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The significance of hookworm as a pathogen for man was established in 1879 

by investigation of the severe anaemia developing in workers constructing the 

St. Gothard tunnel through the Alps. 

The term ancylostomiasis is given to cases infected with ancylostoma worm 

and showing symptoms; individuals with asympto~Atic infection are considered 

1f carriers n, and are not uncommon in endemic areas. 

It is estimated that about one-fifth of the entire population of the world 

sUi'fer f'rom hookworm disease. 

Ancylostonnasis in Egypt is due to infection with the parasite "ancylostoma 

duodenale". The agricultural nature of our country accounts for its endemicity 

and justifies considering it as an occupational disease. Inf'estation with this 

parasi te presents a ."reater public health problem than Necator americanus because 

it is more harmful to the host and its free livin" stages are more resistant to 

climatic conditions(l). 

The morbidity of this infection is dependent on such factors as the age of 

the patient, the degree of' the worm load, the duration of the disease and the 

diet. 
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Young children more often show the picture of severe anaemia with its 

cardiac manifestations, as well as oedema. The increased requirements of the 

~rowing child contributes to the deficiencies Droduced and to their clinical 

manifestations. 

WOR.~' LOAD 

Slight or moderate worm loads can be tolerated without symptoms, especially 

when the nutritional state of the individual is good. Severe symptoms are pro-

duced when the load exceeds 100 worms; when food deficiencies are ~resent, a 

lesser number of worms is needed to produce the same manifestations. AgainJ 

smaller worm loads may produce different degrees of ill effects according to 

the presence or absence of other factors aff..scting morbidi"bJ. 

DURATION OF THE DISEASE 

The main pathological effects of ancylostoma infection arise mostly from 

blood loss and the consequent production and development of anaenia. Accord-

ingly the longer the duration of ,<he infection the greater the blood loss and 

the more Severe and pro~re~sive the anaemia will be. 

DIET 

In most areas in which ancylostomiasis is co~~onJ dietary deficie~cies are 

also co~mon; poor diet increases the morbidity of this infection throu~h poor 

tissue stores and poor intake. EXDerimental studies of hookworm infections in 

dogs has shown that control of infection depends mainly on the develoj)ment of 

immunity and that i~munity does not duvelop or may be lost in the presence of 

undernutri tion( 2) • In man considerable clinical improvement can result from 

the intake of a balanced high protein diet even before dru~ therapy of the 

infection is given. 

The manifestation of the invasive stage can be explained by the mechanical 

damage produced by the penetrating and migrating larvae, as well as by the foreigJ 

material liberated throu~h their destruction. 
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The adult worms inhabit the upper small intestine in man mainly the juejunum. 

They attach by their hooks to the mucous membrane, and suck bloo<1. Each wonn 

sucks daily about half a cubic centimetre of blood. In addition, the worms 

migrate within the small intestine and each site of previous attachment persists 

for some time as a bleedino; point. This daily blood loss drains from the 

stora~e tissue iron (normally I-It grm), and when the latter is exhausted, 

haemoglobin iron be~ins to decrease with the development of anaemia. This 

shows that a state of chronic tissue iron deficiency exists for some time before 

the anaemia deve lops. This sideropenic phase manifests itself clinically with 

vague and unspecific complaints. 

The resulting anaemia is dyshaemopoietic and its degree depends mainly on 

the number of worms present, but in addition the role of diet, of physiological 

demands and of the state of iron absorption contribute Singly or in combination. 

That a toxic substance is liberated by these worms (living or dead) is sug-

gested by the presence of eosinophilia but the evidence that this factor is 

taking part in the causation of the anaemia is not finally settled. Our invest-

igations disproved the occurrence of haemolysis as a mechanism in the production 

of ancylostoma anaemia(3). 

Once anaemia develops, the manifestations of hypoxaemia and anaemic anoxia 

of various tissues and or~ans become evident and oroduce the main clinical 

picture of the disease. 

The underlying chronic iron deficiency state may affect the various epi-

thelial tissues, the mucous membranes of the mouth and stomach, the nails and 

hair are liable to suffer. 

As undernutrition and various forms of malnutrition are not uncommon in 

patients infested with ancylostoma, various deficiency manifestations, particu-

larly protein deficiency, are commonly ass ociated. This state of general under_ 

nutrition may be responsible for somatic and metal underdevelopment in the 

growing child. 
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1'he presence 01" worms in the duodeno-juejunwn, and the lesions produced by 

them are responsible for the production of the various combinations of gastro-

intestinal complaints presented by these patients. 

CLINICAL MltNIFES']'A:rrONS OF AllCYl1)STOl'IIASIS 

The nature and severity of the clinical manifestations are determined by 

the stage and intensity of the infection. As previously pointed, mild or even 

moderate infections with ancylostoma may exist without symptoms or clinical 

signs provided the state of nutrition is good, while in ill-nourished patients 

the same worm load mav produce the various clinical manifestations of the 

4isease. 

From the above discussion of the various effects that can be produced by 

ancylostoma infection, the various clinical manifestations of this disease can 

be described under the following headings 

1. The invasive phase. 

2. The "astro-intestinal manifestations resulting from the 

presence of the worms and the lesions produced by them. 

:3. The masked iron deficiency or sideropenic phase proceeding 

the development of the anaemia. 

4. The epithelial tissue changes. 

5. The ancylostoma anaemia and its effects on the various organs 

and s ys tems of the body. 

6. Other systemic manifestations such as fever, oedema, somatic 

and mental retardation, etc. 

1. The Invas i ve Phas e . 

The author had the opportunity to study and follow two patients during the 

invasive phase of ancylostomiasis. The follOWing account of the clinical 

manifestations of this phase is mainlv derived from these two cases(4). 

a) Itching 

The penetration of the skin by the larvae may give rise to local changes; 

itching occurred in the two patients studied in the parts of the body exposed 
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to the wet material containin~ the larvae, i.e. the lower two-thirds of the body 

in the sewer worker; the buttock in the patient who sat on the wet ground of a 

small Nile island. No apparent lesions were found in the skin during the first 

week; local secondary inf'3ction occurred later in One patient. 

b) Fever 

Fever of an irregular intormi ttent character was' noticed during the first 

two wee]cs. It was associated with an occasional feelin~ of chilliness but no 

actual ri~ors. The associated eosinophilic leucocytosis showed that it was not 

due to bacteria entering with the larvae; it is more probably due to the libe-

ration of protein from the damaged tissue or from the perishin~ larvae or both. 

c) General weakness 

('enoral wealmess and a sense of giddiness Were complained of by both 

~atients as early as the first wock, and continued for some timG aftor. 

d) Cough with sputum 

Cough with sputum was the main complaint of both patients during the first 

week of infection. It was associated wi th oppression of the chest, and in one 

patient it showed asthmatic features. The chest showed signs of generalised 

bronchitis with coarse rales allover. The sputum showed eosinophilia but no 

red cells were found. The duration of this bronchitis varied from two weeks to 

two months. It is certainly due to migration of the larvae throue;h the lun:>;s 

and bronchi producing damage and initiatin~ some local cellular reaction of an 

allergic nature. 

c) Gastro-intestinal sy1'.ptoms 

Epigastric pain and occasional vomitin~ were prominent and early complaints 

in one patient; they started as early as the third day, and remained for ten 

days. They were associated with hyperchlorhydria and the gastric contents were 

nogative for occult blood. 

Diarrhoea occurred after a week from tho onset of infoction in both pa tisnts; 

the stools contained blood. Tl-,e early occurrence of these gastro-intestinal 
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manifestations long hefore the arrival of +Be larvae to the gas teo-intestinal 

tract suggests their toxic or allergic nature. 

Difficulty in swallowing and discomfort in the throat described by 

Aschford(5) were not noted in our patients. 

The followinc; haematological chan~Gs were found in these two cases :-

(i) The haemoglobin started to get reduced by 10% after three months and by 45% 

after seven months in the first patient with a worm load of 345 worms; but it 

was reduced down to 20%, after four months only, in the second patient with a 

worm load of 348 worms. 

This shows that n r
, similar degrees of infection produce different 

degrees of anaemia; the second patient was on a fluid diet for suspected 

entero-coli tis. 

(ii) The reticulocytes decreased at the beginning of the infection, rose slightl, 

with the onset of thc anaemia, and then declined again with its development. 

(ill) The icterus index and serum bilirubim did not change during the whole 

course of tho infoction. 

These findings deny haemolysis as a factor in the production of the anaemia. 

(iv) Mild leucocytosis with marked oosinophilia occurre.d in both patients. The 

eosinophiles rGached 60~'; and 75/; on thonirrt-b day; after four and seven months 

thGY Ca'llG down to 121~ and 13~: respectively. 

2. The digestivG '1lanifestations of Ancylostomiasis 

a) Upper pharyngoal .9..ysphagia of tho Plumner-Vinson sydrome type was 

occasionally complained of, or detGcted on careful questioning. I t is, however, 

less common than in idiopathic hypochromio and Addisonian anaemias. Its pre-

sence is not related to the occurrenco and degree of tho anaemia but achlorhydri' 

was more common in these patients. 

b) Bilateral parotid enlargement was noted in Some patients; its nature 

is not settled although it seems to be related more to nutritional defiCiency 

states. 
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Epi,,:astric discomfort is comDlainod of by many "?atients; the discomfort 

may be relatod to meals in a way si,"ulatin~ the clinical picture of duodenal 

ulcer(4). In these cases, heartburn, hunr;er pains and diffuse epigastric 

tenderness are associated with a hyp6racid. and climbing curve, a hypertonic 

stomach and positive occult blood in the stools, thus giving a picture indistin-

~uishable from duodenal ulcer except by demonstratins; a regular duodenal cap on 

X-ray examination; a cogwheo:'. pe.ttern of the juejenum may be revealed by the 

radioloc;ical studies.' preslLr:1~\bly prOd1.ICed by the mucosal involvement. '!he 

etiological relation to ancylostomet infoction was demonstrated by the disappear-

ance of these symptoms and of occult blood as well as by the return of the acid 

curve to normal after the expulsion of the worms(6) 

d) Simulation of gastric carcino~~ is far less commo~; in a few old 

patients complaining of opi~a"tric disccmfort, fullness, and pain after meals 

with loss of weight, achlorhydria, and positive occult blood in the stools 

raised the suspicion of gastric cancer; but the X-ray showed normal stomach, 

and expulsion of the Worm was followed by improvoment of the symptoms and dis-

appearance of the oceul t blood. Hydrochloric acid re-appeared in the gastric 

secretion after about onc month in sane of the patients. 

The gastric secrGtio!l ir:: ancylostomiasis and other helminthic infections 

was studied by the author who showed that in 25;;; of the achlorhydric cases and 

in 10% of t.."le hyperchlorhyc'o-ic CC.S0S hyJrcchloric acid returned to normal 

after the expuls i on of the -norms ( 6) . 

e) Simulation of OYlto~o-co~it:" 

In ancylostomiasis the bO·Nolo arc usc:ally nor"lal or constipated. Manonvie/7 ) 

described a "forme aigUe abdominL'.lG" in which the diarrhoen is very markod 

and may become dysont3ric a.t tlte oncl. 

I have met with one cae" only conf0rmin~ with this form. Th,G patient, an 

old man, was put on a fluid diet for 31t months for susne::'~Gd cntero-colitisj 

this had helped the rapid dovcloD'1lcnt of severo anaorlia and anasarca. This 
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case illustrates' the significanco of the nutritional factor in tho production of 

both the anaemia and the oe'ema in ancylostOmiasis. 

The liver was found enlarged in some caseS of pure anoylostomiasis (associaWd 

bilharzial infection excluded). This hepatome~aly is more common in children, in 

severely anaemic, and in under-nourishod patients. Ib is ascribed to fatty 

changes resulting from hypoxia of tho hepatic parenchyma; but in sorno caseS it 

disappeared after lipotropic therapy without treating tho anaemia, sug~esting 

tho role of under-nutrition at least in these caS3S. 

:s. The Sideropenic phase 

The body is normally in a state of positive iron balance. When negative 

iron balance occurs due to either blood loss, deficient intake or absorption, or 

increased requirements, the defioit is supplied by iron mobilised from tissue 

stores and normal haemoglobin formation is maintained. 

It is only when the tissue stores are exhausted that the supply of iron to 

the bone-marrow for haemoglobin synthesis beoomes inadequate and thus hypoohronic 

anaemia develops. 

This phase of masked iron deficiency with a relatively normal blood pioture 

may be of short duration in heavy infections with a good daily amount of blood 

loss and esnecially in pationts with poor diets anq/or with oreviously poor iron 

stores; but it may take months to exhaust the tissue iron reserves when the daily 

blood losses are small from sli~ht worm loads. 

The stora~e and serum iron and perhaps tho essential tissue iron arc affected 

first and so their deficiency is not revealed by thcusu:!.l ostimation of haemo-

globin. 

Tho clinical manifestations of this sideropenic phase preoeding tho anaemia 

may pass unrecognised because of the vagueness of the symptoms. 

Lassi tude and generalised weakness ma" be the only complaint. In the light 

of reoent investigations, these symptoms may be caused, in tho absence of anaemia, 
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by a disturbanco in tissue metabolism. According to Vannotti (8) this so-called 

tissue anaomia is characterized by deficiency in iron-containing tissue haemins 

(myoglobin, Warburg's respiratory enzyme, cytochromes, peroxidases, catalase, etc.) 

which play an important role in oxidatimprocessGs. These substancos roturned to 

normal with improvement in those s'nnrytol'lS after iron therapy. This indicatas 

that iron, in addition to its role in haemoglobin building, exercises a general 

tonic action in the body. 

The presence of koilonychia (spoon-shaped nails) in the absence of anaemia 

should direct the attention to tho existence of deficioncy in tissue iron. 

However, in these masked cases of iron deficiency, nail changes of a minor d·egree 

such as slow growth, softnoss, brittloness and flattening are more common. 

Dysphagia of the Plummer Vinson syndrome typo may occaSionally be the only 

symptom of this phase, the monosymptomatic Sideropenia of Waldonstrllm 
(9) 

Anyone or more of these clinical manifestations may help to reveal this 

masked phase of iren deficiency before tho appearance of anaomia. Its diagnosis 

can be established by tho iron deficiency tGst doscribod by Heilmoyor(lO) : and by 

the therapeutic response to iron therapy. 

4. Epithelial tissue changes. 

Epithelial tissue chan~Gs occur in a small proportion of cases. They can 

result from deficiency of tissue iron, from the effect of hypoxia of anaomia, 

and/or from associated deficiency of vitamin A which is koown to be essential for 

the integrity of epithelial tissues. Theso epithelial tissuo changes are mora 

liable to develop in long standing chronic iron deficicmcy states, but they may 

occaSionally appear in the sideropenic phase beforo the development of anaemia as 

previously noted. 

The finger nails. become lustreless, brittle, and oasily broken, and show longitu-

dinal ridging and flattening. In the sovere casa they become concavo or spoon-

shaped. 
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The tongue: may show atrophy of the papillae at the sides or on the whole 

dorsum, beooming smooth, atrophic, and ~lazed; itis usually painless. These 

tongue ohanges reverse under iron therapy, while the similar picture due to 

associated pellagra respondsto nicotinic acid. 

Dysphagia of the Plummer Vinson syndrome type has been encountered more commonly 

with the tongue changes previously described and aChlorhydria; anaemia is usual. 

ly present and severe. 

lliis dysphagia is ascribed to achalasia of the pharyngeo-oesophageal 

junotion and it improves under iron therapy. 

5. Ancylostoma anaemia 

Ancylostoma anaemia develops sooner or later; all grades of anaemia have 

been encountered; it tends to be more severe in the ohild, the undernourished, 

the f>regnant and lactatiI'g woman and the aged. It develops slowly, and it is 

usually progressive. 

The anaemic patient, in addition to lassituooand general wealmess, complains 

of :-

n) Exertional dyspnea whioh is relieved by rest and by lyin~ flat; 

no orthopnea unless congestive heart failure sets in; 

b) Palpitation and throbbin~. 

e) Cardiao pain of the an~inal type may be complained of when the anaemia 

is severe. It is more CQ/lllllon in patients with previous heart disease; but the 

author has repeatedly induced anginal pain on moderate exertion in three young 

subjeots suffering from severe ankylostoma anaemia before treat~ent, but never 

after cure of the anaemia. Acoording to these, as well as similar observations, 

it must be aocepted that severe anaemia can produce angina pectoris on effort in 

the presence of normal coronary arteries. In these cases the hypoxia of the 

myocardium due to the anaemia is easily exaggerated by effort, and, althou~h the 

coronary blood supply is increased, yet the blood being deficient in its 02 

carrying capacity, is unable to correct the increased myooardial hypoxia (11). 
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4) In addition to rapid muscular fati1';ue, some patients with marked anaemia 

complain of crampy pains in the le~s of the intermittent claudication type re-

lieved promptly by stopping for a while. 

5) Fainting and giddiness with blurring of vision is usually complained of 

in severe cases particularly if the patient remains standing after an effort. 

The patient suffering from ancylostoma anaemia is usually pale, the pallor 

is yellowish without the greenish tint usually seenin Addisonian anaemia, and in 

the haemolytic states. 

Th.ere is no subicterus, the sclera is usually bluish white, the face may be 

puffy, and in some cases a brownish butterfly pigmentation (not pellagric derma-

tosis) is present, the mucous membrane of the lips, tongue, and mouth are pale, 

the palms and nails are also pale, and the latter usually show the changes pre-

viously described including koilonychia. 

The sternum is .usually not tender as in Addisonian anaemia. The spleen is 

not enlarged except in young children, where it mav be just palpable; this is 

due to extra medullary ha,emopoiesis, as the rod marrow in the normal child fills 

nearly the whole skeleton. 

The liver may be enlarged in severely anaemic patients, and in the under-

nourished as previously mentioned, from fatty changes. 

Oed~a of ~he le~s and, in severe cases, anasarca, is usually due to as

sociated hypoproteins.e,ma ,md under_nutrition(12). 

Th.ere are usually no signs of nervous system involvement unless the case is 

complicated with pellagra (lateral sclerosis) or BI deficiency (polyneuropathy). 

The circulati_o!, becomes hyperkinetic when the anaemia is marked (Hb 50,';); thc 

tissue hypoxia results in accumulation of metabolites which lead to peripheral 

vas odi la ta ti on. '!'his, as well as the decreased blood viscosity, reduce the 

peripheral resistance and accelerate the circulation. The speeding up of the 

circulation leads to an increase in venous return to the heart and the cardiac 

output is subsequently increased by increase of both heart rate and stroke volume. 
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The circulating blood volUllIe is only slightly diminished (13) and does not 

increase except with the occurrence of congestive heart failure. 

The increased cardiac work and the anaemic myocardosis lead to dilatation 

and hypertrophy; the heart is thus enlarged and hyneractive (strong and rapid 

cardiac apex beat, loud heart sounds, etc.). 

Various murmurs are heard , 

a) Ejection mid systolic murmurs are heard at the base. and are usually pronaga-

ted to the apex, the so called "haemic murmurs", as these murmurs result primarily 

from the increased blood flow through normal valves and !I.e they ate present not 

only in anaemia, but in all other hyperkinetic circulatory statGs, e.g. hyper-

t.hyroidism, beri-beri, arteria-venous fistula, ~a~:Jt's diseaso, anoxic cor 

pulmonale, etc. I prefer to call them "haoffiodynamic :r.lurmurs". 

b) An a,?ical pan-systolic murmur may als 0 be hoard, this is due to widening of 

the mitral ring sacondaery to left ventricular dilatation. 

c) Diastolic munnurs are rare; an epical mid-diastolic murmur was encOlmtered 

by the author in only four cases: it is ascribed to the increased blood flow 

through the normal mitral valve, from the left atrium into '1 dilated left ventri-

cule. An aortic early diastolic murmur may 'llso result presumably from dilated 

aorti~ valvo ring. 

The Pulse I is usually r'lpid, rogular 'lnd bounding withe tendency to water 

hammer; the digital arteries are ,?ulsating and capillary pulsations can be 

demons tra ted. I mot with bradycardia in a few cases with moderate anaemia 

(60% Hb or mora); it is probably due to rGflox vagal stimulation 

The blood pressure tends to be reduced in clinically severe ancylbstoma anaemia, 

roduction is always marked in tho diastolic pressure. 

Tho cervical veins 9;re prominent but not markedly engorged as tho venous pressure 

is not raised and the blood volume is not increased in the absence of congestive 

hoCtrt failure. 
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The cJ.rculati~r:. ti~_ is shor.tened; it may be nduced in severe cases to half 

its normal value. 

Heart failure is rare in cases of uncomplicated ancylostoma anaemia however 

severe it may be. When present an underlying heart disease (ar.terio-sclerotic 

or rhumatic) can be presumed and looked for. 

Dyspnea, tachycardia, prominent ceTV'iea·l veins·, cardiac enlargement .. _and 

oedema of the legs, common in severe ancylostoma anaemia, should not be mis-

taken for congestive heart failure, for in these cases orthopnoea, pulmonary 

congestion, hepatic engorgement, (tender pulsating liver) and raised venous 

pressure are absent. Only when these are present in addition can congestive 

heart failure be diagnosed in a case of ancylostoma anaemia. 

Chronic 

Tissue hYPoXia~ 
~ 

metaboli tos 

accumulate 

I 
Vas odi fa ta ti on 

Deminiled perepheral~· 
resistance 

Accelerated circulation 

anaemia 

~Decreased 

Low blood pressure 

J Tachy_cardia 

..-/' 

viscoci ty 

Increased venous Increased cardiac 

return ~ Increased output 

stroke volume 

Fig. (1) 

Electrocardiogr~:phic changes in ancylostoma anaemia were studied by NI.lbrahim 

(13). Abnormal findin~s aro liable to occur in severely anaemic cases and 
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include depression of the St segment and flattening or inversion of tho T wave 

and occasionally low volta~e of tho Q.R.S. complex. These changes disappear 

when the anaemia is corrected unless they are due to associated heart disease. 

In spite of the renal hypoxia which results frem the anaemic state, no 

signs of renal involvement in anoylostoma anaemia were demonstrated more than 

mild albuminuria; the hyperactiv~ circulation Drosumably cO'llnensatos for the 

anaemic renal hypoxia. Tho demonstration of definite evidence of renal in-

volvement in ancylostomiasis should diroct the attention to associated bilhar-

ziasis. Anaemic patients with oedema and som8 alblli~inuria may ~ive the im

pression of nephrosis. De LanlSen and BerlDns (15) in Java asstLmed tho presence 

of nephrosis in 17 out of 20 casos of ancylostomiasis and concluded that there 

was an etiolo~ical rolationship. 
(4) 

'Tho author disproved this assumption and 

showed that :-

a) The albuminuria in thesG cases was slight, few sranular casts 

may be present due to associated bilharziasis. 

b) The blood cholestrol estimations in these cases were constantly 

below normal values. 'This reduction in blood cholestrol is 

related to tho anaemic state and is just the opposite of what is 

expected in nephrotic s)mdromo. 

6. Othorsystomic manifestations 

Fever 

Bouts of fovor have boon roported to occur in ancylostomiasis. They have 

boon ascribed to occasional bacteraemio. from tho intestines through tho erosions 

nroducod by tho worms. In the casas wo have studiod, bactoraemia could not be 

demonstratod durin~ tho febrile episodes. In ono of those cases, severo 

anaemia, irregular fever and dilatod heart with murmurs lad to tho diagnosis of 

"acterial endocarditis. After th0 exhaustive bactoriological and sorolo~ical 

invosti~a-cions wore found noga.tivo, tho anaemi<l was troated with iron and fovor 

subsided with tho improvoment of tho anaGmia (sou Fi;;.2) su~;gesting that the 
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fever was related to the anaemic state rather than to the ancylostoma infection 

which was still there with the worms and the resultin~ lesions. Similar cases 

of fever responding to antianaemic treatment have becn reported in Addisonian 

a.naemia. 
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Fig. (2) 
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In ancylostoma anaemia was shown to be mainly dUG to hypoproteinacmia from 

associated undernutrition due to deficient intake, deficient digesti'on and ab-

sorption and possibly increased loss of protein (from diarrhoea and mild albumin-
(11) 

uria) • Also deficient formation of plasma proteins by the fatty liver may 

help thc davclopment of hypoproteinaemia in so~e caSes. The hypODroteinaemia 

lowers the osmotic pres sure of the plasma and in addition, throu-,h hvpovolaemia 

may stimulate the volume receptors with subsequent inerease in aldosterone 

formation, the latter IGa~s to salt and water retention. 
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The anaemia contributes to oedema by increasing capillary permeability 

through hypoxia. The writer has not been able to confirm the findings of some 

1M) rkers who claimed the role of Bl defficiency in the production of this oedema. 

Somatic and mental retardation is noted in children suffering from long standing 

ancvlosto~a anaemia. This can be ascribed partly to hypoxia and partly to 

associated undernutrition. Hypoxia interferes with the rate of growth of the 

various tissues as well as with the function of some of endocrine glands concerned 

in growth (16) • That undernutrition can lead to endocrinal hypofunction is sug-

~ested by the importance of certain nutritional factors in hormone formation. 

Some of the essential amino-acids are necessary for the formation of most of the 

protein hormones (anterior pituitary, thyroid and parathyroid hormones and in-

sulin); and tyrosine has been considered as the precursor of epinephrine and 

thyroxin, while cholestrol for the formation of steroid hormones (~onads and 

adrenal cortex). Thus amenorrhea con~on in female patients with severe ancylo-

stoma anaemia, as well as the loss bf libido may be related, in some way, to the 

hypocholestrol~emia common in this anaemia. 

The haema~ology of Ancylostomiasis 

The haematological aspects of ancylostoma infection were extensively 

studied and defined by the author (3) • Ancylostomiasis is characterised by 

hypochronic_ microcvtic anaemia plus eosinophilia. The anaemia is dysheamo-

poietic, the bone marrow is hyperplastic normoblastic and associated wi th deficient 

red blood cell formation. Evidences for blood destruction (haemolysis) were 

defini tely excluded by our studies of the serum bilirubin content reticulocytic 

count, urine and stool urobilinogen and the ne[;atiV'8 prussian blue test of various 

o.r?:ans and tissues in pure cases. 

'lhe mechanisms responsib Ie for the above finc'inp;s in ancylos to'TIa anaemia 

are :-

1) Iron deficiency is the main factor in the production of hvpochronic anaemias 

of va:ried etioloO'v. &fte~ a phase o~ tissue iron depletion, the bone marrow 
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receive~ no iron for haemoglobin synthesis and consequently hypochronic anaemia 

develops. 

a) In ancylostoma anaemia repeated daily blood loss is primarily responsible 

for the manifestations of iron deficiency. 

b) Deficient intake of iron in tho poor class of patients or in patients on 

prolonged restricted regime nlays an important role in aggravating the 

de~ree and acceleratin~ the developmeLt of the anaemia. We have repea-

tedly noted the same worm load producin~ different degrees of anaemia due 

to differences in the patients 'diet and state of nutrition. 

c) Deficient absorption of iron. The presence of achlorhydria in some 

cases and or duodenojuejenal d;~sturbances interfere wi th adequate absorp-

tion of food iron and may thus take part in determining the degree of 

anaemia. 

d) Excessive body needs for iron as in r;rowing; children and j>reo;nant and 

lactating women may also increase the degree of anaemia in proportion to 

the worm load. 

The hypochronic microcytic blood picture and the low tissues and 

ser1.L'11 iron indicate a state of iron deficiency in ancylostomiasis. That 

iron deficiency is the essential mechanism resDonsible for the production 

of ancylostoma anaemia has been repeatedly demons tra te d 
(3, 17) 

by the 

more or less oomplete correction of this anaeIT~a by proper iron therapy 

even in the presence of the 7orms. 

2) Protein deficiency: an adequate supply of protein containing essential 

amino acids is necessary for h8.emo2:1obin forl1t::ttion as the protein globin 

constitutes 96% of the haemoglobin molecule. 

Anaemia could be produced in anim~ls by deficiency of either protein or 

certain essential aminoaci r1s and could be cured by feeding the deficiency sub-

stance. Further a good supply of protein or the feeding of amino acids has 

been shown to accelerate haemo!;lobin rel';eJ;"ration in dogs made anaemic by bleeding. 
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In humans, however, severe degrees of protein deficiency, as in Kwashuorkor, 

are required to produce anaemia as considerable depletion of stores .of protein 

must odcur before interferance with haemoglobin production results. 

Woodruff (18) described the anaemia of protein deficiency as a mild normo-

chronic normocytic or macrocytic anaemia with only slight poikylocytosis. This 

anaemia does not respond to iron, liver, folic acid or B12 but responds prom'Ptly , 
to high protein diet. 

That protein deficiency may take 'Part, thou~ minor, in the production of 

(17) 
ancylostom" anaemia in some cases was demonstrated by the author during a 

study of the various factors which influence haemoglobin regeneration in this 

anaemia; the degree and rate of haemoglobin re~eneration was. fotmd less in the 

presence of hypoproteinaemia as co~pared with cases with normal plasma proteins. 

This indicates that a high protein die'; is an essential addition to the iron 

therapy for the complete correction of ancylostoma anaemia. 

3. Toxic depression of bone marrow and interference with haemoglobin synthesis 

were shown by the lower reticulocytic response to iron in the presence than in 

the absence of the worms; moreover it was found, in oome cases, that a slight 

further haemoglobin rise occurred after the expulsion of the parasites exceeding 

the maximum level that could be reached in the presence of the worms. 

These observations su:>;,,;ested that the mere presence of the worms interfered, 

though slightly, with the utilization of the iron administered, possibly through 

the liberation of a toxic substance from the parasites. This question needs 

further study. 

Haematological findings 

Ancylostoma anaemia,Y'· ,,', '11B.rked, is characterised by predominant hypochromia 

haemo<1;lobin is more markedly reduced t.>tan the red cell count; haemoglobin values 

of 10% have been ropeatedly met with. The colour index may reach in some cases 

as low as 0.5 and the mean corpuscular haemoglobin concentration (M.C:H.C.) to 

25)1; • 



E!¥RC9A/Tech.Disc ./5 
page 19 

The more chronic the infection the more marked the microcytosis, the mean 

corpuscular volume (l'lC.V.) may reach in severe cases 50 cubic microns with 

marked anisocytosis and poikylocytosis; macrocytosis has never been encounterel 

in ancylostoma patients in this country even in the cases complicated by under-

nutrition. The osmotic fragility of the red blood corpuscles is normal or 

slightly reduced. 

The whi te blood count is either normal or slightly increased with eosino-

phikia, but the more marked the anaemia the lower the percentage of the eosino-

phils. 

The reticulocytic count and the serum bilirubin are either normal or low. 

The blood cholestrol is always reduced, the serum iron is low, but the 

serum copper was found high in these cases; the ~chanism of the last finding 

is still unknown. 

S UJlllllB.ry 

Ancylostomiasis in Egypt is a national health problem. Its endemicity is 

due to the agricultural nature of the country, the lack of hygienic education and 

facilities in the villages and the favourable climatic conditions for the extra-

corporeal development and survival of the parasite. 

The morbidity of hookworm infection is more manifest in the ~rowing child 

and in the poor. 

The underlying mechanisms and lesions resDonsible for tho various manifesta-

tions of the disease are discussed. 

The clinical aspects of ancylostomiasis are described under the following 

headings 

I) Tho invas i ve phas e • 

2) The gastro intestinal manifes ta tions • 

3) The sideropenic phase. 

4) The epithelial tissue changes. 

5) The ancylostoma anaemia. 

6) Other systemic manifestations. 
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Attention is especially directed to the phase of masked iron deficiency 

(s ideropenic phase) which precedes the development of anaemia and may be of 

many months' duration, because it has not been sufficiently stressed previously, 

and because it usually passes unrecognised. The clinical features of ancylo-

stoma anaemia have been discussed in SO"1\e detail; the circulatory haemodynamics 

and manifestations received particular study. The author's views about the 

mechanisms of production of the anaemia include, in addition to the essential 

role of iron deficiency and its causes, protein deficiency as well as the 

possible depression of bone marrow and the haemoglobin synthesis by a still 

hypothetical toxin. The morphologic picture of the anaemia and the various 

haemotologic findings are described. 

The mechanisms of oedema in ancylostoma anaemia are explained; such claimed 

factor as BI deficiency and the nephrotic syndrome are denied. 

Most of the data and views included in this" account are derived from pre-

vious studies and are based on"personal experience of ancylostomiasis in this 

country during the last thirty years. 
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