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Mathews, H. M. (Parasitology Section, CDC, Atlanta, Ga. 30333), J. A. Fried,
and |. G. Kagan. A seroepidemiologic study of malaria in the Republic of the
Philippines by the indirect hemagglutination test. Amer. J. Epid., 1970, 92: 376~
38l.—Sera from residents of the Republic of the Philippines were tested by an
indirect microhemagglutination test for the presence of antibodies to malaria. The
antigen employed was prepared from Plasmodium knowlesi maintained in rhesus
monkeys, and serum titers of 1:16 or greater were considered positive. Fusitive
reactors were found in all parts of the three provinces studied. The percentage
of positive reactors in three areas in Cotabato was much higher than surrounding
communities. Analysis of the data supports the distribution pattern of malaria as
determined by malaria surveillance methods.

hemagglutination; malaria; Philippines

Various malariometric methods, spleen
index surveys, fever surveys, and mass
blood slide examinations, have been used
classically to evaluate the epidemiology of
malaria in areas where the disease exists.
The methods are excellent but suffer from
certain disadvantages: the need for well
trained personnel to palpate spleens, the
problems of determining accurate fever his-
tories, and the time and expense of reading
large numbers of blood films. Blood exami-
nation may often fail to detect persons with
low parasitemia. In our laboratory, serodi-
agnostic methods are being evaluated as
field tools for malaria surveillance in an ef-
fort to supplement classical methods of ma-
laria epidemiology (1). Blood collected on
filter paper in the field can be rapidly proc-

! From the Center for Disease Control, Atlanta,
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essed by a central laboratory to yield infor-
mation on the distribution of malaria anti-
body.

The two serologic methods that are being
actively studied today in malaria scrology
are fluorescent antibody and hemagglutina-
tion tests. The indirect fluorescent antibody
test is the technique of choice for the diag-
nosis of malaria (2). This method, however,
is technically difficult and not well adapted
to mass surveys, although it has been used
for this purpose on a limited scale (3, 4).

The indirect hemagglutination (IHA)
test for malaria has been used for mass
screening of populations. Desowitz and
Saave (5) and Desowitz et al. (6) em-
ployed an IHA test using Plasmodium cy-
nomolgi and P. coatneyi antigens adsorbed
onto tanned, formalinized, sheep cells to
survey populations in Australian  New
Guinea for malaria antibody. They found
this method to be a useful adjunct to classi-
cal methods. In our lahoratory an IHA test
using P. knowlesi antigen adsorbed onto
tanned human “O” red blood cells (7) has
been employed in a large survey of approxi-
mately 13,000 young military recruits from
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four countries in the Western Hemisphere.
The test was found to be a rapid and sensi-
tive method for determining the prevalence
of malaria antibody (8). The present study
evaluated both the antibody status of a
large number of people living in four prov-
inces in the Philippines and the feasibility
of using the IHA test in epidemiologic sur-
veys for malaria in populations comprised
of all age groups.

MATERIALS AND METHODS
Source of serum

Serum samples were drawn in 1963 hy a
World Health Organization Treponematosis
Advisory Team in the Republic of the Phil-
ippines. The survey was designed to assess
the prevalence of yaws in 37 arcas in the
islands of Samar, Leyte, the southern part
of Mindanao, and the northern part of
Panay. A three stage stratified sample con-
sisting of municipalities, barrios, and clus-
ters of 200-250 inhabitants was sclected. All
children under 15 years of age and 20 per
cent of the adults were examined (9).
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Fiaure 1. The location of sera sampling points
in Leyte, Mindanao (Province of Cotabato) and
Panay, Shaded areas indicate the distribution of
malaria as of January 1961. @ Indicates sample
sites, 1963,
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TanrLe 1
Age distribution of persons tested in Leyte, Cotabalo,
and Panay, Kepublic of the Philippines, 1968

. Age (years)
Province]  Municipality |SYveyl
<s ‘ 5-9 [10-14 215

1

Leyte | Matalom 17 (132512621
Suint Bernard | 18 912612 3
Pelo 19 |22 (31,2820
Kuananga 20 (1738|2826
Juro 21 S )14 12110
Macrohon ! 22 119123120110
Cotu- | Dinaig 23 (327483073
bato | Pagalungun 24 121170161192
Tumbno 25 1154615216
Nuling 26 130725347
M’ Lang 27 |45 171145170
Makilala 28 |35 | 47 | 33 | 46
Tnsulan 29 1331621 34 {112
Tacurong P80 [ 41185 a4 | 46
Glan i 31 41 ] 56 129 | 35
i Lumbayong 32 150175 63| 50
i Lebak 33 11613736139
Panay ‘ Culasi P34 |27 37 34 ! 26
Mambusao P35 246115051
Laust-un l 3 | 41 vil1s|13

A portion of the collection was made
available to us by the WHO Reference
Serum Bank, Yale University, New Haven,
Connecticut, through the courtesy of the
WHO Reference Serum Bank in Prague,
Czechoslovakia. A total of 2,987 sera repre-
senting 20 of the 37 sampling points were
eviluated for malaria antibody. The sera
were from three areas: Leyte, Mindanao
(Province of Cotabato) and Panay. The lo-
cation of these sampling points is given in
figure 1, and the age distribution for each
point is found in table 1. The sample size
from ecach cluster ranged from 39 to 244
sera. We had received 3,110 sera, but the
first 16 sampling points were represented by
only 123 scra, and these areas were elimi-
nated from the study.

Serologic test

The IHA test for malaria using P. know-
lesi as antigen was used to titrate malaria
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antibody. Sera were diluted in twofold steps
and a titer of 1:16 or greater was consid-
ered positive for malarin antibody 7).

The criteria used to compart antihody
prevalence rates from different samphng
points were the percentage of the popula-
tion with positive titers (>>1:16), the fre-
quency of antibody titers in children, the
geometric mean reciprocal titer of the total
population, and the mean titer of the posi-
tives. For calculating the mean titer of the
total population, the negatives were arbi-
trarily treated as 1:2 dilutions; thus a
mean titer of 2.0 indicates all negative sera.
This system was adopted because plasma
eluted from filter papers used in other sur-
veys is approximately 2 1:16-1:20 dilution.
A negative titration could fall in the range
below 1:16. A titer of 1:16 was chosen as &
positive because previous evaluation by

Rogers et al. (7

MATHEWS, FRIED AND KAGAN

) has shown this to be the

most specific.

RESULTS
Table 2 lists the prevalence of positive

reactors by age in the 20 cluster areas stud-

ied, with the

total geometric mean recipro-

cal titer (GMRT) and the GMRT of the
positive samples in each category. Seroposi-
tivity rates range from O per cent to 80 per

cent and the

total mean titers range from

20 to 101, Tue mean positive titers range

from 16 to
wide, there i3 a strong tendency

750. Although these ranges are
for both per

cent positive and GMRT to increase with

age. Samples from

Leytc and Panay have

generally lower values than samples from

Cotabato, indicating & higher

prevalence of

malaria in this latter province.

The relationship of the total GMRT and

TABLE 2
Distribution of mean lilers and per cent posilive reaclors in three provinces of the Philippines by age group
&5 Years 5-9 Years 10-14 Years >15 Years
Province Survey GMRT GMRT GMRT GMRT

g+ (Total| 55 | %+ | Total Posi- | g4 | Total Fosi- | g5+ | Total Posi-

Leyte 17 0 agl — |8.012.0 453177126 64.0] 9.6 2.6 32.0
18 11.1| 2.5] 16.0 15.4 3.1 | 38.133.3 5.7 | 45.3 |33.3 4.0 16.0

19 0o [2.00 — 12,9 2.6 !16.0{21.4}3.2 18.0 [10.0 | 2.9 90.5

20 41.2| 4.6| 16.0 [15.8 2.8 |16.010.7 | 2.6 25.5 |15.4 | 2.9 22.6

21 0 |20 — |71 2.3 116.0 {14.3 2.9 | 25.5 |30.0 4.9 ]40.2

22 0 |20 — 1304 4.0 { 19.6 {20.0 3.2122610 20| —

Cotabato 23 3.1] 2.1 16.0 10.4 2.7 | 32.0 |13.9 2.9 | 32.0 124.6 4.0133.4
24 4.8 2.3/ 32.0 | 5.7 23]/10.0{1.6]21 16.0 9.6 | 4.0 72.0

25 0o |20 — [41.3 4.9117.3119.2 3.4 | 32.0 |43.8 9.1 64.0

26 5.1| 2.4/ 90.5 | 5.6 2.3 1 16.0 {18.9 3.4 | 34.3 |40.4 8.3 169.1

27 11.1| 2.7] 32.0 [22.5 4.4 66.7 [42.2 12,7 160 [65.7 | 81.3 274

28 8.6 2.5| 32.0 | 8.5 2.5 922.6 (15.2 | 3.2 48.5 128.3 | 5.0 51.6

29 33.3] 8.3/145 [38.7 11.2 171 135.3 11.8 [304 [80.4 [101 263

30 4.5] 2.4|128 7.0 2.8 1228 7.413.11750 [28.3 5.6 | 75.1

31 12.9] 3.3)111  |28.6 6.3 1112 141.4 11.7 144 [40.0 14.5 282

32 2.0 2.1} 16.0| 0 20| — (4.8)23 16.0 [30.0 | 5.1 | 44.3

33 0o |20 — |0 20| — |83)24 16.0 |12.8 | 2.7 21.0

Panay 34 3.7| 2.2| 32.0 |13.5 2.8|24.3111.8]2.8 38.113.8| 2.2 16.0
35 4.2/ 2.2/16.0{0 20| — (20|21 16.09.8] 2.5 18.4

36 o |20 — |0 20| — |0 20| — |30.8} 4.0 19.0

GMRT = Geometric mean reciprocal titer.
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Fiaure 2. Relationship between geometric mean reciprocal titer (GMRT) and percent
positive reactors by age group in selected sample sites in the Philippines. Numbers in the

graph are sampling points in the survey,

per cent positive for each age group is pre-
sented graphically in figure 2. In “he under
five-year population the points are clus-
tered near the origin, except for three
points, 20, 29, and 31, which are elevated.
In the five- to nine-year age group there is
a smaller cluster near the origin and a sec-
ond cluster of surveys, 22, 25, 27, 29, and
31, which have higher values, In the popu-
lation of 10-14-year olds, the same type of
dual clustering is evident, one group at the
origin with four surveys—18, 27, 29, and 31
—forming the elevated cluster. In the adult
group, =215 years of age, there is no obvious
clustering, and the points are distributed
linearly on the graph. Three surveys—X’s
27, 29, 31—in this age group are noticeably
higher than the remaining ones.

Figure 1 illustrates sampling points in re-
lation to the distribution of malaria in Jan-
uary 1961, as determined by the Malaria
Eradication Program in the Philippines

(10). Malaria is classified as nonendemic on
Leyte and most of Panay which has a rela-
tively small central area of endemic ma-
laria. Cotabato is largely endemic, but it
has a central area that is considered ma-
laria free.

Data on blood slide examinations are
available only for North and South Cota-
bato for fiscal years 1959 and 1960. North
Cotabato had slide positivity rates of 7.6
per cent and 12.6 per cent for 1959 and 1960
respectively, whereas the rates for South
Cotabato were 1.46 per cent and 2.18 per
cent for these years (10).

DiscussioN

Historically, malaria distribution in the
Philippines has been irregular and unstable
in nature. This is largely due to the distri-
bution of the primary vector Anopheles
mintmus flavirostris, and to the mass popu-
lation movements that have occurred since
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World War II. Surveillance mechanisms
have not always been operating in the fron-
tier arcas where population movements
have taken place. These factors result in
focal outbreaks of epidemic malaria (11).

The results obtained in this serologic sur-
vey of 2,987 individuals from 20 Jocations
in three provinces indicate that malaria an-
tibody was present to some degree in all
areas. This does not imply active transmis-
sion in all these areas, however, because it
is well known that antibody to malaria may
persist for long periods of time in the ab-
sence of exposure (12).

The graphie presentation of data in figure
2 points out the wide range of malaria anti-
body levels in areas of the Philippines that
were studied. The percentage of persons
in a given age group with positive titers
(=1:16) refleets the number of persons who
have had experience with malaria at some
time in the past. On the other hand, the
mean titer gives an indication of more re-
cent experience, with an increase in the titer
of circulating antibody. Other studies have
shown that in endemic areas malaria anti-
hody titers increase with age achieving a
plateau in adult life (13). This is scen in
most of the sample areas in this study
(table 2). The absence of demonstrable an-
tibody in younger children suggests a lack
of exposure to malaria. The total absence of
detectable antibody in children under five
years of age in seven of the 20 survey areas
(table 2) suggests a lack of transmission
within the past five years. No antibody was
detected in children five to nine years old in
four arcas; in two of these, antibody was
found in younger children, but at very low
levels. This emphasizes again the absence of
transmission in some locations in the pre-
ceding five to nine years. There were three
areas with high prevalence rates and ele-
vated mean titers in all age groups, sugges-
tive of current or very recent malaria trans-
mission. Survey 29 had elevated serologic
titers in all age groups. The percentage pos-
itive in all age groups was also elevated in
areas 27 and 31 but since the GMRT values

MATHEWS, FRIED AND KAGAN

were low, transmission was probably not as
recent as in arca 29 nor as intense. The
pattern of response in survey number 20 is
different from the patterns of other areas.
The young children show relatively high
Jevels of antibody, but persons over the age
of five show relatively low levels. This pat-
tern suggests a recent cpidemic in a re-
stricted age group, which seems unlikely, or
perhaps it is a result of the sampling meth-
ods.

The samples examined from Leyte (sur-
veys 17-22) indicate no transmission in
four arcas (17, 19, 21, 22), possible trans-
mission in area 18 and probable transmis-
sion in survey 20 (sec <5 age category,
table 2). Cotabato, considered to have the
most endemic malaria (figure 1), was found
to have generally higher levels of antibody
than Leyte or Panay. The level of antibody
in different age groups suggests current or
recent transmissions in three (surveys 27,
29, and 31) of the 11 areas studied. Note
that Survey #27 is within the zone consid-
ered non-cndemic for malaria (figure 1).
Elevated GMRT -wvalues and numbers of
seropositive individuals indicate that other
areas have experienced malaria in the past.
The focal nature of malaria is evidenced by
the close proximity of areas of apparent re-
cent transmission, (e.g. %27) and areas
with no evidenece of transmission (e.g. 24,
figure 1). Panay province shows little evi-
dence of malaria antibody, but the number
of sera from this island was limited.
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