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Abstract. The aim of the study was to determine the structure and topography
of lymphoid tissue in immune formations of the intestines (Peyer’s patches, Meckel’s
diverticulum, apical diverticula) in the postnatal period of ducks’ ontogenesis.
Established that lymphoid tissue in these organs located in the tunica mucosa and
tunica muscularis of the intestines’” wall. From the one-day age of duck, the lymphoid
tissue is found in the tunica mucosa of all studied structures and in the tunica
muscularis of the apical diverticula, and in the tunica muscularis from 10-20-days of
age in the location of Peyer’s patches and the Meckel’s diverticulum. Lymphoid tissue
has three levels of structural organization. These are diffuse lymphoid tissue, primary
lymphoid nodules and secondary lymphoid nodules. The presence of all levels of the
structural organization of lymphoid tissue indicates its complete morphofunctional
maturity. The complete morphofunctional maturity of the mucosal lymphoid tissue of
Peyer's patches is reached on the 15 day of ducks’ age, the mucosal lymphoid tissue of
the Meckel diverticulum on the 20-day of age, and in the apical diverticula on the 10-
day of age. The complete morphofunctional maturity of the muscular lymphoid tissue
of Peyer's patches is reached on the 15-25 days of ducks’ age, the muscular lymphoid
tissue of the Meckel diverticulum on the 25-day of age, and in the apical diverticula
on the 10-day of age. The present article provides the first time data summarizing
the structure and topography of lymphoid tissue in the immune formations of the
intestines, such as Peyer’s patches, Meckel’s diverticulum and apical diverticula of the
Blahovarsky cross broiler ducks.

Keywords: ducks, intestine, Peyer’s patches, Meckel’s diverticulum, apical
diverticula, lymphoid tissue.
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Introduction

The mucosa-associated lymphoid
tissue (MALT) forms the basis of ag-
gregated (Peyer’s patches) and isolat-
ed lymphoid nodules of the intestine,
appendix, Meckel’s diverticulum, lym-
phoid throat ring of Pirogov-Valdeyer,
laryngeal tonsils (Casteleyn etal., 2010).
MALT is also can be found in the wall
of the bronchi and tubular urinary-geni-
tal organs (Reese et al., 2006). The gut-
and bronchus-associated lymphoid tis-
sues adjacent to the mucosal epithelium
are often referred as GALT and BALT,
respectively (Day and Schultz, 2011;
Kaushansky et al., 2016). These tissues
contain lymphocytes and antigen-pre-
senting cells and are directly involved in
initiation of adaptive immune responses
(Neutral et al., 2001; Qi Bao-min et al.,
2009, Day and Schultz, 2011). In birds,
a majority of peripheral lymphoid organ
tissue (approximately 70%) is localized
in the mucosa of tubular digestive or-
gans (Neutra et al., 2001), which may be
explained for by the fact that most anti-
gens enter through the digestive system
(Forchielli and Walker, 2005). Previous
studies (Kitamura, 1976; Georgescu et
al., 2007) demonstrated that lymphoid
tissues of the waterfowl (geese, musky
ducks) digestive tract can be located
not only in their mucosa, but also in the
muscularis and serosa. Thus, the goal of
this study was to localize and charac-
terize lymphoid tissue in the waterfowl
Peyer’s patches, Meckel’s diverticulum,
and apical diverticula.

Materials and Methods

Intestines were obtained from the
Blahovarsky cross broiler ducks of 1, 5,
10, 15, 20, 25, 30, 60, 90, 120, 150, 180,
210, 240 days old (6 ducks per group).

All the interventions and slaughter of
the birds were performed in compliance
with the requirements of the European
Convention for the Protection of Ver-
tebrate Animals Used for Experimen-
tal and Scientific Purposes, Strasbourg
1986 (European Convention for the
Protection of Vertebrate Animals) and
the Decree of the First National Con-
gress on Bioethics (Reznikov, 2003).

Necropsy, sample collection, and
histology were performed as previous-
ly described (Horalskyj et al., 2005).
At first, the numbers and localization
of the Peyer’s patches (PPs) were de-
termined. Dimensions of PPs, Meckel’s
diverticulum, and the apical diverticula
were measured using calipers and cen-
timeter ruler. Then, tissues were fixed
in 10% neutral formalin for 24 hours
and then sections of paraffin-embedded
tissues (3040 sections per sample; in
8 u thickness) were stained with hema-
toxylin and eosin, by van Gieson, by
Weigert, by Sthendman, and impregnat-
ed by Kelemen. The slides were exam-
ined via light field microscopy (MBS-
2 (Russia), “Biolam” (Poland), and
“Olympus” (Japan).

The arithmetic mean was determined
statistically with error of the arithmetic
mean (SD). Statistical analysis was per-
formed by using StatSoft Statistica 13.1
(1998).

Results

PPs, Meckel’s diverticulum, and
apical diverticula were visually identi-
fied in the duck intestine. The lymphoid
tissue of the duck duodenum and ileum
were represented by one PPs, whereas
the jejunum contained three PPs. Like
pyloric tonsil in chickens (Casteleyn et
al., 2010), duodenal PPs of duck locate
at the beginning of the intestine. Accord-

Vol. 10,N¢ 2, 2019

Ukrainian Journal of Veterinary Sciences



T. A Masypkesuy, B. T. Xomuy

ing to our research, it has the form of a
cone, the base of which is directed to the
ventriculus. In the jejunum of ducks, we
found three PPs that form closed rings.
They are in permanent locations and
have a width of 5-10 mm (McGarry and
Bourns, 1980), which is confirmed by
our research. The ileum PPs of ducks is
near the ileocecal compound and covers
about half gut circumference (McGar-
ry and Bourns, 1980). We obtained the
same results in our previous studies. In
ducklings of 15-day old and younger,
the PPs localization and anatomic di-
mensions were only determined by us-
ing Helman’s method (Romeys, 1954).
In older ducks, however, PPs were eas-
ily detected without a need for any spe-
cial methods. Overall, the duodenum,
ileum, and jejunum PPs reached their
maximum size by 150, 120, and 120—
150 days of age, respectively.

The caecal tonsils that occur close to
the ileo—caecal junction in chickens and
turkeys do not exist in ducks (Shawky,
2000). Our observation confirmed the
researches of other scientists that cae-
cal tonsils are not present in ducks, but
numerous PPs are noted (Fig. 1), some
of which were localized at the basis of
guts. The PPs chain of the left cecum
was significantly longer than that of the
right cecum. Similarly, the right cecum
chain was noticeably wider. Overall, in
the older birds, we observed longer PPs.

Georgescu et al. (2006) investigated
Meckel’s diverticulum in the most com-
mon types of domestic birds: domestic
hen (Gallus domesticus) and three do-
mestic web-footed fowl species: domes-
tic duck (Anas domesticus), muscovy
duck (Cairina moschata) and domestic
goose (Anser domesticus). Dimensions
of Meckel’s diverticulum differ accord-

Fig. 1. Cecal Peyer’s patches of 20-day-old duck (Helman’s method):
1 —ileum; 2 — ceca with Peyer’s patches; 3 — ileo-caecal junction
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ing to species and age; the maximal de-
velopment was observed at the age of
3—4 months at hens and at the age of 6—
7 months at the web-footed fowl spe-
cies. According to our studies, similar
to PPs, Meckel’s diverticulum reaches
the maximal size on the 4-5 months
(120-150 day) of ducks age.

The results also showed that the length
and maximum thickness of the right and
left apical diverticula were significantly
different. Indices of the right apical diver-
ticulum in most groups were greater than
those of the left diverticulum.

There was no histological difference
between the small and large intestine
walls that either contained or lacked the
PPs and apical diverticula. The wall ca-
nonically comprised tunica mucosa, tuni-
ca muscularis, and tunica serosa. The tuni-
ca mucosa had all four layers, epithelium,
lamina propria, muscularis mucosae, and

tela submucosa, whereas the muscularis
mucosae was poorly developed. Interest-
ingly, as opposed to mammals, the duck
duodenum tela submucosa lacked duode-
nal glands. The tunica muscularis consist-
ed of well-developed inner circular and
outer longitudinal smooth muscular tissue
layers. The tunica serosa was formed by
loose fibrous connective tissue and meso-
thelium. Finally, the muscularis mucosae
was not detected at al.

The lymphoid tissue of pyloric tonsil
and PPs in the hens are represented by
diffuse lymphoid tissue, primary lym-
phoid nodules and secondary lymphoid
nodules, which are located in their lam-
ina propria of tunica mucosa and tela
submucosa (Jerissen et al., 1989; Nagi
and Olah, 2007). According to our re-
search, the lymphoid tissue of the PPs of
duodenum, jejunum, ileum, and caeca
in ducks is represented by diffuse lym-

Fig. 2. Duodenum Payer’s patch of 20-day-old duck: 1 — tunica muscularis;

2 — secondary lymphoid nodule in tela submucosa; 3 — primary lymphoid nodule
in lamina propria mucosa 4 — diffuse lymphoid tissue; 5 — crypts.
Hematoxylin and Eosin staining, x40
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& \
Fig. 3. lleum Payers’ patch of

! \

20-day-old duck: 1 — tunica serosa; 2 — tunica

muscularis; 3 — secondary lymph nodule in tunica muscularis; 4 — connection
of lymphoid tissue of tunica muscularis and tunica mucosa; 5 — diffuse lymphoid
tissue of tunica mucosa; 6 — crypts. Hematoxylin and Eosin staining, x40

phoid tissue, primary lymphoid nodules
and secondary lymphoid nodules, which
are located in their lamina propria of
tunica mucosa and tela submucosa, as
well as in the tunica muscularis.

The PPs lymphoid tissues were iden-
tified throughout the tunica mucosa and
tunica muscularis of duodenum, ileum,
and ceca in all the ducks that were at least
10 days old. In the birds of 20 days or old-
er additional PP tissues were detected in
the muscularis of the duck jejunum. In
the tunica mucosa, PPs were observed in
the lamina propria and tela submucosa
(Fig. 2). Moreover, the epithelium of the
tunica mucosa Vvilli and crypts were in-
filtrated by numerous lymphoid cells. In
the 210, 150, and 210-day-old ducks, the
presence of lymphoid tissue has signifi-
cantly increased in the tunica mucosa of

the duodenum (64.63+1.28%), jejunum
(71.28+1.77%), and ileum (82.69+1.14%),
respectively. In contrast, the ceca PPs reached
their maximum size (46.43+1.78%) already
in the 15-day-old birds. In the older birds,
the tunica mucosa contained less lymphoid
tissue. There were diffuse lymphoid tissue,
primary lymphoid nodules, and secondary
lymphoid nodules. Ratios of these lymphoid
tissues varied between different age groups.
The lymphoid tissue was also detect-
ed in the tunica muscularis of the duode-
num, ileum, and ceca in the ducks of 10
days or older, and in the jejunum of 20-
day and older birds. Lymphoid tissue was
placed in the internal (circular) layer of
muscularis. In some places, it connected
with lymphoid tissue of tunica mucosa
(Fig. 3). The significantly greater pres-
ence of muscular lymphoid tissue in
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the duodenum, jejunum and ileum was
observed in the 150-day-old ducks
(41.31+1.13-45.28+2.48%). The older
birds (240-day-old) had the least lym-
phoid tissue. The contents of muscular
lymphoid tissue in the ceca increased
constantly and in 240-day-old ducks
covers 36.72+0.68% of its area. The
muscular lymphoid tissue was com-
posed of diffuse lymphoid tissue, pri-
mary lymphoid nodules, and second-
ary lymphoid nodules. Only secondary
lymphoid nodules, however, were de-
tected in the tunica muscularis of the
duodenum, jejunum, and ileum PPs in

the 15, 20 and 25-day and older ducks,
respectively. Thus, secondary lymphoid
nodules were the only level of structural
organization of muscular lymphoid tis-
sue in 60-240-day old ducks.

The content of diffuse lymphoid tis-
sue in the tunica mucosa of Meckel’s
diverticulum increases to 30-60-day
age of chickens (Glick, 1979). Accord-
ing Besoluk et al (Besoluk et al, 2002),
lymphoid tissue of Meckel’s diverticu-
lum starts to develop from 5 to 7 weeks
of age in gees. Jerissen et al. (Jerissen
et al., 1989) noted that Meckel’s diver-
ticulum contained secondary lymphoid

1. The area of the lymphoid tissue and its forms in the mucosa
and in the muscularis in the Meckel diverticulum, mean + SD, %, n =6

% Mucosa in the Meckel diverticulum Muscularis in the Meckel diverticulum
kel
:%’; LT DLT PLN SIN LT DLT PLN SIN
52,15+
1 509 100 - - - - - -
52,92+
5 i 100 - - - - - -
323+
10 i3 100 - - - - - -
s | BTT= | 9761 | 239+ B 3,08+ 100 B 3
0,07 0,04 0,04 0,03
20 | 988+ | 9189+ | 688+ | 123+ | 992+ 0 B 3
0.29 018 | 0.16%* | 006 | 005%**
b5 | 5702+ [ 9053+ | 48% | 467+ | 113+ | 3139= | 889+ | 5972+
135 1.05 08 | 0,620 | 112 | 368%* | 249 493
w0 | 57.59% | 8989% | 147+ | 865+ | 1221+ | 21.54= B 78.46 =
022 0.6 | 019% | 041 | 02 131%* 1 3%
0 | 5798% | 89.01= | L4t | 985+ | 1272+ i} B 100"
258 089 | 041* 127 0.88
o0 | 5746+ | 815% | 102+ | 1748+ | 161+ B B 100
0,19 0.17 007 | 0,120 | 121
5505+ | 7402+ | 098% | 250= | 19.18<
120 | "5 6.46 027 | 620 | 301 - - 100
563+ | 7983+ 2017+ | 3059+
150 1 “935 0.55 - 0.55% | 031%* - - 100
56.13% | 8287+ 1713 | 296+
180 | 25 197 - 1.86* 0.34 - - 100
5652+ | 8567+ 1433% | 2677+
210 o33 152 - 1525 172 - - 100
5601 = | 95.05+ 405+ | 1851+
240 | ¢ 0.8 - 0.8%%% | 197 - - 100

Note: * — p<0,05, ** — p<0,01, *** — p<0,001 compared to the previous age.
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Fig. 4. Meckel’s diverticulum of 25-day-old duck: 1 — tunica serosa; 2 — tunica
muscularis; 3 — secondary lymphoid nodule in tunica muscularis; 4 — tunica
mucosa; 5 — diffuse lymphoid tissue; 6 — secondary lymphoid nodule in tunica
mucosa; 7 — crypt. Hematoxylin and Eosin staining, x40

nodules, starting from the 12-week of
age in chickens. Our researches have
established that in ducks, lymphoid tis-
sue was consistently appear in the tu-
nica mucosa in the animals of all ages
(Table 1). In the 20-day old ducks the
lymphoid tissue occupied approximate-
ly 60% of the tunica mucosa. Lymphoid
tissue in the tunica mucosa of the Meck-
el’s diverticulum in 20-120-day old
ducks had diffuse lymphoid tissue, pri-
mary lymphoid nodules, and secondary
lymphoid nodules (Fig. 4). However, in
the older birds only diffuse lymphoid
tissue and secondary lymphoid nodules
were present in the tunica mucosa. Fur-
thermore, lymphoid tissue in the tunica
muscularis of Meckel’s diverticulum
detected in the 15-day or older ducks,
contained diffuse lymphoid tissue, pri-

mary lymphoid nodules, and second-
ary lymphoid nodules. The secondary
lymphoid nodules in tunica muscularis
formed in ducks since 25-day age. The
lymphoid tissue in the tunica muscularis
of Meckel’s diverticulum in ducks age
from of 60 to 240 days is represented
only by this level of structural organi-
zation. The area occupied by lymphoid
tissue in tunica muscularis of Meckel’s
diverticulum increases up to 150-day-
old ducks (Table 1).

Finally, the results showed that lym-
phoid tissue was localized in the tuni-
ca mucosa and tunica muscularis in the
wall of apical diverticula in ducks of all
studied age groups. Lymphoid tissue
area increased up to 180-day-old of birds
(89.02+1.03%) in tunica mucosa of di-
verticula and up to 150-day-old of birds
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(60.42+1.68%) in tunica muscularis.
(Kitamura et al., 1976) reported that in
apical diverticula of ducks, diffuse lym-
phoid tissue is located in the tunica mu-
cosa, and secondary lymphoid nodules
are in the tunica muscularis. Our obser-
vations reveal that diffuse lymphoid tis-
sue and secondary lymphoid nodules in
the apical diverticula of ducks are locat-
ed both in the tunica mucosa and in the
tunica muscularis. Mucosal lymphoid
tissue composed of diffuse lymphoid
tissue, primary and secondary lymphoid
nodules. Muscular lymphoid tissue of
diverticula represented by diffuse lym-
phoid tissue, and by secondary lym-
phoid nodules. The secondary lymphoid
nodules were formed in diverticula wall
(in both tunics) since from 10-day age
of ducks.

As a result of all these histological
analysis, it was founed that the complete
morphofunctional maturity of lymphoid
tissue of tunica mucosa of PPs occurs at
15-day ducks age , the lymphoid tis-
sue of tunica mucosa of Meckel’s di-
verticulum — at 20-day, and in apical
diverticula — at 10-day age. The com-
plete morphofunctional maturity of
lymphoid tissue of tunica muscularis of
PPs occurs at 15-25-day age of ducks
, the lymphoid tissue of tunica mus-
cularis of Meckel’s diverticulum — at
25-day, and in apical diverticula — at 10-
day age.
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AHomayia. Memoto docnidxceHHA bya0 8U3HAYUMU CMpPYyKMypy ma monozpacgito nimgoioHoi
MKAHUHU 8 IMYHHUX YMBOPEHHAX KUWeYHUKY (naamku [leliepa, ousepmukyn MeKKens,
cn1inoKuwKosi dusepmukynu) 8 mocmHamasneHoMy repiodi oHmMozeHe3y Ka4yok. BcmaHossneHo,
wo niMoiOHa MKAHUHA 8 YUX Op2aHaX po3MauwosyeMosCA 8 €AU308ili i M’A308il 06010HKAX
CMIHKU KUWOK. 3 00608020 8iKY KA4YOK NiMG0IOHG MKAHUHA 3yCmpiyaeMecs 8 cu308il 06010HYi
8cix docnidnceHUx cmpykmyp i 8 m’a308ili 06070HYi cNiMOKUWKOBUX OUBEPMUKYAIB, a 8 M'A308il
060710HYi 8 Micysax po3mawysaHHsA Naamok lNeliepa i dusepmukyni Mekkensa —3 10-20-00608020
8iKy. /limghoiOHa MKAHUHA MA€E Yomupu pieHi cmpykmypHoi opaaHizayii. Lie dugpysHa nimgoioHa
MKAHUHG, nepeosy3nuKu, MepeuHHi niM@OIOHI 8y3au ma 6MOPUHHI niM@OIOHI 8y3/UKU.
HaseHicmeo scix pigHie cmpykmypHoI opaaHizayii nimgoioHoi mKaHUHU ceid4ume npo ii mosHy
MopehopyHKUioHanbHY 3pinicme. MoeHOI MopdhoyHKYiIOHANLHOT 3pinocmi nimgoidHa mKaHUHa
€1u3080i 060a10HKU NAAMOK lMeliepa docszae 8 15-006080My 8iyi KA4OK, MiMEGOIOHa MKAHUHA
€1u3080i 060710HKU dusepmuKyny Mekkensa —8 20-006080My ma CAiMOKUWKOBUX OUBEPMUKYNI8
—y 10-0o6osomy siyi. [TosHa MopdhoGyHKYIOHANLHA 3pinicme AiMGOIOHOT MKaHUHU M'A30801
060/10HKU NAamMoK lMeliepa Hacmae 8 15-25-006080My 8iuyi KAYOK, NiMpOiIOHOT MKAHUHU M'A30801
060710HKU dusepmuKyny Mekkensa — e 25-006080My, @ MAKOX Y CAIMOKUWKOBUX OUBEPMUKYAAX
—y 10-0o6osomy siyi nmuyi. Bcmammi Ha800AMbCA y3a2a1bHI0KYi OaHi U000 cmpykmypu ma
monozpacii NimgoidHOT MKAHUHU iIMYHHUX YmeopeHb KUWeYHUKA, makux AK naamku lMelepa,
ousepmuKkysn MeKKena i cninokuwkosi dusepmukysnu y Ka4ok-bpolinepie briazo8apcsKo20 Kpocy.

Kniouoei cnosa: Kavku, Kuwka, naamku [leliepa, ousepmukyn MeKKens, cninoKuwkosei
ousepmuKynu, niMmpoioHa MKaHUHA
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