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Various diagnostic measures have been
developed to follow up the effect of vector
control program started in San Vicente
Pacaya county in Guatemala since 1975 ; skin
snipping by Tada and Figueroa (1974);
Kawabata et al. (1980) ; indirect hemaggluti-
nation test by Ikeda et al. (1978, 1979) ; skin
test by Hashiguchi et al. (1979); Ito et al.
(1981) ; double diffusion test by Takaoka et al.
(1983) ; enzyme-linked immunosorbent assay
by Korenaga et al. (1983) and Ito et al. (1983).
Thus it was needed to compare the nature of
individual diagnostic measures ever adopted
with each other. In this context, we under-
took a multi-disciplinary study in 2 fincas
(=plantations) in Suchitepequez Province,
Guatemala, with special emphasis on the clar-
ification of relationship among various di-
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agnostic measures.

Materials and Methods

During the period between 27 September
and 1 October, 1982, a survey was made at
Santa Inés and El Regalo, the population of
which was 306 and 200, respectively. Ac-
cording to the classification of the Ministry of
Public Health, Guatemala, this region be-
longed to Zone 3 endemic focus (Figueroa,
1974). Santa Inés was located at 900-1,400 m
above sea level and El Regalo, 500 m, on the
Pacific slope of the Sierra Madre mountains.

Skin snips were taken from 2 body portions
of the examinees on ; bilateral scapular re-
gions in females and left scapular and iliac
regions in males by using Holth type corneo-
scleral punch (2mm). Because these skin
regions were found being provided with hi-
gher microfilarial density in this country
(Kawabata et al., 1980). Unteased snips were
incubated for one hour on a glass slide in
saline for enumeration of microfilariae re-
leased and later in the well of microtiter plate
with saline for further 23-24 hours for count-
ing of all the emerging microfilariae. In
order to assess microfilarial density (MFD)
quantitatively, snip area was measured using a
projection device (Tada et al., 1974). The
MFD was expressed in the average number of
microfilariae in the above 2 snips per 10 mm?.

Skin test (ST) was performed using whole
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adult Onchocerca volvulus antigen extracted
by veronal buffered saline (VBS) at the con-
centration of 20 pg/ml protein at pH 7.8, ac-
cording to the procedure by Ito et al. (1981).
It was tentatively considered positive re-
action when the wheal size (length plus width
in mm) exceeded 21 mm, 15 minutes after in-
jection of 0.02 ml antigen solution.

Using the eluent of dried blood sample
taken on filter paper from the ear-lobe of ex-
aminees, indirect hemagglutination test THA)
was performed according to our previously
mentioned procedure (Ikeda et al., 1978). As
the antigen, for both IHA and ELISA, crude
extract of whole adult O. wolvulus isolated
from nodules by using the collagenase tech-
nique (Schulz-Key et al., 1977) was used. In
order to adjust antigen concentration for the
sensitization of erythrocytes, titration was un-
dertaken by using standard positive serum
obtained from immunized rabbit. The start-
ing dilution of the blood eluent used was 1 :
30. The blood samples thus examined were
considered postive if the reciprocal IHA titer
was 60 or more.

In order to measure O. volvulus-specific
IgG antibody by an enzyme-linked immuno-
sorbent assay (ELISA), the aliquot blood
eluent was used. The detailed procedure and

specificity of this method were reported else-
where (Korenaga et al., 1983). The ELISA
value was expressed in the optical density at
500 nm. In the previous study, it was con-
sidered as significant increase of specific IgG
production, when O. D. was 0.50 or more
(Korenaga et al., 1983). This criterion was
adopted in this study.

Onchocercal nodules were examined by a
systematic palpation of the whole body of the
examinee. The nodules thus found were
removed surgically by the end of the present
survey period.

In order to analyze the relationship among
various diagnostic measures, the data from
combined populations of 2 fincas, about 375,
were processed by computers, VAX 11-720
and Heulett-Packard model 87. The popula-
tion structure of 375 exminees is that: 41
males and 35 females in ages 0-9; 50 and
50 in ages 10-19; 82 and 75 in ages 20-49 ;
and 29 and 13 in ages 50+, respectively. The
age composition of both sexes was considered
almost even.

Results

1. Skin snipping
In Santa Inés, 86 (40.8%) out of 211 in-
habitants examined were positive for microfil-

Table 1 The results of skin snipping in Santa Inés and El Regalo, Suchitepequez,

arranged by sex and age

Male Female
Finca Age . .. * . ..
(years) No. examined No. positive MFD* No. examined No. positive ~MFD
(%) (%)

0-9 22 7(31.8) 2.2 9 1(11.1) 0.3

10-19 33 15(45.5) 15.6 26 2(7.7 0.4

Santa Inés 20-49 54 27(50.0) 18.5 46 21(45.7) 14.9
50— 15 9(60.0) 24.8 7 4(57.1) 6.8

Total 124 58 (46.8) 15.6 88 28(31.8) 8.5

0-9 19 2(10.5) 0.2 26 0( 0.0) 0.0

10-19 17 2(11.8) 5.1 24 2( 8.3) 4.2

El Regalo 20-49 28 10(35.7) 15.8 29 7(24.1) 10.4
50— 14 1(7.1) 3.5 6 2(33.3) 10.0

Total 78 15(19.2) 7.5 85 11(12.9) 5.4

* Mean number of microfilariae per all the examinees
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ariae by the two-snip biopsy method. In El
Regalo, 26 (16.0%) were positive out of 163.
Microfilarial positives by age and sex in these
fincas were shown in Table 1. In Santa Inés,
the positive rate for microfilariae increased
with age in both sexes. In this finca, it was
noted that the infection rate was considerably
high even among male childen under 10 years
of age. On the other hand, in El Regalo, the
positive rate did not show consistent increase
with age, even the maximum rate was 35.7%
at 20-49 year old group, which was almost
equal to that (31.8%) of male 0-9 year-old
children in the previous finca. The average
MFD for microfilarial positives among males
in Santa Inés was 33.4 and that of females,
26.7, while those were 38.8 and 41.9, respec-
tively, in El Regalo. Apparently so far as
the average MFD in microfilarial positives is
concerned, the MFD was rather high in the
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latter finca, in spite of its lower microfilarial
rate. However, the average MFD per exam-
inee were 15.6 in males and 8.5 in females
in Santa Inés. Those were reasonably low,
7.5 and 5.4, respectively, in El Regalo. The
MFD per examinee would thus be considered
to be an adequate indicator for the endemicity
than MFD per positive. The distribution
patterns of average MFD by age group in 2
fincas run roughly parallel with those of
microfilarial rate in fincas, too.

2. Nodule palpation

Systematic palpation revealed that in Santa
Inés, 16 (13.0%) out of 123 males and 2 (2.3
%) out of 88 females were with onchocercal
nodules, whereas those were 4 (5.2%) out of
77 males and 4 (4.7%) out of 86 females in
El Regalo. Among all the 26 nodule carriers,
19 (73.1%) were less than 29 years old. The
number of male nodule carriers in the former
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Fig. 1 The result of skin test on the inhabitants from two fincas, Santa
Inés and El Regalo arranged by age and sex.
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finca reflected a high prevalence of this dis-
ease in this region.

3. Skin test (ST)

The age-prevalence of skin test positives
arranged by sex was illustrated in Fig. 1. In
Santa Inés, the positive rate increased with
age from 72.7% in 0-9 year old group to
100% in 20+ year old group in males. The
distribution pattern of positive rate by age in
females tended to run parallel with that of
The patterns of ST positives in both
sexes were quite similar between two popula-
tions. As was seen in the microfilarial posi-
tive rate, positive rate in ST among females
was again lower than that of males, parti-
cularly in the younger generations.

The correlation between the results of ST
and MFD was analyzed on 375 examinees
from the above mentioned two fincas and the
result was shown in a cross-tabulation (Table
2). Out of 263 examinees free of microfilar-
odermia, 215 (81.7%) reacted positively in
ST, although the rate was rather high among
those with microfilarodermia. On the con-
trary, in 53 examinees whose wheal size were
20 mm or less (negative reaction), 48 (90.6%)
were without microfilariae. However, even
in those whose wheal were 27 mm or more,
120 out of 192 examinees (62.5%) were ap-
parently without microfilariae. Although the
sensitivity of ST is high, the rate of false
positive reaction was considered too high
from the diagnostic and also from epidemiolo-
gical view.

4. Indirect hemagglutination test (IHA)

males.

The distribution patterns of positive rate by
age and sex in IHA in two fincas were shown
in Fig. 2. Positive rate in the IHA increased
with age. In Santa Inés, even male young-
sters less than 19 years of age showed a high
rate, more than 40%, while it attained ap-
proximately to 80% in those more than 20
years of age. In both fincas, at any age
groups except 50+ year old in El Regalo,
the positive rates in males were markedly
higher than those of females. This tendency
was analogous to the pattern seen in microfi-
larial rate.

Table 3 shows the relationship between
IHA and MFD among 374 examinees.
Among 231 THA negatives, 91% were mi-
crofilarial negatives. On the contrary, this
rate was reduced to 36.4% (52/143) among the
positives in IHA. It is noteworthy that out of
112 microfilarial positives, 91 (81.3%) were
positives by IHA, too, whereas out of 262
without microfilariae, only 52 (19.8%) were
with positive titers.

Out of 374 examinees, 44 were negatives for
both IHA and ST, while 135 were positive
for both tests. Thus the coincidence rate was
as low as 47.9% (179/374) between these
tests. On the other hand, ST positive rate out
of 143 THA positives and 231 negatives was
quite similar to each other, 94.4% and 81.0
%, respectively. Further, in comparison with
the high correlation between microfilaroder-
mia and IHA, ST would be considered as
rather unrelevant due to its extremely high
sensitivity (Table 2). However, there was a

Table 2 The relationship between the result of skin test and microfilarial
density (MFD) of 375 inhabitants from Santa Inés and El Regalo
No. of Wheal size in skin test (mm) Positive ratet
MFD* examinee in skin test
X -14 15-20 21-26 27+ (%)
0 263 6 42 95 120 81.7
1-9 44 0 4 10 30 90.9
10-49 44 0 0 15 29 100.0
50— 24 0 1 10 13 95.8
Total 375 6 47 130 192 85.9

* Average number of microfilariae in 10 mm? skin area of 2 snips from scapular and

iliac regions.

t Positives; 21 mm or more in wheal size
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Fig. 2 Age distribution of the positive rate in IHA among the inhabitants from Santa Inés
and El Regalo arranged by sex.

Table 3 The relationship between the result of indirect hemagglutination (IHA)

and microfilarial density (MFD) of 374 examinees from Santa Inés
and El Regalo

. No. of Reciprocal ITHA titer Positive ratet
MFD . in THA (9
examinees <30X 60X  120-240X 480X < in THA (%)
0 262 210 9 24 19 19.8- 1
1- 9 44 9 10 17 8 79.5-
10-49 44 7 7 16 14 84.1
50— 24 5 1 12 6 79.2
Total 374 231 27 69 47 38.2
* MFD ; definition shown in Table 2
t 60 X or more in reciprocal IHA titer
1 difference is statistically significant (p<0.005)
rough correlation between the positivity in 15-20 mm ; 32.3% (42/130) in those with 21-
IHA and wheal size by ST : Positive rate in 26 mm ; and 48.4% in those more than 27 mm.
IHA was 0.0% (0/6) in those with wheal size In other words, the positive rate in IHA
less than 14 mm, 17.4% (8/46) in those with tended to increase in proportion to wheal size

(55)
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Fig. 3 Age-sex distribution of average ELISA values among the inhabitants
from Santa Inés and El Regalo (average O.D+S.D.)

in ST.

5. Enzyme-linked immunosorbent assay (E-
LISA)

The eluent of dried blood samples from the
inhabitants of 2 fincas was assayed by micro
ELISA technique. The results, expressed as
the O. D. value, were shown in Fig. 3 by sex
and age in each finca. It was noted that the
average O. D. value was considerably high in
Santa Inés even in 0-9 year old males. Gen-
erally, it is likely that ELISA value was
proportional to the intensity of onchocercal
infection in the age groups. The distribution
curves of ELISA value were similar to those
of microfilarial rate.

A clear relationship was found between

(56)

MFD, an index of the intensity of infection,
and the amount of O. volvulus-specific IgG
antibodies detected by ELISA (Table 4). In
263 cases without microfilarodermia living in
endemic area, 215 (81.8%) revealed 0.49 or
less in ELISA value. The number of those
with higher ELISA value increased with
MFD. Among those whose MFD were 50 or
more, only 20.9% showed less than 0.49 in
ELISA value, the upper limit in normal con-
trol (Korenaga et al., 1983). In other words,
79.1% of those with higher MFD had higher
value, too, much more enhanced than those
from lightly infected areas.

As seen in Fig. 4, there was a clear rela-
tionship between ELISA value and positive
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Table 4 The relationship between microfilarial density (MFD) and ELISA
value among 375 examinees from Santa Inés and El Regalo

ELISA value

MFD* No. C.)f quitive ratet
examinee <0.24  0.25-0.49 0.50-0.99  1.00< in ELISA
0 263 115 100 40 8 18.2
1- 9 44 3 13 26 2 63.6
10-49 44 1 7 29 7 81.8
50— 24 1 4 17 2 79.1
Total 375 120 124 112 19 -

* MFD ; definition shown in Table 2

t Positives; 0.50 or more in ELISA value
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Fig. 4 Relationship between ELISA value and
the positive rate in IHA tested in 374 examinees
of two fincas.

rate in IHA in 374 examinees. The positive
rate in IHA, 4.7% in those with less than
0.29 in ELISA value, increased in a sigmoid
curve with the latter value and attained to
90.9% in those with 0.80-0.89. The cor-
relation coefficient between classified IHA
titers and ELISA values was r=0.741 (plotted
values, 373). Fig. 5shows the sexual differ-
ence in the composition of examinees of two
fincas by categorized IHA titer and ELISA
value. These 2 immunodiagnostic methods
revealed essentially the same tendency in the

(57)

reactions : Males were composed of individ-
uals with higher IHA titer or ELISA value
than females. This finding suggests that males
were more strongly infected than females.
As the negative criterion for ELISA lies at
0.49 or less, the negative rate in males is
55.5% and that in females is 76.3%, respec-
tively. These figures are almost equal to the
negative rates in IHA, 51.0% in males and
74.4% in females, respectively, indicating a
high correlation of results between IHA and
ELISA.

A possible relationship was assessed be-
tween ELISA value and positive rate in ST in
this population. The positive rate in skin test
was 75.8% in those whose ELISA values
were 0.24 or less and it increased slightly
with the rise in ELISA value up to 95.5%
of those with 0.50-0.99. A blunt correlation
may also be noted between skin reactivity and
specific IgG antibody by ELISA, although the
antibody classes concerned in each measure
are different.

Discussion

As was mentioned by Wada (1982), the in-
tensity of infection with onchocerciasis was
closely associated with the distribution and
abundance of vector blackfly, Simulium
ochraceum. Thus the location of residential
primarily from the
viewpoint of disease transmission. In El
Regalo, the microfilarial postives were quite
few among those below 19 years of age,
This fact indicates

area is important

particularly in females.
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Fig. 5 Composition of categorized IHA titer and ELISA value in 375 examinees
from two fincas. Each figure in the box shows the frequency percent in the total.

that adult people are mainly exposed to
vector-biting while visiting and working in
mountainous focus of transmission which is
generally corresponding to coffee fields.
Wada (1982) explained sexual difference in
microfilarial rates based on the difference of
“‘r’ the force of infection in Muench’s simple
catalytic model. Yoshimura et al. (1982) cal-
culated annual incidence rates of males and
females to be 0.080 and 0.038, respectively, in
San Vicente Pacaya, Guatemala, based on the
results of skin snipping. In the present study,
not only the microfilarial and nodule rates,
but also MFD, IHA titer and ELISA value
revealed the differences in the infection in-
tensity between two sexes and among age-
groups.

As for onchocercal nodules, we stated that
in early stage of infection, especially in low
endemic area, the palpation would be a sensi-
tive diagnostic measure (Tada et al., 1979).
Further, Aoki et al. (1983) stressed that ap-
pearance of onchocercal nodule after nodulec-
tomy in a population concerned would be
useful in assessing the incidence of the dis-

ease. In spite of periodic denodulization
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campaign, many newly developed nodules
were found especially in males in Santa Inés
in this study. Thus it may be considered that
nodule detection would reveal the intensity of
onchocercal transmission.

A high correlation was shown in a previous
paper between IHA and MFD in a population,
in which the increase of MFD accompanied
with the increase of the people with high
IHA titers (Ikeda et al., 1979). An identical
close relationship seen in the present study
representing marked difference (p<0.005)
in the result of IHA between microfilarial
positives and negatives (Table 3) indicates
the favorable feature of IHA as an im-
munological index. Because the IHA re-
vealed immune response corresponding to the
microfilarodermia.

In the present study, a high correlation was
seen between categorized MFD and ELISA
values (Table 4), suggesting the presence of a
close relationship between the intensity of in-
fection and antibody (IgG) production. In a
previous paper, we showed graphically the
relations among various populations with dif-
ferent microfilarial rates and the correspond-



ing ELISA value (Korenaga et al., 1983).
Ito et al. (1983) also observed a high correla-
tion between ELISA-positive rate and/or
ELISA value and the mode of infection in-
tensities (microfilarodermia and onchocercal
nodule). Recently, Campbell et al. (1983)
reported that ELISA rather correlated with
the Mazzotti reaction, even when the micro-
filarial density was extremely low. They con-
cluded that ELISA was available in the diag-
nosis of early stage of infection among chil-
dren in endemic areas. These reports suggest
that the detection of specific IgG with ELISA
is a sensitive measure for immunodiagnosis of
onchocerciasis.

Our results on the positive relationship be-
tween the positive rate in IHA and categorized
ELISA values (Fig. 4) support similar ones
shown by us (Korenaga et al., 1983) and Ito
et al. (1983). Thus it may be considered that
these two immunodiagnostic measures reveal
quite similar results, as both of them rest on
the closely relating immunological basis.
this context, it will be worth-while to intro-
duce ELISA technique in lieu of IHA,be-
cause (1) this method is of space and time
saving, (2) it does not require erythrocytes and
complicated sensitization, and (3) it does not
need standardization of antigen concentration,
when once determined.

The relationship between the results of ST
and ELISA was rather blunt, because the
sensitivity of the former test was too high at
any age-groups even in children. It is quite
evident, when we compared the results of ST
between 2 fincas (Fig. 1), the distribution
curves of ST positivity in 2 populations were

In

quite similar to each other, in contrast to
those of IHA (Fig. 2). ST revealed similar
age-prevalence of positivity regardless to the
microfilarial rate by age. Ito et al. (1981)
stated that ST revealed positive reaction in
98.8% of microfilarial carriers, while it re-
vealed false positive reactions in 40% of the
inhabitants from non-endemic areas. The
lack of specificity in ST strongly suggest the
presence of cross reactions with other hel-
Mueller et al. (1973) reported the
result of ST using O. gutturosa, which re-

minths.

(59)
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vealed no difference in the positive rates
among those with nodules, those with posi-
tive skin biopsies but no nodules, those with
negative biopsies and negative histories of
nodulectomy. This antigen caused positive
reaction in 60% of 48 bancroftian filariasis.
In the present study, as seen in Table 2, the
positive rate in ST was between 91 and 100%
among microfilarial carriers, whereas the rate
was as high as 82% even among microfi-
larial negatives. Using microfilarial antigen
of O. wolvulus, Hashiguchi et al. (1979) com-
pared the positivity rates between microfi-
larial positives and negatives. In the former
group, the rate was 89.1%, while in the
latter, 50.0%. Apparently ST could not dis-
tinguish microfilaial positives and negatives in
endemic areas. Therefore, ST would be adopt-
ed only under some limited conditions, such
as in the diagnosis for those who stayed tem-
porarily in the endemic area or for an epi-
demiological study to assess background in-
fection.

Summary

In 375 inhabitants of two fincas (=planta-
tions) located at high- and low-lands in Gua-
temalan endemic focus of onchocerciasis, we
compared the diagnostic natures among sever-
al diagnostic measures ever developed in
Guatemala. In the skin snippings, the mi-
crofilarial rate of male was higher than that
of female at any age-groups. The microfilari-
al density per examinee was considered to be
more reliable index than MFD per microfi-
larial positive from epidemiological aspect.
Skin test (ST) using O. wolvulus antigen re-
vealed higher false positive reactions in com-
parison with other tests. The positive rate in
ST was 82% in microfilarial negatives. Thus
the result of ST was considered as rather
equivocal. Both the indirect hemagglutination
test IHA) and enzyme-linked immunosorbent
assay (ELISA) using O. volvulus antigen and
eluent of blood taken on filter paper were con-
sidered sensitive measures of immunodiagno-
sis which were adequately reflecting the in-
tensity of infection (microfilarodermia). The
result of IHA and ELISA showed high cor-
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relation to each other. In contrast to the
qualitative indices such as prevalence and in-
cidence, the microfilarial density, IHA and
ELISA were considered to be quantitative
ones which reflected the intensity of infection
individuals. The merit of ELISA was
stressed briefly.

in
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T7TIIDA 2 ARNHEICE T 5 EESHNED LS

£H T BAEHY =FHHEZPY HmEX Y EREEY
M.M. RECINOS C.# O.F. FLORES® A. LUJAN T#
J.0. OCHOA A.# J.C. CASTRO® G. ZEA F¥»
(D e RFEEZMFADFELRE P Ry KEBEEFHEPTH 4 1
DEEERARFEREFHE L ST~ FHELEE~T YT
BSIERA v h i)

TT7TRIERFT AR (Fratw B iES 3T
THIX) 2B+ 5 28E, ¥ -4 22 (HKEE
900~1,400m) Lxz)L - LA wm (JF500m) DR, &
FH3BLITONT BFEDA L H MRS ERKL,
FEIZ X DR E O R 2177 - 7. Hoh /R
KDOLEEY THS.

1) FARBSUFIZL B 2EFTREETY V% - A
ZADERD40.8%iz, TV - LH v Tix16.0%I/FH
BtEEERE L. FHRREIFRE, COERTL. Bk
CEWERRED bz, RERSBICHT 27 B EE
NREERMT 5 L EX DI,

2)  Onchocerca wvolvulus FHIRIZ L 5 RNISIX
LoD IR S AR USSR 38 <, FH 0 DX

(61)

RICBNWTE2% D EMET, BERIEREMENEEZ S
niz.

3)  IEHRICER o TR 2 AR AR & LT H W 2 R
MmEKEEELRS (IHA) L BeEhifik (ELISA) (% Ry
TREE R X BRL TWe. FRCFm 0 o Fficxt 3+ 5651
RISRBENETHBL T 5. A—EHIcB T 3
IHA ffi ELISA f& & ORICIZBWHEDED a7z
(r=0.741).

4) MkEicd £ -3< incidence 33X U prevalence
D XS IR EMERR AR L, fFiuEEE, THA,
EILSA 3ZEEMZRYGEEL LTEEL Z2 bR,
fffiriciz ELISA 2MER LT WeEX bR 5.





