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By a "heelthy" plasmodium carrier we mean a person who has
plasrcdia in his blood stream, as revealed by microscopic examina-
tion, but who exhibits no clinical signs of infection and who is able
to carry out his normal work. "So~called 'healthy' parasite carriers
play a very inportant part in the transmissicn of malaria™. This
statement was made by Prof. N. H. Swellengrebel after fifteen years
work on malaria in Europe, and especially as a result of his exper-
ience in the country north of Amsterdam where malaria is endemic.

In "Maleria in the Netherlends" by Swellengrebel and de Buck,
one can find & gypical exarmple of the influence of "healthy" carriers
on the anophelene infection rate. These workers during the year 1935
kept 92 houses in an endemic ares in Holland under continuous obser-
vation. Some of these houses harboured "healthy" carriers, some
contained people who suffered from malarial fevers, and in other
houses both types of persons lived. These 92 houses were divided
intc two groups:

(a) a first group of 43 houses, which had 83 "healthy"
carriers,

(b) a second group of 49 houses, from which "healthy"
carriers were absent.

Group (a) consisting of 43 houses contained 23 houses with a total
of 48 cases of malaria fever.

Group (b) consisting of 49 houses contained 33 houses with a total
of 75 cases of malaria fever. Thus the proportion of cases of
malaria fever iq‘practically the same in both groups.

During the late summer and autumn of 1935 Swellengrebelf
captured a totel of 1329 infected anopheles mosquitoes in the 92
houses. 1279 (or 96%) were found in the 42 houses containing
"healthy" carriers, and 50 (or 4%) in the 49 houses without "healthy"

carriers. In reference to this finding Swellengrebel makes the
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following statement: "All this may seem difficult to believe.
Surely a person with nﬁmerous parasites in his blood, with quite a
few gametocytes among them, is better able to infect anophelenes than
one with few parasites and fewer gametocytes. Of ccurse he is, so
long as man doec not interfere by giving drugs. But he does inter-
fere and so effectively at that, that the malaria patient simply has
no chance to infect anophelenes. 8o there remain the "healthy"
car jers as the only source of anophelene infection, and the above
figures are there to shov that they are quite successful in infecting
numerous mosquitoes®.

Vhether or not one agrees with this statement in its entirety,
it would seem that Swellengrebel and de Buck have effectively
demonstrated the importance of the "healthy" carrier as an important
reservoir of infection. This reservoir of infection is naturally
still more important in tropical countries among native populatioans,
where the treatment of clinical attacks of malaria is either non-
existent or so often ingufficient, due to many causes with which this
article has no concern. These notes will, we hope, show how this
state can arise in white men in the tropics.

Evidence that carriers with few paresites in their periphersal
circulation are able to infect anovnhelenes was also produced by
Swellengrebel. He found that "healthy" carriers with one parasite
per 100 leucocytes could infect 60% or more of anopheléne mosquitoes
which had fed on them only once; even if no gametocytes could be
detected in the patient's blood on the day of feeding. Furthermore
"healthy" carriers with one parasite per 1000 leucocytes or less
could likewise infect anophelenes, but at a much lower rate.

Two main questions arise:

(1) Under what conditions does a malaria infected person
develop into a "healthy" carrier?

(2) Is a “healthy" carrier really healthy?
The writers submit that the following observations made in: Mater
Doloross P.0.W. Hospital, Batavia, during 1943 and 1944 throw some

light on these questions.
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OBSERVATIONS O "IBALTIY" CARRIERS Iii A P.O,V. HOSPITAL.

In early 1043 the Jananese Army set aside two hospitals in
Batuvia ior the trouiment 21 Lthe more seriously sicix of the P.O.We
One wae for the treatment of general nedical and surgical cases, and
the other, Mater Doloross, maluly ‘or the treatment of infectious
disenses, which included malaria, the dysenterys, diarrhoea, tuber-
culosis and lenrnsy. Almost all of these cases suflered from varying
degrees of nalnutrition, "buraning feet"™ syndrome and beri-beri on
adniscion. Due to the fact tihuet recovery from malnutrition and the
avitaminosec took a considerzable time o>winge to inadility to supnly the
richt tre a:d muantity of food, we wers 2hle to retain in hosnital
aiiite o few of the chronic malaria »natients hen their febrile attacks
had ceused.

Moct of thée »oitients aduitted suifering from malaria had had
clinical relasec with {1, ical cechills and fover every 14 to 21 days
for some time. Patients with mniluria fever were riven a standard
treatment of guinine gre 30 cer doy ior five days if they had B.T.

malaria, and toose vitis MoTes malaria were given the same daily dose

[

for seven Jays

It was decided that in certain unconnlicated cases of BeT.
malaria, as sooa a3 their general coaditiocn had ii roved sufliciently
to sgtond the strain, they shonld he allowed to have . counle of febrile
attacks without tre tnest in order to stimilate their immnity, in
iccordnice with the Learue of Na ions recommendations. This »roceding
vas never tried in cuses of M.T. malaria, tuberculosis, dysentery or
any seriocuns iatercurrent conditi . The sararitaenia was eostrolled
by mesns of a thick blo .d 2ilm exainatinoan made every second day
stuined by the Glemsa metlwnd, e patient was closely observed by the
ward dderly and the rurd doctor, and il he showed sirms of anfavorable
reaction to his 1atection such ac vomiting, rigors, ete. quinine
treatment vas logstituted imnediately and maintained for five days.
Likevige 1t the narasitae:niia, as revealed by the number of narusites
;er leucocyte, shoved sipns of marked increase, cuinine treatment was

also instituted.
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During thece exneriments it vwas noticed that some natients
vh had meny tiucks of nmala dia before entering liis»nital (alvays
more than ten) did not develop a second Harox¥sm. At the same time
the number oi n»arasites in the blocd ©ilm diminished to 2 low level
or disap-eared. These natients did not receive any treatment, and in
all o7 them the nunber of parascitcos in the blood stream increased in
two to three weeks and o Lew developed a febrile reaction. However
in most cases the arasites remained below the pyrogenic level and
the "healthy"‘carrier state developed. A typical examnle of this
nrocess ig the folloving history:

B., a Duteh patient, wsas admitted to hosnital on 7.7.1944. In
June 1 43 he had been cent to Flores by the Jananese. While there he
sul~ered 17 atiacks of malaria. For each attack he received from
3 - 5 duys quinine {1 - 2 gm. »er day). On admission a thiek blood
film wus positive ror B.T. ma‘aria. He was given gquinine gr. 30 per
day ior five days. On i5.7.,44 sis blood _1ilm was again positive for
B.l. mularia, oand on 28.7e4° he develoned a fever. No treatment was
civen and -~ithin a rew days is fever subsided and did not recur up
to the time of his discharge from hos ital on l.1l.44. His parasite
corunts, ex resced in arasites er number of leucocytes in a thick

{ilm, for the last two months of his stay in hostital were as Tollows:

Date Parasitaemia
287644 1556 ver 100 leucocytes
3067 e44 100 100
"1.3.44 52 " 100 "

BeBedd 12 " 100 "
17.8.44 1 " 500 "
19.3.44 8 " 500 "
©le ledd 20 " 500 "
,a.;.44 26 " 500 "
D5 ledlh =5 " 500 "
57 e 3o 44 50 " 588 "
29e e ddd 50 ®* 500 "
31l.8.44 40 " 500 "

DeDed4d 10 ® 500 "
4,9.,44 10 " 500 "

BeDedd 5 " 500 "
10.90.44 1 *® 1000 "
129,44 1 " 1000 "
14.,9.44 1 " 2000 "
16.9.44 1 " 1000 "
16944 2 " 1000 "
“DeNe b4 12 " 1000 "
e Mg 8 " 1000 "
e DedA, 17 " 100 "



Date Parasitagmie

26.9.44 10 ner 1000 leucocytes
28.9.44 10 ®* 1000 "
50.9.44 5 " 1000 "
2e10.44 o " 000 "

A number of "healthy™ carriers were detected only by routine
blood examinations. As a routine every melaria patient had a thick
blood f1iim examined for malaria twice a weck. If —arasitez were
found he was so examined every second day.

It was noticed that if the number of narasitec either stayed
constant or increased only a little, the patient eithexr did not
develop a fever, or if he did it was very slight.

In 412 patients treated in the malaria werd (which was
reserved for malaria unconplicated by dysentery, tuberculosis, etc.)
a total of 31 carr~iers was found. Of these 12 were Australian,

11 Dutch and 8 English. They had been infected on Flores, Timor
and Ambon whiie prisoners of war liviag under the usual conditions
of »noor food, unhyglenic surroundings, and lack of medical supplies.
On Plores many men had died from malaria, and on PTimor and Arbon,
although the death rate from malaria was not high, the morbidity
was exceedingly high. Amongst these the number of treated attacks
of malaria before admission varied from 10 to 26. We did not find
the carrier state developing in a verson who had suffered from less
than 10 treated attacks.

The general rule was that first the narasitaemia diminished
gradually to a very low level (in some cases to less than 1 sarasite
per 6000 leucocytes, which is less than 1 -er cubic m.m.) and then
increased in every case but one. After increasing to a certain
level, varyling from 25 to 125 parasites per 100 leucocytes, the
number of parasives decreased againe If the patient was given
guinine they disappeared and very often rea.peared after 2 - 3
weeks or loanger. One of our patients repeated this procedure three
times. Only once did »arasites disanpear from the blood stream
without any treatment and not reanpear within the ovservation
period of two months, after which the patient was discharged. The

extreme limits ot the carrier state, uninterrupted by treatment,
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In one casc the car-ier st<te lasted for one year, but this
period was interrupted by several treatmcnts . five days gquinine.
This case was an English sergeant who wus awaitted to hospital as a
patient but subsequently became a volunteer member of the staff. His
history is oo Jolliows:

Admitted on 12.11.42. Temperature 40°C. Five days quinine
givens Blood film B.T.s

2561242 Relavse, fivu ,AT: guinine
23. 1l.43 Reiapse, 1ive Guys quinine
5. 2145 BCT.Q
4, 2,43 Fever

6. 2.43-13.2.43 Apyrexial until the latter date when five
deys quinine wes commenced.

3}. 3e43 B.T.+. No fever. No treatment.

25, 4.43 Flve days auinine.

30, 90,43 %eia;. After five months of liepative
i .

From then on this patient had posituve
blood rilms wilthout treatments or ill-effects

28; 12.43 g’li:'é ld;ys aninine treatment.

Rouating blozd filme until 1%.2.44 were all negativc.

Bvidence was collected which shows that the patients were so
little afaclbed Dy thelr irfection that tiey migint well be described
as healthy; particularly in view of thelr noor diet. The weight,
haemoglobln ectimation 2ad the splean were constantly observed in
most cases (fig.ree for weirht 2nd haemcglobin are lackiag in 7 cases).
As a general rule the haemoglobin dicd not fall, the weight remaiced
constant, and the splieen 4id not become enlarred. The first two
findings were probebly dne to the fact that the food in the hospital
was (des. ite its poormess by nominl siondards) better in ouality and
greater in quantity than that in the other P.0.W. camps in Bataviae.
Furtheruwore most of thasse natients had recently arrived from Flores,
Timor and Ambon wherc the diet was apnallingly deficient, and it was
a general expericace in P.O.W. camps that a small increase in the
rice or vogetables suarnlied by the detaining power resulted in an
increase in weight and well-being, althourh the diet level reached
was well below minimum standards for healthy living.

The lowest haemoglobin percentage found in our series of 24 cases
was 72% and the highest 105%. In not one case did the haemoglobin

decrease while the patient was a "healthy" carrier, and some of them

increased,



No carrvier lost weight and most increased by one or two pounds
per month. The Bnglish sergeant previously mentioned increased in
weight from 57 kilogrammes in December 1942 to 63 kilogrammes on the
date of his discharge in February 1344.

A surprising fact was that the spleen was not usually enlarged
on admission despite repeated attacks of malaria before admission,
and, furthermore, 4did not become enlarged during the observation
period. Immediately on admission the ward doctor examined the
patient and entered the absence or presence of splenomegaly on the
history sheet. The figures Ifor spleen examinations cover the total
of 31 carriers.

SPLEEN SIZE IN 31 CARRIERS.

On Admission Subseguently as carrier
14 no enlargement One became enlarged after 20 days
‘ then hecame non~palpable.
14 were palpable on deep None became enlarged after periods
inspiration from 60-90 days.
3 were Schuffner 2 No further enlargement after 21,
(2 fingers) 30 and 41 days respectively.

Most of these carriers felt sufficiently well to volunteer
in the hospital working party which was used to help keep the
hospital clean, to cook, etce This is a z2ood indication of their
subjective sensation of well-being. BSometimes when their parasitaemia
was at a relatively high level they had headaches or a feeling of
heaviness in the legs, but usually were quite well in one or two
days. However no direct relationshin could be found beitween the
parasitaemia level and the subjective sensations of the carriers.
In a few cases there was a slight rise in temperature, but never
above 37.8°C. One of the best examles is the following history:

A Dutch patient, H., was admitted to hos»ital on 23.5.44
with a history of having had 15 attacks of malaria while in Flores.
His first attack was on lst July 1943. Aftser admission he had
relapses of B.T. malaria on 13.6.44, 3.7.44 and 7.8.44. On each
occasion he received five days gquinine treatment. On 2.9.44 his
blood film was positive for B.T. malaria and from then on until dis-
charge his parasitaemia kept below the pyrogenic level. His record

is as follows:



Date Parasitaemia
29444 B, T. ++
4,944 15 per 100 leucocytes
TeDedd ag " 100 "
9.9.44 28 " 100 "
11.9.44 6 " 100 "
13.9.44 g " 100 "
15.9.44 6 " 100 "
17.9.44 B.T.+
19.9.44 12 per 100 leucocytes
2l.9.44 14 " 100 "
23e9.44 7 " 100 "
25.9.44 10" 300 "
27.9.44 1 parasite to every 40 fields
29.9.44 1 " " 20 "
2¢10.44 1 per 600 leucocytes
4,10.44 2 " 100 "
7.10,44 24 " 100 "
9.10.44 2 " 100 n
12.10,.44 7 " 100 "
14,10.44 1" 150 "
150, 10.44 1 250 "
19.10.44 1" 100 "
20.10.44 B.T.+
22.10.44 1l per 100 leucocytes
24,10,44 5 " 100 "
26.10,44 6 " 100 "
28.10,44 3 " 100 n
30.10,44 1 " 3000 "
l.11.44 1 " 2000 "
d3e1l.44 10" 300 "
5.11.44 1 " 1500 "
7.11.44 1" 100 "
9.,11.44 2 100 "
11.11.44 16 " 100 "
13011.44 2 " 100 "
15.1%. 44 1" 300 "
17.11.44 10" 500 "

On the above date the pétient was given five days quinine and
discharged from hosvpnital for recasons divorced entirely from the
terms of the management of his carrier state. (Note: If a carrier
had to be discharged owing to shortage of bed space he was given
quinine gr.30 per day for 5 days). This man was well accustomed
to his carrier state and apart from headaches, usually very mild and
occurring in the afternoon or evening, was in perfectly normal
health. He remained a carrier for 78 days, and during this period
his weight remained constant at 68 kilogrammes and his spleen was

not enlarged. The last figure we have for his haemoglobin is 90%.

At the commencement of these notes we nut two guestions:
(1) Under what conditions does a "healthy" carrier arise?
(2) 1Is a "healthy" carrier really healthy?

As regards the first of these the chief factors would seem to be

heavy infections dus to constant reinfection, and the subsequent
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insufficient gquinine. One of us spent seven months on Dutch Timor
in a P.0.W. camp where no more than 5% of the vprisoners possessed
mosguito nets. In seven months well over 90% of the P.0.W. became
infected with malaria, and these people became well-known for their
tendency to relapse when taken to Java, the previously mentioned
writer-having more than 20 relapses.

Question (2) can in our opinion be answered in the affirmative.
The carriers with whom these notes 4deal are hadlthy generally speaking.
The only objection one can raise to this is that the patients did
suffer from time to time from headaches and lassitude, but these
symrtoms are very mild in view of the rigors of their life before
admission and their poor diet for over two to tihree years of prisoner
of war existence.’

We suggest that healthy adult carriers may be of some importance
in the spread of malaria to areas where it is at present rare or
non-cxistent.

We regret that our notes are incomplete and unsatisfactory in
many ways and most especially that we can give no figures for the
presence of gametocytes in the thick films examined. Furthermore the
Tigures regarding the weight of the carriers are also incomplete,
and it would have been of advant age to have been able to give more
detaliled information asbout the subj@ctive and objective well~being of
the carriers. Our only excuse is that we also were prisoners, and we
gleaned what information we could under the disadvantages of such a
life.

SUMMARY.

(1) A series of 31 "healthy" plasmodium vivax carriers is
described,

(2) The manner in which their conditon arose is described.

(3) Some evidence to show that they are healthy is given.
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