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mite. This study has implicit impact on morphology studies, 
immunohistochemistry, as well as in situ PCR and localiza-
tion of the allergen in dust mites. 

 Copyright © 2008 S. Karger AG, Basel 

 Introduction 

 The house dust mite (HDM)  Dermatophagoides fari-
nae  is a major source of inhalant allergens and can cause 
serious atopic diseases such as asthma and dermatitis  [1] . 
According to a recent study, the localization of major al-
lergens in HDM has been described by immunohisto-
chemistry. It reveals that HDM allergens are mostly lo-
calized in the alimentary canal, gut contents and feces. 
The highest concentrations of Der p 1 have been found in 
the epithelium of the posterior end of the stomach  [2] . 
Some Der p 1 is released through the salivary ducts be-
hind the buccal cavity  [3] . Der f 2 is synthesized in the 
epithelium of the anterior midgut and secreted in the lu-
men of the anterior midgut, mixing with digestive mate-
rials  [4] . As such, there is obvious importance in studying 
the digestive system of  D. farinae . However, the morphol-
ogy of the mite is still poorly understood. Scanning elec-
tron microscopy has typically been used to examine in-
terior organs of HDMs, such as the supracoxal glands  [5] , 
the peritrophic membrane  [6] , the digestive tract  [6, 7]  
and the structure of the cuticle  [8] . However, the obvious 
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 Abstract 

  Background:  The digestive system of  Dermatophagoides fa-
rinae  remains poorly documented.  Methods:  In this study, a 
three-dimensional (3-D) model of the alimentary canal of  D. 
farinae  was built for the first time based on hematoxylin-eo-
sin staining, 76 cross-sections of the adult mite and 3-D re-
construction technology.  Results:  Spatially, the system in-
cluded the prebuccal cavity, foregut, midgut, hindgut, anus 
and salivary gland. The prebuccal cavity was surrounded by 
gnathosoma; the foregut was composed of a muscular phar-
ynx and an esophagus passing through the brain; the mid-
gut was divided into an anterior midgut with a pair of ceca 
and a posterior midgut; the hindgut consisted of a relatively 
broad colon and a narrow rectum, and the salivary gland was 
irregular in shape and located in front of the brain. The 3-D 
images of the individual external surfaces of the reconstruct-
ed alimentary canal were displayed and the human-comput-
er interaction was realized by performing arbitrary rotation 
and random sectioning.  Conclusions:  The 3-D model of the 
alimentary canal of  D. farinae  presented in this paper pro-
vides a stereoscopic view to study the adjacent relationship 
and arrangement of respective gut sections in the intact 

 Received: March 27, 2007 
 Accepted after revision: September 17, 2007 
 Published online: February 11, 2008
 

 Correspondence to: Dr. Zhi-Gang Liu 
 College of Life Sciences, Shenzhen University 
 518060 Shenzhen, Guangdong (PR China) 
 Tel. +86 755 2655 8941, Fax +86 755 2653 4277 
 E-Mail lzg@szu.edu.cn 

 © 2008 S. Karger AG, Basel
1018–2438/08/1463–0219$24.50/0 

 Accessible online at:
www.karger.com/iaa 



 Zhang   /Sun   /Liu   

 

Int Arch Allergy Immunol 2008;146:219–226220

shortcoming of this technique is that it cannot provide 
detailed information about the three-dimensional (3-D) 
shape and size of the alimentary canal.

  In this study, a 3-D model of the alimentary canal of 
the adult  D. farinae  was constructed based on computer 
software after the morphology of serial paraffin-embed-
ded cross-sections was observed using light microscopy. 
The spatial position of different intestine sections was de-
scribed in a stereoscopic view. Thus, this study provides 
a new approach to explore the inner structure of HDM 
and will give insight into the study of the digestive func-
tions of HDM.

  Materials and Methods  

 Preparation and Observation of Serial Paraffin Slices 
 Mites provided by the Allergic Disease Laboratory of Shen-

zhen University were used. Mites of  D. farinae  were maintained 
at 25   °   C and 75% relative humidity in incubators (LHL-113, 
 ESPEC, Japan). Female mites were removed from the culture and 
fixed in Bouin’s solution for 24 h. Because of their minute size and 
hard shell, we made the following improvement in the manufac-
turing process of paraffin slices compared with the traditional 
method: the fixed mites were soaked in 4% hydrochloric acid so-
lution after treatment with phosphate-buffered solution for 30 
min, and were then placed into a 1.5% agar solution and left to 
spontaneously coagulate. Subsequently, a clip was applied to the 
agar clump under an anatomical lens so that the insect’s body was 
positioned in the center of the agar. After embedding in agar, the 

clumps were successively dehydrated in graded ethanol and then 
in xylene before embedding in Paraplast (Sigma, USA). Serial 5-
 � m sections were cut in a sledge macrotome and each slice was 
transferred to a glass slide coated with poly- L -lysine (Sigma) for 
drying on a hot plate at 60   °   C. After hematoxylin-eosin staining, 
sections were observed with a light microscope (BX51; Olympus, 
Japan) and images were transferred to a PC using a digital camera 
(DP 70; Olympus). The identification and terminology followed 
the description of Brody et al.  [6] .

  3-D Reconstruction and Measurement of the Alimentary 
Canal 
 We selected a set of the aforementioned cross-sections pre-

pared and photographed at  ! 600 magnification. The images 
were then treated using image analysis software Image-Pro Plus 
(Media Cybernetics, USA), which included brightness and con-
trast control, edge sharpening and image enhancement. In align-
ing two-dimensional (2-D) images, Fourier transform was used, 
primarily including the translation and rotation of a rigid body. 
The areas of the alimentary canal were excised and then overlaid 
so as to create a new image stack. By defining the x, y and z dimen-
sions of the voxels that created an image volume, the 3-D model 
was synthesized and the spatial measurements such as distance, 
angle and cross-sectional area could be determined. Both 2-D and 
3-D morphology parameters of the sections and the 3-D model 
were measured using the same software.

  Results 

 Light-Microscopic Shape and Structure of the 
Digestive System  
 In this study, we found that the digestive system oc-

cupied large parts of the body cavity of the HDM, while 
the alimentary canal was tubiform.

   Prebuccal Cavity . The prebuccal cavity, as the foremost 
part of the digestive system, was surrounded by gnatho-
soma located between the first pair of legs and connected 
with the idiosoma by the perignathosomal groove ( fig. 1 ). 
The gnathosoma was composed of paired dorsal chelicerae 
and lateral pedipalps, an epistome and a hypostome. The 
musculature in chelicera provided a movable digit opening 
and closing action. In the cross-section, the labrum was 
triangular and fused with the epistome. The hypostome 
lay between paired pedipalps and its lateral surface fused 
with the pedipalpal coax ( fig. 2 ). A dorsally projecting me-
dian ridge interrupted the hypostome and grew gradually 
along its full length to a Y-shape in the center of the hy-
postome. Two troughs between the hypostome and pedi-
palps were twisted to accommodate the movable digits.

   Gut.  The gut of  D. farinae  was divided into three main 
segments, foregut, midgut and hindgut, each of which 
could be subdivided into anterior and posterior regions. 
The foregut and hindgut were lined with cuticle. There 

  Fig. 1.  Ventral view of the female adult  D. farinae  ( ! 40). Scale
bar = 50  � m. C = Chelicerae; G = gnathosoma; I = idiosoma; P = 
palpus; PG = perignathosomal groove.  
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was a constricted region between the anterior and poste-
rior sections of the midgut. A similar constriction was also 
present at the junction of the midgut and hindgut ( fig. 3 ).

   Foregut.  The foregut consisted of a muscular pharynx 
and an esophagus, which actively transferred food. Dor-
sal muscles originating from the hypostome were associ-

ated with the pharyngeal wall. In the sagittal section, the 
pharynx was arched towards the venter. The esophageal-
pharyngeal junction, which was plicated, occurred near 
the base of the gnathosoma. The esophagus, lined by a 
cuticle of uniform thickness, extended dorsally through 
the nerve mass of the central nervous system and was 

  Fig. 2.  Diagram of a cross-section of gnathosoma ( ! 100). Scale 
bar = 10  � m. CS = Cheliceral shaft; E = epistome; H = hypostome; 
Mu = muscle; PC = palp coxa; R = ridge; T = trough. 

  Fig. 3.  Sketch map of a sagittal section through an adult female 
 D. farinae  showing the components of the alimentary canal ( ! 40). 
Scale bar = 50  � m. AMg = Anterior midgut; An = anus; Br = brain; 
CF = fixed cheliceral digit; CM = movable cheliceral digit; Co = 
colon; DP = dorsal plate; Es = esophagus; FB = food ball; FeB = 
fecal ball; H = hemocoel; L = leg; Ov = ovum; Ph = pharynx;
PM = peritrophic membrane; PMg = posterior midgut; Re = rec-
tum; V = venter. 

  Fig. 4.  Cross-section at the level where the esophagus (Es) pro-
trudes into the anterior midgut (AMg) dorsal to the brain (Br; 
   ! 100). Scale bar = 10  � m. BM = Basement membrane; Cu = cu-
ticle; H = hemocoel; Mu = muscle; V = venter. 

  Fig. 5.  Cross-section at the level where the anterior midgut (AMg) 
protrudes into the posterior midgut (PMg;    ! 100). Scale bar = 10 
 � m. C = Cecum; Cu = cuticle; ReS = reproductive system. 
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separated from it by an amorphous basement membrane 
( fig. 4 ). The cross-sectional shape of the esophagus was 
nearly an eight-pointed star and plicated, with the grooves 
formed between the plications becoming a portion of the 
hemocoel. The esophagus appeared dorsal to the brain 
and influxed to the midgut.

   Midgut.  The midgut of  D. farinae  was divided by a 
narrow opening into two sections: an anterior region and 
a posterior region ( fig. 3 ,  5 ). The anterior midgut had a 
thinner wall and varied in size depending on the state of 
engorgement. The epithelium of the midgut had three 
kinds of cell types: cells near the esophagus of the ante-
rior region, dorsal epithelial cells which were small and 
squamous, and ventral epithelial cells which were larger. 
In serial sections, the larger cells stretched to the gut lu-
men, some of which accreted the gut wall and were mere-
ly connected by a small part of the gut wall. Some cells 
floating freely in the gut lumen showed pleomorphism, 
which seemed to have originated from bigger cells ( fig. 6 ). 
Digestive material in the gut lumen was loose and artus-
es of other mites as well as portions of the cuticle were 
seen occasionally ( fig. 7 ). Two ceca extended laterally 
from the anterior midgut ( fig. 8 ,  9 ), and epithelial cells of 
its cavosurface were cuboid just like those in the poste-
rior of foregut. Epithelial density of the ceca increased 
normally and the lumen of each was constricted, in which 
flocculent materials were often seen. The posterior of the 
midgut was globular, with squamous cells and cuboidal 
cells adhering to its wall. Obvious peritrophic-mem-
brane-wrapped circular masses of food were separated 
from the gut wall by an unstained region to form fecal 
pellets. The posterior midgut connected the hindgut by 
another narrow opening ( fig. 3 ).

   Hindgut . The hindgut consisted of a colon and a rec-
tum, which were both lined with cuticle. In the lumen, 

  Fig. 6, 7.  Diagrams of cross-sections of the anterior midgut (AMg;    ! 100). Scale bar = 10  � m. AC = Attached 
cell; Ap = appendage; Br = brain; BEp = biggish epithelium; Cu = cuticle; Es = esophagus; FC = floating cell; 
SEp = smallish epithelium. 

6 7

  Fig. 8.  Diagram of a longitudinal section representing the intu-
mescent cecum   (C; !40  ). Scale bar = 50  � m. AMg = Anterior 
midgut; An = anus; Co = colon; L = leg; Re = rectum; PMg = pos-
terior midgut. 
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fecal pellets wrapped by the peritrophic membrane were 
observed ( fig. 3 ). Two apparent dorplicae formed by the 
creases of the colon had a cell clump on each side, which 
was likely a glandular organ. The colon, in cross-section, 
appeared as indentations because of the many processes 
on it, and the cuticle was covered with a mucus-like lin-
ing ( fig. 10 ). The rectum was a simple tube ( fig. 8 ), termi-
nating at a pair of anal plates. 

   Digestive Gland.  The salivary gland located anterodor-
sally to the brain ( fig. 11 ), which debouched to the pre-
buccal space, stained darkly and appeared irregular.

  3-D Reconstruction and Measurement  
 The integrity of the structure of the alimentary canal 

from serial sections is shown in  figure 12 a. The foregut, 
sloping dorsad, was a slender tube and the lacuna of the 
pharynx was narrow. The midgut was the most dilated 
portion, the anterior midgut occupied the bulk of the vol-
ume; the colon seemed dolichoglobular, which the lacuna 
narrowed gradually. The flat, tubiform rectum was con-
nected to the slit-like anus.

  Meanwhile, Image-Pro Plus provided a favorable win-
dow and the human-computer interaction was realized 
by performing an arbitrary rotation ( fig. 12 b) and ran-
dom sectioning ( fig. 12 c), so as to observe the configura-
tion, location and adjacent relationship of individual gut 
regions in the intact mite.

  We summarized the data calculated from the area, pe-
rimeter and length of the gut region obtained from serial 

sections, and statistical analyses were performed ( ta-
ble 1 ).

  We tabulated the volume and length of each gut region 
of the alimentary canal from the reconstructed model af-
ter the model was sectioned ( table 2 ). 

  Fig. 9.  Diagram of a cross-section of the anterior midgut (AMg) 
representing the contractile cecum (C;    ! 100). Scale bar = 10  � m. 
Cu = Cuticle; ReS = reproductive system. 

  Fig. 10.  Diagram of a cross-section of the colon (Co;    ! 100). Scale 
bar = 10  � m. Gl = Gland; Ov = ovum; Pr = process. 

  Fig. 11.  Diagram of a longitudinal section representing the sali-
vary gland (Sa;    ! 100). Scale bar = 10  � m. AMg = Anterior mid-
gut; Br = brain; V = venter. 
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  Discussion 

 The anatomy of the intestinal structure of  D. farinae  
is difficult to study because of its minute size. Tradition-
ally, paraffin sectioning technology was often used to ob-
serve the digestive system, reproductive system and lo-
calization of allergens of  D. farinae   [9, 10] , but it is diffi-
cult to ascertain the integrity of the slice as a result of the 
ectoskeleton of the body surface and 70–75% moisture 
capacity of the interior of the body  [11] . Some modern 
technologies, such as the transmission and scanning 
electron microscope, require special equipment and a 
complicated process in material preparation. Further-
more, these technologies are also inconvenient for gener-
ating an intact view of the configuration. Improvements 
we have made include the novel approach of pre-embed-
ding in agar before placing in Paraplast to maintain the 
integrity of the sections.

  In addition, the nomenclature of the gut regions of Ac-
ari is confusing  [6, 12, 13] . However, denomination of the 
pharynx and the esophagus is readily agreed upon. In 
this study, the structures of the foregut (pharynx and 
esophagus), midgut (anterior midgut, cecum and poste-
rior midgut), hindgut and anus are named using the cri-
terion of the presence or absence of a cuticular lining, 
following the terminology of Brody et al.  [6] . Regarding 
the hindgut, in accordance with Vitzthum  [14] , the ante-
rior and posterior structures are called the colon and rec-
tum, respectively.

  The foregut and the hindgut are both lined with cu-
ticle. This lining probably prevents any significant ab-
sorption of food material. The antagonistic muscles of 
pharyngeal dilators and constrictors contracting recipro-
cally transfer food to the esophagus, showing a pumping 
function  [15] . The plicated esophagus makes it possible to 
consume food of large size. Massive appendages and por-
tions of cuticle are often seen in the gut lumen, indicating 
that  D. farinae  is cannibalistic. Moreover, the prebuccal 
cavity, pharynx and esophagus are capable of great dis-
tension.

  The midgut has no cuticle and supplies the largest con-
tact face. The anterior midgut, in particular, can distend 
to a sphere with a volume ratio of 77.58%, and serves as 
the dominant site of digestion and absorption. Several 
studies on the midgut epithelium of the Acari offer evi-
dence of two digestive processes, extracellular and intra-
cellular  [16–18] . Studies with an electron microscope 
demonstrate that intracellular digestion takes place in 
cells, which at some time slough off into the gut lumen 
from the anterior midgut and are eventually decomposed 

a

b

c

  Fig. 12.  Computer 3-D reconstruction of an adult female  D. fari-
nae  (transparent mode of outside contours).  a  Left view.  b  Ventral 
view.  c  Random incision of the computer 3-D reconstruction 
model. Al = Anterior leg; AMg = anterior midgut; Co = colon;
Es = esophagus; G = gnathosoma; Lc = left cecum; Ph = pharynx; 
Pl = posterior leg; PMg = posterior midgut; Rc = right cecum;
Re = rectum.     
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 [6] . In this study, we found that some cells desquamate 
from the two larger cell rows in the venter of the anterior 
midgut and that cells floating in the gut lumen had pos-
sibly originated from those cells. In addition, to some de-
gree, extracellular digestive processes exist in  D. farinae . 
Considering the large size of food previously mentioned, 
mere intracellular digestion is not enough. Given that mi-
croscopy cannot observe their fine structure, this study 
was not able to detect secretory cells.

  No difference was observed between the female and 
male  D. farinae  throughout the study through the exam-
ination of a considerable number of serial sections. It is 
noteworthy that minor differences observed in the size, 
location and morphology of cells of the midgut (espe-
cially the cecum) are attributable to differences in the de-
gree of engorgement and stage of development. When the 
egg forms and moves forward, the size of the midgut 
grows downwards and the lacuna of the cecum becomes 
less obvious.

  While the electron microscope method has previously 
been used to study species morphologically  [19]  and the 
composition of the  D. farinae  digestive system, little is 
known about its 3-D conformation and few data exist 
concerning its morphology parameters. 3-D reconstruc-
tion methods facilitate the assembly, alignment, analysis 
and visualization of serial sections. Today, the applica-
tion of 3-D visualization has spread to nearly all tissues 
and organs of humans, but the number of 3-D recon-
structions from serial biological tissue slice images are 
few, and neither a reconstructed model nor the complete 
data analysis of  D. farinae  have been presented. By gen-
erating a series of slices through the bulk sample and us-
ing computer processing when gut regions require high-
lighting, a complete 3-D image of the alimentary canal 
was created. It was found to be approximately tube like, 
varying according to the individual, and had constric-

tions in the conjunction of gut regions. By measuring the 
morphologic parameters in 2-D and 3-D, we have gained 
insight into the true size and shape of the alimentary ca-
nal. On the other hand, with the help of immune electron 
microscopy, we may further explore the ultrastructural 
location of allergens in  D. farinae  and study the relation-
ship between allergen secretion, release and diseases, 
providing guidance and reference for the development of 
allergen vaccines.
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Table 1. Measurement of 2-D parameters of D. farinae

Parameter Sectional area, �m2 Thickness of the 
gut wall, �m

gut tissue gut lumen gut region abound

Foregut pharynx 6.8181.23 6.1182.04 12.9283.28 47.26817.68 0.6380.02
esophagus 20.3284.65 80.15817.26 100.46818.80 207.24849.75 0.5780.09

Midgut left cecum 229.44831.01 57.02820.95 286.46848.60 401.91892.12 5.3380.33
right cecum 215.15855.89 46.85817.60 262.00846.04 376.47861.99 5.3081.28

Hindgut colon 111.58856.98 551.598152.57 663.178167.11 942.678277.61 1.1680.57
rectum 3.5880.86 1.1380.77 4.7182.15 0.6380.05

Table 2. Measurement of 3-D parameters of D. farinae

Parameter Length 
�m

Volume
�m3

Volume 
ratio, %

Foregut pharynx 18.34 5,876.62 0.33
esophagus 41.86 16,822.70 0.95

Midgut anterior midgut 142.38 1,380,791.58 77.58
left cecum 38.15 14,623.77 0.82
right cecum 40.88 11,497.76 0.65
posterior midgut 75.92 244,756.79 13.75

Hindgut colon 50.48 85,554.33 4.81
rectum 50.12 19,707.85 1.11

Total 1,779,631.40 100
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