
incubation period of 1 to 2 weeks re- 
quired to develop polyoma (28) and 
vacuolating (9, 22) virus plaques. 

Each of the viruses listed produces 
latent and chronic infections in its nat- 
ural host, and each is tumorigenic. In 
the case of polyoma, the virus is neo- 
plastic for species other than the mouse 
(29). Vacuolating virus has been found 
to produce tumors (sarcomas) when 
injected into newborn hamsters, with 
recovery of virus from the neoplasm 
several months after the injection (30). 
However, there have been no demon- 
strations as yet of tumorigenic activity 
in the natural primate host. 

When the properties of the four 
agents are examined, it is apparent that 
they fall into a natural group for which 
the name, papova virus group, is pro- 
posed. The cardinal features of the 
viruses within the group are similarities 
in the size, morphology, and buoyant 
density of the viruses; the presence of 
double-stranded DNA; the absence of 
essential lipid; relative thermal stability; 
slow growth cycle characterized by mul- 
tiplication within the nucleus and in- 
volvement of the nucleolus. Papova 
viruses produce latent and chronic in- 
fections in their natural hosts, and all 
are tumorigenic in their natural or other 
host species, or both (31). 
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Antibody Production in Human 
Malaria as Determined by the 
Fluorescent Antibody Technique 

Abstract. No reliable serological test has 
been available in the past to follow the 
course of antibody production in malarial 
infections. The indirect method of im- 
munofluorescence was utilized in this in- 
vestigation to study antibody response to 
sporozoite-induced Plasmodium vivax in- 
fections in two human volunteers. Malarial 
antibody was demonstrated approximately 
3 weeks after infection, and has persisted 
thus far for 121 days. These preliminary 
results suggest that this method of serolog- 
ical testing is specific and provides a sensi- 
tive means of titrating antibody produced 
in malarial infections. 

At the present time there is no ac- 
cepted serological test which is adapt- 
able for routine use in the investigation 
of antibody production in malarial in- 
fections. Attempts made in the past to 
obtain specific complement fixation and 
precipitation reactions with sera from 
patients infected with malaria have met 

15. J. D. Watson and J. W. Littlefield, J. Mol. 
Biol. 2, 161 (1960). 

16. Y. Ito and C. A. Evans, J. Exptl. Med. 114, 
485 (1961); A. C. Alison and J. A. Arm- 
strong, Brit. J. Cancer 14, 313 (1960). 

17. H. D. Mayor, Proc. Soc. Exptl. Biol. Med. 
108, 103 (1961). 

18. C. W. Hiatt Trans. N.Y. Acad. Sci. 23, 66 
(1960). 

19. H. D. Mayor, Progress Med. Virology, in 
press. 

20. C. H. Andrewes and D. M. Horstmann, J. 
Gen. Microbiol. 3, 290 (1949). 

21. B. E. Eddy and S. E. Stewart, Proc. Can. 
Cancer Research Conf. 3, 307 (1958). 

22. C. Wallis and J. L. Melnick, Texas Repts. 
Biol. and Med. 19, 701 (1961). 

23. S. E. Stewart, B. E. Eddy, N. G. Borgese, 
J. Natl. Cancer Inst. 20, 1223 (1958). 

24. H. Bunting, Proc. Soc. Exptl. Biol. Med. 84, 
327 (1953); W. F. Noyes and R. C. Mellors, 
J. Exptl. Med. 106, 555 (1957). 

25. E. Bereczky, L. Dmochowski, C. E. Grey, 
J. Natl. Cancer Inst. 27, 99 (1961). 

26. G. Henle, F. Deinhardt, J. Rodriguez, Virol- 
ogy 8, 388 (1959); R. T. Malmgren G. Rab- 
botti, A. S. Ralson, J. Natl. Cancer Inst. 24, 
581 (1960); W. G. Banfield, C. J. Dawe, 
D. C. Brindley, ibid. 23, 1123 (1959); L. 
Dmochowski, C. E. Grey, L. A. Magee, Proc. 
Soc. Exptl. Biol. Med. 102, 575 (1959). 

27. E. Winocour and L. Sachs, Virology 11, 699 
(1960); M. Vogt and R. Dulbecco, Proc. 
Natl. Acad. Sci. U.S., 46, 365 (1960). 

28. R. Dulbecco and G. Freeman, Virology 8, 
396 (1959); E. Winocour and R. Sachs, ibid. 
8, 397 (1959). 

29. B. E. Eddy, S. E. Stewart, R. Young, G. B. 
Mider, J. Natl. Cancer Inst. 20, 747 (1958); 
B. E. Eddy, S. E. Stewart, R. L. Kirschstein, 
R. D. Young, Nature 183, 766 (1959). 

30. B. E. Eddy, G. S. Borman, W. H. Berkeley, 
R. D. Young, Proc. Soc. Exptl. Biol. Med. 
107, 191 (1961); B. E. Eddy, personal com- 
munication. 

31. This work was aided by a grant from the 
National Foundation and grant C-4600 from 
the National Cancer Institute. 

2 November 1961 

Antibody Production in Human 
Malaria as Determined by the 
Fluorescent Antibody Technique 

Abstract. No reliable serological test has 
been available in the past to follow the 
course of antibody production in malarial 
infections. The indirect method of im- 
munofluorescence was utilized in this in- 
vestigation to study antibody response to 
sporozoite-induced Plasmodium vivax in- 
fections in two human volunteers. Malarial 
antibody was demonstrated approximately 
3 weeks after infection, and has persisted 
thus far for 121 days. These preliminary 
results suggest that this method of serolog- 
ical testing is specific and provides a sensi- 
tive means of titrating antibody produced 
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At the present time there is no ac- 
cepted serological test which is adapt- 
able for routine use in the investigation 
of antibody production in malarial in- 
fections. Attempts made in the past to 
obtain specific complement fixation and 
precipitation reactions with sera from 
patients infected with malaria have met 
with only limited success (1). Since 
the fluorescent antibody technique has 
been used successfully in the specific 
staining of malaria parasites (2), our 
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investigations were undertaken, utilizing 
this technique to follow the course of 
antibody production in human volun- 
teers after sporozoite-induced infection 
with Plasmodium vivax. 

Two white male volunteers, ages 40 
and 41, were each bitten by 13 Anoph- 
eles freeborni mosquitoes heavily in- 
fected with the Venezuelan strain of 
P. vivax. Thin and thick blood smears 
were examined daily for parasites which 
were demonstrated on the 14th day 
after sporozoite inoculation and per- 
sisted for 25 days (patient M.C.) and 
48 days (patient C.R.). Because of 
moderately severe clinical illness, the 
course of this disease was modified by 
intermittent antimalarial chemotherapy 
(Fig. 1). 

Sera for antibody studies were ob- 
tained at approximately weekly intervals 
and frozen until ready for use. Floccu- 
lation Venereal Disease Research Lab- 
oratory tests were performed at the 
same intervals on all sera and remained 
negative throughout the course of in- 
fection. The indirect fluorescent anti- 
body technique (3) was employed with 
thin blood films from the volunteers 
infected with P. vivax as the antigen. 
The blood smears were prepared when 
high parasite counts were present, and 
contained a variety of morphological 
forms ranging from young trophozoites 
to mature schizonts. A heterologous 
system was always used, with blood 
films and sera obtained from different 
patients. The blood smears were air 
dried, and stored unfixed at room tem- 
perature, 4?C, -20?C, and -50?C. 
The smears stored at -50?C proved 
most satisfactory, showing a minimum 
of background fluorescence after stor- 
age up to 15 weeks. Fluorescein isothio- 
cyanate conjugated horse anti-human 
globulin (Sylvana Chemical Co.) was 
absorbed twice with rabbit liver powder, 
and once with rabbit bone marrow 
powder. Merthiolate in a dilution of 
1:10,000 was added to the conjugate 
which was stored at 4?C until ready 
for use. The same lot of conjugate was 
used throughout, and an optimal dilu- 
tion was employed to produce maxi- 
mum fluorescence of the parasites with 
minimum fluorescence of the red blood 
cell ghosts. In certain preparations 
nonspecific fluorescence of the white 
blood cells occurred, but the amount 
was less than the specific fluorescence 
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Fig. 1. Antibody production in human malaria and its relationship to parasitemia in 
volunteers (patients C.R. and M.C.) subjected to sporozoite-induced Venezuelan 
Plasmodium vivax infection. 

nized in a Coplin jar in 0.1-percent 23rd days in patient M.C. Antibody 
HC1 for 5 minutes, and rinsed 1 minute production closely followed the appear- 
each in distilled water and phosphate- ance of parasites in the peripheral cir- 
buffered physiological saline, pH 7.0. culation, and has persisted for 82 days 
Several drops of the serum being tested (patient M.C.) and 59 days (patient 
were applied to the slide and allowed C.R.) after the complete disappearance 
to react for 20 minutes at room tem- of parasites from the blood. The rise 
perature. During this period the slides in titer in both patients was abrupt, 
were covered with a moist chamber to reaching a high of 1: 2560 on the 35th 
prevent evaporation. They were then day in patient C.R. and 1:320 on the 
washed for 15 minutes in buffered sa- 28th day after infection in patient M.C. 
line, with a change in buffer every 5 Although the parasitemia was affected 
minutes. Several drops of labeled horse by intermittent drug therapy, high anti- 
anti-human globulin were applied to body titers persisted for about 65 days 
each slide and allowed to react for 20 after infection, when they gradually 
minutes. The slides were washed for began to fall. The antibody levels in 
15 minutes in buffered saline as before, two patients were followed for 121 days 
and mounted in buffered glycerine. The and even at that time still had titers of 
preparations were examined with fluo- 1:40 (patient C.R.) and 1:20 (patient 
rescence microscopy using wavelengths M.C.). 
of 4100 A and 3650 A (4). Fluores- Inhibition of immunofluorescence was 
cence was graded 1+ to 4+. A reading accomplished by employing unlabeled 
of 3+ or greater was considered posi- and labeled horse anti-human globulin. 
tive. Sera from the two patients first Control sera were also tested by the 
were tested undiluted and if positive, indirect technique from six normal 
then tested in twofold serial dilutions, volunteers, six patients with positive 
beginning at 1 : 10, to determine the Venereal Disease Research Laboratory 
highest antibody titer. and Treponema pallidum immobiliza- 

The antibody levels during the course . tion tests, one with the nephrotic syn- 
of the malaria infection in each patient drome, one with Sj6grens syndrome, 
are shown in Fig. 1. Patient C.R. dem- one with disseminated lupus erythema- 
onstrated an antibody response on the tosus, and one with active rheumatoid 
20th day, and patient M.C. on the 23rd arthritis. There were no positive results 
day after sporozoite inoculation. Serum in this group of tests save for "doubt- 
samples for antibody determinations ful" results in two of the undiluted 
were not taken at daily intervals; there- syphilitic sera giving a 2+ to 3+ re- 
fore antibody actually became apparent action. However, when the latter two 
sometime between the 15th and 20th syphilitic sera were diluted 1:4, a nega- 
days in patient C.R. and the 20th and tive result was obtained. 
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We are presently following the anti- 
body responses in a group of human 
volunteers infected with the B strain of 
Plasmodium cynomolgi (5) in addition 
to further fluorescent antibody studies 
in patients infected with P. vivax. Pre- 
liminary results indicate that sera from 
patients infected with the B strain of 
P. cynomolgi react with P. vivax para- 
sites and conversely, sera from patients 
infected with P. vivax react with B 
strain P. cynomolgi parasites, as has 
been demonstrated by specific immuno- 
fluorescence. This suggests some form 
of group reaction with regard to the 
antigenicity of these parasites. Other 
species of malaria will also be studied 
to determine whether common antigens 
are shared, and if so, what part they 
play in the immune response. The rela- 
tionship of antibody titer to various 
types of antimalarial chemotherapy and 
to the height of parasitemia will also 
be under investigation. Preliminary 
findings appear to indicate that malarial 
antibody production is reflected in in- 
creased gamma globulin levels. 

These studies suggest that the fluor- 
escent antibody technique provides a 
specific and sensitive method for fol- 
lowing the course of antibody produc- 
tion in malaria and that the technique 
may prove to be a useful tool in the 
further study of immune mechanisms 
in this disease (6). 
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