
VOL．27NO．1 MARCH1999
CONTENTS

Original　article

Eamsobhana，P．，Watthanakulpanich，D．，Punthuprapasa，P．，Yoolek，A．and　Suvuttho，S．

　　Detection　of　Antibodies　to勘昭sケon8yl％s　o観孟on6πsゑs　in　Human　Sera　by　Gelatin

　　Particle　Indirect　Agglutination　Test……………一・一………一…・…一……・……・………… ・1－5

Ando，K，Kuraishi，K，Nishikubo，K．，Asami，T．，Waighet－Kouadio，P．，Matsuoka，H．

and　Chinzei，Y．

　Sporozoite　Invasion　of　PZαs窺o伽吻加忽h切，沢odent　Malaria　Parasite，to　the　Salivary

　Glands　of　the　Vector　Mosquito，ノ464εs　s妙h6nsJ　an　Electron　Microscopic　Study　　　　・7－12

Jutavijitt㎜，P．，Jiviriyawat，Y．，Yousukh，A．，Toriyama，K．，Itakura，H．，Yano，M．andHaya面，S．

　A　Seroepidemiological　Study　on　Hepatitis　B　Virus，Hepatitis　C　Virus　and

　Human　Immunodeficiency　Virus　Infections　in　Northem　Thailand・…∵・……・……・…………13－17

Short　communication　　　　　　　　　　　　　　　　　　　　　　　　　　’

　　Guevara，A。G．，Ruiz　C．，」．C．，Houghton，R．L．，Reynolds，L．，Sleath，P．，Benson，D．，

　　Ouaissi，A．and　Guderian，R．H．

　　　Evaluation　of　a　Recombinant　Protein（rTc24）and　Synthetic　Peptides　in

　　　Anti－丁肋碗oso吻αon観Positive　Samples　from　Blood　Bank　Donors　in

　　　Chagasic　Endemic　Areas　of　Ecuador…・…・………一…・…・…一……………・……一… ・19－22

Proceedings　of　XXXIX　Annual　Meeting　of　Japanese　Society　of　Tropical　M［edicine
　　Contents・・一一・・・・・…　一一一一一・一…一一・・：一・一・…　一・・・・・…　一一一一一・・一一一一・一一一・一・・一・一一一・一一一

　　Prize　wimer’s　lecture・……………一…・………一………・…………一……・一・……＿＿＿．

　　President’s　lecture　・…　一一・…　一二一一一一・一一…　“・・・…　一・一・一・一一・・一一一一一・・一・・…　一一・一一一一・・

　　Special　lecture　……・…・……………・・……・……………　………………・・…・……　………・・一・

　　Educational　lecture・………………・・…一……………・………………一・…・…………・…・・…

　　Symposium・…………・…‘一・…一……………・…………一一・…………・…・…・…一………

　　Work　shOP………一・・………………・・………一……・……一………・・……一：・・……・・
　　Panel　presentation　…………・1…・……………・…・……・………・……………・・…・

…………

・・23－26

－27

・』29732

－33－37

・・39－46

－47－102

－103－108

－109－1必



J pn. J. Tro p. Med. Hyg., Vol. 27, No. 1 1999 pp. 1-5 1 

DETECTION OF 
IN 

ANTIBODIES TO PARASTRONGYLUS CANTONENSIS 

HUMAN SERA BY GELATIN PARTICLE 

INDIRECT AGGLUTINATION TEST 

PRAPHATHIP EAMSOBHANA~, DORN WATTHANAKULPANICH2 

PAIBULAYA PUNTHUPRAPASA1, ADISAKDI YOOLEK~ AND SOMKUAN SUVUTTHO~ 
Received October 27, 1998/Accepted December 18, 1998 

Abstract: A newly developed agglutination test using gelatin particles as an antigen carrier (GPAT) was 

compared with a conventional enzyme-linked immunosorbent assay (ELISA) for the detection of Parastron-

gylus cantonensis antibodies in sera from patients. A total of 70 sera was used in the study. Of these, 10 each 

wefe from patients with parastrongyliasis, gnathostomiasis, paragonimiasis, cysticercosis, toxocariasis, 

filariasis and malaria. The control group consisted of 50 serum samples from normal healthy individuals. 

The mean reciprocal titer of the parastrongyliasis patients group was significantly higher than that of the 

normal group as well as those of other parasitic infections. The sensitivity ~nd specificity of the GPAT were 

100% and 92.4%, respectively. The results of GPAT in detecting P. cantonensis antibodies appeared to be 

closely correlated with those obtained with ELISA. The GPAT, however, is more easy, rapid and cheap; it 

may also be a test of choice for routine immunodiagnosis of human parastrongyliasis. 

Key words: Immunodiagnosis, Parastrongylus ( = Angiostrongylus) cantouensis, gelatin particle indirect 

agglutination test (GPAT) , ELISA 

INTRODUCTION 

Human eosinophilic meningitis or meningoence-
phalitis caused by Parastrongylus (=Angiostrongylus) 

cantonensis is endemic throughout Asia and the Pacific 

Islands (Cross, 1987; Kliks and Palumbo, 1992). The 

most reliable diagnosis of this parasitic disease is based 

on the presence of either larvae or juvenile worms in the 

cerebrospinal fluid (CSF) from the patients. Such 

diagnosis nevertheless is rare since worms are seldom 

found in the limited volume of CSF taken for analysis. 

A variety of immunological tests based on detecting 

serum antibodies against P. cantonensis has been used to 

support the diagnosis. These include intradermal test, 

indirect hemagglutination test, immunodiffusion, im-

munoelectrophoresis, complement fixation test, ELISA 

and immunoblot test (Tharavanij, 1979; Ko, 1987; Eam-

sobhana et al..1997). The enzymatic test system has 

become more widely used because of its greater sensitiv-

ity. The test, nevertheless, requires specific materials, 

specialized equipment and expensive reagents. Recent-

ly, a newly developed agglutination test using gelatin 

particle as an antigen carrier has been shown to be a 

sensitive and specific method for the diagnosis of human 

strongyloidiasis (Sato and Ryumon, 1990), schis-
tosomiasis (Yang et al., 1994; Kobayashi, 1995) , Chagas' 

disease (Yamashita et al., 1994) and opisthorchiasis 

(Watthanakulpanich et al.. 1998). GPAT is technically 

simple and can be performed rapidly without specialized 

apparatus or facilities. These make it convenient to use 

in the diagnosis of many diseases both in the labora-

tories as well as in the field. 

In this study, we attempted to evaluate whether 

GPAT could be used to detect serum antibodies of 
parastrongyliasis (=angiostrongyliasis) patients. The 

results were compared with those of ELISA. 

MATERIALS AND METHODS 

Antigen preparation 

Adult worms of P. 

the pulmonary vessels 

cantonensis were obtained from 

of infected Wistar albino rats as 
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previously described (Eamsobhana et al., 1997). The 

worms were homogenized in a small volume of normal 

saline with a glass tissue grinder. The suspension was 

sonicated and extracted overnight at 4"C in a refrigera-

tor. Soluble antigens were obtained as supernatant after 

centrifugation at 4,000 rpm for 15 min. The protein 

content of the extract was determined using a protein 

assay kit 11 (Bio-Rad Labs, USA) . 

Sera 

Serum samples were obtained from five patients 

with parasitologically confirmed parastrongyliasis (3 

with cerebral parastrongyliasis; 2 with ocular parastron-

gyliasis) and five patients with presumptive parastron-

gyliasis. The latter group was diagnosed as parastron-

gyliasis based on clinical symptoms and history of expo-

sure to infection, as well as having high antibody titers 

as detected by ELISA. 

Sixty heterologous sera were collected from 
patients suffering from other parasitic infections. Of 

these, 10 sera each were from patients with gnathos-

tomiasis, toxocariasis, filariasis, paragonimiasis, 

cysticercosis and malaria. A11 these cases were positive 

by parasitologic and/or serologic tests for a specific 

parasite or its products. The normal control group of 

sera were obtained from 50 healthy adults who were 
negative for any parasitic infection at the time of blood 

collection. All serum samples were kept at -20'C until 

use. 

Gelatin particle indirect agglutination test (GPAT) 

The GPAT was performed as previously described 

(Watthanakulpanich, 1998). Briefly, the pre-deter-

mined optimal concentration of P. cantonensis antigens 

(50 pg/ml) was conjugated to the artificial gelatin 

particles (Fujirebio Inc.. Tokyo, Japan) treated with 5 

pg/ml tannic acid solution. After conjugation of 
antigens, the gelatin particles were washed 3 times and 

finally made into a 1% suspension in phosphate buffered 

saline (PBS), pH 7.0 containing inactivated normal 

rabbit serum. These coated gelatin particles were then 

ready for use. 

For estimation of agglutination titer, one drop 

containing 25 pl of the antigen-coated particles suspen-

sion was mixed in the U-bottomed micro-wells with an 

equal volume of test serum in 2-fold serial dilutions. 

The particles were allowed to settle for at least 3 hr at 

room temperature and the agglutination patterns in the 

plates were read according to Campbell et al. (1974); 

particles concentrated in the shape of a compact button 

in the center of the well indicated a negative result; 

particles spread out uniformly covering the bottom of 

the well indicated a positive result. The antibody titer 

was determined as the highest serum dilution giving a 

positive agglutination pattern. 

Enzyme-linked immunosorbent assay (ELISA) 
To evaluate the results of GPAT, the ELISA was 

also applied for assessment of serum antibodies to P. 

cantonensis. 

The ELISA was performed according to the method 

described by Voller et al. (1976) with some modifica-

tions. Briefly, wells of microtiter plate (Nunc, 
Denmark) were sensitized with 100 pl of P. cantonensis 

antigens at a concentration of 5 pg/ml of protein in 

carbonic buffer solution, pH 9.6. The wells were succes-

sively incubated for 2 hr each with 100 pl of blocking 

solution (2% skim milk in PBS-Tween) , serum samples 

diluted to 1:100 with PBS containing 1% bovine serum 

albumin and 0.05% Tween 20, and peroxidase-conjugat-

ed anti-human immunoglobulins (Dakopatt, Denmark) 

diluted to 1:1,000 in PBS-Tween. Finally, the wells were 

incubated for 30 min with the substrate (o-
phenylenediamine) solution. The enzymatic reaction 

was stopped with 50 pl of 2.5 N sulphuric acid and the 

optical density (OD) was measured at 492 nrn with an 

ELISA reader (SLT Labinstrument, Australia). 

The optimal concentration of the antigens and the 

optimal dilution for patient's serum and conjugate were 

pre-determined using a chequerboard titration. For 

each test, a negative, a positive and a PBS-Tween 

controls were included. 

A result was considered positive if the OD value 

exceeded the mean OD+ 3SD of the values obtained with 

the 50 negative sera. 

Statistical analysis 

Sensitivity and specificity of the tests were deter-

mined using the method of Galen (1980). Association 

between GPAT and ELISA was evaluated using linear 

correlation and regression after the titers of GPAT 

were transformed into logarithm (10g2) ' 

RESULTS 

The distribution of GPAT titers in 70 patients and 

50 uninfected controls is shown in Figure 1. All 10 

patient sera with parastrongyliasis showed positive 

agglutination response at serum titer of 1:32 or more 

(10g, reciprocal titer ;~ 5) , whereas negative results were 

demonstrated at the lowest serum titer of 1:16 (10g, 

reciprocal titer~4) in all the normal individuals. The 
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Figure I Distribution of GPAT titers (log,) for detection 

of serum antibodies against P. cantonensis in 10 

patients each with parastrongyliasis (A) , gnath-

ostomiasis (B) , toxocariasis (O , filariasis (D) , 

paragonimiasis (E) , cysticercosis (F) , and 

malaria (G) and in 50 normal healthy individuals 

(H). The dotted line indicates cut-off titer. 

10g2 reciprocal titers in the parastrongyliasis patients 

ranged from 5 to 8, with the majority from 6 to 7. 

The mean antibody titer (X~SD) of normal 
healthy individuals was 3.15~0.58. The mean antibody 

titer of parastrongyliasis patients group was significant-

ly higher than that of the normal group as well as those 

of other parasitic infections (P<0.01). A cut-off titer 

for the positive antibody response was then established 

at X+3SD of the healthy group which was at log2 
reciprocal titer of 4.89. The GPAT was positive for all 

the parastrongyliasis patients but negative for the nor-

mal controls. 

Of the 60 serum samples from other groups of 
parasitic infections, 51 (85%) were negative, while 9 

(15%) were cross-reactive at the cut-off titer. The 

cross-reactive serum samples were from patients with 

gnathostomiasis (5/10), toxocariasis (2/10), filariasis 

(1/10), and paragonimiasis (1/10). None of the 
cysticercosis and malaria patients showed cross-reac-

tion. The sensitivity and specificity of the GPAT were 

100% and 92.4%, respectively. 

The ELISA was carried out using different dilutions 

of sera from healthy individuals and from patients with 

parastrongyliasis. The maximum difference in OD 
values was observed at 1:100 dilution which was used to 

evaluate all serum samples. The mean OD value (X~ 

SD) of the normal group was 0.253i0.107. The mean 
plus three standard deviation OD value of the healthy 

group sera was then taken as the cut-off value, OD)> 

0.574 indicated positive results. 
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Distribution of optical density values in ELISA 

for detection of serum antibodies against P. 
cantonensis in 10 patients each with parastron-

gyliasis (A) , gnathostomiasis (B), toxocariasis 

(O , filariasis (D) , paragonimiasis (E) , cysticer-

cosis (F) , and malaria (G) , and in 50 normal 

healthy individuals (H). The dotted line shows 

the cut-off value. 
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Figure 3 Correlation between GPAT titers (10g2) and 
ELISA values performed on 10 sera from paras-

trongyliasis patients. 

As shown in Figure 2, all the serum samples from 

parastrongyliasis cases (10/10) were positive in the 

ELISA and 48 of 60 sera from patients with other 
parasitic infections (80%) were negative. Cross-reac-

tions were found with serum samples from gnathos-
tomiasis (6/10), toxocariasis (3/10), filariasis (1/10), 

and paragonimiasis (2/10). Normal parasite-free indi-

viduals were all negative. The sensitivity and specificity 

of the ELISA were 100% and 90.2%, respectively. 

Figure 3 represents the correlation of GPAT titers 

and ELISA values on the parastrongyliasis patients. A 

significant correlation was found between the two tests, 
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the correlation coefficient was 0.968. 

DISCUSSION 

The definitive diagnosis of parastrongyliasis is 

made when Parastrongylus worms are found in the CSF 

of patients. Proven cases of human infection showing 

worms are however rare (Punyagupta, 1979) and the 
ELISA utilizing either crude or partially purified Paras-

trongylus antigens is currently used as a reliable method 

for immunodiagnosis of the infection (Welch et al.. 1980; 

Chen, 1986; Yen and Chen, 1991). Although ELISA is 

sensitive enough for detecting serum antibodies to P. 

cantonensis, it is expensive, Iaborious and limiting with 

respect to the length of time to get results. 

The recently developed inert gelatin particles are 

actively being employed as an antigen carrier for vari-

ous diagnostic kits, and GPAT has already been success-

fully applied by a number of investigators for im-

munodiagnosis of various parasitic infections (Sato and 

Ryumon, 1990; Yamashita et al.. 1994; Yang et al.. 1994; 

Kobayashi et al.. 1995; Wattanakulpanich et al.. 1998). 

In the present study, we confirmed the findings that 

GPAT could also be used for immunodiagnosis of 
human parastrongyliasis. The sensitivity of the present 

GPAT did not differ from that of the ELISA when the 

overall rates of positive reactions among patients' sera 

diagnosed to be parastrongyliasis were compared; in 

sera of 10 patients with parastrongyliasis, positive anti-

body response was demonstrated in all of them by the 

GPAT and ELISA. When such tests were evaluated for 

specificity by testing sera from healthy individuals 

presumed to be normal, the result did not show any 

false-positive reactions in each test. A significant 

correlation was observed between GPAT and ELISA. 
Sera from patients with other parasitic infections 

were also examined by the GPAT and ELISA to deter-

mine the specificity of the tests. Strong positive 

responses were observed in a few patients with gnatho-

stomiasis. Weak cross-reactive positive reactions also 

occurred in sera from a few patients with toxocariasis, 

filariasis and paragonimiasis. The responses, however, 

were lower in the GPAT. The sera from patients with 

cysticercosis and malaria showed no cross-reactivity in 

both tests. The positive responses in gnathostomiasis, 

toxocariasis, filariasis and paragonimiasis patients, 

however, seem to correlate with the antigen preparation 

used rather than the assay itself. By using a more 
defined antigen, the cross-reaction can be expected to 

decrease (Ko, 1987). 

The present study indicated that the GPAT can be 

a reliable immunological test for human parastron-

gyliasis. The indirect agglutination test is technically 

simple to perform, requires no specialized skill, equip-

ment and facilities, and can be completed within three 

hours. The advantages of the gelatin particles are their 

stability and resistance to mechanical agitation. The 

particles are colored and therefore convenient for read-

ing the setting pattern. Moreover, the particles can be 

lyophilized for long term storage after sensitization with 

antigen. Therefore, the GPAT can be performed by the 

one-step reaction of the preserved antigen-particles 

with a test serum, thus applicable both in less equipped 

laboratories as well as in a field survey. Nevertheless, 

because of the relatively strong cross-reaction with 

other clinically related parasite, Gnathostoma spim~er-

um, the use of more specific antigenic preparation in the 

assay will be needed. Experiment on purification of the 

P. cantonensis specific antigen for future use is under-

way. 
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Abstract: The sporozoite penetration process of a rodent malaria parasite, Plasmodium berghei, into the 

salivary glands of the vector mosquito, Anopheles stephensi and sporozoite distribution in the cytoplasm and 

secretory cavity in the distal region of salivary glands were observed with a scanning electron microscope 

and a transmission electron microscope. In non-infected mosquitoes, many swellings were observed on the 

outer surface of the median lobes of salivary glands, whereas many shallow depressions were observed on 

the lateral lobes. In infected mosquitoes, sporozoites were concentrated on the distal region of median and 

lateral lobes of salivary glands and penetration occurred from the anterior end into both lobes. Sporozoites 

were about 10 pm long with one end flat and the other round. Small holes through which sporozoites might 

have passed were observed on the surface of both median and lateral lobes. A white powder like substance, 

which might come from the holes, covered the surface of both lobes. Sporozoites invading the cytoplasm of 

the salivary gland cells were surrounded with vacuoles. These sporozoites invaded the secretory cavity and 

10dged to form bundles. 

Key words: Plasmodium berghei, Salivary gland, Sporozoite, Invasion 

INTRODUCTION 

The salivary glands of mosquitoes play an impor-

tant role in transmission of mosquito-borne diseases. 

Therefore, the structures of mosquito salivary glands 

have been studied by numerous researchers and fine 

internal structures have also been observed with a trans-

mission electron microscope (TEM) (Wright, 1969; 
Janzen and Wright, 1971; Barrow et al., 1975). The 

salivary glands also play an important role in the life 

cycle of malarial parasites. Sporozoites released from 

mature oocysts are distributed in the hemolymph of 

mosqiutoes and actively penetrate the salivary gland 

cells. It is not known whether the sporozoites move 

actively or passively in the direction of the salivary 

glands. 

The penetration process of sporozoites into salivary 

gland cells and biology of sporozoites have been widely 

studied by transmission electron microscopic observa-

tions (Sterling et al., 1973; Posthuma et al., 1989; Golen-

da et al., 1990; Ponnudurai et al., 1991; Pimenta et al., 

1994) . In addition, reports on the penetration process of 

sporozoites into salivary glands using scanning electron 

microscopy (SEM) have also been published by Sinden 

(1975) and Meis et al. (1992). However their observa-

tions did not concentrate on the penetration process of 

sporozoites so that number of photos (1 sheet of photos 

by Sinden and 3 sheets of photos by Meis) and descrip-

tions are not sufficient. Especially, there is no discrip-

tion of the salivary gland lobe and the direction of 

sporozoite penetration to the lobe is not clear. 

In the present study, we show the penetration proc-

ess of Plasmodium berghei sporozoites into median and 

lateral lobes of the salivary glands of Anopheles stephen-

si by SEM and their distribution in the cytoplasm and 

secretory cavity in the distal region of salivary glands 

by TEM. 

2. 

Department of Medical Zoology, School of Medicine, Mie University, Tsu, Mie 514-0001, Japan 
Present address : Department of Medical Zoology , Jichi Medical School, Yakushiji 3311-1, Minamikawachi, Kawachi-gun, 

Tochigi 329-0498, Japan 
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MATERIALS AND METHODS 

The parasies, P. berghei ANKA strain clone 2.34, 

were kindly supplied by professor R.E. Sinden, Imperial 

College, and have been maintained in our laboratory. 

They were transmitted to BALB/C mice by A. stephensi 

mosquitoes. The blood collected from infected mice 
(passage-O mice) was stored at -80'C. This blood was 

injected intraperitoneally (1xl07 parasites) into 
BALB/C mice (passage-1). When the parasitemia of a 

passage-1 mouse reached lO%, a passage-2 mouse was 

prepared by injection of 5 >< 106 parasites from the pas-

sage-1 mouse fresh blood. A. stephensi females (4-7 

days after emergence) were allowed to feed for I hr on 

a passage-2 mouse 3 days after infection (parasitemia, 

about 2.0%) at 21'C. Engorged mosquitoes were separ-

ated, kept for I hr at 21'C to form ookinetes efficiently 

(Sato et al., 1996) and then maintained at 26'C until 

dissected. 

Live mosquitoes were fixed by 0.1 ml injection of 

2.5% osmium tetroxide in PBS into the thorax with a 

capillary tube on 16 days post-feeding. Salivary glands 

were carefully dissected 2 hrs after injection and speci-

mens for SEM were prepared by standard methods and 

observed under a JSM-T200 SEM operated at 10 kv. To 

prepare the specimens for TEM, the salivary glands 

were dissected from the fresh mosquitoes and prefixed 

in 1% glutaraldehyde in 0.1 M phosphate buffered saline 

(PBS) (pH 7.2) for I hr. They were washed three times 

in PBS and were post-fixed with 1% osmium tetroxide 

in PBS for 2 hrs. After washing with PBS, they were 

dehydrated in ethanol and acetone, and embedded in 

Quetol 812. Thin sections were stained with 4% uranyl 

acetate and lead citrate, and observed under a H-700HX 

Hitachi TEM operated at 100 kv. 

RESULTS AND DISCUSSION 

We dissected 50 pairs of salivary glands from A. 

stephensi (20 non-infected and 30 infected with malarial 

parasites) . Th salivary glands consisted of paired 

glands and each gland consisted of one short median 

lobe and two long lateral lobes. The median lobe was 

divided into two, proximal and distal regions, while 

lateral lobes were divided into three, proximal, interme-

diate and distal regions as described by Wright (1969) . 

The whole body was prefixed by injecting osmium 
tetroxideto to observe the malarial parasites and the 

salivary glands together as they are in the mosquito 

body. This made it difficult to separate whole salivary 

glands from the other tissues completely for SEM obser-

vation without damage. Therefore, we dissected the 

salivary glands together with the surrounding tisses and 

mainly observed the distal regions of both the median 

and lateral lobes by SEM. In some specimens, we could 

observe the intermediate region. 

Many swellings corresponding to salivary gland 

cells were observed on the outer surface of the distal 

region of median lobes of both non-infected and infected 

mosquitoes (Fig. 1) . However, these swellings were not 

so conspicuous in some lobes. Surface morphology of 

lateral lobes was different from that of median lobes. 

Many shallow depressions were observed on the outer 

surface of the distal region of the lateral lobes of both 

non-infected and infected mosquitoes (Fig. 1) . No holes 

existed on the surface of non-infected median and lat-

eral lobes. Whereas, on the surface of the middle and 

lateral lobes infected with malarial parasites, small 

holes through which sporozoites might pass were obser-

ved (Fig. 2). In addition, these lobes were covered with 

a white powder like substance (Figs. 2, 5) . We supposed 

that this powder like substance was saliva which leaked 

from the small holes because we couldn't observe it on 

the surface of non-infected lobes. Sinden (1975) obser-

ved a sponge like matrix on the surface of salivary 

glands (10be and area, not mentioned) in A. stephensi 

infected with P. yoelii nigeriensis sporozoites but we 

didn't observe this structure. The number of sporozoites 

concentrated on the surface of lobes was different 

among specimens but usually many sporozoites were 
present (Figs. 4, 5) except in a few specimens with a few 

sporozoites (Fig. 3). No sporozoite was observed on the 

surface of the intermediate region of lateral lobes in this 

study. 

The sporozoites observed on the surface of salivary 

glands were about 10 pm in length with one end flat and 

the other round (Fig. 3). Sato (1998) also observed the 

same morphological features in P. berghei sporozoites 

which emerged from oocysts. We judged frorn the figure 

by Knell (1991) that flat and rounds ends were the 

anterior and posterior ends of the sporozoite, respective-

ly. We observed the round end of the sporozoite outside 

of the salivary gland. This fact indicated that the 

sporzozoites penetrate the salivary gland cells from the 

anterior end (Figs. 2, 5, 6). During the process of 

penetration into salivary gland cells, sporozoites attach 

and cross the basal lamina, the plasma membrane of 

salivary gland cells and then penetrate the cytoplasrn. 

Pimenta et al. (1994) observed interaction of P. gal-

linaceum sporozoites with A. aegypti salivary glands by 

TEM and emphasized that the penetration process 
appeared to involve the formation of a membrane junc-
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Figure I Morphology of. the salivary glands of a nan~infected mosquito. A. stc'J;hensi. Many swellings were 

observed on the surface of the median lobe (ML) , while shallo~ depre~slons ',vere Observed on the 

surface of the lateral lobe (LL) (bar; 50 j~em) 

Figure 2 Median lobe infected with P. berghei. The surface Of the gland was c0'vered with a white powder 
like substance (arrow) (left, bar; 20 ftm) and higher magnification of left micrograph shov~rs th~rt 

sporozoites were penetrating the giand through small hole.s (right, bar; 5 /Im) . 

rigure 3 Sporozoites attached to the surface of the median lobe (left, bar; 20 fttm) . Higher. Inagnification 

of the sporozoites which were about l=0 ;Im in lengtl-1 with a flat anterior and round posterior end 
{r. ight, bar; 2 ;xm) . 

AE: anterior end. CP: cytoplasl~l, DR: distal regian, DW: duct_ wa.11, (}L; giand lumen, IR: intennedi?'Ite region. LL: Iateral lr.)lr)~ e, 

i~,~L: 1~i~riddle lobe, P. I+~: posterior end, S: spor~:)zoite, SC: sec.retory cavity, V: vac.uole 
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Figure 4 

Figure 5 

l*'igure 6 
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Many sporozoites were concentrated on the surface of median lObes (left' bar; 20 /Im)' Higher 
magnification of sporozoites which ~vere penetrating the l{)be siml'_~Itaneously (right' bar; 5 /~l]~) ' 

Lateral lobe infected with P' belgh'ei Was cavered With a white powder like subStance ~arn~)w) 

(1eft' bar; 20 ;lrn) ' lligber mag_nification of bott0~~1 of the diStal region With many spol~azoites 

attached' Sorne sporozoites were penetrating tJ_~e salivary gland (right' bar; 10 'um) ' 

SPorozoites penetrating into the lateral lobes of the salivary gland' anterior encl first with Posterior 

end remair'-ring autside (collection of sporozoites not shown in fig' ures 25, bar; 5 'um) ' 
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Figure 7 sporozoites occurred in the vacuole of the cytoplasm in the distal region of the lateral lobe' and 

a sporozoite was penetrating into the secretory cavity from the cytopl{ism (bar; 2 ;Im) ' 

Figure 8 sporozoites bundled inside the secretory cavity (bar; Io 'clm) ' 

Flgure 9 sporozolte passmg through the tumen of Sahvery duct toward Probosls I hlck duct wan of distal 
1 eglon near mtermedlate regron of lateral lobe was obser~ ed (bar 2 jlm) ' 
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tion between the cell coat of sporozoites and basal 

lamina of the salivary gland. 

Sporozoites were surrounded with vacuoles after 

penetration into the cytoplasm of salivary gland cells 

(Fig. 7). Pimenta et al. (1944) observed the same 

phenomenon and explained that these vacuoles appear 

to be formed by the invagination of the palsma mem-

brane. We observed sporozoite moving just from the 

cytoplasm to the secretory cavity (Fig,. 7). Spopozoites 

in the secretory cavity became lodged to form bundles 

(Fig. 8) . 

A cuticular salivary duct passes through each lobe 

and salivary gland cells surround the salivary duct. In 

Aedes, the duct continues from the mouth to the end of 

the distal region of the lobe (Jansen and Wright, 1971) , 

but in Anopheles, it ends in the intermediate zone of the 

distal region (Wright, 1969). The duct wall was not 

observed at the end of the distal region of lateral lobes 

(Fig. 8), suggesting that spopozoites in the secretory 

cavity move to the lumen of the salivary duct more 

easily at the posterior half of distal region than the 

anterior half of the distal region. We found a sporozoite 

moving toward the probosis in the duct lumen with a 

very thick wall at the distal region near the intermediate 

region of the lateral lobe (Fig. 9). It is doubtful that 

sporozoites located around this thick duct could pene-

trate the duct wall and move toward the probosis. 

We observed sporozoites invade from the anterior 

end into median and lateral lobes of the salivary glands. 

The anterior end of sporozoites also has an apical 

complex (Sterling et al., 1973; Sato, 1998). Therefore, 

apical complex apparatus is also considered to play a 

role in penetration of sporozoites into salivary glands. 
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Abstract: A total of 1,889 voluntarily donated blood from five provinces in northern Thailand were 

investigated for the prevalences of hepatitis B virus (HBV), hepatitis C virus (HCV) and human im-
munodeficiency virus (HIV) infection. The average positive rates of HBs-Ag, anti-HBs, IgM anti-HBc, 

anti-HCV and anti-HIV were 8.7, 42.6, 0.5, 1.6 and 1.7%, respectively. The highest positive rates of HBs-Ag, 

anti-HBs, IgM anti-HCV and anti-HIV were found in the age group under 19 years (13.3%) , 40-49 year old 

group (47.6%), 20-29 year old group (0.6%), 30-39 year old group (2.6%) and 20-29 year old group (2.9%), 

respectively. We found only two cases that were anti-HIV and HBS-Ag positive. There are no cases that 

were anti-HIV and lgM anti-HBc positive, and that were anti-HIV and anti-HCV positive. These results 

suggest that in northern Thailand, most of the HBV infections are due to vertical transmission from mother 

to child, although HBV infection is a major cause of viral hepatitis, HCV infection will become an important 

public health problem in the near future and that the prevalence of HIV infection is quite high among 

sexually active generations. Therefore, there is a need for more medical attention to these blood-borne virus 

diseases, and we strongly recommend routine blood screening for HCV in every medical institutions in 

northern Thailand. 
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INTRODUCTION 

Although HBV infection is highly endemic in Asia, 

Africa and Middle and South America, having harmful 

influences to the population in these countries, the intro-

duction of routine donor blood screening for HBS-Ag 

has decreased the incidence of HBV infection in many of 

these countries. In Thailand, HCV infection has become 

the major cause of post-transfusion and sporadic hepati-

tis (Tanprasert et al., 1993). The HIV infected popula-

tion is increasing in northern Thailand and it is also well 

known that there are high prevalences of HBV and 

HCV infections among anti-HIV positive populations 
(Esteban et al., 1989; Botti et al., 1992; Eysler et al., 

1993; Bryan et al., 1993; Quan et al., 1993; Yousukh et 

al., 1996). However the seroepidemiological study of 

the correlation among these viral infections have not 

been well established in northern Thailand. It is the 

purpose of this study to determine the prevalences of 

HBV, HCV and HIV infections among voluntarily 
donated bloods and discuss the transmission routes to 

formulate prevention strategies of these blood-borne 

virus infections in northern Thailand. 

MATERIALS AND METHODS 

The total number of 1,889 serum samples were 
randomly collected from the voluntary blood donors at 

Chiang Mai University Hospital and Chiang Rai, 
Lampang, Lamphun and Phayao Provincial Hospitals in 

northern Thailand (Fig. 1) during June to December, 

1995 and stored at -20'C until examination. Sera were 
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