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PERSISTENCE OF MALARIA ANTIBODY IN TOBAGO,
WEST INDIES, FOLLOWING ERADICATION. AS MEASURED
BY THE INDIRECT HEMAGGLUTINATION TEST*

HENRY M. MATIHEWS, GEORGE U, FISHERS axp IRVING G. KRAGAN
U.S. Public Health Service, Health Services and Mental Health Administration,
National Communicable Discase Center, Parasitology Section, Laboratory Division,
and Parasitic Diseaies Branch, Epidemiology Program, Atlanta, Greorgin 30333

AnstracT:  After a malaria-eradication program. no known autochthonous cises of malarin
had oecurted on Fobagn Weat Indies, from 1631 to 1066, Tn 1969, scrum coliected on Tilter-
paper rectanudes from a3 pesidents ot the iland wias titrated for the presence of malarin
antibody by the indireet hemarglutination test, vith Plasmodium knowelesi as antigen. Serum
was collected Trom thice groups: 40 persons previously sampled in 19350 27 persons that
were infected with Masmodinm malariae in 19667 and 916 residents of the island selected
from the general population. For the 40 persons resampled. antibody prevalence dell from
79% in 1933 to 107 in 1969, OF the 27 persons involved in the quartan-miaria outhreak
in 1066, five (15351 had detectable antibody.  Tn the sample of the general population.
only 1% had demonstrable antibody and. with one exception, the positive reactions were in
serum from Older persons, These results indicate that henugelutination antibudies become

negligible in a general population’ within 15 years after eradication of malaria.

(decepled 8 January 1970}

Tobago, a small islind near Trinidad and the
coast of Venczuela, is 32 miles lone, from 7 to
11 miles wide, with a total fand aceaol about
116 square miles. Beeause of a central range of
mountains, most of the estimated 30.000 inhabit-
ants live along the coast and are concentrated
on the southwest end of the island «Fig. 1),

In the 1940 malaria was endemic in Tohago
and was regarded as the foremost public-health
problem." During the carly 19105 control mea-
sures were directed toward swamp drainage, appli
cation of larvicides, and other methods designed
to destroy the malaria vector. Anopheles aquasalis,
In 1046 prelimimary eradication work was beaun
with residual spraving of DD This work was
expanded in 1947 to include the spraying of
principal villages on the island. and i 1930 4
full-scale malaria-eradication  program  was ini-
tiated. This program was so successful that no
autochthonous cases of malaria were found on
Tobage from 1934 to 1966, 1o 1966 there was
a focal vuthreak of 38 cases of quartan malaria,
The severity of these cases and the thoroughness
of the epidemiologic studies suggest that malaria

¢ This study was cupported in phirt by the U8,
State Department. Agency for Tnteinational Develop-
ment, Participating Ageney Servive Aurcement (PASA)
No. RA 1Y) 508,
T Present adidress:
Pato Alto, California

Stanford  University Hospital,

ot

.

had been previously eradicated and that an ex-
cellent surveillance system was in operation.®

The persistence o1 hemagglutinating antibodies
1o malaria in former endemic areis has not been
carefully studied to date. Tobago was an ideal
site for such @ study because we had 84 samples
of serum drawn in Tobago in 1953, shortly after
complete eradication, plus the names of 38 per-
sons who had had clinically proved cases of
malariae malaria 3 years carlier, and a population
to study that had lived in an area fiee of malaria
for about 15 years.

MATERIALS AND METHODS

The 84 serum sawmples, drawn in 1955 by the
Trinidad Regional Virus Laboratory, were sup-
plicd by Dr. W. G. Downs of the Yale Arbovirus
Research Unit. Yale University School of Med-
icine. New Haven, Connecticut.  Other serum
samples were obtained in February 1069 from
1y 4o persons previously bled in 19537 2y 27
persons infected in the quartan outhreak in 1966;
and 31 916 persons from the general island pop-
ulation.

In 1969 blood was collected on filter paper
(Ropaco  #1023-,038.% Rochester Paper Com-

® Use of trade names is for identification only and
does not constitute endorsement by the Public Health
Service nor by the UL S, Department of Health, Edu-
cation, and Weltare,

1
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pany, Rochester, Michigany cut into 1 X 3 v
inch rectangles and imprinted with a 14-mm

circle. A full circle of blood was obtained by LA areysioe
finger-prick. The reetangles were placed in a
slide box and allowed to dry overnight at ambient
temperature. The following day they were inter-
leafed with strips of classine paper, tied into

bundles of 50 to 100, and scaled in small plastic {./_-J

» AR oM
bags. When several hundred  rectangles were anaan [ CARTonoU
collected. they were air-nailed to our Liboratory 1

at the National Communicable Discase Center Fiovre 1. Map of Tobago showing four sampling
where they were trozen at 20 C. 'The rectaneles avvas,

HARLOT TRV LE

ROXHONOUG!

MORAH

were removed Trom the Treezer, and a 10-nnmn dise
from the Dlood-filled cirdde was cut out with a
paper punch, Fach Tilter-paper disc was placed
ina 13 > 83 mm tube. and 0.2 m} of phosphate-
buffered saline solution (PBs). pll 720 was
added. The papers were allowed to stand in the
solution for 30 minutes at room  temperature
(27°C, then the wbes were shaken vigorously
for 1 minute. The tilter papers were discarded

population with positive titers, and the geometric-
mean reciprocal citer (GMRT),

To show the geographic distribution of anti-
bodies, we divided the island into four districts
g, 1, Area 1, at the southwest end of [the
islind, was the most populous pantand s Lirgely
flat Jand. Areas J1 and TV were made up of a
number of small villages. Area I includes the
vithages of Argvle, Roabotoueh, and Detatord. and

) . . A wis the site of the outhreak of guartan malaria
diluted in twofold steps ina microtitration system. 51 1g6¢

ifter the fluid was expressed from them with a
small metal rod. The dark-brown eluate  was

The initial dilution of cluate represented a 1:10
o _ - RESULTS
dilution of serum. }
Ihe distribution of titers obtained from 84
persons sampled in 1935 and 40 o1 the same
o persons sampled again in 1969 s shown in Table
type O ervthroevtes as carviers was used o e oz . . gt -
i :I | .'l" ] | L t. The 1933 collection yielded 75.6°7 positive
ate antibody. Titers of less th, ;16 were : R
llr.nf( anti dy. ters of es> than 1’_““ serum samples, with a GMRT of 325, The
comsidered negative and were assigned anarbitrary 1ion e titer was 1:2.048. The 40 persans sampled
titer of 1:2. Titers of 1:10 or greater were iy 1969 show a decline in prevalence to 105, and
considered positive. The prevalence of malarin a4 GMRT of 2.7, The positive samples vecarred

The indirect hemagelutination (1THAD test, with
Plasmodium Eneelesi as. the antigen and human

wits based on two criteria: the percentage of the  anly in the oldest age category (>4 years),

Tame 1
Distribution of malmia 1111 titers by age group for residents of Tobago in 1955 and 1069

Titer
Age group - — - - - ! — ———m —_— .
(yrars) Eq ] I6 32 04 125 250 512 1,024 2,018 Total GMRT
Samples collected in 1935
20-29 4 3 3 2 4 1 — -— —- 17 251
3044 2 2 2 [ R} 4 - 32
>H 5 3 7 3 2 7 5 2 2 KN 82.7
'
Total 18 7 14 7 8 1B 8 6 2 84 523
. Samples collected in 1969
30-14 7 S — - - - - - 7 20
>4 29 2 1 T - = - - a3 29

Total 30 2 - i 1 -— - —




PERSISTENCE OF MALARIA THA ANTIBODY

TapLt 2
Distribution of wmalaria 1A titers in residents of
Tobago by age und 1964 muluria status

Infrcted, 1706

No known histary, 1966

Titer Titer
Age group [
(years) <16 16 32 64 128 <16 16 &2
<2 2 — - = = = =
24 71 - - = R —
3-9 B o - - — 51 -

1014 164 = — — — % 1 -
15-19 0 - e = 4 - -
20-24 90 - - - - 11 -
3044 128 2 — =~ — 4 1 -
>4 187 4 1 1 1 — — 1
Fotal 946 7 1 1 1 22 4 1
Table 2 gives the ape. titer distribution. and

1966 malaria statys for the entire collection made
in 1969, In the 27 persons infected in 19606
during an epidemic of malarize malaria a sero-
positivity rate of 1870 was observed, whereas in
936 persons not known to Junve been infected in
1066 the seropositivity rate was only 1%, The
GMRT values for the two groups are not greatly
different, 3.0 and 2.1, Nine of the’ 10 positive
specimens in the noninfected group were from
persons 30 years and over, and only one positive
specimen (liter 1:160 was found in a 3-year-okl
girl with no history of malaria,

The distribution of titers for the four geo-
graphic areas is shown in Table 3. Antibody
prevalence in Area I representing the largest
population sample, was 1.17¢, and the GMRI
was 2.1, Area 111, the arca included in the 1966
outbreak. had the highest scropositivity rate of
all areas, 245, The GMRT, however. was not
elevated. The five persons with positive anti-
hody titers in this area had all been infected in
the outbreak in 1066, Areas 11 and IV had posi-

Tamr 3

Distribution of malaria HIA titers by geographic arca
in Tobago, 196y

Titer
J U T ~— Pusitive
Areat Lih 16 32 6 128 Y GMRT
1 Wwe 311 — o 11 2.1
] M 2 = = - 14 2.1
11 200 4 1 .- - 2.4 2.1
1V r 2 - - 1 1.8 2.1

Totul 968 11 2 1 1 1.5 21
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Tare 4
Results of blood slide examinations for malaria in
Tobugo, 1044-1967

No. slides No. slides Pervent
Year examined positive pusitive
1044 1,460 724 49.5
1945 1,266 410 324
1946 1,024 816 424
1947 6,254 860 13.8
1948 5,303 282 53
1949 5,095 329 5.3
1930 3,208 71 2.2
1951 2,633 47 1.8
1932 1,397 4 0.4
1953 1,302 12 0.9
1954- 1965 40,087 0 0
1966 24,300 A8 0.15
9,147 0 0

1967

tivity rates under 2%, and in neither instance
wits the GMERT elevated.

Table 4 gives the results of bload-film exam-
inations on the island of Tolugo from 1049 (o
16067, the last year for which data were avinlable,
Malaria incidence was shown by hlood-film exam-
ination to decline from 1046 to 1933, From 1034
to 1960 over 40.000 shides were examined. and
no cases of infectiun were detected. Thirty-cight
cases were discovered in the population in 1960,
hut no cases have been found since then,

DISCUSSINN

For evaluation of the significance of the in-
direct hemagedutination test, the persistence of
this antibody in serum required evaluation, The
Jarge number of positive serum samples in military
recruits in three coantries of the Western Hemi-
sphere, as compared with the small number of
positive blood films from these areas, suggests
that the THA (est is measuring long-term: expe-
rience with malaria parasitism.*

A small survey of three villages in the Republic
of Panami under intensive surveillance atso sug-
gests that antibodies could exist in the absence
of infection for at least 3 years tour unpublished
datar, L. S, military personnel returning from
Vietnam with a history ol malaria show that the
persistence of malaria THA antibody is direetly
related to the number of previous ~ttacks of the
disease. Thus. persons with o history of only one
attack of malaria generally had no antibody in
6 to 12 months Tollowing effective chemotherapy.
whercas those with histories of several attacks
tended to maintain THA titers at rather high levels
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for at least 12 months following treatment (our
unpublished data). Persons in Tobago infected
in the 1966 outbreak of malaria also showed a
rapid decline of serologic positivity after effective
chemotherapy ¢ Tuble 20, The sensitivity of the
HHIA test in the current work in detecting 18,34
of the persons 3 vears after a malaria outbreak
suggests that the serologic method will detect
focul outhreaks of malaria in an arca where
eradication has been successful,

The serologic survey of a small number of
adults bled in 1933 sugeests that dhis islind was
endemic Tor malaria since the percentage of those
with elevated levels of malatia antibody was high.
The 1969 collection of blood from a much larger
group of the general population suguests that after
13 years of no exposure to infected mosquitoes,
antibody titers decline to negligible lesels. The
data from the serum collected in 16935 and the
results obtained from a sample of these same
persons in 1969 also show a dramatic drop in
prevalence of circulating antibody cfrom 79 10
10%, respectively s as well as a marked drop in
the GMRT (32,5 to 2.7, Table 1),

The outhreak of quartan ‘malaria in 1966 al-
lowed us to evaluate the sensitivity of the test
in detecting antibody of recent origin in an arei
where malaria has been eradicated. The persons
infected in the outbreak of 1966 were of all ages.,
Titers of 1:16 or less were obtained eaxcept for
ane person aver 44 vears of age who had a titer
of 1:32, "The survey of the general population
showed only one questionable positive reaction,
in a person under 29 vears of age. and titers in
the oldest age group (2-kb ranged to 1:125,

The prevalence of antibodies to malaria wmony
persons infected in the 1966 guartan outbreak
was higher than in the general population (1837
to 1%, but the GMRT was not significantly
different (3.0 to 2.2y, The persons infected in
the 1966 outbreak had been detected rapicly and
treated immediately.  In addition. the ."ll;ums
affected were placed under immediate furvei -
lance. intensive spraying, and mass therapy, Th <
protocol wis extended to cover the ('ntirc’ sl
and thus helped restrict the outbreak to o« fer
cases in one arca. The success of these ac ivitie.
is evidenced by the absence of antibocics
malaria in the cutbreak area in persons not diag
nosed. The clinical nature of the diseise i the
infected persons was severe enoueh te cause them
to seck aedical attention? suggesting a lack of

MATHEWS, FISHER, AND KAGAN

immunity due to the eradication program. The
rapid and effective treatment of these persons
probably did not allow for an extended period
of antibody production: hence. high levels of
antibody were not produced.

The serologic swvey of the cereral population
made in 1964 confirms the epidemiologic studies
made in the area.” that malaria has been eradi-
cated in Tobago, Some persons will maintain low
positive titers Tor long periods of time. These
are the older persons in the population whe have
had the longest experience with malaria before
cradication. This i~ apparent when one looks at
the age and titer distribution of the positive
reactors in the general populstion sampled. Posi-
tive titers are found only in perzons over the age
of 30 twith a ~single exceptiony. Among the tfive
persuns infected in 1906 who had positive titers
after 3 vears, the only titer greater than 1110 was
ina woman over the age of 44 who may have
had malaria experience hefore 1006,

SUMALARS

The inhabitants of the island of Tobago, West
Indies (Fig. 1y, dived in an endemic area of
malaria until an eradication program began in
the carly 1040s was intensively pursued heginning
in 1947, A slight outhreals of malaria oceurred
in an dsolated area in 1000 involving 38 persons
hut was quickly suppressed. The efficaey of the
program is manifested by the fact that between
the years of 1934 to 1966 no cases of malaria
were detected by hlood-film examination. Sero-
cpidemiologic studies ol the people living in
Tobago indicate that in an area under malaria
cradication the THA antibodies fall to negligible
levels within 15 years after the last clinical case
is detected. Serum collected in 16035 by the
Trinidad Regional Virus Laboratory indicated a
high prevalence of malaria antibodies, whereas
serwm obtained in 1969 showed neglizble levels
of antibody.  Persons involved in a recent focal
outhreak of malaria had a higher percentage of
antibodies than the general population, but the
titers were not increased in this latter group.
The serologic studies made in 933 inhabitants
confirm the fact that malaria has been eradicated
in Tohago,
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