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Studies on Ancylostomiasis*

1. An Experimental Study on Hookworm Infection and Anemia

Munho Lee, Deng Jip Kim, and Jang Kyu Lee, M.D.

Department of Internal Medicine

Byong Sul Seo, and Scon Hyung Lee, M.D.
Department of Parasitology

College of Medicine, Seoul National University, Seoul, Korea

In view of its prevalence in the Far East area, a more detailed knowledge on the hookworm
infection is one of the very important medical problems. The present study was aimed to; determine
the infectivity of the artificially hatched ancylostoma duodenale larvae in man after its oral adminis-
tration, evaluate the clinical syml‘)tomatology of such infection, determine the date of first appear-
ance of the ova in the stool, calculate the blood loss per worm per day, assess the relation-ships
between the ova count, infectivity (worm load), blood loss and severity of anemia. An erythrokinetic

study was also done to analyse the characteristics of hookworm anemia by means of *Fe and 5Cr.

Materials and Methods

Ten healthy male volunteers (doctors, medical students and laboratory technicians) with the ages
ranging from 21 to 40 years were selected as the experimental materials. They had no history of
hookworm infection for preceding several years, and care was taken not to be exposed to reinfection.
A baseline study including a through physical examinations and laboratory investigations such as
complete blood counts, stool examination and estimation of the serum iron levels was done, and a
vermifuge, bephenium hydroxynaphoate, was given 10 days prior to the main experiment. The
ancylostoma duodenale filariform larvae were obtained in the following manner; The pure ancylos-

toma duodenale ova were obtained from the hookworm anemia patients and a modified filter paper
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method was adopted to harvest larger number of infective larvae, which were washed several times
with saline. The actively moving mature larvae were put into the gelatine cai)sules, 150 in each, and
were given to the volunteers in the fasting state with 300ml. of water. The volunteers were previ-
ously treated with intramuscular injection of 15mg. of chlorpromazine in order to prevent the
eventual nausea and vomiting after the larvae intake.

The clinical symptoms and signs mainly of the respiratory and gastrointestinal tracts, appearance
of the ova and occult blood in the stool etc. were checked every day for the first 20 days and then
twice weekly until the end of the experiment, which usually lasted for about 3 months. Roentgeno-
jogical survey of the lungs was also done. The hematological changes such as the red blood cell,
white blood cell and eosinophil cell counts, hemoglobin content and serum iron levels were studied.
The appearance of the ova in the stool was examined by the formalin ether method and the ova
were counted in triplicate on two successive days using the Stoll’s dilution method.

The ferrokinetic data were calculated by the modified Huff’s method and the apparent half
survival time of the red blood cells by the modified Gray’s method. The isotopes were simultaneously
tagged and injected intravenously, and then the stool and blood samples were collected as was
described by Roche et al., namely, three separate 4-day stool samples with the blood sample drawing
before each 4-day stool collection. The radio-activities of the stools ashfied and the Ltlood were
separately measured by the pulse-height analyser. The daily blood loss was calculated with the

following formula;

daily blood loss in ml.=_CPM/8 stoolXweight in g of 4-day stool

cpm/ml blood X4
The average of these three 4-day periods was given as the daily blood loss in each patient. The
blood loss per day per worm was calculated by simply dividing the daily blood loss by the number

of the hookworm recovered after the vermifuge given twice a week at the termination of the
experiment.

The iron loss in mg. through the gastrointestinal tract was estimated with the following formula;

daily iron loss in mg=2E Hgb/100m! X ml ;lg(i)ly blood lossX 3. 40

3.40=mg of iron per g Hghb

Results

1. The respiratory symptoms such as cough and sputum were noted in almost all cases within a
week after the infection, which lasted about 2 weeks. The roentgenological findings of the chest
were essentially normal. A moderate degree of febril reaction appeared within 2 weeks with a dura-
tion of 3 or 4 days.

2. The gastrointestinal symptoms such as nausea, epigastric fullness, abdominal pain and loose
bowel appeared in all cases immediately after the larvae intake.

3. The reduction of the red blood cell count was not remarkable, however, the hemoglobin con-
tent and especially the serum iron level showed the steady decreases until the end of the experiment.

4. The white blood cells and eosinophil cells, on the contrary, showed increases in parallel and
reached peaks in 20 to 30 days after the infection. A small secondary rise ‘was noted in 2 months.

5. The ova first appeared in the stool in 40.1 days after the infection, ranging from 29 to 51
days, during which the occult blood reaction of the stool became also positive in almost cases.

6. The number of ova recovered per day was 164,320 on the average, ranging from 89,500 to

253,800. The number of the worm evacuated by vermifuge was in rough correlation with the number
of ova recovered.
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7. The infectivity of ancylostoma duodenale was 14% on the average, ranging from 7.3 to 20.0

%, which is relatively lower than those reported by other workers.

8. The mean fecal blood loss was 5.78ml. per day, with a range of from 2.6 to 11.7ml., and the

mean blood loss per worm per day was 0. 30ml.

, with a range of from 0,13 to 0.73ml, which is in

rough coincidence with those reported by other authors. There appeared to exist, however, no corr-

elation between the blood loss and the number of ova recovered.

9. The mean fecal iron loss was 2.02mg. per day, with a range of from 1,20 to 3,89mg., which

is less than those appeared in the literature.

10. The mean plasma iron disappearance rate was 0. 80hr., with a range of from 0. 62 to 0. 95hr.,

namely, a slight accerelation.

11. The hookworm anemia appeared to be iron deficiency in origin caused by continuous intestinal

blood loss.
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Table 2. Hematological changes
Serum Fe (7/dD |  Hb. (gm./dD) R.B.C. (mill.) W.B.C. Eosinophil. (%)

Case On At time On At time On At time On. At time adtgilslsi- At time

admission | of study admlssxon of study |admission| of study admisswn‘ of study on of study

1 ‘[ 105 63.1 13. 0 10. 5‘ 4, 35} 3.98 6,200 6, 300. 50 23

2 98 69.2 15. 0i 10.8 4.60 3.85 7,500 7, 700( 3.0 20

3 86 76.9 13.0 9.8 4,03 3.75 6,750 6, 100 2.0 27

4 97 58.5 12.5 10.0 4.35 3.87 7,550 7,700 1.0 27

5 111 56.5 13.0 10.5 4.32 3.87 6, 500 6, 300 2.0 33

6 92 60.0 13.0: 10.8 4.50 3.85 7,950, 7,600 2.0 19

7 113 78.2 13.0 11.0 4.53 3.97 7,800 7,600 1.0 26

8 ! 120 68.7 13.5 10.5 4.32 3.85 7.200 6, 900 2.0 25

9 115 62.3 12.6 10.0 4.36 3.93 5, 7501 5, 500 3.2 29

10 | 79 65.0 12.0 10.5 4,55 3.87 6, 250 6, 300 1.0 29

Range  79~12056.5~78.212.0~15.0| 9.8~11.04.03~4.603.75~3.98" "207" o 300> J1.0~5.01 19~33

Mean i 1016 65.8 13.0 10.4 4.39 3.88 6,945 6,840  2.42 25.8
i v




—M. Lee, et al.:

(g %)
17.0
16.0
15.0
i4.0

£ ‘30'?\,.;\1..

n
O
s

Lo LT Z
£ 0.0
9.0
8.0
7,0"

He moglolﬂ
g
>;.
>

R N : . . " . Days
0 20 30 40 50 60 70 80
Days ofter the Infection

Infection

Fig. 2. Changes of hemoglobin after the hookworm

infection.
oA Bewksl o) {FHiERH 3 BYH ¥4~538
Apolell = —RUEBMFELES £ 5 JIT $6:8 #
de AY HWHEER BRI AL 2+ dgid.
12,000
11,060
10,000 N
&} R \‘"‘ .
5 9000 : :/" b
i Lo T
= go00}. : _\\‘ T .
7000} * \’M\.
' X ) . L __.Doys
1620 0 40 50 60 70 80

Infection Days ofter the Infection

Fig. 3. Changes of the white blood cell count after
the hookworm infection.
mmEke] EoE FEEERe] #{k+ Table 2 ¥ Fig4
A Bizupel ol fFHREEFIA = 1.0~5.0%(2.4%)
slgl o fFHRBE 80~90 B kel BhFdl = 19~33%

(15 25.8%) 24 BAY FHERY #BmE 246044
%
10
~ 30f T
) } ~,"'\\:'\ -
e I R ..
_ zo0f i CL : e . i, ;
z Lo - ) B s S
= 1 4
L -
- Lo
g ) . R . , , Days
{0 20 30 40 50 60 70 80
Infection

Doys cfter the Infection

Fig. 4. Changes of eosinophil cells after the hook-
worm infection.

Studies on Ancylostomiasis— 61

2 4 993 Fig. 3ol BEd fFHEHE 3~5584k]
o Viebd —EERMEREIES E2 FERS BB
Binel £ET Aclztn HAsch

MmigHES #ihe FREE < 79~120 7/dI(FH
101.6 y/dD el o} fF g ERE 80 B A4S BBl =
56.5~78.27/dl(F 69.87/dD 2 HEY BAE 2d
Zg 3 I fMb: Bl mEEES Byed o8 R
#alq o WEMhe mEEES #ES 29 Fig
59} zch

{7¢0)

50
|
130
120} +
e 1
100F T
S0 Bl
]

|

|

Serum Iron Levels

7C
&C|

=%,

219

. - - Days
'c 20 30 4G 50 60 70 80

Infection Days cfter the Infecticn

Fig. 5. Changes of the serum iron levels after ho-
okworm infection.

3. ZEX2 RN W BOREHRRZR

gEpel mSish W] Hehde BB Bt
S Boe fRBEE 8 2EU L EES AR
#oh Wi K MAE TSt R 9 1 RS Table 1
oA miwtsh 2ok B Bl Mol Mg HBSE
B 20~51 B Abol (% 40.1 B)ol 91glom #ilAL
BeS MEBLEES A9 2L 20~48 H Al (K 30.5
Bl Btkes vEhde ¥ 4 dgh

4, M

A.d.8) ATEEEez gl fFH 1500telE &R
wESE % 80~90 BRN ffEA BEkE HABERR AT
B ow migpTE-S #2232 Bephenium hydroxynaph-
oate(Alcopar) & #rEisted 72 g Alol ol HiRl 2EE
Ayo) s s KpEstalvh flUERA R B R
o) LR ERECRES EaEse Fordtgles I R#E
& Table 36| A4 Riufs}t 7ol 7. 3~20.0% (F# 14.0

%>e] ek,

5. &mE
SCr EEEARMERES FIHSe “Cr BRR RS Bl
A WHEYR 5~7 AR Pl e HES Z2EHRE

'3}3'- o SCr s S BiEstd 1B Fkngs



62 —~ABERRNIE B 1E 1R B B

Table 3. Infectivity, blood and iron loss

i

. $No. . ~ No. . . Fecal |Blood loss LD,

Cose No | |t 100 ponbvarn* 5™ ot o e v G5
1 23] 150 102.8 11 7.3 42 0.38 1.50 0.62
2 21 150  156.1 20 13.3 5.2 0.26 1.91 0.72,
3 23 150 137.5 16 10.7 1.7, 0.73 3.89 0.76
4 23 150  253.8 27 18.0 9.2 0.3 3.12 0.87
5 24 150 89.5 13 8.7 42 0.3 1.50 0.68
6 2 150 1316 14 9.3 2.6 0 18 0.95 0.89
7 23 150  232.8 24 6.0 32 013 1.20 0.92
8 22 150 153.9 27 18.0 5. 7‘ 0.21 0.23 0.95
9 22' 150 141.6 30 20.0 6.4 021 2.17 0.87
10 150 243.6 28 18.7 5. 4{ 0.19 1.93 0.76
Range 21~32i 895 o 3{ 11~30 7.3~20.0; 2. 6~11.7i(). 13~0. 7311 20~3. 890. 62~0. 95
Mean Value 21 150 1643 21 14.0 5.78  0.30 2.02 0.80
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