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Sera of most adults have high agglutination test titers to Toxoplasma gondii whether or not the adults have
other serological evidence of the infection. This finding has been attributed to the presence of naturally
occurring antibodies to T. gondii. Consistent with this observation, we have recently noted that protein blots
(PB) of sera of individuals not previously infected with T. gondii had immunoglobulin G (IgG) and IgM
antibodies to antigens of the parasite. To further define the antigens recognized by these naturally occurring
antibodies, we studied PB of sera of 44 adults and 9 children who had no serological evidence of the infection.
Multiple antigens of T. gondii with molecular weights of 15,000 to greater than 205,000 were recognized by IgG
and IgM natural antibodies of each of the sera. Although a relatively consistent pattern was noted on the IgM
PB of the sera of the adults in the molecular weight range of 48,000 to 85,000, greater heterogeneity was noted
on the IgG PB. The most common bands noted on the latter were of approximately 30,000 and 92,000 molecular
weight. All of the PB obtained with the serial sera collected at yearly intervals from the children revealed bands;
in some cases, new bands had appeared with time, and in others the pattern was constant. In children older
than 8 years, the patterns of the PB were similar to those noted in PB of sera of the adults.

The diagnosis of toxoplasmosis is most often established
on the basis of serological test results. False-positive results
occur in certain of these tests with sera which are negative
when tested by the highly specific Sabin-Feldman dye test
(DT) (22). Fulton and Turk (11) noted that some patients
developed low titers in the Toxopla.smat agglutination test
(AG) after febrile diseases other than toxoplasmosis. Subse-
quently, low titers of agglutinins and complement-fixing
antibodies were noted in sera of individuals who were
negative when tested with the DT (9, 10). Using the AG,
Desmonts et al. (4) demonstrated that natural antibodies to
Toxoplasma gondii are present in sera of almost all adults
and in sera of infants older than 3 months. Reactivity of
these antibodies in the AG was abolished after incubation of
the sera with 2-mercaptoethanol (2ME), and it was con-
cluded that they were of the immunoglobulin M (IgM) class
(4). Additional evidence for the existence of natural antibod-
ies comes from fluorescence or electron microscopy studies
in which localized but intense staining on tachyzoites was
observed when the killed organisms were incubated with
sera from uninfected persons (3, 6, 7, 15, 27, 28). Studies to
define the nature of these antibodies confirmed that they are
mostly of the IgM class (30), are occasionally of the IgG
class (8), and are rarely found in newborns and children
younger than 6 months.
The origin(s) of the antigenic stimuli which account for

production of these naturally occurring antibodies is un-
known. Some studies have provided evidence of antigenic
similarities between T. gondii and other organisms. How-
ever, these organisms either are not human pathogens or
have only rarely been described in humans (1, 2, 20, 26).

In studies of the antigenic structure of T. gondii, we have
consistently observed that sera which are negative in the DT
and double-sandwich IgM enzyme-linked immunosorbent
assay (IgM ELISA) (21) react with multiple antigens on both
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IgG and IgM protein blots (PBs) (I. Potasman, F. G. Araujo,
G. Desmonts, and J. S. Remington, J. Infect. Dis., in press).
We therefore considered it of interest to investigate the
nature of the antigens recognized by these naturally occur-
ring antibodies.

MATERIALS AND METHODS
T. gondii antigen. The T. gondii antigen was prepared as

previously described (24).
Polyacrylamide gel electrophoresis. Electrophoresis was

performed on 5 to 15% gradient slab gels with the discontin-
uous buffer system described by Laemmli (19). Myosin,
P-galactosidase, phosphorylase b, bovine albumin, egg albu-
min, and carbonic anhydrase (Sigma Chemical Co., St.
Louis, Mo.) were used as molecular weight (MW) markers.
Gels were run at 20 mA per gel at room temperature until the
tracking dye reached the bottom of the gel.

Protein blotting. Transfer of proteins to nitrocellulose
paper (0.45-,um-pore size; Schleicher & Schuell, Inc.,
Keene, N.H.) was performed by the method of Towbin et al.
(29) with a Trans-Blot-Cell (Bio-Rad Laboratories, Rich-
mond, Calif.). Proteins were transferred at 180 mA over 3 h.
Immunochemical detection of antigens. The serum of each

patient was tested with a strip (1.4 by 14 cm) cut from a
nitrocellulose blot (10 by 14 cm) containing the separated T.
gondii antigens. The strips were incubated overnight with
the appropriate serum diluted 1:50 in phosphate-buffered
saline containing 1% bovine serum albumin and 0.05%
Tween 20 (solution A). After incubation, the strips were
washed five times for 5 min each time with phosphate-
buffered saline-0.05% Tween 20. Thereafter, strips were cut
in half longitudinally and overlaid with horseradish peroxi-
dase-conjugated rabbit anti-human IgG or with IgM antibod-
ies (Cooper Biomedical, Inc., West Chester, Pa.). Each
conjugate was diluted 1:1,000 or 1:8,000 in solution A and
allowed to react with the strips for 1 h. The strips were again
washed as described above and immersed in the substrate

1050



TOXOPLASMA ANTIGENS RECOGNIZED BY HUMAN ANTIBODIES

TABLE 1. Serological test results in 15 adults without serological
evidence of infection with T. gondiia

Patient(sex)b AG titer IgM IFAPatient ~~~~~without 2ME tips"

1 (F) 640 +1
2(F) -2,560 +2
3 (M) 640 0
4 (M) 1,280 + 3
5 (M) -2,560 +1
6 (M) 640 +1
7 (M) 1,280 +1
8 (M) .2,560 +2
9 (M) .2,560 +1
10 (F) .2,560 +2
11 (F) 1,280 +1
12 (F) .2,560 +2
13 (M) 160 0.5
14 (M) 1,280 +1
15 (F) 1,280 +2

a The adults were all negative when tested in the AG (with 2ME), DT, and
double-sandwich IgM ELISA.

I F, Female; M, male.
C IgM IFA tips, IgM immunofluorescent antibody confined to the tips of

tachyzoites. See Materials and Methods for explanation of scoring system.

solution (0.1 mg of diaminobenzidine [Litton Bionetics,
Charleston, S.C.] per ml plus 0.25% H202 in phosphate-
buffered saline) for 15 min. To test for possible binding of the
conjugate directly to the antigen, controls were run in which
both IgG and IgM conjugates diluted 1:500 in solution A
were allowed to react overnight with the blots and were then
developed with diaminobenzidine. No bands were seen in
these blots (data not shown).

Sera. Sera were from 15 normal healthy adults, 29 adults
for whom Toxoplasmna serology was requested because
toxoplasmosis was suspected, a child who was apparently
infected with T. gondii soon after birth, and 9 children with
various malignancies. The last group was chosen because
follow-up sera were available and because we considered it
of interest to follow the evolution of the PB patterns. The
follow-up sera were tested in parallel with the earlier sera
from each patient by using nitrocellulose strips cut from the
same blot.

Serological tests. To exclude prior exposure to T. gondii
and for the purpose of this study, all sera were tested in the
AG with and without 2ME (10, 11), DT, IgM ELISA
(Potasman et al., in press), and IgM indirect fluorescent-
antibody test (IFA) (31). Sera were considered negative for
specific antibodies if the DT titer was negative in the
undiluted (1:2) serum. A serum negative in the AG was
nonreactive at dilutions of 1:20 or higher. All sera had
negative IgM ELISA titers. Some sera showed polar (tip)
staining in the IgM IFA. This staining was recorded and
graded on a scale of 0 to 4+. The IFA slides were read
independently by two observers, and the final score repre-
sents the mean of the two readings. The sera of the 15
healthy adults were screened for rheumatoid factor to ex-
clude the possibility of interference in the IgM IFA (16).

RESULTS
Healthy adults. Each of the 15 healthy adults (9 men, 6

women) was negative in the DT, in the IgM ELISA, in the
AG (with 2ME), and for rheumatoid factor. Sera of 14 of
them gave tip reactions in the IgM IFA (Table 1). We were
unable to demonstrate a significant correlation between the
AG (without 2ME) and tip reactions.

The PBs of 7 of the 15 individuals are shown in Fig. 1.
Each of the PBs contained some bands; the intensity of the
staining and the MWs of the bands varied from patient to
patient. The IgG PBs appeared to have a higher patient-to-
patient variability than did the IgM PBs. Bands in the PBs
spanned MWs from approximately 15,000 to greater than
205,000.

Analysis of the IgG PBs of the 15 individuals revealed the
most common bands to be located at approximate MWs of
22,000 in 6, 27,000 in 5, 30,000 in 10, 35,000 in 7, 48,000 to
50,000 in 5, 68,000 in 8, 92,000 in 10, and 120,000 to 125,000
in 6 patients. There was no band which appeared consist-
ently in the PBs of the 15 individuals. Analysis of the IgM
strips revealed a more homogenous pattern; the MWs of the
most common bands were 10,000 to 14,000 in 6, 30,000 in 10,
doublet at 48,000 to 50,000 in 12, 56,000 to 60,000 in 9, 66,000
in 9, 80,000 to 85,000 in 15, 105,000 in 15, and 115,000 in 13
patients. When the differences in intensity of bands were
marked (patients 3 and 4, corresponding to strips 3 and 4 in
Fig. 1), the paucity or abundance of bands on the IgM strips
from these patients correlated with the intensity of the tip
reactions and to some degree with the results of the AG
(without 2ME).

Seronegative adults. PBs (not shown) of the 29 patients
with suspect acute toxoplasmosis, who were negative by
conventional serology, revealed patterns similar to those
obtained in the 15 individuals described above.

Children. Each of the serum samples of the nine children
was negative in the DT, AG (with 2ME), and 1gM ELISA.
The AG (without 2ME) titers ranged from 1:20 to 1:2,560 or
higher (Table 2). Of the children from whom more than one
serum sample was available, three of six had a rise in titer in
the AG (without 2ME) and four of six had a rise in the score
of the tip reaction in the IgM IFA.
The patterns noted on the PBs of patients C to I are shown

in Fig. 2 and 3. The PBs of patients A and B are not shown,
because the bands were too faint to reproduce. Bands were
present on the IgG and IgM blots of each of the children and
tended to be fainter in the younger group and to increase in
intensity with age. For example, in Fig. 2, strips 1 to 3
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FIG. 1. PBs of sera of seven healthy adults (strips 1 through 7
correspond to patients 1 to 7 in Table 1). MW markers (MWM) are
on the left. See Table 1 for serological test results. K, 103.
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(patient C) revealed at least three very faint bands on the IgG
strip (1) obtained with the first serum sample. Addition of a
new band (below the 29,000 MW marker) and intensification
of existing bands (at approximately 85,000 MW) were noted
with subsequent serum samples over a period of almost 2
years. Intensification of bands was also noted in the IgM
blots of the same child; at 4 years of age for the child, a
strongly staining band was found at the approximate MW of
30,000. In contrast, in Fig. 2, strips 4 to 6 (patient E), a major
change in IgG or IgM PB pattern with time did not appear to
occur.
The IgG blots of the nine children showed considerable

variability in the number and distribution of bands. The
following bands were most common: a doublet at approxi-
mate MWs of 85,000 and 80,000 was found in 13 of 18 IgG
strips, a 50,000-MW band was found in 11 of 18, and a wide,
but faint band of 30,000 MW was found in 5 of 18. In
contrast, the patterns on the IgM strips were remarkably
similar, especially in children older than 8 years. This
pattern (Fig. 3) included a dominant band with an approxi-
mate MW of 88,000 (noted in all nine children), a band at
105,000 in eight of nine, and a doublet at 50,000 to 52,000 in
strips of all four children older than 8 years. In addition,
weakly staining bands on the IgM PB were found at 70,000
MW in six of the strips and at 30,000 MW in at least four of
the strips. The patterns found on the IgM strips of the older
children were remarkably similar to the ones found on the
strips developed with sera obtained from adults.

Acutely infected child. This patient (Fig. 4) was included in
this study even though he was infected with T. gondii soon
after birth. The first serum sample from his mother was
obtained on the day of delivery (strip 6, Fig. 4). At 3 months
later, the patient became positive in the DT and IgM ELISA.
Serum samples used for developing strips 1 through 5 were
drawn at weeks 16, 23, 30, 35, and 155 after birth. The
corresponding DT titers were (reciprocals) 8,000, 2,048,
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FIG. 2. PBs obtained with sera (see Table 2 for details) of three
children. Strips 1 to 3 were developed with sequential sera of patient
C; strips 4 to 6 were developed with sequential sera of patient E;
strip 7 is from patient D. MW markers (MWM) are on the left. K,
103.

2,048, 1,024, and 512. The respective IgM ELISA titers were
8.9, 6.6, 2.4, 0.8, and 0.0. Bands in his 1gM strips corre-
sponding to those detected by naturally occurring antibodies
appeared by approximately 3 years of age (strip 5 in the IgM
blot). There was a remarkable similarity of the band pattern
in the MW range of 48,000 to 85,000 on this strip with the
pattern in the corresponding area on strips 6 to 8 obtained
with the serum of his mother, the negative control, and a
case of acute toxoplasmosis (strip 8 in the IgM blot).

TABLE 2. Serological test results in nine children without
serological evidence of infection with T. gondiia

Patient Age AG titer IgM IFA .d.
(sex)' (yr) without 2ME tips' Accompanying condition

A (M) 1 320 0.5 ALLd
2 2,560 0
3 2,560 0.5

B (M) 2 20 +1 Endodermal sinus
tumor

3 80 +2
C (M) 2 20 0.5 Neuroblastoma

3 20 +1
4 640 1.5

D (M) 5 80 0.5 Undifferentiated pul-
monary sarcoma

E (M) 8 640 +1 ALL
9 1,280 + 1
10 320 + 1

F(M) 8 320 + 3 ALL
G (F) 11 .2,560 +2 ALL

12 .2,560 + 3
H (M) 13 1,280 + 3 Osteosarcoma
I (F) 14 640 + 2 Osteosarcoma

16 320 + 2

a The children were all negative when tested by AG (with 2ME), DT, and
double-sandwich IgM ELISA.

b M, Male; F, female.
C IgM IFA tips, IgM immunofluorescent antibody confined to the tips of

tachyzoites. See Materials and Methods for explanation of scoring system.
d ALL, Acute lymphoblastic leukemia.
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FIG. 3. PBs obtained with sera (see Table 2 for details) of four
children. Strips 1 and 2 were developed with sequential sera of
patient I; strip 3 is from patient H; strips 4 and 5 were developed
with sequential sera of patient G; strip 6 is from patient F. MW
markers (MWM) are on the left. K, 103.
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FIG. 4. PBs obtained with sera of a child who acqt
gondii infection after birth. See Results for details. Str
5 were developed with sequential sera of this child dre
30, 35, and 155 weeks of age; strip 6 was developed wit
the child's mother; strip 7 was developed with the n
strip 8 (IgM only) is of a case of acute toxoplasmosi
Note the similarities in the middle portions of strips S tc
blot. MWM, MW markers.

DISCUSSION

The results described above demonstrate t
individuals who have not been infected witi
contain antibodies which react with a variety of
the parasite in PBs. Antibodies of both the IgG ar
and mainly directed against antigenic moieties M
15,000 to 205,000 were found in the PB of eac
adults and 9 children we examined.
The patterns of the IgG PB varied consider

individuals, whereas a more consistent pattern w
the IgM PB. There was considerable variation in
individual bands in PBs obtained with serum o
vidual, and the intensity of reactions to the sz
differed with sera of different individuals, even
PBs were processed with strips from the san
nitrocellulose paper. The most common bands
PB were located at approximate MWs of 30,00
50,000 (usually a doublet), 105,000, and 115,000
The finding that sera of uninfected individual

the 30,000-MW band seems especially importan
the recent reports of the use of a monoclon
against the 30,000-MW antigen for diagnosis of t
sis (5, 23). The 30,000-MW antigen is a cell
constituent first described by Handman et al.
antigen, recognized by monoclonal antibody 1E
has been shown to be identical to the antigen re
P30 by Kasper et al. (18), Dubremetz et al. (5), z
et al. (23).
Also of interest was the frequent finding of b

MW region of 105,000 and 115,000. We ha'
demonstrated (Potasman et al., in press) that
infection, the intensity of staining of these and
increases remarkably. In that study, we also
individuals whose sera did not reveal these bar
PBs before infection acquired them soon after tl
infected. Our data suggest that these antibo(

throughout life. Insofar as the half-life of IgM antibodies is
brief, it has to be assumed that a persistent antigenic
stimulus exists to account for the continued presence of the
naturally occurring IgM antibodies.
A common pattern seen on the IgM PBs of some adults

was remarkably similar to the patterns seen with sera from
some of the older children, indicating that by adolescence
these antibodies have already been acquired. Furthermore, a
similar pattern was observed in the PB obtained with serum
from a 3-year-old child who had been acutely infected with
T. gondii 3 years earlier. The IgM PBs of the sequential sera
obtained from this child revealed that while he lost the
strongly staining band located below the 29,000-MW marker,
he acquired a set of bands in the MW area of 48,000 to
85,000; this set is remarkably similar to that displayed on the
PB of his uninfected mother and to the set seen on the PB of
the negative serum pool.

* The ideas that normal human serum might contain non-
specific antibodies against T. gondii and that these antibod-

, s| ies create what was referred to as a Toxoplasma-hostile
uired acute T environment were entertained by various investigators over
rips 1 through the past three decades (4, 11, 12, 17, 25). Further character-
awn at 16, 23, ization of the antigens which react with naturally occurring
th serum from antibodies should facilitate our understanding of the immu-
iegative pool; nology and pathogenesis of T. gondii infection.
s in an adult.
8 on the IgM ACKNOWLEDGMENTS

We thank Wayne Sullender for supplying the sera of the children
and R. Sadler for technical assistance.

:hat sera of LITERATURE CITED
h T. gondii 1. Araujo, F. G., J. P. Dubey, and J. S. Remington. 1984. Antigenic
f antigens of similarity between the coccidian parasites Toxoplasma gondii
nd IgM class and Hammondia hammondi. J. Protozool. 31:145-147.
vith MWs of 2. Awad, F. I., and R. Lainson. 1954. Note on serology ofsarcosporidiosis and toxoplasmosis. J. Clin. Pathol. 7:152-156.
:h of the 44 3. de Meuter, F., and H. de Decker. 1975. Indirect fluorescent

antibody test in toxoplasmosis: advantage of the use of fluores-
-ably among cent anti-IgG conjugate. Zentralbl. Bakteriol. Parasitenkd.
vas noted on Infektionskr. Hyg. Abt. 1 Orig. Reihe A 233:421-430.
intensity of 4. Desmonts, G., H. Baufine-Ducrocq, P. Couzinequ, and Y.
f each indi- Peloux. 1974. Anticorps toxoplasmic naturels. Nouv. Presse
ame antigen Med. 3:1547-1549.
though the s. Dubremetz, J. F., C. Rodriguez, and E. Ferreira. 1985.
ne piece of Toxoplasma gondii: redistribution of monoclonal antibodies on
n pece of tachyzoites during host cell invasion. Exp. Parasitol. 59:24-32.
On the IgM 6. Dzbenski, T. H., T. Michalak, and W. S. Plonka. 1976. Electron
0,48,000 to microscopic and radioisotopic studies on cap formation in

1. Toxoplasma gondii. Infect. Immun. 14:1196-1201.
s react with 7. Dzbenski, T. H., and E. Zielinska. 1976. Antibody-induced
It in view of formation of caps in Toxoplasma gondii. Experientia 32:
ial antibody 454-456.
toxoplasmo- 8. Franco, E. L., A. J. Sulzer, R. W. Higby, and J. M. Peralta.
membrane 1980. Immunoglobulin G and immunoglobulin M polar staining
13 This of Toxoplasma gondii in the indirect immunofluorescence test.v

313) J. Clin. Microbiol. 12:780-784.
:11 (13, 14), 9. Fulton, J. D. 1965. Studies on agglutination of Toxoplasma
ferred to as gondii. Trans. R. Soc. Trop. Med. Hyg. 59:694-704.
and Santoro 10. Fulton, J. D., and F. Fulton. 1965. Complement-fixation tests in

toxoplasmosis with purified antigen. Nature (London) 205:
)ands in the 776-778.
ve recently 11. Fulton, J. D., and J. L. Turk. 1959. Direct agglutination test for
after acute Toxoplasma gondii. Lancet ii:1068-1069.
other bands 12. Gronroos, P. 1960. Some remarks on the mechanism of the dye
noted that test, p. 211-215. In J. C. Siim (ed.), Human toxoplasmosis.

on their* Munkgaard Pedersens Forlag, Copenhagen.hdseobem 13. Handman, E., J. W. Goding, and J. S. Remington. 1980.
htey became Detection and characterization of membrane antigens of
dies persist Toxoplasma gondii. J. Immunol. 124:2578-2583.

VOL. 24, 1986 1053



1054 POTASMAN ET AL.

14. Handman, E., and J. S. Remington. 1980. Serological and
immunological characterization of monoclonal antibodies to
Toxoplasma gondii. Immunology 40:579-588.

15. Hobbs, K. M., E. Sole, and K. A. Bettelheim. 1977. Investigation
into the immunoglobulin class responsible for the polar staining
of Toxoplasma gondii in the fluorescent antibody test.
Zentralbl. Bakteriol. Parasitenkd. Infektionskr. Hyg. Abt. 1
Orig. Reihe A 239:409-413.

16. Hyde, B., E. V. Barnett, and J. S. Remington. 1975. Method for
differentiation of nonspecific from specific Toxoplasma IgM
fluorescent antibodies in patients with rheumatoid factor. Proc.
Soc. Exp. Biol. Med. 148:1184-1189.

17. Jacobs, L. 1963. Toxoplasma and toxoplasmosis. Annu. Rev.
Microbiol. 17:429-450.

18. Kasper, L. H., J. H. Crabb, and E. R. Pfefferkorn. 1983.
Purification of a major membrane protein of Toxoplasma gondii
by immunoabsorption with a monoclonal antibody. J. Immunol.
130:2407-2412.

19. Laemmli, U. K. 1970. Cleavage of structural proteins during the
assembly of the head of bacteriophage T4. Nature (London)
227:680-685.

20. Lunde, M. N., and L. Jacobs. 1965. Antigenic relationship of
Toxoplasma gondii and Besnoitia jellisoni. J. Parasitol.
51:273-276.

21. Naot, Y., and J. S. Remington. 1980. An enzyme-linked immu-
nosorbent assay for detection of IgM antibodies of Toxoplasma
gondii: use for diagnosis of acute acquired toxoplasmosis. J.
Infect. Dis. 142:757-766.

22. Sabin, A. B., and H. A. Feldman. 1948. Dyes as microchemical
indicators of a new immunity phenomenon affecting a protozoon
parasite (Toxoplasma). Science 108:660-663.

23. Santoro, F., D. Afchain, R. Pierce, Y. J. Cesbron, G. Ovlaque,

and A. Capron. 1985. Serodiagnosis of Toxoplasma infection
using a purified parasite protein (P30). Clin. Exp. Immunol.
62:262-269.

24. Sharma, S. D., J. Mullenax, F. G. Araujo, H. A. Erlich, and
J. S. Remington. 1983. Western blot analysis of the antigens of
Toxoplasma gondii recognized by human IgM and IgG antibod-
ies. J. Immunol. 131:977-983.

25. Strannegard, 0. 1967. The so-called Toxoplasma-hostile factor
and its relation to antibody. Acta Pathol. Microbiol. Scand.
69:465-476.

26. Suggs, M., K. W. Walls, and I. G. Kagan. 1968. Comparative
antigenic study of Besnoitia jellisoni, B. panamenis and five
Toxoplasma gondii isolates. J. Immunol. 101:166-175.

27. Sulzer, A. J., and E. C. Hall. 1967. Indirect fluorescent antibody
tests for parasitic diseases. IV. Statistical study of variation in
the indirect fluorescent antibody (IFA) test for toxoplasmosis.
Am. J. Epidemiol. 86:401-407.

28. Sulzer, A. J., M. Wilson, and E. C. Hall. 1971. Toxoplasma
gondii: polar staining in fluorescent antibody test. Exp.
Parasitol. 29:197-200.

29. Towbin, H., T. Staehelin, and J. Gordon. 1979. Electrophoretic
transfer of proteins from polyacrylamide gels to nitrocellulose
sheets: procedure and some applications. Proc. Natl. Acad. Sci.
USA 76:4350-4354.

30. van Rentergehm, L., and L. van Nimmen. 1976. Indirect immu-
nofluorescence in toxoplasmosis: frequency, nature and speci-
ficity of polar staining. Zentralbl. Bakteriol. Parasitenkd.
Infektionskr. Hyg. Abt. 1 Orig. Reihe A 235:559-565.

31. Walton, B. C., B. M. Benchoff, and W. H. Brooks. 1966.
Comparison of indirect fluorescent antibody test and methylene
blue dye test for detection of antibodies to Toxoplasma gondii.
Am. J. Trop. Med. Hyg. 15:149-152.

J. CLIN. MICROBIOL.


