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Chitin Bodies Vs Teeth of Hookworm

ABSTRACT |

Aims: To differentiate morphologically and functionality of chitin bodies belong to Necator americanus
(old world hook worm) vs. 2 pair of teeth belong to Ancylostoma duodenale (new world hook worm)
Discussion: Anemia due to hookworms caused by persistent blood loss. Those micro-bleeding occurs
due to the attachment to the villi of the host's small intestine in order to facilitate feed on their host’s
blood. Hookworms use their two pairs of teeth (A. duodenale) or cutting plates called chitin bodies (N.
americanus) to fasten their attachment onto the mucosa and submucosa, where at the same time they
secrete a series of biochemically active polypeptides that prevent blood from clotting and supress the
host inflammatory response. Differences in the shape of teeth or similar apparatus in the two species of
hookworms that infect humans play a role in the occurrence of persistent minor bleeding that causes
anemia and this also depend on the number of hookworms invaded the host.

Conclusion: chitin bodies of N. americanus causes less bleeding than two pairs of teeth belongs to A.
duodenale

Keywords: Necator americanus, Ancylostoma duodenale, anemia, chewing-sucking, piercing-sucking, nematode, zoology

1. INTRODUCTION

Hookworms that infect Gl tract of human are N. americanus and A. duodenale [1-3]. Globally, the most prevalent
hookworm species between these two was N. americanus while on the other hand, the proportion of people with
Ancylostoma spp infection was significantly lower [2]. They generally reside in the small intestine of infected individuals
where they attach themselves to the villi and feed on host blood [3]. Among individuals with inadequate iron intake and
high physiological demands, this blood loss can result in anemia [1-3]. The aim of this short review article is to give
insight regarding the differentiation morphologically and functionality of chitin bodies belong to N. americanus (old world
hook worm) vs. two pair of teeth belong to A. duodenale (new world hook worm).

2. EPIDEMIOLOGY

Hookworm belongs to the group called soil-transmitted helminths (STH) and is one of the most prevalent roundworm of
humans [2]. Infection commonly occur in areas where soil contamination is common, e.g., due to the practice of human
feces are used as fertilizer or where defecation onto soil happens, or eating raw vegetables, absence of regular wearing
of shoes/sandals/boots while doing activity in the soil and poor hand washing habit, absence of proper utilization of
latrines with the contribution of absence of deworming [1-4].

Pruritus and in combination with a localized rash are common initial signs of infection which the vulnerable individual
affected not realized [5]. These symptoms occur when the larvae penetrate the skin [1,2]. A mild infection may cause no
symptoms [2,5]. A person with a moderate to heavy infection may experience abdominal pain, diarrhea, loss of appetite,



weight loss, fatigue and anemia [1-5]. Hookworms cause injury through intestinal blood loss that results from attachment
of adult parasites to the mucosa and submucosa of the small intestine with resultant rupture of capillaries in the mucosa
and arterioles in the submucosa [6]. The next section will reveal the morphologically differentiation between both species
of human intestinal infecting hookworms.

3. DIFFERENCES IN MORPHOLOGY AND FUNCTIONALITY

In the case of common nematodes, their bodily appearance is round with a certain body cavity and is sometime described
by leading Parasitologists as “tube within a tube.” [7,8] Its head has an exiguous tiny sense organ, and a mouth opening
into a muscular pharynx (throat) where food is pulled in and crushed. This leads into a long simple gut cavity lacking any
muscles, and then to an anus near the tip of the body [7].

There are characteristic differences between A duodenale and N americanus, including the mouthparts. In order to
understand the difference, first of all it is better to observe a pathology section of hookworm invasion to the surface of
small intestine mucosa.

Fig. 1. Highly magnified histo-pathologic sagittal section presented hookworm that attached deep to to the intestinal
mucosa and feed on blood from lacerated capillaries. Hookworms use their two pairs of teeth (A. duodenale) or cutting
plates called chitin bodies (N. americanus) to fasten their grip onto the mucosa and submucosa, where they secrete a
battery of biochemically active polypeptides that prevent blood from clotting and downregulate the host inflammatory
response. [9, with modification].

Fig 1 explained how chronic and persistent bleeding (hemorrhage) right at the site of its attachment made possible and
resulted in an iron-deficiency anemia that happened chronically [10], accompanied with serum and gastro-intestinal
protein loss [11], and even induced unnoticed minimal intestinal inflammation that somehow promotes their own survival,
by creating certain local immunoregulatory milieu thanks to their excretory/secretory products [12], but on the other hand,
paradoxically also benefits the host by protecting against the onset of many inflammatory diseases [13].

Morphologically, there is difference between both species of hookworm while have contact with its predilection site [14].
The buccal capsule of an adult A. duodenale has fully developed teeth to facilitate attachment to mucosa [15], whereas
mature N. americanus has two ventrally located chitin bodies [1,7,16], semi-lunar in shape [16] so called cutting plates
instead which help to become anchored at the host's intestinal wall [17]. Strong esophageal muscles ensure and creates
negative pressure of suction in the region of buccal capsule. Roggen [18] in his classic manuscript mentioned if a
nematode requires a higher suction pressure, this worm can accomplish that suction with its own internal cylindrical
pharynx by way of reducing the lumen diameter.

Using their muscular buccal capsule, the adult worms attach themselves to the mucosal and sub mucosal layer [19] of the
upper most portion of small intestine, including the lower part of the duodenum - where Kato et al [20] during routine upper
gastrointestinal endoscopy was directly found (detected and retrieved) from the duodenum with biopsy forceps during
upper gastrointestinal endoscopy and so he alerted all internists who was performing the endoscopy to analyze carefully
the mucosal surface even in the distal duodenum at whenever parasitic disease is suspected but is hard to diagnose
because of a limited number of eggs in feces.



In addition to duodenum [20,21], jejunum [22], and terminal ileum [23] are also its favorite predilection, but especially in
the region of distal jejunum [22]. According to Wei et al [24] Most hookworms frequently appeared between the distal
duodenum and the distal jejunum. The localization of these hookworms was determined topographically by Rep [21] that
found N. americanus worms were concentrated in the duodenum and jejunum, whereas A. duodenale worms rather prefer
the jejunum and proximal ileum. Some preference of hookworms for the anti-mesenteric site of the intestinal wall was
found. The relative distance between adjoining worms in the observed hookworm populations was 3.8 cm on the average
for Necator and 5.5 cm for Ancylostoma.

Adult worms use their teeth or cutting plates that line their buccal capsule to get fixed into the host's intestinal mucosa and
sub mucosa [7,10,12], even to a deeper portion (serosa) [25]. During the process of invasion, adult hookworms which
secrete biochemically vigorous peptides that promote the lust to blood feeding [19], penetrate actively until it reaches the
arterioles and venules along the luminal surface of the intestine [26] causing these vital micro-vasculatures to rupture [20-
24]; but in the same time, hookworm possess anticoagulant substances that are secreted to prevent blood clotting to the
shed of blood flowing from the wound [12,27].

/

Fig. 2 (A) head of A. duodenale (A.1) in total 100x magnification picture taking with a phone cell using 2x optical zoom,
(A.2) two pair of teeth of A. duodenale in total 400x magnification, picture taking with a phone cell using 2.5x optical
zoom. (B) head of N. americanus (B.1) in total 100x magnification, picture taking using a phone cell with 1x optical zoom,
(B.2) chitin bodies of N. americanus in total 400x magnification, picture taking with a phone cell using 2.6x optical zoom.
All slides of hookworm and microscope (Olympus CX21 LED) courtesy of Dept. of Parasitology, Faculty of Medicine,
Universitas Kristen Indonesia, Jakarta-Indonesia.

The differentiation of mouthparts of A. duodenale and N. americanus is prominent. Species of Ancylostoma have buccal
cavities with sharp teeth with the ventral margin of the stoma armed by one (A. braziliense), two (A. duodenale), or three
(A. caninum and A. tubaeforme) pairs of very sharp teeth [28]. In case of A. duodenale, they use all four teeth to attach to
surface of the lumen of the small intestine [21,27,28]. Young and adult worms feed on blood from the walls of the host's
intestine by attaching to the intestinal lining via their sharp buccal cavity teeth [7,11,12], which they also use to break open
small blood vessels so that they can suck the blood from them. This method of food obtaining sometime called “chewing
and sucking apparatus”. The mucosal piercing process, which is fully mechanical, facilitated by quickly spinning, body-
pushing movement that caused piercing happened within a few seconds (mimicking electric piercing apparatus and on
maghnification perhaps appeared as a frightening piercing episodes) [29].

On the other hand, N. americanus have chitin bodies, an apparatus similar to a stylet, a primitive piercing, tube-like
mouthpart which is sharp that act like a cutting plate and can be driven into prey parts [21]. Chitin bodies functions as a
tool to aid in mechanical digestion or pierce their target by cutting through layer by layer and followed by sucking when
feeding; this condition was well described by Barakat et al [29] as the worm biological enterprises were taped in vivo real-
time, and those activates revealed a series of condition including (1) mucosal invasion through a vigorous grip by its teeth



or chitin bodies, (2) swift piercing operation, (3) recurrent bloodsucking activities, and (4) its effect to the gut mucosal
appearance during the stages of feeding, digestion, and excretion in male and female worms. Worm blood feeding occurs
after quick mucosal piercing, with blood loss being aggravated by a repeated feeding behavior. This method of obtaining
their meal sometime called “piercing and sucking apparatus”.

However, the blessing in disguise of this worm's greedy character can actually be used for treatment with a unique
approach as is conducted by Bi et al [30] which tried a non-traditional therapeutic approach for a sustainable solution to
manage parasite infections. In their study, they tried to elaborate a novel approach of therapy using value-added
probiotics-producing antiparasitic RNA interference (RNAi) molecules against a vital hookworm (Ancylostoma sp.)
enzyme, astacin-like metalloprotease Ac-MTP-1. A new gut delivery RNAIi vector was designed to produce double-
stranded RNA (dsRNA) against the target to be delivered by feeding (administered through the oral route) with a probiotic
Lactococcus lactis that when administered in endemic areas can potentially be used to control the spread of infection by
interrupting the life cycle of hookworm. The results are very promising where the engineered probiotics colonizing the gut
(soon after consumed), and at the time the colonizing engineered probiotics accidentally devoured by the hookworm, it
unleashed the dsRNA that which knocked down the target worm by RNAI interfering with their moulting and tissue
migration which marked by (1) diminished initial penetration of the larvae into the gut lining (up to 70%), followed by (2) an
abatement of migration ability to the critical organs (up to 50%). The damage to nearby organs by the hookworm in mouse
models, e.g. to the liver and the kidneys (as measured by enzymes quantity trapped in the blood) was fully reversed when
the worms were pre fed with the genetically engineered L. lactis before the parasite challenge. This state of the art
method of parasite control when extended to other hookworms, A. duodenalis and A. ceylanicum can aggrandize the
efficacy of the pharmacologically anthelminthic if combined with them.

4. WHICH ONE MAKES BLEEDING MORE PROFUSE AND WHY?

Theoretically, comparison of bleeding/injuries caused by four teeth (2 pairs) of A. duodenale [31] compared to chitin
bodies (N. americanus) where they inject excretory/secretory (ES) products into the mucosa [32], the bleeding will be
more prominent due to chitin bodies. But report from Australia and some other studies debunked this theory
[2,26,30,31,33]. Once worms reach the small intestines, they attach to the mucosa by ingesting a tissue plug into their
mouths and commence feeding on blood. They have voracious appetites and individual adult N. americanus worms may
consume 0.03 ml blood per day [17], while those of A. duodenale may take up to 0.26 ml blood per day [30,31]. Blood loss
from the host may result in a profound iron-deficiency anemia and hypoproteinaemia [33].

Hookworms, especially A. duodenale, materialize to be imprudent/wasteful feeders because not all blood consumed is
further digested and absorbed [34,35]. Ashamedly, much more blood being lost than is actually ingested by the worm, but
on contrary some is apparently used for respiration [30] and only passes through the hookworm but rapidly degrades in
the host’s intestines resulting in unexplained black melena (tarry faeces) especially in the more vulnerable elderly sub
population [36,37]. The condition of rapid passage of the blood inside the hookworm confirmed by the case report
conducted by Tiremo and Shibesi [38] which use an Esophagogastroduodenoscopy to diagnose of hookworm disease in
a 61 years old farmer with severe iron deficiency anemia. They revealed multiple small translucent, blood-filled
hookworms.

Actually, most blood loss is a result of leakage around the hookworm attachment site [1,38] rather than direct ingestion by
the worm. Blood loss is further exacerbated by villous injuries and intestinal lacerations [39] as active blood seeking
hookworms move to new feeding sites from time to time [17,21,26], secreting proteolytic enzymes [12] and
anticoagulants, and leaving microscopic ulcers. Both (enzymes and anticoagulant) inhibits the clotting of human plasma
and promotes fibrin clot dissolution. This anticoagulant activity is attributable to a 36,000 dalton proteolytic enzyme. The
protease can degrade fibrinogen into five smaller polypeptides that intrinsically have anticoagulating properties, covert
plasminogen to a mini-plasminogen-like molecule, and hydrolyze a synthetic peptide substrate with specificity for
elastolytic enzymes. It is hypothesized that the parasite uses this enzyme to prevent blood clotting while feeding on villous
capillaries [37].

In the end, from all academic data discussed previously, there are at least three reason why A, duodenale produce more
obvious anemia compared to N. americanus; and are described as follows:

1. Fully developed mature A. duodenale worms are bigger in size than N. americanus and produce more eggs
(25,000 versus 10,000/female/day) and therefore need more blood, and in order to fulfill that need, they cause
more blood loss from the host,

2. The shape of the teeth apparently causes more bleeding than chitin bodies because the teeth can penetrate
deeper layers, where there are capillaries that supply the mucosa and submucosa while eventhough chitin



bodies are actually sharp but are less supportive in causing bleeding because they are used to slice, layer by
layer, so the speed of reaching where the blood vessels also limited,

3. Infections involving <100 Necator are frequently mild whereas >100 worms produce more damage and >1,000

may be fatal. Fewer Ancylostoma cause greater disease because they suck more blood, 100 worms may cause
severe disease.

4. CONCLUSION

In addition to differences in the method of invasion of the intestinal surface, it turns out that the new world hookworm, A.
duodenale cause more bleeding than N. americanus and the severity of the homorrhage also depend on the number of
hookworm invaded the host.
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