of broilers. The apical denuded villi
observed in the infected white leghorn
chickens at day 7 PI, could partly be an
artefact caused by handling during collect-
ing or processing of the tissues. We did
not, however, observe this in the control
white leghorns. On the contrary, it is likely
that epithelial replacement occurs faster in
broilers than in white leghorn chickens.
Differences in the villus morphology and
activities have been shown in that the vil-
lus epithelia develop more over the whole
apical surface, have larger villi and wider
microvilli [29] and show an earlier matura-
tion in activities [30] in the broiler than
in white leghorn chickens. Therefore,
although the infected broilers had more
severe intestinal lesions (at day 2 PI)
because of the presence of more differenti-
ated epithelia, the recovery might be faster
due to a faster replacement of the epithelia.

Unexpectedly, at day 7 PI, all infected
groups of broiler chickens were still posi-
tive to reovirus re-isolation although no
lesions were observed at this time point.

The virus might be cleared with the
sloughed cells resulting in the recovery of
the affected villi when the chickens were
older. Other mechanisms of clearance
might also be involved. At day 7 PI, the
number of CD8+ T-cells and macrophage/
monocytes (ps/sm) in the infected intestine
had increased. An increased number of
CD8+ T-cells suggests a cytotoxic activity.
Although we have no convincing data to
support the role of these cells in the clear-
ance of ARVS, others have also observed
an increase in the number of CD8+ T-cells
[13], and T-helper 1 cells [4] in mice
infected with reoviruses. Pertile et al. [18]
suggest that macrophages play a role in the
protection of cells by cytopathic effects of
nitric oxide production on the host cell.
Whether the activities of the immune cells
can be correlated with a cell type-specific
set of cytokines during a reovirus infection
needs to be further studied. In this study,
we did not examine the intestinal humoral
immune response to reovirus infection.
However, the reovirus-specific humoral
immune response such as intestinal immu-
noglobulin A and G has been shown by
another study [16]. 

We have described the reproduction of
MAS by oral inoculation of homogenates
obtained from the intestine of MAS
affected broilers into 1-day old chicks [22].
In these affected broilers, we also found
increased numbers of CD8+ T-cells in the
crypt of Lieberkühn that had early stages
of cystic formation, especially in the jeju-
num (unpublished data). Therefore, we
compared the CD8+ T-cells in the jejunum
of one ARV infected broiler group with
those in the control group. In the present
study, the localisation of CD8+ T-cells is
rare in the crypt of Lieberkühn of the reo-
virus-infected broilers. Indeed, the MAS
homogenates contained not only ARVs but
also other agents and unknown substances.
We hypothesise that MAS-associated reo-
viruses in combination with other viruses
and /or bacteria in a MAS-homogenate
cause the lesions and the localisation and
increase of the CD8+ T-cells in the small



294 T. Songserm et al.

intestine. However, the role of the ARVs
as a priming agent in the development of
MAS lesions and weight gain depression
needs to be further studied in combination
with other agents or substances. This is
currently under study. 
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