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The Secratary of ths Ifalaria Commission has the _
honour to communicate hsrewith to ths members of the Commission’
the following documsnt:

Further investigations .on "healthy" human carriers of

Plasmnodium vivax in North-Holland

by
N.H. Swellengrebsl, i. de Buck and H. Kraan. e

(From Swsllengrebel's Laboratory in tha Departmﬂnt of Troplcal
Hygiene of the Royal Colonial Institute of Amsterdam).

In our paper on the transmission of malaria in North—
Holland* we showed that "hsalthy" parasite carriers ars a more
irmportant source of anopheline infection than persons actually
suffering from malaria and sesking medical assigance as a )
consequence. The term "hzalthy" sarves no other purpose than
to make it clear that these persons are carrying tertian
parasitss without consulting the physician or taking medicinse.

In the present pappr we shall try to answer the
following questions:

1) Are the parasites in the carriers' blaocd suffi-
ciantly numerous to infect anopheles? The field test yields
an answer to the affirmative, but can this be corroborated
by expsriment? : :

2) When writing-on healthy carriers we had mainly
children in view (persons unéer 16). What about adults, are
they of equal importance in this raspect? e
1. ZIExperirental ewidence that carrisrs with few parasites

in their periphsral circulation do infect anopheles.

Anopheles (maculipennis atroparvus, North-Holland
strain) were allowed once to-take their fill on G.P.I, patients:
infected with the Madagascar strain of Plasmodium vivax, at =~
& time they had entersd upon the afebrile period follow1ng
the regulation series of paroxysms.

The results can be tabulated as follows (Table 1).

* Quérterly Bulletin of the Health Organisation of thes League
~ of Nations, Vol. V, No.2, June 1936, pp. 295-352.
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afebrile parasite-carriers.

Table 1. Rzsult of experimental infection of anopheles with ;

Num-: Date !Last dateja n o p he line infection :
ber : of iof finding ; ? :
of ex: last imale game-Date [Number of : Date Nunber:Number : :
peri- . feveritocytes of parasites of of found : Remarks
ment &.paroxysibefore infeciin carrier dissec-anoph. infected .
initials aropheles ;tion ‘ tion idis- iand nuvwber
of . were sectediof ;
carrier infected : oocysts.
1.B1.! april Ap?l 15 {Aprill parasite [May 4. 42 1 infected
¢ 19 3 4 per 27 Pper 800C f :
10C leuc. leucocytes. 1 oocyst
; o o',
2.Br.!Jan. Jan. 4 Jan. £ parasitesiJan. 81 3 infeoted
. 6 2 d'ver 12 per 200C 18
100 leuc. - feucocytes 2,1 and 1
3 . 0. o . pocysts
2a.Id: Id. Id. Jan. 29 parasites Jan, 30 19 infected :
19 per 200 23 Average Same carrj_eri
leucocytes. ! and number of as no.2;had
; No o later oocysts 16ino more
2b.Id: Id. I4d. Jan. 112 paresitesUsed for infecting fever not-
i 22 per 200 patients.Consequently withstanding
leucocytes. irate of infection ‘rise in
1 o'per 200 inot established parasites..
; ?eucocytes. exactly. i
3.F. [ 4dug.8 i Aug.10 Aug. | 5 parasitesaiug. 52 47 infected
; - 11 ' per 12 ! per 500 17 E
200 leuec. leucocytes. Average
o o . number of |
i pocysts 6.
4 .Hr. May 3 | o’alwaysiMay 5 3 parasites May 26 | none |
{ ia"wsent “per 200 11 '
: leucocytes.
z % No o' .
4a.Id. June 3! J'always{June | 3 parssites June 45 none isame carrier
; ahsent, 25 i per 100 30 as no.4
leucocytes. af'tter . relapse
; 1o o . aqJune 1 & 3
5.Zw.. Jan. d alwaysiFebr.l0 parasites |Febr., ! 40 ) infectedcarrier had
i 26 | abssnt. 18 per 200 25 myosalvarsa
rleuwcoeytes. L oocyst injected on
' No o Jan.25(100
mg) Feb.1(7
me. )and Feb
; 11(100 ng.!
6..I. iJune Jung 15 June ;18 parasites ;June 10 8 infected
' 10 i1 d per 17 | per 200 23 " hverage nun-
200 leuc. leucocytes. ber of
; No o . ' bocysts 24
6a.Id: July :July 7 July |18 perssites {July 38 26 infected same carrier
i 7 1 4 per 17 iper 300 22 ' o as. no.6
:100 leuc. leucocytes, Average after relapse
' .1 q'per number offrom June 2
. 0000 leuc. oocysts 6.itill July?
7.C. {May 13;May 8 May 95l paragites {Used for infecting
1¢ d per 18 ; per 100 patients.Consequently
100 leuec. leucocytesjrate of infegtion
2 d per not established
100 leuc, jéxactly.




In 1936 we found in Uitgsest and Wormerveer 103
"healthy" human carriers with the following parasite count:

I: 1 with 50 parasites per 100 leucocytes, 1 with male gametoecytes.
II: !7 - 1" 12_25 n " "t " , 3 o " 1" .
III . 4 1 6 - A4 it 1" % s l 1" " ”" .
I‘v‘; 10 1t l __5 n A " " , 5 i " 4] R
v:22 ' 1-5 1000 " ; 5 " " .
vI:59 7 1-5 ! " 6000 " , 1" "o " .

As far as the number of parasites goes, the "infzscting
power ' of the healthy carriers of %roups I - IV may be gauged
by the result of experiments 228, 2P, 3, 4, 48, 5, 6, 62 and 7.
These experiments show that such carriers may infect 53 - 90 pct.
of the anopheles which bite them once, &ven if male gametocytes
are too scarce to be detected within a rea8sonable -time on the
day of infection, so long as these gametocytes can be found at
some earlier date (compare the successful experiments 3 and
6% with the unsuccessful ones 4, 48 and 5%).

In the same way the "infecting power™ of the healthy -
carriers of group V and VI may be assessed by the result of -
experiments 1 and 2. These experiments show that carriers
with very few parasites may still infect anopheles which bite
them once; but the resulting rate of mosquito-infection is a
low one. The provision. with regard to made gamstocytes is
the same as in the preceding paragravh.

Experiments 2, 22 and 2P are of special interest.
They refer to the same carrier who remainsd afebrile since
January 6th. On January 12th, the parasite-count being lin
1000, he infected 3 anopheles out of 81. On January 19th,
the parasite-count rose to 15 in 100 and again, on January 22nd,
to 56 in 100. On January 19th this carrier infected anopheles
up to 63 pet, His parasite-relapse was not accompanied by
a clinical relapse. Consequently, under natural conditions,
no physician nor medicines would have interfered with the
process of anopheline infection. Provided one: and the same
batch of anophelzs is staying in the carrier's: houss feeding
off and on all the time, some of them are bound to bite the
parasite carrier at the moment his parasites are numerous and
then they will become heavily infesctsd, just as bateh 2 would
have done it if had  continued to feed on the carrier as long
as batches 28 and 2P, « '

: e
Elsewhere®** we have said that the essential condition
for anopheles to become heavily infacted by feeding on healthy
carriers is to feed repeatedly on him, i.e. to stay with him
in the same house for a considerable time. We can now speocify
thig condition by adding that this statement does not mean
that a carrier with few parasites cannot infect anopheles at
one sitting but that he can do so at several. It means that
repeated feedings are requirsd to allow anopheles to avail
themselves of the increase of the parasites in the carrier which
is due to appear at some time or another, -We know this require-
ment is met by the conditions existing in North-Holland houses
in late summer and early autumn. : '

* No 5 is not unsuccessful, but the rate of anopheline infec--
tion is much tqo low compared with no+3 and 62. The admini-
stration Qf myosalvarsan has obscured the gametocyte findings.

** Second international congress for microbiology, Section 5,
July 28th, 1936, ‘



2., "Haalthy" parasite carriers among adults and children.
31 families comprising 80 adults and 184 children ,
were 2xamined in th2 spring and early autumn of 1936.

In that year 16 adults and 62 children had maleria,
an incidsnce of 20 and 34 pct. respectively. The parasite
carriers numbered 24 or 30 pct., among the adults and 79 or
43 pct. among. the children.

The 24 adult carriers had more malaria in 1936 than
the other adults, viz. 8 of theun (33 pct.), whareas 8 only out
of 56 non-carriers had malaria (14 pct.’).

In children conditions are different:28 out of 79
%arrlers)had malaria (35 pet.) and 34 out of 105 non-carriers
32 net . o

Consequently the carrisrs among the children are not
in a worse p051tion than the non-carriers, but the carriers
among the adults are

The following table (2) shows the numbsr of parasites
and the presencs of male gametocytes in the "healthy“ carriers
under observation. _ : .

Table 2. Number of parasites and presence of male gametocytes
in "healthy" carriers.
Distribution of carriers who “Distribution of carriers who
had had malaria in 1936 who had had no malaria in
according to the number of 1936 according to tha number
arasites. - of parasitss _
l or morel - 5 less than |1 or noreil - 5 less than
.iper 100 per 1000 1 per 100C:!p=sr 100 per 1000 1 per 1C00
lzucocyteslsucocytes ileucocytes | leucocytes {laucocyteslaucucytas
alliwith{ alliwith! alllwith 3ll witht all with all{with
male mele | - male male male male
gam, gam, gam. gam. gam gam,
24 aduls-~
carriers 5 2 1 0 2 0 1 0 4 1 11 1
79 children- ‘
_ carriers 6 ! 3 50 17 . 0 10 3 12 4 29 0

Taking separately the earriers with 1 parasite Oor more
per 100 leucocytes {(i.,e. the carriers whlch were shown in sectlon
1l to be able to cause a heavy anopheline 1nfection) and calling
them "goed carriers" we find:

1) 6 good carriers in 62 children who had .malaria in
1936 (10 pct,) and 10 good carriers in 122 children who had not
(2 pet,), i.e. the good ecarrisrs are about equally numerous in
both groups. : -

2) 5 good carriers in 16 adults who had malaria in 1936
(31 pet.) and 1 good carrier in 64 adults who had not (1} pect.),
i.e. nearly all good carriers are to be found among the adults
who had malaria in the course of the yszar,
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3) % carriers of male gametocytes in 62 children who
had marlaia in 1936 (5 pct.) and 7 in 122 children who had not
(6 pct,), i.e. the gametocyte carriers are about equally num-
erous in both groups. ’

4) 2 carriers of male gametocytes in 16 adults who had
malaria in 1936 (12 pct.) and 2 in 64 adults who had not (3 pet.)
i.e. the gametocyte carriers are four times more numerous among
the adults who had malaria in the course of the y=ar than among
those who had not.

ivhatever may be the explanation of this difference
between adults and children, the broad fact remains that adglt
carriers likely to causz a h-=avy anopheline infection, judging
by the numbzr of their parasites (see section 1) or by the pre-
sence of male gamstocytes, are more lisble than chlldren to
bescome comSplcuous by an attack of malaria.

So far as tha: goes we may conclude that children
carriers are more important ss a source of anopheline infec-
tion than adult carrisrs. But thers can exist no doubt that
adults sometimes are very important in this respect. Last
year, in Wormervesr we met with the following case which is
very appropriate to illustrate this statement.

In family Kr, all the =dult members (thsre are nn
children) had malaria: H. on July 30th., M. on aAugust 31lst,
W on Sept. 9th, K. on Oct. 8th. They werc all treated witk 2
7 days' course of atebrin, 0,3 grammes a day, 2nd had no
relapsss., Infected anophslss were found on Cctober 8th (17
infected out of 77, 16 sporozoite carriers), November 2nd (8
infected out of 25, 6 sporozoite carriers) and December 8th
(4 infected out of 11, 3 sporozoite carriers the majority of
the sporozoites degenerated). The source of anophsline infec-
tion was M., who had had no more malaria after his atebrin
cure, but who nevsrtheless was found to carry 22 parasites,
comprising 1 male gametoctye per 500 leucocytes on October 30th.
On that same date . was carrying 3 parasites per 6000 leucocytes,
H. and ¥. had no parasites.

Conclusions

1. Healthy ‘carriers with one parasite per 100 leucccytes
can inf<ct 60 pct., or more, of the anopheles which fed on them
only once, <ven if no male gametocytes could be detected on the
day of infection, provided gamstocytes had been found at some
earlier date, The same appliss to hsalthy carriers with one
rarasite per 1000 leucocytes or lesss, who can likewise infeot
anophsles, but at a much lower rate.

2. Anophezles sharing a house with a humun parasite car-
rier fer a long time, are bound soonsr or later to acquire the
infection if they continue to feed. For they are always on the
spot to cateh the first opportunity offsred by a temporary rise
in the number of the carriers' psrasites, especially if this
rise is not accompanisd by any marksd febrile reaction.

3. Children are in a better position to infect anopheles
than adults, because "good carriers" (with 1 parasite per 100
leucocytes or more) are as numsrous in children who had no
malaria in the course of the year as in those who had. 1In
adults, on the contrary, nearly all "good carriers" ars found
among those who had malaria in the course of the year and so
thess adult carriers are more likely to bs found out.



