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ABSTRACT
Vector-borne mosquito diseases are still as a public health problem in the world, including in Indonesia. Many of mosquitoes species 

are significantly as vectors of patogen, such as virus, bacteria, protozoan, and helminths due to human health. Samborejo Village is one 
of filariasis endemic areas and it is still in a high microfilaria rate Each of mosquito species has a differential of distribution, bioactivities 
pattern, and type of habitat of their breeding sites with others. The objective of this study was to determine the diversity, dominancy, and 
periodicity pattern of mosquitoes during night time in Samborejo Village Tirto District Pekalongan Regency. Mosquitoes collections 
were done by landing method, from 6 pm - 6 am of in an hour period of collection, for biting and resting activities and also for indoor 
and outdoor collection respectively. Mosquitoes were then identified and the diversity was analized by Shannon-Wienner Index. The 
total number of each species was served in percent. Totally there were 339 collected mosquitoes, consisting of 165 (48.67%) females 
and 174 (51.33%) males. Of all, there were 4 species identified which were Culex quinquefasciatus (92.1%), Culex tritaeniorhynchus 
(0.6%), Culex vishnui (1.8%), and Aedes aegypti (5.5%). Samborejo Village showed in low diversity with the index of 0.338, and Cx. 
quinquefasciatus to be the dominant species in this area. Culex quinquefasciatus also became the frequent species in each period of 
collection for indoor and outdoor, and it showed the indoor active biting at 9 pm, 01 am, and 03 am; furthermore, the outdoor active 
biting was at midnight (00) and at 03 am. However, Aedes mosquito was showed active biting in earlier, it was at 6 pm, 7 pm, and at 
02 am. 

Keywords: diversity, dominancy, mosquito, periodicity, Samborejo Village. 

ABSTRAK
Penyakit tular vektor oleh nyamuk masih menjadi masalah kesehatan masyarakat di dunia termasuk di Indonesia. Berbagai jenis 

nyamuk memiliki peran sebagai inang perantara (vektor) dalam penularan agen penyakit baik dari jenis virus, bakteri, protozoa, hingga 
cacing, dan Kalurahan Samborejo adalah salah satu daerah endemik filariasis di Kabupaten Pekalongan dengan tingkat mikrofilaria 
yang masih cukup tinggi. Pola distribusi, keragaman, perilaku setiap nyamuk beserta lingkungannya merupakan kajian yang masih 
sangat terbatas informasinya. Tujuan penelitian ini adalah menjelaskan keragaman, dominansi, dan pola aktivitas nyamuk pada malam 
hari di Kalurahan Samborejo Kecamatan Tirto Kabupaten Pekalongan. Koleksi nyamuk dilakukan dari pukul 18.00 - 06.00WIB pada 
periode setiap satu jam, dengan metoda landing biting, dan nyamuk dikoleksi pada saat biting dan resting baik indoor maupun outdoor. 
Nyamuk hasil koleksi diidentifikasi dan data keragaman dianalisis dengan Shannon-Wienner Index, data jenis dan jumlah nyamuk 
ditampilkan dalam persen. Sejumlah 339 ekor nyamuk dikoleksi terdiri atas 165 ekor (48.67%) adalah nyamuk betina dan 174 ekor 
(51.33%) adalah nyamuk jantan, dengan jenis Culex quinquefasciatus (92.1%), Culex tritaeniorhynchus (0.6%), Culex vishnui (1.8%), 
dan Aedes aegypti (5,5%). Kelurahan Samborejo menunjukkan keragaman nyamuk yang rendah, dengan nilai index 0,338, dan nyamuk 
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Cx. quinquefasciatus menunjukkan dominansi dan dapat ditemukan pada setiap periode koleksi baik indoor maupun outdoor. Pada 
periode waktu pukul 21.00, 01.00 dan 03.00 WIB nyamuk Cx. quinquefasciatus menunjukkan puncak periode aktif indoor, sedangkan 
puncak aktivitas outdoor adalah pada pukul 24.00 dan 03.00 WIB. Untuk nyamuk Ae. aegypti dapat ditemukan pada periode lebih 
awal yaitu pukul 18.00, 19.00, dan pukul 02.00 WIB. 

Kata kunci: Diversitas, dominansi, periodisitas, nyamuk, Kalurahan Samborejo.

INTRODUCTION

Mosquitoes have been known as one of haematophagus 
insects and some of them can serve as vector for transmitting 
the protozoan, worms, or virus, agent of human diseases 
in many parts of the world, including in Indonesia.1,2 
Lymphatic filariasis (LF) is one of public health problems, 
caused by one of 3 species of filarial nematodes, namely, 
Wuchereria bancrofti, Brugia malayi, and Brugia timori. 
The microfilariae are found in the human blood only 
around midnight.3-4 It is transmitted by mosquitoes and 
globally about 120 million people in 73 countries have been 
affected.1,2,4,5 In Indonesia, there is an increasing number 
of lymphatic filariasis endemic areas in which filariasis 
cases are increased significantly. It was about 8,000 cases 
in the year 2004 and to more than 14,900 cases in 2016.6-8 
Study by Febrianto9 found that there was 7.6% from 76 
of respondents showed the positive microfilaremia in 
Samborejo Village.

Some mosquitoes are cosmopolitan and live nearby 
human habitations.10 In Indonesia, 20 mosquitoes species 
have been known as filariasis vectors, 8 species of Anopheles 
spp., 3 species of Culex spp., 6 species of Mansonia spp., 
one species of Aedes, Armigeres, and Coquillettidea,1 and 
some of them have biting behaviour in the night time.11 
The nocturnal active biting of vector could be considered 
as an intermediary for filariasis transmission. Studies on 
the distribution, behavior, and ecology of mosquitoes in 
filariasis endemic areas are significant studies in studying 
parasitic-vector interactions and are studies of novelty that 
are still very limited in information.12

Samborejo Village is located in Pekalongan Regency 
Central Java and the ecotype is a semiurban areas. This 
village was an endemic area for urban filariasis caused by 
Wuchereria bancrofti.9 However, there is unwell known 
in the distribution, species variation, dominancy and 
periodicity of mosquito population in Samborejo Village 
Pekalongan Regency. The purpose of this study was to 
examine the diversity, dominancy, and active period of 
mosquitoes during night time in Samborejo Village. 

MATERIAL AND METHOD

Materials 
Mosquitoes were the subjects of this study. The 

materials for mosquitoes collection were aspirator, hand 
net, paper cup/coffee cup with gauze covered, and cotton 

with sugar solution. Microscope, cover glass petridish, and 
small brush were provided for mosquitoes identification.

Methods
The study was under consideration with the Ethical 

Commission of Faculty Medicine Gadjah Mada University, 
number REF: KE/FK/0612/EC/2017. Study area. 
Samborejo Village in Tirto District Pekalongan Regency 
was selected as the study area. It was semiurban types for 
the settlement.

Mosquitoes Collection. Mosquitoes collections were 
done every hour from 6 pm - 6 am by Landing Bite 
method and mosquito’s net in the selected house of the 
area. Mosquitoes were put in paper cup covered by gauze. 
Then, mosquitoes were identified by using identification 
key book, Mosquito Pictorial Key of Indonesia.13 Data were 
tabulated and analyzed. The environmental parameter, air 
temperature (ºC) and humidity (%), of selected location of 
settlement were measured.

Data analysis. The number of mosquitoes from the 
study area was performed in percent. The diversity of 
mosquito species was analyzed by Shannon Weinner 
Diversity Index.14 Correlation analysis of ecological 
parameters with the active period of the mosquitoes was 
done by Correlation Test (SPSS 20. version).

RESULT AND DISCUSSION

Diversity
From Samborejo Village, totally there have been 340 

collected mosquitoes that consisted of 175 males and 165 
females (Table 1).

 Based on the Shannon-Wienner Index Samborejo 
Village was low in diversity (0,338). It was understood that 
there were only 2 genera, Culex and Aedes has collected. 
This finding was similar to our previous study in other the 
endemic areas, in Pasirsari Villages (Pekalongan City) 
and Simbangkulon Villages (Buaran Distric Pekalongan 
Regency). In the both areas the total number of 323 adult 
female mosquitoes had been collected and consisted of 8 
species of the genus Culex and 1 species of Aedes aegypti.15 
However, in Jenggot Village (Pekalongan City) it is showed 
moderate diversity and more various the mosquitoes genus, 
which were 5 of mosquito genera, which were genera of 
Culex, Aedes, Armigeres, Anopheles, and the genus of 
Lutzia. This finding is different from the results of the 
research conducted by Arimurti (2008) which concluded 
that the Cx. quiqueefas ciatus mosquito from Pekalongan 
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Table 1. Diversity and total number of female mosquitoes in Samborejo Village Tirto District Pekalongan 
Regency.

Species 
Number of Mosquitoes

Total %
Indoor Biting Outdoor Biting Indoor Resting Outdoor Resting

Culex quinquefasciatus 61 49 7 35 152 92.12 %

Culex tritaeniorhynchus 0 1 0 0 1 0,60 %

Culex vishnui 1 1 0 1 3 1,83 %

Aedes aegypti 8 0 0 1 9 5,45 %

Total Number of Mosquito 165 100 %

city and Regency showed a high level of diversity with 
polymorphism reaching 100% based on the RAPD-PCR 
method.16 

The Culex and Aedes are culicinae mosquito, they 
were belong to Culicidae family and the order of Diptera. 
Morphologically the adult female mosquito in the genera 
of Culex and Aedes may distinguished mostly by the head 
and thorax character. In both genera, at the head the palpus 
were shorter than the proboscis, however in the scutum of 
thorax’s Culex mosquito covered pale brown scales and in 
Aedes the scales usually dark and sometimes with contrast 
white scales.13 The adult female Cx. quinquefasciatus 
may be recognized easily with other Culex species (Cx. 
tritaeniorhynchus or Cx. vishnui) by the dark brown without 
pale band of the proboscis and the terga of abdomen was 
dark with broad white basal bands.13 

Geographically, mosquito is cosmopolite insect, and 
it widespreads in the tropic and subtropic region,10 and 
the changing of the environment will affect the insect 
activity in which will have an impact on diversity and 
distribution.1,4,10 

Dominancy and Periodicity
Culex quinquefasciatus to be the dominant in the area 

of study (92.12%). The dominancy this mosquito also 
is showed in the different endemic areas in Pekalongan, 
such as 66.67% in Pekalongan Selatan District17, 97.3% in 
Buaran District18, and in Samborejo the density was 5.25 
mosquito/human/ hour.9 As in Table 1, Cx. quinquefasciatus 
was abundant and it was the most frequent active in each 
of period of collection for indoor and outdoor collection. 
Every mosquito species has its own distribution, behaviour 
pattern and character of its habitat different from others. The 
daily behaviour pattern of mosquito activities will occur at 
day or night time depending on the species.19 There was 
limited information in the periodicity of biting and resting 
behaviour of Cx. quinquefasciatus, especially in filariasis 
endemic areas. This study will improved the collecting 
data of its bionomic. 

In this study, the period of collection from 6 pm-6 
am showed that only Cx. quinquefasciatus was the most 
frequent active, and the indoor activities was rather higher 
than the outdoor ones (Figure 1). Resting activities was 
showed the earlier period of collection, it was around 
9 pm for indoor and 7 pm for outdoor (Figure 2). This 

phenomenon may be due to the moving of this mosquitoes 
from the breeding sites to the houses before they get for 
the source of blood. 

This mosquito was mostly active in outdoor biting and 
the period of active was at 01 and 4 am18, while in Pasir 
Sari Village Pekalongan Selatan District the peak of active 
biting period was at midnight and around 02 pm.15 This 
peak timing of the mosquito periodicity may synchronous 
with the abundant of mf in the peripheral blood. 

As Sack20 has said that the secretion of overnight host 
melatonin may introduce the release of W. bancrofti mf in 
the blood circulation. The host’s melatonin profile study 
is revealed that there was significantly increased and the 
peak of the concentration was at 0 - 4 am. Besides that, the 
total mf also significantly increased from about 82% at 22 
pm and reached out 100 % at 1 am. At the next period the 
total number of mf was still high, it was around 98% and 
80% at 2 am and 3 am respectively, then it was drastically 
reduced, from 62% at 4 am to 2% at 10 am.20

The study in the some filariasis endemic areas in 
Pekalongan is showed that Cx. quinquefasciatus caughted 
more frequently during the time of collection rather than 
other species. As in Pasirsari Village, in Pekalongan 
Selatan District Pekalongan City and in Paweden Village 
Pekalongan Regency is showed that 76%, 57.7% and 98.9% 
respectively were Cx. quinquefasciatus.15,18,19  

The mosquito existence was important for transmitting 
the parasite. Some studies was reported that the environment 
around settlement and human activities in the night time had 
significant effect for increasing the risk factor of people to 
get the infection.9,19 Windiastuti et al.17 has said that the 
existence of breeding places, resting places around houses 
will increased the risk of infection 8.7 times and 2.17 times 
respectively, even it would be 9.03 times to get infection 
for people who has active in the night time. This study is 
revealed that on the period of midnight to 4 am was the 
active peak of Cx. quinquefasciatus (Figure 1B).

There was new finding that Ae. aegypti mosquito was 
active indoor in the early night, it was about at 6 pm and 
at 2 am in early morning (Figure 1A). Other species, Cx. 
vishnui and Cx. tritaeniorhyncus were known as Japanese 
Encephalitis (JE) virus.2,4 In this area the occurrence 
proportion of the two species was low. This may because of 
they more like the animal rather than human as their source 
of blood, such as chicken and domestic birds. 
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Figure 1. Mosquitoes diversity and periodicity of indoor (A) and outdoor (B) biting activities in Samborejo Village. 
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Figure 2. Mosquitoes diversity and periodicity of indoor (A) and outdoor (B) resting activities in Samborejo Village.
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Ecological Parameter
In this study the ecological parameter affected in various 

indoor and outdoor activities of mosquitoes, especially for 
Cx. quinquefasciatus both for the biting and for the resting 
activities (Table 2).

Table 2. Correlation of ecological parameter to the activities 
of mosquito in Samborejo Village Tirto District 
Pekalongan Regency.

Species 
Level of coefisien Correlation

Indoor 
Biting

Outdoor 
Biting

Indoor 
Resting

Outdoor 
Resting

Temperature (°C) 0,0663 -0,484 0,414 0,384

Humidity (%) -0,513 0,398 0,150 -0,437

Wind Velocity -0,977* -0,107 0,017 0,801

Each mosquito species needs specific ecological 
requirement for their survival, distribution, and 
abundance.4,21 There was limited information of the effects 
of temperature and humidity to the mosquito activities in 
such filariasis endemic areas. Moise et al.21 has stated that 
Cx. quinquefasciatus abundance increased significantly in 
May and June annually as their observed in 2006 to 2010, 
and temperature was positively affected for the mosquito 
abundance. 

As shown in Table 2, there was no correlation among 
the temperature to the indoor biting, humidity to the 
indoor resting, and wind velocity to outdoor biting and 
indoor resting. Low correlation in positive and negative 
was showed by the temperature, humidity to the indoor 
or outdoor, and to biting and resting activities. However, 
there was a strongly negative correlation of wind velocity 
to the indoor biting activities and strong positive correlation 
to the resting activities. It is said that by increasing the 
wind velocity will significantly reduce the indoor biting 
activities. However, it significantly will increase the number 
of mosquitoes to rest. 

For comparison, the study in Paweden Village 
Pekalongan Regency is showed that there was moderate 
negative correlation (-0.50 and -0.64) between temperature 
and the Cx. quinquefasciatus mosquito for indoor and 
outdoor biting activities. It was mean that as increasing 
temperature will reduce the indoor and outdoor biting 
activities, however the humidity has strong positive 
correlation (0.75) to the activities.18

Based on the results, the abundance and periodicity were 
likely match with the microfilaria in the blood of patient. 
This condition will maintain the high risk of filariasis 
transmission. For that purpose, vector surveillance should 
be considered to gain the filariasis elimination program 
together with Mass Drug Administration (MDA). 

CONCLUSION

This study is revealed that Samborejo Village showed 
low diversity (0,338) of mosquitoes fauna, and Culex 
quinquefasciatus to be the dominant species in this area. 
The indoor biting activities of Cx. quinquefasciatus were 
at 9 pm, 01 am, and 03 am; furthermore, the outdoor biting 
activities were at midnight (00) and at 03 am. However, 
Aedes mosquito was showed active biting in earlier periods, 
which were at 6 pm, 7 pm, and at 02 am. 
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ABSTRACT
Soil Transmitted Helminths (STH) infection is one of health issues in Indonesia based on social and environment problems. It is 

classified as neglected disease. The Indonesian government already has STH eradication program, but it is not supported by evaluation 
and monitoring program. The purpose of this study is to determine the prevalence and relation of each risk factors related to STH 
infections in elementary school in Ngis village, Karangasem regency, Bali. The study was done by analytical description using cross 
sectional study. Samples were selected from population based on inclusion and exclusion criteria. Primary data about suspected risk 
factors were collected using questionnaire. Diagnosis was established using Kato-Katz modification method. Data were analyzed 
using chi-square with confidence interval 95% or p value ≤ 0.05 categorized as significant. 138 students was enrolled in this study, 
the median age is 9 (6-13) years. The prevalence of STH infections is 10.1% with 78.6% is single infection of Trichuris trichiura and 
21.4% mixed infections. The proportion of STH infections in males (64.3%) is higher than female (35.7%) but it is statistically non 
significantly different. STH infections have significant relationship with some risk factors such as unwashed hand after defecation, 
unwashed hand after playing with soil, barefoot, uncut nails and dewormed. The highest risk factor of STH infections in Ngis village is 
not having available and proper latrine. (OR=33.9; 95%CI=5.749-199.769). The prevalence of STH infection is quite high with mild 
to moderate intensity and risk factors namely low hygiene and limited latrines. The implementation of monitoring and evaluation can 
be an effort to control risk factors and stop the STH transmission chain.

Keywords: Elementary School, Intensity, Kato-Katz Modification, Risk Factors, Soil Transmitted Helminths (STH).

ABSTRAK
Soil Transmitted Helminths (STH) adalah salah satu masalah kesehatan di Indonesia berdasarkan aspek sosial dan lingkungan 

yang digolongkan sebagai penyakit terabaikan (neglected disease). Pemerintah saat ini telah melaksanakan program eradikasi, namun 
tidak didukung dengan tahap evaluasi dan monitoring (monev). Penelitian ini bertujuan untuk menentukan prevalensi dan hubungan 
antara faktor risiko dengan kejadian infeksi STH pada siswa sekolah dasar di Desa Ngis, Karangasem, Bali. Penelitian ini dilakukan 
dengan metode deskriptif analitik menggunakan studi cross-sectional. Sampel dipilih dari populasi berdasarkan kriteria inklusi dan 
eksklusi. Data primer mengenai faktor-faktor risiko yang dicurigai dikumpulkan dengan menggunakan kuesioner tervalidasi. Diagnosis 
ditegakkan menggunakan metode Kato-Katz modifikasi. Analisis data menggunakan chi-square dengan tingkat kepercayaan 95% atau 
dikategorikan sebagai signifikan apabila nilai p ≤0,05. Sebanyak 138 siswa berpartisipasi dengan median usia 9 (6-13) tahun. Prevalensi 
kejadian infeksi STH yakni 10,1%, dengan 78,6% infeksi Trichuris trichiura dan 21,4% infeksi campuran. Infeksi STH dominan terjadi 
pada laki-laki (64,3%) daripada perempuan (35,7%) tetapi secara statistik tidak bermakna. Kejadian infeksi STH memiliki hubungan 
yang signifikan dengan faktor risiko seperti; tidak mencuci tangan setelah buang air besar, tidak mencuci tangan setelah bermain tanah, 
tidak memakai alas kaki, tidak memotong kuku dan minum obat cacing secara rutin. Faktor risiko tertinggi kejadian infeksi STH pada 
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siswa di Desa Ngis adalah tidak adanya ketersediaan jamban (OR=33,9; IK%95=5,749-199,769). Prevalensi infeksi STH tergolong 
cukup tinggi dengan intensitas ringan – sedang dan faktor risiko yaitu rendahnya higienitas dan keterbatasan jamban. Pelaksanaan 
monev dapat menjadi upaya untuk mengontrol faktor risiko dan menghentikan rantai transmisi STH.

Kata kunci: Faktor Risiko, Infeksi STH, Intensitas, Kato-Katz Modifikasi, Sekolah Dasar.

INTRODUCTION

Soil Transmitted Helminths (STH) infection is one 
of the health issues in Indonesia that has environment 
and social basis.1 Inadequate sanitation, poor  economic 
conditions, and suitable climatic conditions for worm 
growth support the high prevalence of helminthiasis in 
Indonesia. STH infection is classified as neglected disease 
which is defined as an infection that is rarely noticed and 
chronic without causing obvious clinical symptoms. The 
impact of the infection is usually noticeable in long term 
such as malnutrition, growth and developmental disorder, 
and cognitive impairment in children.2

More than two billion of the world’s population is 
estimated to be infected with STH. Approximately 300 
million of them are people with severe infections with 150 
thousand cases of death due to STH infection occur every 
year. Most infections were caused by Ascaris lumbricoides 
of 1.2 billion, Trichuris trichiura of 795 million, and 
Necator americanus and Ancylostoma duodenale as many 
as 740 million cases.3

The prevalence of STH infection, especially in 
Indonesia, is still high with most infections caused by 
Ascaris lumbricoides.4 As many as 60% to 80% of 
Indonesia’s population is infected by STH,1 the prevalence 
is even higher in certain regions.1,3,5 Primary school age is a 
high-risk group to be infected with STH.5 This is due to poor 
immunity and lack of awareness to live clean and healthily.6 
Especially in Bali, the prevalence of STH infections in rural 
areas is still high. In the village of Telaga, the prevalence of 
intestinal worm infections was reached 68.41% of 93 public 
elementary school students of Telaga I and 83.87% of 72 
elementary school students in Telaga II. The most prevalent 
infection was Ascaris lumbricoides (49.65%).7

Factors which cause high STH infection are poor 
sanitation, such as the habit of unwashed hand before eating 
and after defecation (defecation), uncut nails, snacking in 
unhygienic places, not having a decent toilet and difficult 
to access clean water.1-3

The impact of STH infection is quite serious, therefore 
an effective and efficient control strategy is needed. The 
World Health Organization (WHO)8 was recommended 
routine deworming as a major morbidity control strategy 
in countries with a high prevalence of helminthiasis.8 
The program has already been implemented in Indonesia, 
especially in the province of Bali which still has a high 
prevalence of STH infection. Some areas in Karangasem 

Regency still have a high incidence of STH infection 
even though the government has implemented a worm 
eradication program in the form of routine deworming 
in every elementary school. Therefore, to increase the 
effectiveness of helminthiasis, valid data is needed 
regarding the incidence of helminthiasis, and education 
on the prevention of intestinal worm infections and 
administration of helminthic drugs to infected students is 
necessary.5-8

Based on the exposition above, this study is to find 
out the prevalence and risk factors which contribute to the 
incidence of STH infection in elementary school children 
in Ngis Village, Karangasem District, Bali.

MATERIAL AND METHODS

This research is a descriptive analysis study with cross-
sectional study design. This research was conducted in three 
elementary schools in Ngis Village, Manggis Subdistrict, 
Karangasem Regency, Bali, namely SDN 1 Ngis, SDN 2 
Ngis, and SDN 3 Ngis. The study was conducted on July 
28 to August 27, 2017. The target population of this study 
is school-age children (6-12 years). Reachable population 
of this study were all elementary school students in Ngis 
Village totaling 157 people. Reachable populations are 
selected in the period of July 2017. The sampling process 
was not done randomly (non probability sampling) with 
total sampling technique. Samples were selected from the 
population based on the inclusion criteria and exclusion 
criteria as follows. Inclusion criteria were students who 
were willing to become respondents, aged 6 to 12 years, 
filled out validated questionnaires and collected feces. 
Exclusion criteria were students who moved school or did 
not approve inform consents.

Research Instrument
Research instruments in the form of tools and materials 

used in the study are distilled water, glycerin solution, 
3% malachite green solution, physiological NaCl or 2% 
eosin, object glass, Kato-Katz modification kit, 10-15 ml 
plastic pot (faecal pot), filter wire, toothpicks, plastic sticks, 
cellophane tape, wipes, waterproof markers, scissors, 
rubber gloves, microscopes, and questionnaires.

Kato-Katz Modification Method
Stool pots are distributed a day before feces collection. 

Before being given stool pots, students were given a 
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validated questionnaire regarding worm disease risk factors. 
Personal data on validated questionnaires were adjusted 
according to data on faecal pots. The amount of stool that 
is put into a pot is about 100 mg (as big as a marble or 
thumb).

The procedure used in this research is the Kato-Katz 
modification method (see Figure 1). This method is used 
to assess the degree of infection. The degree of infection 
established by WHO is defined as the number of worm eggs 
per gram of feces (epg). The degree category of Ascaris 
lumbricoides infection is mild (1-4,999 epg), moderate 
(5000-49,999 epg) and severe (> 50,000 epg). Category of 
degree of Trichuris trichiura infection is mild (1-999 epg), 
moderate (1000-9.999 epg) and severe (> 10,000 epg).8

 
 
 
 
 
 
 
 
 
 
 
 
 

A 

B 

C 

D 

E 

F 

Figure 1. Kato-Katz modification method.9

A) Label the glass slide with the sample number and take the faecal sample 
from container B) Place a small amount of the faecal sample on a paper C) 
Press the faecal with wirenet to filter the debris  D) Place a hollow carton 
on slide glass then fill with faecal E) Replace the cartoon with cellophane 
which has been soaked overnight in methylene blue glycerol solution and 
press the top slide firmly to spread the stool F) let the slide dries about 
20-30 minutes before reading on microscope.

Data analysis techniques were carried out using SPSS 
software. The data that has been obtained is analyzed 
descriptively and analytically. First, univariate analysis 
is carried out, is shows data in proportion in the form of 
respondent characteristics presented in tables and graphs. 
Second, continued bivariate analysis was carried out to 
determine the relationship between STH-infected students 
and risk factors analyzed using chi-square test in crosstab. 
Odd ratio (OR) analysis was carried out to determine 
risk factors that affect the occurrence of STH infection 
in elementary students in Ngis Village with a confidence 
interval (CI) of 95%. The results of bivariate analysis are 
presented through tables and graphs.

RESULT AND DISCUSSION

Based on the data obtained (Table 1), there were 138 
students who participated in this study with 14 people 
(10.1%) having STH infection. Male students (64.3%) 
have a higher proportion of infections compared to female 
students (35.7%). Third grade students (19%) and five 
(13.8%) had the highest proportion of students who had 
STH infection. There were eleven students experiencing 
a single type of Trichuris trichiura infection (78.6%) and 
the other three experienced mixed infections with Ascaris 
lumbricoides and Trichuris trichiura (21.4%). Of the eleven 
students who had a single Trichuris trichiura infection, ten 
students had a mild infection (90.9%) and one student had 
a moderate infection (9.1%). Of the three people who had 
mixed infections with Ascaris lumbricoides and Trichuris 
trichiura, two students had a mild infection (66.7%) and one 
person had a moderate infection (33.3%). Of all students 
who were infected with STH, there were no students who 
had severe infections.

Table 1. The Characteristics of Respondents.

Characteristics

STH Infection 
(n=138)

Positive 
(n=14)

Negative 
(n=124)

Total 
(n=138)

Age (Median) 9 (6-13) 9  (6-13) 138

Gender, n (%)

Male 9 (12,5) 63 (87,5)
 72 

(100,0)
Female 5 (7,6) 61 (92,4) 66 (100,0)

Grade Level, n (%)
Grade 1 
Grade 2
Grade 3
Grade 4
Grade 5
Grade 6

1 (5,0)
2 (9,1)
4 (19,0)
2 (9,1)
4 (13,8)
1 (4,2)

19 (95,0)
20 (90,9)
17 (81,0)
20 (90,9)
25 (86,2)
23 (95,8)

20 (100,0)
22 (100,0)
21 (100,0)
22 (100,0)
29 (100,0)
24 (100,0)

Type of Infection, n (%)
Single Infection T. 
trichiura

11 (78,6) -

Mixed Infections A. 
lumbricoides and 
T. trichiura

3 (21,4) -

STH Infection Intensity, 
n (%)
Single Infection Trichuris 
trichiura  
          - mild 
          - moderate 
          - severe 

10 (90,9)  
1   (9,1)

-

-
-
-

Mixed Infections Ascaris 
lumbricoides and Trichuris 
trichiura
          - mild 
          - moderate
          - severe 

2 (66,7)
1 (33,3)

-

-
-
-
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Table 2. STH Infection Risk Factors in Elementary students in Ngis Village, Karangasem, Bali.

STH Infection

Positive
n (%)

Negative 
n (%)

p PR 95%CI

Gender
Male 9 (12,5) 63 (87,5) 0,339 0,57 0,182-1,809
Female 5 (7,6) 61 (92,4)

Often Playing with Soil
Yes 3 (8,1) 34 (91,9) 0,631 1,38 0,364-5,270
No 11 (10,9) 90 (89,1)

Dewormed  
Yes 9 (7,6) 110 (92,4) 0,012* 0,23 0,067-0,781
No 5 (26,3) 14 (73,7)

Unwashed Hands after defecation
Yes 2 (66,7) 1 (33,3) 0,001**  20,50 1,730-242,98

No 12 (8,9) 123 (91,1)

Unwashed  Hands after Playing with Soil
Yes 6 (42,6) 7 (53,8) 0,000** 12,54 3,401-46,210
No 8 (6,4) 117 (93,6)

Barefoot
Yes 3 (37,5) 5 (62,5) 0,008** 6,491 1,365-30,856
No 11 (8,5) 119 (91,5)

Uncut Nails Regularly
Yes 3 (17,6) 14 (82,4) 0,274 2,143 0,538-8,625
No 11 (9,1) 110 (90,1)

Unavailable Latrine
Yes 5 (71,4) 2 (28,6) 0,000** 33,89 5,749-199,77
No 9 (6,9) 122 (93,1)

Explanation: *  p< 0,05, ** p< 0,01

Children are one of the groups that is vulnerable to 
infection due to poor self-protection efforts, both in terms 
of the body’s immunity and adequate knowledge about 
hygiene.10 Village children in Bali often spend their time 
playing with the soil and this causes them to be easily 
infected by bacteria or parasites.11-14 The incidence of 
STH infection in children has brought the attention of the 
government. The Indonesian government program currently 
wants to reduce the incidence of helminthiasis in children, 
both through counseling and deworming for six months 
on a regular basis,  targeting primary school children in 
remote villages. 

In this study, researchers were found the prevalence 
of STH infection in elementary school children is 10.1%. 
This result is lower than the results obtained by Siregar11 
which is 25.7% and Damayanti12 in Baturiti, Tabanan is 
38.57%. In 2017, the nation-wide prevalence is in the range 
of 28.9%. This difference is caused by several factors such 
as time of study, geographical location, culture, social and 
economic conditions.11,14-16

Based on the data in Table 2, the results of statistical 
tests found that the proportion of male sex is higher than 

that of women experiencing STH infection. Gender has 
no risk for the incidence of STH infection. There was 
a low proportion of elementary school students who 
were infected with STH with frequent playing behavior 
(8.1%). Students who often play with soil are not at risk 
for the incidence of STH infection. There were 66.7% of 
students with STH infection who did not wash their hands 
after defecation. Unwashed hands after defecation has a 
significant relationship to the incidence of STH infection 
(p <0.05). Furthermore, unwashed hands after defecation 
can increase the risk of STH infection by twenty times with 
a confidence interval of 1,730-242,98. It was also found 
that the proportion of students infected with STH who did 
not wash their hands after playing with soil was 42.6%. 
Unwashed hands after playing the soil can cause STH 
infection (p <0.05). This can put the student at risk for by 
twelve times higher. STH infection is also caused by being 
barefoot. The proportion of students who are barefoot with 
the incidence of STH infection is greater than those who 
have are not barefoot. This is supported by a significant 
relationship between being barefoot with the incidence 
of STH infection (p <0.05). Students who are barefoot is 
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at risk of STH infection by six times. The proportion of 
students infected with STH by uncut nails is greater than 
those that cut nails regularly. Uncut nails is not a risk factor 
that affects the incidence of STH infection in elementary 
students in Ngis Village. There were 5 (71.4%) students 
who were infected with STH with unavailable latrine. The 
availability of toilet is one of the efforts made to protect 
against STH infection. This is proven through the research 
results which states the absence of latrines can put students 
at risk of STH infection by 33 times higher. A significant 
relationship between STH infection and unavailable 
latrines in elementary students in Ngis Village (p <0.05) 
was also found. There was a low proportion of STH 
infected elementary school students who took deworming 
drugs regularly. Dewormed regularly is a protective effort 
against the occurrence of STH infection. This is proven by 
a significant relationship between taking deworming drugs 
regularly with no STH infection (p <0.05).

Based on some of these risk factors, there are risk 
factors that influence the incidence of STH infection in 
students in Ngis Village, including unwashed their hands 
after defecation, unwashed their hands after playing with 
soil, being barefoot, unavailable latrines, and dewormed 
regularly.

In this study, researchers were found that elementary 
school children had previously gone through dewormed as 
part of government program in eradicating the incidence 
of STH infection in the area. This was conveyed by 
the Head of Community Health Center (Puskesmas) II 
Manggis during the interview session, who stated the 
administration of deworming drugs was implemented as 
a district government program to eradicate the incidence 
of STH infection in elementary school children. As for 
the program implementation, the administration of worm 
medicine (Albendasol dose 1x400mg) once in six months 
was done as an effort to eradicate or reduce the incidence of 
STH infection in children. The administration of these drugs 
is carried out routinely and is carried out directly, meaning 
the administration of deworming drugs was done in the 
classroom to avoid students who do not take deworming 
drugs (program in 2016). This program has been carried out 
twice in December 2016 and in July 2017. However, the 
implementation of this program only provides deworming 
drugs directly to children, without educating them on basic 
health hygiene practices, such as washing hands with soap 
after playing. 

In addition, there is a limitation to this program, namely 
the lack of monitoring and evaluation during program 
implementation. It also becomes an obstacle in determining 
whether the program is implemented properly or not. Based 
on the results of our study, it was found that only 10.1% 
of children infected with STH. It is below the nation-wide 
prevalence of STH infection in Indonesia by 25.7%, thus 
this program had an effect on decreasing the incidence of 
STH infection in children.17,18 Furthermore, the intensity 
or degree of infection of children who have STH infection 
is mild to moderate according to the results of calculations 

with the Kato-Katz modification method.15 This program 
can be continued to reduce the incidence of STH infection 
in children especially in Karangasem district, Bali.

In this study, it was found that children who had STH 
infection lacks knowledge about self hygiene. It was proven 
that the hygiene of children from the habit of hand washing 
and playing outside the house was known to be significant 
in causing the incidence of STH infection. Another risk 
factor which caused the occurrence of STH infection is 
hygiene after defecation, because children often forget to 
wash their hands after defecation. Infection is transmitted 
through dirty hand nails which mediate the entry of worm 
eggs into the body. In addition, the habit of unwashed 
hands after defecation can be a strong risk factor in children 
having STH infection.

It was found that playing with soil often is not a risk 
factor for STH infection in elementary students in Ngis 
Village. These results are differ from the research results by 
Samad who found contamination of Ascaris lumbricoides 
eggs in children who enjoy playing with soil.19 It is also 
inversely proportional to Juhairiyah’s findings which was 
stated that the habit of playing with soil will increase the 
risk of STH infection.20 These results may be influenced by 
children who no longer play with soil as often. It was also 
found that the proportion of students infected with STH who 
did not wash their hands after playing the soil was 42.6%. 
Not washing hands after playing the soil can increase risk 
of being infected with STH by twelve times in elementary 
students. These results are in line with the research results 
obtained by Wiryadana et al.14 In addition, which researcher 
also was found that children who are barefoot when they are 
outside the house was also significantly associated with the 
incidence of STH infection. Being barefoot can cause the 
occurrence of Ascaris lumbricoides infection. In line with 
Kartini’s21 research which was stated that is a relationship 
between children who were barefoot against STH infection, 
but in Wiryadana et al.14 study, no significant results were 
found.14,21

Researcher was also found that children who did not 
have latrines had a significant association with the incidence 
of STH infection. However researcher was found the 
protective value of children who have latrines. Supported 
by the research results of Wiryadana et al.,14 children who 
have latrines are not infected with STH due to the inability 
of worms to develop in the latrine whereas on the ground it 
can develop and re-infect.14 This study was found that there 
were still children who did not have latrines at home. This 
is the biggest risk factor for the incidence of STH infection. 
Countermeasures are needed in the form of latrines for 
families who do not have latrines as an effort to reduce the 
incidence of STH infection.14,20,21,22

In this study, researchers were also found that elementary 
school children had been dewormed before. Researchers 
were found that taking deworming drugs had a protective 
relationship to STH infection. This is supported by the 
results of research conducted by the researcher, which 
found that dewormed regularly can prevent students from 
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getting STH infection.14 Therefore, regular administration 
of deworming drugs can be a prophylactic effort to prevent 
children from having STH infection. However, there were 
some children who had mild STH infection even though 
they had been dewormed. It is also part of the WHO 
program to eradicate STH infections.21 

The STH eradication program should be implemented 
as the government’s priority program. The development 
of this program will be good if proper monitoring and 
evaluation can be carried out. In eradicating STH infection, 
information and health education is needed for both 
parents and children as well as all components of society. 
Collaboration and good performance in this program will 
make the target of eradicating STH a success.14,20-22

The limitations of this study are the distance between 
the location of the research and the examination laboratory. 
Due to the unavailability of the epidemiological data from 
Bali and Indonesia, this study was conducted with a cross-
sectional design. At present, it is not possible to carry out 
studies with a more comprehensive design. Thus, this study 
was used a cross-sectional design which could not assess 
the risk factors but limited only to the incidence of STH.  
Furthermore, the researchers collect only one specimen in 
each child which may be different from the worm egg count 
in that child later on.

CONCLUSION

Based on the results of the study and the discussion 
above, it can be concluded that the prevalence of STH 
infection in elementary students in Ngis Village is 10.1%. 
Intensity of STH infection occurs with mild to moderate. 
Risk factors that cause the incidence of STH infection 
in students in Ngis Village are unwashed hands after 
defecation, unwashed hands after playing with soil, being 
barefoot, unavailable latrines, and not dewormed regularly. 
Researcher was found a decrease in the prevalence of 
STH infection compared to the national prevalence rate. 
The knowledge in prevention and attitude of elementary 
school students are fairly good but efforts are needed to 
improve hygiene in order to prevent the onset of infection. 
Monitoring and evaluation efforts from the Community 
Health Center (Puskesmas) are also needed to maximize 
the efforts to eradicate STH infection.
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ABSTRACT
Semarang Utara sub-district is located on the coast of the Java Sea. The coastal area is characterized by high salt content on 

both the ground and the water compare to other areas. The high salt content environment should have limited the breeding of Dengue 
Hemorrhagic Fever (DHF) vectors; yet, quite high incidents of DHF cases are reported taken place in Semarang coastal area. The 
aim of this study was to describe the epidemiology of DHF incidence, characteristic of cases, and bionomics vector in the coastal area 
of Semarang Utara sub-district. This study was applied descriptive observational design to analyze samples consisting of 62 dengue 
cases and 184 houses. The research variables consisted of coordinate of DHF cases, water salinity, House Index (HI), Container 
Index (CI), and Aedes species. Data were processed using SPSS in a bivariate manner; while, mapping was analyzed spatially using 
ArcGIS 10.3. A total of 184 houses were surveyed and 55 cases of DHF were identified. Most cases occurred in 6 -16 year age group 
(47.3%), water salinity ranged from 2-3%, indicating that the water in the coastal area tended to be brackish water. The results of the 
Pearson Correlation test showed that there was no relationship between HI and Incidence of DHF in Semarang Utara sub-district. 
Aedes aegypti was identified in a positive container, otherwise Aedes albopictus was not found. DHF cases mostly occurred in school 
age groups, and were distributed in all villages near or far from the beach. DHF vector could breed in areas with little brackish water, 
so that dengue transmission might occur in this area.

Keywords: DHF, Aedes Aegypti, Aedes Albopictus, Bionomic Vector, Semarang Beach

ABSTRAK
Kecamatan Semarang Utara terletak di pantai Laut Jawa. Kondisi daerah pantai dicirikan dengan kandungan garam baik di tanah 

dan air menjadi lebih tinggi dibandingkan area lain. Lingkungan dengan kadar garam yang tinggi dapat membatasi perkembangbiakan 
dari vektor Demam Berdarah Dengue (DBD), namun laporan kasus DBD di wilayah pantai Semarang selalu ada dengan insiden yang 
cukup tinggi. Penelitian ini bertujuan untuk mendeskripsikan epidemiologi kejadian DBD di wilayah pesisir Kecamatan Semarang 
Utara, karakteristik responden serta vektor bionomik. Penelitian ini menggunakan desain deskriptif observasional. Sampel penelitian 
sebanyak 62 kasus DBD dan 184 rumah sekitar kasus. Variabel penelitian meliputi koordinat kasus DBD, salinitas air, House Index 
(HI), Container Index (CI) dan spesies Aedes. Data diolah menggunakan SPSS secara bivariat, sedangkan pemetaan dianalisis spasial 
menggunakan ArcGis 10.3. Sebanyak 55 kasus DBD teridentifikasi dan 184 rumah telah disurvei. Sebagian besar kasus dalam kelompok 
usia 6-16 tahun (47,3%). Salinitas air berkisar 2-3 ‰, tingkat salinitas ini menunjukkan air di wilayah pantai cenderung dikategorikan 
air payau. Hasil uji Pearson Correlation menunjukkan tidak ada hubungan antara HI dengan Incidence Rate (IR) DBD di Kecamatan 
Semarang Utara. Aedes aegypti teridentifikasi dalam kontainer yang positif sebaliknya tidak ditemukan Aedes albopictus. Kasus DBD 
sebagian besar terjadi pada kelompok usia sekolah, dan terdistribusi di semua kelurahan baik dekat atau jauh dari pantai. Vektor DBD 
dapat berkembangbiak di wilayah yang airnya sedikit payau, sehingga penularan DBD dapat terjadi di wilayah ini.

Kata kunci: DBD, Aedes Aegypti, Aedes Albopictus, Bionomik vector, Pantai Semarang
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INTRODUCTION

Dengue Hemorrhagic Fever (DHF) is a disease caused 
by dengue virus and can be transmitted through the bite of 
Aedes aegypti or Aedes albopictus mosquitoes.1 Factors 
that play an important role in the transmission of dengue 
virus infection are humans, intermediary vectors, and 
environment.1 In addition, factors of population density, 
rainfall, humidity, wind speed, air temperature, and altitude 
can also affect the rapid spread of dengue transmission.2

DHF is a contagious disease that becomes a health 
problem in the city of Semarang. Based on the health profile 
data of Semarang City, the incidence of dengue fever in 
Semarang City tends to be fluctuated with high numbers. 
The incidence of DHF in Semarang City decreased to 18.14 
per 100,000 population3,4,5,6,7 in 2016 and 2017 due to the 
changes in the operational definition of dengue cases as of 
October 1, 2016. Currently, DHF case is defined as a case 
with dengue fever (DF) symptoms followed by an increase 
in hematocrit ≥ 20% without taking into account the results 
of serological examination.7 However, these conditions do 
not eliminate the risk of dengue disease occurrence in the 
city of Semarang because of the population of DHF vector, 
Ae. aegypti, still not fully maintained and controlled.

Ae. aegypti mosquito is the main vector of dengue 
disease. Theoretically, Ae. aegypti mosquitoes reproduce 
in clear water that does not touch soil. However, the results 
of recent studies suggest that the Ae. aegypti larvae are able 
to survive in the clear water from precipitated water in the 
ditch.8 In addition, the growth of Ae. aegypti also depends 
on the chemical conditions of the environment. Ae. aegypti 
mosquitoes can survive in containers containing water with 
normal pH ranging from 5.8 to 8.6 and water with salinity 
concentration of 0-0.7%.

The most recent research conducted in Brazil was 
showed that Ae. aegypti is able to adapt to certain salinity 
conditions in littoral, coastal, and highland areas.9 
Meanwhile, data generated from experimental studies in 
Semarang City was showed that Ae. aegypti can develop 
both in various water pH conditions from pH 4 to pH 10 
and in water salinity ranging from 0% to 6%.8

North Semarang sub-district, one of the areas in 
Semarang City lying on the coast of the Java Sea, has 
high salt content in both soil and water compare to other 
regions. This condition should have made Semarang Utara 
sub-district free from DHF endemic because high Na Cl 
concentrations resulted in an imbalance between larval 
body fluid and medium brood fluid. The difference in 
osmosis pressure causes the mortality of larvae on Instar 
II.8 However, data from the Semarang City Health Office 
showed that some villages in the Semarang Utara sub-district 
have been categorized as DHF endemic areas.

North Semarang sub-district borders with the Java Sea 
in the north, with Semarang Tengah sub-district in the south, 
with Semarang Timur sub-district in the east, and with 
Semarang Barat sub-district in the west. Semarang Utara 
sub-district consists of 9 villages, 89 sub villages, and 708 

neighborhoods. Within 10.9 km2, in 2014, the population 
density was 11,272 per million, and the number of 
household was 32,000 each of which had 4 family members, 
even one house might dwell more than one households; one 
of the most populated are in Semarang.

Given this situation, research needs to be done to 
describe epidemiological conditions of the incidence of 
DHF from the perspective of the characteristics of the 
people, of the place, and of the time. The characteristic of 
the people was described by age, occupation, and history of 
the patient’s activity before being diagnosed to be exposed 
to DHF. Meanwhile, as environmental factors are important 
to detect the presence of DHF vectors, vector density was 
observed. In addition, the characteristic of the time studied 
was related to climate at the time the DHF occurred in 
patients. Therefore, the aim of this study was to describe 
the epidemiology of the incidence of DHF in the coastal 
area of Semarang, based on characteristic and behavior of 
cases, also bionomic of the vector.

METHOD AND MATERIAL 

This study took place in the coastal area in Semarang 
Utara sub-district of Central Java Province and was 
conducted in 2017. The population was those who exposed 
to DHF and Dengue Shock Syndrome (DSS) as many as 
62 patients. Total sampling method was used to describe 
the Semarang Utara sub-district.

As this study described the epidemiological conditions of 
the incidence of dengue in the Semarang Utara sub-district, 
larvae survey was used to determine the density of vectors 
in a particular region. The number of houses surveyed was 
calculated using purposive sampling method.

The theory used to determine the number of houses was 
within the mosquito fly distance is ± 100 meters; therefore, 
it was estimated that mosquitoes could transmit the dengue 
virus at a radius of 100 meters around the sufferer. As a 
result, surveyed larvae was carried out on 4 houses around 
the patient’s home, either from the North, East, West, or 
south and the number of houses to be surveyed was 248 
houses. The cases of DHF was diagnosed by medical team 
in hospital and supported by clinical laboratory test.

Research variables measured in this study were 
age, occupation, illness history, behavior to eradicating 
mosquitoes nest (EMN), type of mosquito breeding place, 
water source, container location, water salinity, distance 
from the shoreline, Water salinity was measured by refracto 
meter equipment. House Index (HI), as well as Container 
Index (CI). HI is a percentage of houses identified positive 
larvae per total of examined houses. CI is a percentage of 
containers identified positive larvae per total of examined 
containers.

Bivariate analysis was carried out in testing HI; while, 
Pearson/Rank Spearman correlation test was used to test the 
incidence of DHF, all of which were analyzed using ArcGIS 
version 10.3 software. The data analyzed was exhibited the 
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coordinates of DHF cases and HI as well as the urban CI 
where the cases were located. Furthermore, the distance of 
the house of dengue cases to the North Semarang coastline 
were also described.

RESULT AND DISCUSSION

The incidence of DHF in the Coastal Area of North 
Semarang Sub-District

Semarang City Health Office reported 62 cases to be 
diagnosed both DHF and DSS in Semarang Utara sub-
district in 2017. In the field, 55 cases of DHF were found; 
while, 7 other cases were not found as the sufferers had 
been moved to another place.

Table 1. Characteristics of DHF cases in north semarang 
sub-district in 2017

Characteristics Frequency (n= 55) Percentage (%)
1. Age (year)

a. 1-4
b. 5-9
c. 10-14
d. 15-44
e. > 45

7
10
14
17
7

12.7
18.2
25.5
30.9
12.7

2. Occupation
a. Jobless
b. Labor
c. Trader
d. Retired/Housewife

40
1
9
5

72.7
1.8
9

9.1
3. Education

a. Not yet school
b.  Not finish 

Elementary School
c. Elementary School 
d. Secondary School
e.  High School/

Vocational High 
School

f. University

11

1
23
8
8

4

20

1.8
41.8
14.5
14.5

7.3
4.  Home distance from 

coastline

a. ≤ 100 meter 5 9.1

a. > 100 meter 50 90.9

Based on Table 1. DHF cases in Semarang Utara 
sub-district were exposed to people aged from 2 years to 
88 years, with the most age being 11 years (9.1%). The 
largest age group exposed (30.9%) is the age group of 
15-44 years. As many as 72.7% of the people suffering 
from dengue cases in Semarang Utara sub-district have not 
worked, 41.8% complete elementary schools or are taking 
elementary education.

Case history of DHF was obtained through an in-depth 
interview to 55 respondents of the DHF patients or their 
family using open questions about activities carried out 

by DHF patients before being diagnosed with DHF. The 
result of the interview was showed that there were patients 
carrying out activities outside Semarang Utara sub-district 
before being diagnosed with DHF, whether they were 
traveling outside the district or out of town more than two 
days. In addition, there were patients who mostly spend 
their daily activities outside the Semarang Utara sub-district 
due to work or school. The fact also was showed that there 
were school-age who previously did not exposed to; yet, 
after being contacted with their friends who suffered from 
DHF, they started to be infected. From the distance of the 
house to coastline, 5 sufferers’ houses were standing right 
to the coastline. In general, the distance of the house to 
the coastline ranging from 0 meter to 2,844 meters with 
1,311.42 meters in average. 

Behavior to Eradicating Mosquito Nests (PSN) in North 
Semarang Sub-District

To find out the behavior to eradicating mosquito nests 
(PSN), interviews were conducted with 55 respondents 
whose families were DHF sufferers.

Table 2. Behavior of Eradicating Mosquito Nests (PSN)

Behavior Yes
Percentage 

(%)
No

Percentage 
(%)

Covering water 
container inside the 
house

9 16.4 46 83.6

Covering water 
container outside the 
house

49 89.1 6 10.9

Routinely draining 
water container

41 74.5 14 25.5

Brushing water 
container

25 45.5 30 54.5

Disposing of used 
goods

47 85.5 8 14.5

Recycling of used 
goods

5 9.1 50 90.9

Using insect repellent 47 85.5 8 14.5

Using bed nets 29 52.7 26 47.3

Using abate powder 8 14.5 47 85.5

Maintaining fish larvae 
eaters

8 14.5 47 85.5

Window/ventilation 45 81.8 10 18.2

Enough lighting 31 56.4 24 43.6
Hanging clothes 23 41.8 32 58.2
Another family hung 
clothes

23 41.8 32 58.2

Based on Table 2, the results of the interview showed 
that 90.9% of respondents did not recycle used goods, 
and 85.5% did not use abate powder. These habits might 
increase the risk of dengue vector mosquitoes to explode.

,
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Most of the water container was made from plastic 
(41.8% respondents), and 61.8% respondents used non-
tap water; instead, they are used water from deep well 
water, dug well water, and supplied water from Tanah Mas 
housing complex. As much as 50.9% of the water samples 
taken contained 2 % salt which was categorized as brackish 
water (the category of water according to the salt content 
in a row, namely water < 0.5 -; 0.5-30 %; and > 30 % is 
fresh water, brackish water, and salt water).10

Table 3.  Characteristics and conditions of water 
container

Characteristic Frequency Percentage (%)
1. Container Material (n=55)

· Plastic
· Ceramic
· Cement

23
20
12

41.8
36.4
21.8

2. Water Source (n=55)
· Non Tap Water
· Tap Water

34
21

61.8
38.2

3. Salinity (n=5)
· 0 ‰
· 1 ‰
· 2 ‰
· 3 ‰

11
28
13
3

20.0
50.9
23.6
5.5

4. House Index (n=184)
· Low (HI < 10%)
· High (HI ≥ 10%)

6 villages
3 villages

5. Container Index 
· Low (CI < 5%)
· High (CI ≥ 5%)

6 villages
3 villages

Based on Table 3, to determine the density of dengue 
mosquito vector in each village in North Semarang 
sub-district, 184 houses scattered in all villages were 
surveyed. The results of HI and CI were grouped into high 
and low categories according to WHO provisions.11,12 
There were 3 villages with low HI and CI namely Bulu 
Lor, Plombokan, and Purwosari Villages; while, the 
other 6 villages had high HI and CI, namely Tanjungmas, 
Dadapsari, Kuningan, Bandarharjo, Panggung Kidul, and 
Panggung Lor.

Figure 1 shows villages with the value of the container 
index (CI) in each village in the sub-district of North 
Semarang. There are 3 villages with CI in the low category 
(CI < 5%), namely Bulu Lor, Plombokan, and Purwosari; 
while, the other 6 villages have high category of CI values 
(≥ 5% CI), namely Tanjungmas, Dadapsari, Kuningan, 
Bandarharjo, Panggung Kidul, and Panggung Lor.

Figure 1 shows villages with the value of the container 
index (CI) and HI in each village in the sub-district of 
Semarang Utara. There are 3 villages with CI in the low 
category (CI < 5%), namely Bulu Lor, Plombokan, and 
Purwosari; while, the other 6 villages have high category 
of CI values (≥ 5% CI), namely Tanjungmas, Dadapsari, 

Kuningan, Bandarharjo, Panggung Kidul, and Panggung 
Lor.

DISCUSSION

There were five homes of DHF sufferers in North 
Semarang Sub-district standing right on the coastline. Of 
the five houses, two houses were identified to be positive 
for having mosquito larvae. The closer distance between 
the house and the beach allows the mixing of ground water 
with seawater to make the region's water source brackish.14 
If the salt content of a water source is high, mosquito 
larvae will not be able to develop.11,15 However, the fact 
showed that mosquito larvae were found in that region. 
After analyzing the salt content using refractometer, it 
was found that the salinity ranged from 2-3 ‰. Water is 
categorized as brackish water if it exceeds 0.5‰, so it can 
be concluded that the Ae. aegypti mosquito could live in 
brackish water.11,15

Other research finding reported that there was a 
significant change in ion transportation by anal papillae 
of the mosquito larvae living in the salt water.16,17 The 
morphological and physiological changing showed that 
Aedes aegypti mosquito had been able to adapt to the 

Case distribution of DHF with larvae density

Figure 1. HI, CI, and dengue cases in North Semarang Sub-
district
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changing environment of the breeding place, especially the 
one having high content of salt.

Through in-depth interviews, it was identified that the 
water source used by residents in Tanjungmas area came 
from 1-2 main sources channeled by pipes to homes. The 
deep well water source was used by most of the residents. 
Water from the deep well should not have had salt or fresh 
water. However, in reality there had been a change in the 
quality of fresh groundwater to brackish in deep wells in 
the North Semarang region. This phenomenon was related 
to seawater intrusion or ancient salt dissolution trapped in 
sediment when rock sedimentation took place.14

Increased levels of seawater could increase the number 
of mosquitoes tolerant to salt content and allow mosquito 
vectors adaptation that were not tolerant to salt content to 
be tolerant to brackish water. This explained the increase in 
dengue cases in the coastal areas. The increased population 
living in the coastal area is predicted to be 134 people/
km2 by 2050.11,15,18 Therefore, if the control of vectors in 
coastal areas was not implemented properly, there would 
be an increase in dengue cases in that particular areas. An 
area is considered to be at high risk for dengue transmission 
if the container index is ≥ 5% and the house index is ≥ 
10%,19 based on which villages of Tanjungmas, Dadapsari, 
Kuningan, Bandarharjo, Panggung Kidul dan Panggung Lor 
were at high risk to DHF spreading. As shown in Figure 1, 
there was a tendency for DHF cases to be in the villages with 
high HI and CI. However, the results of the correlation test 
showed that the HI value did not correlate to the incidence 
of DHF in North Semarang sub-district. This proved that 
the HI value was not the main risk factor for the spread of 
DHF in the North Semarang sub-district. This finding was 
in line with the research result conducted in Sendangmulyo 
village of Semarang city.20

The interviews with patients concluded that the 
patients were infected with DHF after traveling outside 
the sub-district. Therefore, the spread of DHF in North 
Semarang sub-district did not originally come from inside 
of the sub-district but also from outside of the sub-district 
area; therefore, the high and low HI values did not affect 
the incidence of DHF.

CONCLUSION

DHF cases in the coastal areas of North Semarang occur 
in all villages areas both in and off the coast. DHF cases 
mostly occur in the 6-16 years age group, namely school 
age. The incidence of DHF is not related to monthly rainfall. 
The distribution of dengue cases in the North Semarang 
Sub-district is not related to high population density, House 
Index, and Container Index.

Aedes aegypti can live and breed in the coastal areas; 
even though, the water sources used show higher salt 
content or tend to be brackish. No Aedes albopictus is 
found at the coastal location. Survival Aedes aegypti can 
affect the transmission of DHF in the coastal areas of North 

Semarang. No exception in controlling DHF and its vector, 
coastal communities also need to carry out actively in PSN 
activities in their area.
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ABSTRACT
Helicobacter pylori is a bacteria that commonly cause chronic gastritis. Identification of its infection is essential for eradication 

treatment. Detection of H.pylori bacteria in gastric biopsy specimen by histology method is a diagnostic tool that widely accepted because 
it is superior to serology examination. Although the bacteria can be seen in routinely Hematoxylin-Eosin staining, modified-Giemsa 
and Whartin-Starry stain was commonly used to identify the bacteria more clearly. Whartin-Starry stain gives more contrast to the 
bacteria but modified-Giemsa stain is preferable at many centres because it is a cheaper and simple method. This study aim is to 
explore the differences of two stain method to identify H.pylori. Paraffin blocks from gastric biopsy patients with chronic gastritis in 
the year 2017 were retrieved from Anatomic Pathology Laboratory Dr. Soetomo Hospital Surabaya. Thirty paraffin blocks were taken 
randomly and were made into microscopic slides for staining with Warthin-Starry and modified-Giemsa stain concomitantly. Specimen 
with Whartin-Starry stain found 19 out of 30 were positive for H.pylori while in modified-Giemsa stain only 16 out of 30 specimen 
were positive for H.pylori. Detection of H.pylori Warthin-Starry stain give more chance to obtain positive result because it use silver 
technique that coat the bacteria making it is more clearly visible in microscopic examination. 

Keywords: H.pylori detection, H.pylori infection, Warthin-starry, modified Giemsa, chronic gastritis. 

ABSTRAK
Helicobacter pylori adalah bakteri penyebab gastritis khronis yang umum dijumpai. Identifikasi infeksi H.pylori diperlukan untuk 

acuan terapi eradikasi. Deteksi H.pylori pada spesimen biopsi gaster dengan metode histopatologi merupakan teknik diagnostik yang 
diterima secara umum mengingat teknik ini lebih akurat dibandingkan dengan pemeriksaan serologi. Walaupun bakteri H.pylori 
dapat terlihat pada pengecatan rutin Hematoxylin-Eosin, akan tetapi umumnya digunakan pengecatan tambahan modified-Giemsa 
atau Whartin-Starry untuk melihat bakteri dengan jelas. Pengecatan modified-Giemsa lebih disukai di banyak sentra laboratorium 
oleh karena lebih murah dan lebih mudah dikerjakan akan tetapi pengecatan Whartin-Starry dapat melihat bakteri lebih jelas dengan 
kontras yang lebih baik. Penelitian ini bertujuan untuk membandingkan adanya perbedaan hasil identifikasi H.pylori pada kedua 
jenis pengecatan tersebut. Blok parafin biopsi lambung diambil dari pasien dengan gastritis kronis yang diperiksa di Laboratorium 
Patologi Anatomik Rumah Sakit Dr. Soetomo Surabaya pada tahun 2017. Tiga puluh blok parafin diambil secara acak untuk dibuat 
slide mikroskopis dan dilakukan 2 jenis pewarnaan yakni Warthin-Starry dan modified-Giemsa. Pada pengecatan Whartin-Starry 
bakteri H.pylori terdeteksi pada 19 dari 30 spesimen sedangkan pada pengecatan modified-Giemsa hanya 16 dari 30 spesimen yang 
menunjukkan adanya H.pylori. Deteksi infeksi H.pylori dengan pengecatan Whartin-Starry memberikan hasil positif yang lebih banyak 
dibandingkan dengan pengecatan modified-Giemsa. Pereaksi perak pada reagen Whartin-Starry dapat membuat bakteri menjadi 
terlihat lebih jelas pada pengamatan mikroskopis. 

Kata kunci: deteksi H.pylori, infeski H.pylori, pewarnaan Warthin-starry, pewarnaan modified giemsa, gastritis kronis.
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INTRODUCTION

H.pylori is a bacteria that closely related with chronic 
gastritis and dyspepsia. Chronic gastritis case and dyspepsia 
are commonly found in daily practice. Beside causing 
chronic gastritis, H.pylori infection plays some important 
role in the presence of gastric malignancy either in the form 
of gastric carcinoma or gastric lymphoma.1,2 According to 
the American College of Gastroenterologists guidelines on 
management of H.pylori infection3, the diagnostic method 
H.pylori infection detection comprises of urea breath test 
and gastric endoscopic biopsy. Serology method should 
be avoided. Nevertheless if the serologic test gave positive 
results, it should be confirmed with a test that identify 
an active infection such as the urea breath test or stool 
antigen test. Urea breath test, stool antigen test, histology 
examination with special staining for H.pylori organisms, 
and bacteria culture are considered to be the gold standard 
tests for diagnosis of H.pylori infection.4,5

Culture is not routinely used for initial diagnosis of 
H.pylori infection but is required for antibiotic susceptibility 
testing if physicians suspect antibiotic resistance in patients 
who have previously failed therapy.5 For stool antigen test, 
Mayo Medical Laboratories utilizes the POCone Infrared 
Spectrophotometer. Performance characteristics for this 
instrument have not been established for persons under 
age 3. For patients 3 to 17 years, age, weight and height 
must be included in test request for appropriate result 
interpretation.6

The gold standard diagnostic test for H.pylori infection is 
to find the bacteria through direct smear or H.pylori culture.4 
Cross reaction with other antigens often encountered in 
serology test with possibly to obtain false positive result. 
Several staining methods of biopsy specimen are proposed 
to detect H.pylori infection, usually start with routinely 
stain hematoxylin-eosin to more specific stain using 
monoclonal antibody for immunohistochemistry testing.7 
Whartin-Starry stain is used mainly to detect Spirochetes 
bacteria with silver impregnation methods. Whartin starry 
has some advantage compare to other methods because it 
gives more contrast color (bacteria stained black in yellow 
background).8 This method can improve sensitivity of its 
detection. On the other hand, Giemsa stain is a common 
method for examining blood smear. In tissue, Giemsa 
stain can detect microorganism that appears dark blue in 
pink-pale blue background. A modification of Giemsa stain 
was proposed to reduced the staining time and it was known 
as modified-Giemsa technique.9 Modified-Giemsa stain 
is a non-silver stain that commonly use to detect H pylori 
infection in many health centre including Dr. Soetomo 
general hospital. The staining methods are quite simple 
and the reagent is easy to obtain and cheap. Sometimes 
it fails to detect microorganism due to lack of contrast in 
dirty background. It must be used by experienced experts. 
There are still a debate which stain should be used to 
detect H.pylori as a routine procedure.10 This study aim 
is to compare the result of these two staining methods for 

detection of H.pylori infection in gastric biopsy specimens 
and to find out if there is difference result of H.pylori 
identification in gastric biopsy tissue using Whartin–Starry 
stain compared to modified-Giemsa stain. 

MATERIAL AND METHOD

Thirty paraffin blocks from patients who diagnosed 
clinically as chronic gastritis were retrieved from Anatomic 
Pathology laboratory archives at Dr. Soetomo hospital 
Surabaya in the year 2017. Two microscopic slides were 
made from each paraffin blocks by slicing the tissue 6 
μm thick and placed on object glass. The first slide was 
stained with modified-Giemsa technique according to 
Bancroft9 which have done routinely in the laboratory 
while the other slides stained with Warthin-Starry for 
spirochetes (Bio-optica cat no.04-040903). In modified-
Giemsa stain, the H.pylori bacteria were identified as a 
reddish purple microorganism in the background of other 
cells that was stained blue and pale-blue. Warthin-Starry 
stain give more contrast colour. The bacteria were stained 
black while the background cells are stained yellow. The 
two microscopic slides were assessed by one pathologist 
and H.pylori infection scoring was made according to 
updated Sidney classification system.11 H.pylori infection 
in gastric tissue biopsy were score as follows: score +1 
when there were sparse bacteria found in specimen (mild 
density of bacteria), score +2 when there were some bacteria 
(moderate density) and score +3 when there were many 
bacteria in tissue (marked bacteria were found).12 This study 
has been approved by Health-Research Ethical Commission 
in Dr. Soetomo General Hospital.

RESULT AND DISCUSSION

On examination of 30 gastric biopsy specimens with 
Warthin-Starry stain, 19 tissue biopsies were found 
positive for H.pylori bacteria while specimens with 
modified-Giemsa stain only 16 biopsies tissue were found 
positive for H.pylori (Table 1). 

Table 1. Comparison of H.pylori bacteria examination with 
Warthin-Starry and modified-Giemsa stain

Warthin-Starry 
with positive 

bacteria

Warthin-Starry 
with negative 

bacteria
Modified-Giemsa 
with positive 
bacteria

16 0

Modified-Giemsa 
with negative 
bacteria

3 11
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Detection of H.pylori in gastric biopsy specimen has 
been accepted worldwide to diagnose H.pylori infection. 
Culture method is gold standard for infection detection but 
H.pylori culture did not routinely used due to its complexity 
and need a longer period to obtain the result.4 Until this 
date, majority of microbiologic laboratory in the world 
are not equipped to perform H.pylori culture. Instead of 
culture, PCR technique for detection of H.pylori may be 
considered as a gold standard, but PCR technique also has 
a limitation due to genetic sharing of other microbes which 
can gives false positive result and the presence of PCR 
inhibitors can give false negative result in specimen with 
low bacterial count.13

Histological examination from gastric biopsy specimen 
has been a method of choice for identifies H.pylori 
infection. There are several staining methods that can 
be used to identify the presence of the bacteria which 
can be classified into two groups: silver-based stain and 
common histochemistry stain. Silver-based stain such as 
Whartin-Starry stain has an advantage over other stain 
since it can detect H.pylori bacteria even if its morphology 
has been altered by proton pump inhibitor and antibiotic 
administration, which can alter the bacteria morphology 
to cocoid and short bacillary forms. Proton pump inhibitor 
administration can cause H.pylori migrate into deeper 
portion of oxyntic glands, making its detection is impossible 
without a silver-based or immunohistochemical stain.14 

Modified-Giemsa stain is a histochemistry stain that has 
been performed in lots of laboratory because it is cheap and 
simple method. The lack of contrast is a disadvantage of this 
technique. Silver-based stain such as H.pylori silver stain 
and Whartin-Starry stain give more clearly visible bacteria. 
So it can be detected easily on histological examination. 
The disadvantage of this technique it is more expensive 
than modified-Giemsa stain and it takes longer period to 
do the staining protocol.15

Immunohistochemistry with specific antibody 
has been proposed to be used as a gold standard 
to detect H.pylori infection.8 But according to the 
study of Patel, et al. there is no difference result for 
H.pylori detection by immunohistochemistry technique 
compared with modified-Giemsa stain. The limitation 
of immunohistochemistry technique is more expensive 
than any other stain including Whartin-Starry and it took 
longer period than any other stain. It also needs a control 
specimen to be done with every slide making it is more 
complicated.13

Table 1 is showed that there were 3 cases of H.pylori 
infection detected by Warthin-Starry stain which did not 
detected by modified Giemsa stain. The discordance occurs 
due to lack of contrast between the color of micro-organism 
and background color. Using Whartin-Starry stain one can 
easily direct to get the presence of the bacteria because it 
provides black color of bacteria in yellow background. 
Furthermore, the silver reagent in Whartin-Starry stain 
gives a good result for detecting H.pylori because the 

organism are coated with the silver stain and therefore look 
larger, making their identification easier.15

Assessment of H.pylori infection in gastric biopsy 
specimen has performed according to Updated Sidney 
System scoring. The method is to detect H.pylori bacteria 
throughout entirely biopsy specimen and making the score 
by counting the number of bacteria in one high power 
field which give most number of bacteria.11 The result of 
H.pylori scoring according to Updated Sidney System was 
presented in Figure 1.

Figure 1. Result of H.pylori bacteria examination with Warthin-
starry dan modified Giemsa stain.

Score 0 = no bacteria detected, score +1 = only sparse bacteria 
detected, score +2 = moderate bacteria count detected, score +3 
= many bacteria detected.

Figure 1 is showed that Warthin-starry stain gives more 
results of identified bacteria compared to modified-Giemsa 
stain. Three cases show H.pylori score 0 on modified 
Giemsa staining (no bacteria detected) while these cases 
show sparse H.pylori bacteria (score +1) on Warthin-starry 
staining. There were also 1 case which gives H.pylori score 
+1 with modified Giemsa staining while it gives score +2 
with Warthin-starry staining.

H.pylori infection can be easily detected with 
Whartin-starry stain compare to that of modified Giemsa 
stain either in low density or high density bacteria as shown 
at Figure 2 and Figure 3.

Figures 2 and Figure 3 are showed various H.pylori 
score in gastric biopsy specimen. This study was showed 
that there were some cases when the presence of H.pylori 
infection is either undetectable or detectable in smaller 
amounts in modified-Giemsa stain compare to Whartin-
Starry stain. In Warthin-starry stain the spirochete bacteria 
wall were react with silver nitrate impregnation so that the 
bacteria will appear black within a yellow background. 
According to Glickman, H.pylori bacteria can not be 
detected if it present in a small number.16 

The gold standard diagnosis of H.pylori infection in 
gastritis is made by finding H.pylori bacteria in gastric 
tissue. Gastric tissue specimens are generally obtained 
by endoscopic biopsy techniques. This technique is a 
minimally invasive but it can see directly at the morphology 
of the gastric tissue followed by tissue endoscopic biopsy 
for pathology examination.17
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Figure 2. Gastric biopsy specimen with high density of H.pylori bacteria (+3). Specimen stianed with Whartin-starry (left) and 
modified Giemsa (right). Thebacteria were found on gastric mucous layer ( ) (400 X magnification).

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3. Gastric biopsy specimen with low density of H.pylori bacteria (+1). Specimen stianed with Whartin-starry (left) and modified 
Giemsa (right). Thebacteria were found on gastric mucous layer ( ) (400 X magnification).

The presence of H.pylori bacteria in gastric biopsy 
can be detected by culture, PCR technique and H.pylori 
visualization techniques with histochemical stain to indentify 
directly H.pylori by light microscope.7 The histochemical 
technique of gastric biopsies has an advantage over culture 
methods because it can directly see H.pylori in a relatively 
simple and faster way. Therefore, culture methods are not 
commonly used for H.pylori detection. Histochemical 
staining techniques are also easier to perform and have less 
cost than PCR molecular techniques. The histochemical 
technique has become the standard diagnostic of H.pylori 
infection in many health centers.4

Routine hematoxyllin-eosin staining has been used in 
H.pylori examination but in several cases the bacteria can 
not be visualized without special stain.18 Histochemical 
special stain for H.pylori detection include Gimenez, 
Toluidine blue, Romanowski, Genta and Giemsa stain 
which can be used for visualization of with various 

modifications (modified-Giemsa) for a more rapid work-up 
time.4 Silver-based stain such as Warthin-Starry stain has 
advantage compare to common histochemistry stain since 
it uses silver impregnation technique to give black color 
to H.pylori bacteria. In Warthin-starry, H.pylori bacteria 
will appear dark brown, making them easier to see and 
can increase the sensitivity of H.pylori detection in gastric 
biopsy tissue.14 This study was performed on gastric 
endoscopic biopsy specimens in patients with chronic 
gastritis. In this study, 19 samples (63.33%) were detected 
as H.pylori positive on Warthin-Starry stain from 30 biopsy 
specimens of chronic gastritis patients. Adlekha, et al 
reported H.pylori infection in 329 of 530 (62%) chronic 
gastritis patients in Kerala India.19 The positivity of H.pylori 
from India is similar to this study. Adlekha took a gastric 
biopsy specimen from patients with dyspepsia complaints 
as many as 530 patients in 2010–2012. On microscopic 
slides biopsy material performed Hematoxylin-Eosin and 
modified-Giemsa staining. H.pylori examination was 
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performed by a Pathology specialist and the results were 
presented in grading (mild, moderate and severe) infections 
in accordance with the updated Sydney grading system.11

Immunohistochemistry technique using monoclonal 
antibody anti-H.pylori can gives more specific result. 
However, this technique rarely be done in many 
Pathology laboratory due to higher cost of antibody-based 
detection.20 According to Rodger Haggit recommendation: 
immunohistochemistry stain should not be use as a routine 
procedure. It was only performed in gastric biopsy specimen 
with chronic inflammation with negative finding on 
H.pylori.21 Detection of H.pylori bacteria by special stain 
has been served as a routinely H.pylori detection in tissue 
specimen.13

The results of this research showed difference of 
H.pylori detection due to increased sensitivity detection by 
Warthin-Starry stain compared to modified-Giemsa stain. 
Warthin-starry was found more specimens with positive 
result than modified-Giemsa stain in 3 out of 30 cases. The 
presence of H.pylori that is undetected by the observer is 
largely due to lack of color contrast in modified-Giemsa 
stain. Bacteria are missed from observation in H.pylori 
infection with mild intensity due to the unclear color. In 
infections with moderate to severe intensity, this result 
found 100% concordance result of H.pylori stained with 
modified-Giemsa compared to Warthin-Starry.

CONCLUSION

A study has been conducted to find the difference of 
Helicobacter Pylori detection in gastric biopsy tissue with 
Warthin-starry and modified Giemsa staining. Detection of 
H.pylori Warthin-starry stain give more possibility to obtain 
positive result because it use silver technique that coat the 
bacteria making it is more clearly visible in microscopic 
examination. 
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ABSTRACT
Gastrointestinal (GI) parasites infection are one of the major constraints cattle farm in tropical countries including Indonesia and 

some of GI parasites in cattle have the potential to transmit to humans. This study was aimed to identify and determine the level of 
prevalence of gastrointestinal (GI) parasites in beef cattle in Siak Sri Indrapura District, Riau Province, Indonesia. This research was 
conducted on 100 beef cattle consisted of, respectively, 32, 34 and 34 cattles from Bungaraya, Sabak Auh, and Dayun sub-district. The 
characteristic of sample such as age and sex cattle, cage management, feed and drinking water were recorded. Native, sedimentation 
and sucrose flotation methods were used to find protozoa and eggs worm. We assessed GI parasites based on finding eggs worm, 
protozoan cyst and coccidia oocysts in stool samples and identification of GI parasite was based on the morphology and size of the 
eggs worm and cysts or oocysts of protozoan. The result showed that all of 100 feces samples that examined 100% positive infection for 
parasites. There were eleven types of gastrointestinal parasites that have been identified, 6 genera of protozoan and 5 genera of worms. 
The prevalence of gastrointestinal parasites in beef cattles in Siak Sri Indrapura District were Blastocystis sp. (100%), Entamoeba 
sp. (90%), Eimeria sp. (53%), Giardia sp. (7%), Balantidium coli (4%), Cryptosporidium sp. (2%), Oesophagustomum sp. (45%), 
Toxocara vitulorum (20%), Moniezia expansa (9%), Trichuris sp. (5%), and Fasciola sp. (4%). In conclusion, Siak Sri Indrapura Riau 
is an endemic GI parasite and this can threaten the health of livestock and potentially as a zoonotic transmission.

Keywords: Identification, Prevalence, Beef cattle, Gastrointestinal (GI) parasites, Siak Sri Indrapura Riau Indonesia

ABSTRAK
Infeksi parasit gastrointestinal (GI) merupakan salah satu kendala utama pada peternakan sapi di negara-negara tropis termasuk 

Indonesia dan beberapa parasit GI pada sapi berpotensi menular ke manusia. Penelitian ini bertujuan untuk mengidentifikasi dan 
mengetahui tingkat prevalensi parasit gastrointestinal (GI) pada sapi potong di Kabupaten Siak Sri Indrapura, Provinsi Riau, Indonesia. 
Penelitian ini dilakukan pada 100 sapi potong yang terdiri atas 32 sapi dari Kecamatan Bungaraya, 34 sapi dari Kecamatan Sabak 
Auh, dan 34 sapi dari Kecamatan Dayun. Dilakukan pencatatan karakteristik sampel seperti umur dan jenis kelamin, manajemen 
kandang, pakan dan air minum. Deteksi parasit menggunakan metode natif, sedimentasi dan apung dengan sukrosa. Sapi dinyatakan 
terinfeksi parasit gastrointestinal berdasarkan pada penemuan telur cacing, kista protozoa dan ookista koksidia pada feses dan 
identifikasi parasit didasarkan pada morfologi dan ukuran telur, kista atau ookista protozoa. Hasil penelitian menunjukkan bahwa 100 
sampel feses yang diperiksa 100% positif terhadap infeksi parasit. Terdapat 11 genus parasit gastrointestinal yang terdiri atas 6 genus 
protozoa dan 5 genus cacing. Prevalensi parasit gastrointestinal yang ditemukan pada sapi potong di Kabupaten Siak Sri Indrapura 
adalah Blastocystis sp. (100%), Entamoeba sp. (90%), Eimeria sp. (53%), Giardia sp. (7%), Balantidium coli (4%), Cryptosporidium 
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sp. (2%), Oesophagustomum sp. (45%), Toxocara vitulorum (20%), Moniezia expansa (9%), Trichuris sp. (5%), dan Fasciola sp. (4%). 
Kesimpulannya, Siak Sri Indrapura Riau merupakan daerah endemik parasit gastrointestinal dan ini dapat mengancam kesehatan 
ternak dan berpotensi sebagai penularan zoonosis.

Kata kunci: Identifikasi, Prevalensi, Sapi potong, Parasit Gastrointestinal (GI), Siak Sri Indrapura Riau Indonesia

INTRODUCTION

Gastrointestinal parasites infections are the major 
cause of gastroenteritis in livestock throughout the in 
world.1 It is have impacts on public and animal health 
around the world, mainly in developing countries.2 Some 
gastrointestinal parasites in cattle have the potential 
to transmit zoonoses to humans. The gastrointestinal 
parasites in cattle including Trichuris spp., Strongyloides 
sp., Criptosporidium parvum, Balstocystis sp., Giardia sp. 
and hookworms are zoonotic.3,4,5,6 According to Marskole 
et al. “gastrointestinal parasites cause considerable global 
economic losses as a consequence of reduced weight 
gain, digestive disturbance, lowered production, impaired 
reproductive performance, abnormalities in infected organs, 
and mortality in infected animals”.2

Riau Province has the potential for livestock development 
and Siak Sri Indrapura District is a center for developing 
cattle in Riau. However, health surveillance of livestock is 
still lacking, through this study a survey of the prevalence of 
parasitic gastrointestinal diseases was carried out and also 
to determine the presence of zoonotic parasitic infections 
in beef cattle in Siak Sri Indrapura District.

MATERIAL AND METHODS

Study Area
Beef cattles from three Sub-district: Bungaraya, Sabak 

Auh and Dayun, Siak Sri Indrapura District, Riau Province, 
Indonesia were targeted for sampling. The reason for 
sampling at the location is because in Bungaraya, Sabak 
Auh and Dayun sub-districts are a breeding center. The 
geographical position of Siak Sri Indrapura District is 
located at N10º 16’ 30” E100º 54’ 21” (Figure 1). 

Faecal Samples Collection
Fresh stools (feces) were collected directly from the 

ground and after defecation without disturbing the animals 
and the study was also explained orally to all participants 
(the farmers). One hundred fresh stools were collected, 
using gloves from 32 cattles from Bungaraya sub-district, 
34 cattles from Sabak Auh sub-district and 34 cattles from 
Dayun sub-district. Collection sampel was conducted 
during 7-26 January 2018. All stool samples were collected 
in labeled urine container sterile and were preserved in 2.5% 
potassium dichromate. The characteristic of sample such 
as age and sex cattle, cage management, feed and drinking 
water were recorded.

Figure 1. Map of location of sampling point. Pink color is Siak 
Sri Indrapura District. The shape of the triangle in the 
picture shows the sampling location: red color (district 
center of Siak Sri Indrapura); purple color (Dayun 
sub-district); green color (Bungaraya sub-district); 
and orange color (Sabak Auh sub-district). 

Examination of Faecal Samples
Stool samples were analyzed at the Laboratory in 

Department of Veterinary Parasitology, Faculty of 
Veterinary Medicine, Airlangga University, Surabaya 
Indonesia. Samples were examined for eggs worm, cysts 
and oocysts for protozoa by native, sedimentation and 
sucrose flotation methods. For native examination, the stool 
sample was taken and placed on the glass object and covered 
and than observed under microscope. For sedimention, 
filtrate was centrifugated 1.500 rpm for 5 minutes (by 
centrifuge HC 1180T 8 HOLE WITH TIMER, China), 
supernatant was removed. This step was repeated until three 
time. Sediment was taken slightly and placed in a slide to 
observed under microscope. Then, remaining sediment was 
diluted in sucrose solution and centrifuged at 1.500 rpm for 
10 minutes. Floated was added sucrose solution until end 
of tube and was covered by a cover glass. The cover glass 
was transferred to object glass, and observed under light 
microscope at 100x and 400x magnification. Identification 
of GI parasites were based on the morphology and size of 
the eggs, cysts or oocyts.7 

RESULT AND DISCUSSION

The characteristics of stool samples were provided 
in Table 1. The age of cattles ranged from 3 months to 
3 years, mostly more than one year, the majority of beef 



157Susana, et al.: Identification and Prevalence of Gastrointestinal Parasites

cattle population are females, extensive management and 
the feed was grass and drinking was well water. Out of 
the three locations, the characteristics of stool samples in 
Siak Sri Indrapura District were almost the same, only the 
management in Sabak Auh sub district was better, extensive 
management is less than the other two places. 

Table 2 and Table 3 were showed the kind of the 
GI parasites that found. Eleven parasites were found, 6 
genera of protozoa and 5 genera of worm. The six genera 
of protozoan were Blastocystis sp. (100%), Entamoeba sp. 
(90%), Eimeria sp. (53%), Giardia sp. (7%), Balantidium 

Table 1. Characteristics of Stool Samples in Siak Sri Indrapura, Riau

Characteristic Samples

Number of Beef Cattle in each  Sub District 
(head/%)

Total 
Number 
(head/%) 
(n=100)

Bungaraya 
(n=32)

Sabak Auh 
(n=34)

Dayun 
(n=34)

Age

3 -  6 months 3(9.38%) 0(0%) 1 (2,94%) 4 (4%)

>6 months – 1 year 9(28.12%) 14(41.18%) 5(14.70%) 28(28%)

>1-2  years 11(34.37%) 15(44.12%) 15(44.12%) 41(41%)
>2-3  years 9(28.12%) 5(14.71%) 13(38.23%) 27(27%)

Sex
Male 8(25%) 11(32.35%) 8(23.53%) 27(27%)
Female 24(75%) 23(67.65%) 26(76.47%) 73(73%)

Cage 
Management

Intensive 8(25%) 16(47.16%) 2(5.88%) 26(26%)
Semi Intensive 2(6.25%) 7(20.59%) 10(29.41%) 19(19%)
Extensive 22(68.75%) 11 (32.35%) 22(64.71%) 55(55%)

Feed and 
drinking 
water

Grass, well water 0(0 %) 16(47.06%) 0(0 %) 16(16%)
Grass, well water + salt 21(65.62%) 0(0 %) 0(0 %) 21(21%)
Grass + waste of tofu,  well water 0(0 %) 18(52.94%) 0(0 %) 18(18%)
Grass + stump of oil palm+ rice bran, well water 8(25%) 0(0 %) 28(82.35%) 36(36%)
Grass + stump of oil palm+ rice bran, pool water 0(0 %) 0(0 %) 6(17.65%) 6(6%)
Grass + stump of oil palm+ rice bran, well water 3(9.38%) 0(0 %) 0(0 %) 3(3%)

Table 2. Prevalence of Gastrointestinal Parasites in Beef Cattles in Siak Sri Indrapura, Riau

Types Parasite

Number of positive (Prevalence %)
Total Number of 

positive (Prevalence 
%) (n=100)

Bungaraya
Sub District 

(n=32)

SabakAuh
Sub District 

(n=34)

Dayun Sub 
District
(n=34)

Protozoa

Blastocystis sp. 32 (100%) 34 (100%) 34 (100%) 100 (100%)
Amoeba sp. 25(78.13%) 34 (100%) 31(91.18%) 90 (90%)
Eimeria sp. 30 (93.75%) 19 (55.88%) 4 (11.76%) 53 (53%)
Giardia sp. 5 (15.63%) 0 (0%) 2 (5.88%) 7 (7%)
Balantidium sp. 3 (9.38%) 0 (0%) 1(2.94%) 4 (4%)
Cryptosporidium sp. 2 (6.25%) 0 (0%) 0 (0%) 2 (2%)

Eggs Worm

Oesophagustomum sp. 24(75%) 14 (41.18%) 7(20.59%) 45 (45%)
Moniezia expansa 4(1.25%) 1(2.94%) 4 (11.76%) 9 (9%)
Toxocara vitulorum 4(1.25%) 7 (20.59%) 9 (26.47%) 20 (20%)
Trichuris sp. 2(6.25%) 0 (0%) 3(8.82%) 5 (5%)
Fasciola sp. 1(3.13%) 0 (0%) 3(8.82%) 4 (4%)

coli (4%), Cryptosporidium sp. (2%), and the five genera 
of worms were Oesophagustomum sp. (45%), Toxocara 
vitolorum (20%), Moniezia expansa (9%), Trichuris sp. 
(5%), and Fasciola sp. (4%). Almost of cattles infected 
by more than one genus GI parasites, only one cattle (from 
Dayun) infected with one genus parasite, Blastocystis sp. 
and there are mixed infections in the sample examined for 
up to seven genera parasites. Figure 2 was showed the 
morphologically of the gastrointestinal parasites found in 
this study using a light microscope.
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Figure 2. Morphological features of gastrointestinal parasites 
in beef cattle in Siak Sri Indrapura district, Riau 
Province. A). Blastocystis sp.; B). Moniezia 
expansa; C). Toxocara vituorum; D). Entamoeba 
sp.; E). Oesophagustomum sp.; F). Trichuris sp.; G). 
Balantidium sp.; H). Cryptosporidium sp.; I). Fasciola 
sp.; J) Eimeria sp.; K). Giardia sp.

This study is the first assessment of the prevalence of GI 
parasites in beef cattles in Siak Sri Indrapura District, Riau 
Province, Indonesia. The prevalence of GI parasites in beef 
cattles has been investigated in Riau Province by Rozi et al. 
it done in Tenayan Raya Pekanbaru Municipality and “they 
only emphasized on trematode worms, Parampistomum 
sp. and Fasciola sp”.8 The prevalence of Fasciola sp. 
infection in this study (4%) was much lower than their 
findings (50.43%; 49.02% in female and 60.71% in male). 
Although the prevalence is low, Fasciola infection must be 
aware because it has potential to infect humans. To date, 

Table 3. Prevalence of Gatrointestinal Parasites Infection in Beef Cattle Based on Single or Mix Infection

Infection (Single/Mix)
Number of positive (%) Prevalence (%)

(n=100)Bungaraya (n=32) Sabak Auh (n=34) Dayun (n=34)
Single infection parasite 0 (0%) 0 (0%) 1 (2.94%) 1 (1%)
Mix infection with two parasites 3 (9.37%) 11 (32.35%) 16 (47.05%) 30 (30%)
Mix infection with three parasites 6 (%) 8 (23.52%) 8(23.52%) 22 (22%)
Mix infection with four parasites 11 (18.75%) 12 (35.29%) 5 (14.70%) 28 (28%)
Mix infection with five parasites 9 (28.13%) 3 (8.82%) 3 (8.82%) 15 (15%)
Mix infection with six parasites 2 (6.25%) 0 (0%) 1 (2.94%) 3 (3%)
Mix infection with seven parasites 1 (3.13%) 0 (0%) 0 (0%) 1 (1%)

Fasciola infection has been identified in human in many 
countries, with higher prevalence in farming communities 
in low income countries.9 

In addition to Fasciola eggs worm, this study also found 
another parasites that are potentially zoonotic and its can be 
a source of transmission to human. They were Blastocystis 
sp., Giardia sp., Balantidium sp., Cryptosporidium sp., 
Toxocara vitolorum and Trichuris sp. 

Blastocystis sp. is a parasite of the digestive tract of 
humans, livestock, birds, rodents, reptiles, dogs, pigs, 
cats and other animals.10 The prevalence of Blastocystis 
sp. was high in this study, 100%. It raises the question, 
whether Blastocystis sp. actually a commensal protozoan 
or a pathogen. According to Parija and Padukone,11 at date, 
understanding of the taxonomy, biology and pathogenicity 
of Blastocystis sp. were not fully clear yet, although 
Blatocystis sp. has been identified 100 years ago, but, in 
the recent decades, many researchers have focused their 
research on the pathogenicity of Blastocystis sp. Several 
research have reported that Blastocystis infection has 
potential to be a zoonotic parasite, base on finding the same 
subtype in both animals and human,12 among 17 subtypes 
of Blastocystis in mammals and birds, 9 subtypes (ST1-9) 
can infect humans.13 Badparva et al.6 reported that the most 
common subtype Blastocystis in cattle were ST5, followed 
by ST3 and ST6. It means that cattle with Blastocyst 
positive can be a source of transmission to human.

The prevalence of Giardia sp. and Cryptosporidium sp. 
in beef cattles in this study were 7% and 2%, respectively. 
It was lower than research conducted in Bangladesh by 
Ehsan et al.14 they reported that the prevalence of Giardia 
sp. and Cryptosporidium sp. infection in calf in Bangladesh 
were 22% and 5%, respectively. Evidence that Giardia sp. 
and Cryptosporidium sp. are zoonotic parasites have been 
reported by several researchers. Wegayehu et al.3 reported 
that while Cryptosporidium sp. and Giardia duodenalis 
infected children and cattle in Ethiopia. The prevalence 
of Giardia sp. infection in children was significantly 
associated with contact with cattle and manure. Both, 
direct transmission of Giardia sp. and Cryptosporidium 
sp. between cattle and their handlers (farmers) and indirect 
transmission through water ponds were also investigated 
by Ehsan et al.14
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Balantidium infection (Balantidiosis) is a zoonotic 
disease and it can infect humans and animal through 
the fecal-oral route. According to Wisesa et al.15 and 
Hussin and Al-Samarai,16 cattles are highly susceptible to 
balantidiosis. The prevalence of Balantidium sp. infection 
in beef cattle in Siak Sri Indrapura Riau was lower (4%) 
compared in Bali cattle in Bali Province, it was 17.19%.15 
While, Hussin and Al-Samarai16 showed the prevalence 
of B. coli in cattle and their breeder in Baghdad Iraq were 
29.50% and 9.09%, respectively. Although considered an 
opportunistic pathogen, Balantidium coli can cause severe 
illness. Randhawa et al.17 reported case chronic cattle 
diarrhoea due to Balantidium coli infection. 

In this study, the prevalence of Amoeba sp. was found in 
90 (90%) beef cattles. It was higher than parasite infection 
rate than that reported in Korea.18 Until now, the role of 
Amoeba sp. in cattle is still not understood. 

More than 50% the prevalence of Eimeria sp. in beef 
cattle in Siak Sri Indrapura Riau. It was higher than the 
prevalance of Eimeria sp. in Bali female cattle in Nusa 
Penida Bali, which was 12%,19 and in Bali and West and 
East Nusa Tenggara, was 9.6%.20 While in Bandung West 
Java, the prevalence of Eimeria sp. infection in dairy 
cattle was 44.75%.21 Eimeria sp. infection (coccidiosis) is 
responsible for major economic losses in animal husbandry 
worldwide.22

The prevalence of Moniezia expansa in the city of 
Siak is 9%, where the prevalence is higher compared to 
the prevalence of Moniezia expansa in Bali and Rambon 
cattle in the Morowali district, Central Sulawesi, which 
was 2.5% and lower to the prevalence of Moniezia sp. in 
slaughterhouses in Pontianak City, West Kalimantan, at 
11.25%.23,24 In addition to Taenia saginata, a group of 
cestoda worm that can infect humans.25 The results of the 
study in 2018, Moniezia expansa which infects livestock 
(cattle, sheep and goats), have also been reported in 
humans.26

The prevalence of Toxocara vitulorum infection in beef 
cattle in Siak Sri Indrapura Riau was higher (20%) compared 
with Saraswati et al.27 finding in Bali cattle in Bali Province 
(2.2%). The role of T. vitulorum in toxocariasis in humans 
is still not understood,28 although T.vitulorum larvae were 
carried out in somatic migration mice.

Toxocariasis (Toxocara vitulorum) which attacks 
cattle can be transmitted through oral fecal contamination, 
placenta (transplacenta) and milk (transmamary). Toxocara 
infection in animals can cause digestive tract disorders such 
as diarrhea, vomiting, constipation, intestinal damage to 
death. Besides infecting cows, Toxocara vitulorum can 
also infect spotted deer (Axis axis). Toxocara sp. infection 
causes diarrhea, loss of appetite, thinness and anemia, and 
even Toxocara vitulorum can cause pneumonia due to larval 
migration in the organs of the lung, liver organ damage 
and toxemia. Humans can be infected with Toxocariasis 
if they are eaten by infective eggs contaminated with dog, 
cat, livestock and soil feces, then the larvae hatch and then 

migrate through tissues and organs. It can cause visceral 
migrating larvae or larvae to migrate the eyes if they are 
trapped in a vein behind the eye which can cause permanent 
eye damage. The larvae was found in tissues (lung, liver and 
kidney) and milk are considered a source of transmission 
in humans.29

Mohd-Zain et al.30 collected samples from playgrounds 
in Malaysia and found 95.7% Toxocara eggs and 88.3% 
another nematode. This prevalence shows very high 
contamination of local soil by parasitic eggs and can be a 
source of transmission to humans.30 

Prevalence of Oesophagustomum sp. in beef cattle in 
Siak Sri Indrapura was 45% and this prevalence was higher 
than the prevalence of Oesophagustomum sp. in Badung 
Regency, Bali in 2011 and in the province of Bali in 2014, 
respectively, 1.85% and 0.27%.31,32 Oesophagostomum 
spp. in ruminants was zoonotic worms that can cause a 
risk of environmental pollution and can lead to infection 
in humans.33 

Prevalence of Trichuris sp. in Siak City, Riau is 5% 
of a total of 100 samples. This prevalence is higher when 
compared to the prevalence in Bali Province (1.5%) and 
lower than the prevalence of trichurosis in Bojonegoro 
District at 7.22% in the dry season and 5.19% in the rainy 
season. 32,34 The prevalence of trichurosis found in cattle 
in Bhutan is 4.31%,35 and in Costa Rica (7.8-14.5%).36 
Meanwhile, the prevalence of trichinosis in dairy cows 
using intensive maintenance management is found to be 
much lower at 0.63% in Thailand,37 and 1.2% in Ethiopia.38 
Prevalence of Trichuris sp. in Dayun sub-district is higher 
than in the regencies of Bungaraya and Sabak Auh by 
8.82%. This is because livestock that are grazed have the 
potential to be infected with parasites higher than those 
who are fed in cages.39 This statement also supports the 
results of the prevalence of Trichuris sp. in Sabak Auh 
District was 0%. More than 47% livestock management 
in the Sabak Auh Sub-district, was intensive management 
(Table 1). Trichuris was resistant to changes in temperature 
and humidity. On dry highlands, wet highlands (also Dayun 
sub-district), semi dry lands (Bungaraya and SabakAuh), 
Trichuris eggs can survive and develop for several years 
and cause infection in cattle.32

The advantages of intensive management were 
also shown in negative results (0%) in Sabak Auh for 
some parasites such as Giardia sp., Balantidium coli, 
Cryptospodidium sp., and Fasciola sp. (Table 2). 
Whereas that parasites have been discussed previously 
are zoonotic. 

CONCLUSION

In conclusion, Siak Sri Indrapura District, Riau Province 
Indonesia is an endemic gastrointestinal parasite area and 
it can threaten the health of livestock and potentially as a 
zoonotic transmission.
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ABSTRACT
We have previously developed a new method using a new formazan substrate WST-8, as a simple and rapid screening 

test for detection of glucose-6-phosphate dehydrogenase (G6PD) deficiency accomplished by the naked eye. However, it 
was little difficult to distinguish between faint orange colors developed by heterozygous females and pink colors of normal 
hemolyzed blood, since both have similar tones, but this was the only simple and rapid screening test can be applied in 
the field. To solve this problem, we established a newer and simple screening method has been established by replacing 
a different formazan substrate, MTT (3-(4,5-dimethyl-2- thiazolyl)-2,5-diphenyl-2H tetrazolium bromide) in combination 
with a hydrogen carrier, 1-methoxy phenazine methosulfate to replace WST-8. MTT formazan exhibits a purple color, 
thus allowing for the ability to easily distinguish the pink colors of hemolyzed blood. However, MTT has been reported to 
react with hemoglobin non-specifically and to interfere with the interpretation of the color reaction. In our examinations 
by mixing MTT with hemolyzed blood, we found that the non-specific reaction was very slow, and that the addition of a 
small amount of blood (5 ~ 10 μl) into a reaction mixture (800 μl) did not interfere the reaction of G6PD activity. In this 
new MTT method, a strong purple color was generated in normal blood samples at 20~30 min after incubation, which 
could be distinguished by the naked eye from G6PD-deficient blood samples with less than 50% residual activity and 
has the same sensitivity and negative predictive value as WST-8 (ca. 85%). In addition, quantitative measurement using 
a spectrophotometer was also possible despite the fact that MTT formazan is water-insoluble. 

Keywords: G6PD-deficiency, new screening method, formazan substrate, MTT, purple color development

ABSTRAK
Kami sebelumnya telah mengembangkan metode tes skrining sederhana dan cepat untuk mendeteksi defisiensi glukosa-6-fosfat 

dehidrogenase (G6PD) menggunakan substrat formazan WST-8 yang dapat diamati langsung dengan mata telanjang. Namun mengalami 
sedikit kesulitan dalam membedakan antara warna oranye pudar yang dihasilkan oleh perempuan heterozigot dan warna merah muda 
yang disebabkan oleh hemolisis pada darah normal karena memiliki warna dasar yang sama, tetapi ini merupakan satu satunya tes 
skrining cepat yang dapat digunakan di lapangan. Untuk mengatasi hal ini, kami mengembangkan metode skrining G6PD baru dan 
sederhana dengan menggunakan substrat formazan lain, yaitu MTT (3-(4,5-dimethyl-2- thiazolyl)-2,5-diphenyl-2H tetrazolium bromide) 
yang dikombinasikan dengan1-methoxy phenazine methosulfate sebagai pengganti WST-8 . Formazan MTT akan menghasilkan warna 
ungu, sehingga dengan mudah dapat dibedakan dengan warna merah muda yang disebabkan oleh hemolisis pada darah normal. 
Walaupun disebutkan bahwa MTT dapat bereaksi non-spesifik dengan hemoglobin dan mengganggu interpretasi reaksi warna. Namun 
dari hasil penelitian kami dengan mencampurkan MTT dengan darah hemolisis, menunjukkan bahwa reaksi non-spesifik yang terjadi 
sangat lambat, dengan demikian bila penambahan hanya dengan sejumlah kecil sampel darah (5 ~ 10 μl) ke dalam campuran reaksi 
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(800 μl) tidak akan mengganggu reaksi aktivitas G6PD. Dengan metode MTT yang baru ini, akan menampilkan warna ungu yang kuat 
pada sampel darah normal dalam waktu 20 ~ 30 menit setelah inkubasi sehingga dengan mata telanjang dapat langsung dibedakan 
dengan sampel darah defisiensi G6PD dengan aktivitas enzim kurang dari 50% dan memiliki sensitivitas dan nilai prediksi negatif 
yang sama dengan WST-8 (sekitar 85%). Selain itu pengukuran kadar G6PD secara kuantitatif dapat dilakukan dengan menggunakan 
spektrofotometer walaupun disebutkan bahwa formazan MTT tidak larut dalam air.

Kata kunci: defisiensi G6PD, metode skrining baru, substrat formazan, MTT, perubahan warna ungu.

INTRODUCTION

Glucose-6-phosphate dehydrogenase (G6PD) deficiency 
is one of the most frequent hereditary disorders, with 
an estimated 400 million people affected worldwide, 
particularly in tropical areas including malaria endemic 
regions.1 The G6PD gene spans 18 kb on the X chromosome 
(Xq28), containing an open reading frame of 1,545 base 
pairs encoded in 13 exons and 12 introns. To date, more 
than 400 G6PD biochemical variants have been described, 
and 186 mutations among them have been discovered at 
the molecular level.2

The most frequent clinical manifestation of G6PD 
deficiency is acute hemolytic anemia, which is usually 
triggered by taking specific oxidative drugs such as 
primaquine.1 Primaquine has been used for the radical 
treatment of vivax malaria and for gametocytocidal action 
against falciparum malaria. Primaquine-induced hemolytic 
crisis is thus a serious problem in chemotherapeutic 
malaria control efforts. Therefore, primaquine should be 
administered to malaria patients only after normal G6PD 
activity is confirmed.

A number of surveys on malaria and G6PD deficiency 
of individuals living in malaria endemic areas of Southeast 
Asian countries 3-10 have been done using the Acridine 
Orange staining method for rapid diagnosis of malaria11-

12 and the WST-8 method13 for rapid detection of G6PD 
deficiency. By using these methods, the results of a 
blood examination could be informed within 30 mins to 
the malaria patients and prescribed antimalarial drugs, 
including primaquine, on-site if their G6PD activity was 
normal.

Presently, several screening methods for detection 
of G6PD-deficiency in the field have been reported. The 
fluorescent spot test 14-15 is the most widely used screening 
method. However, this method requires an ultraviolet lamp 
in a dark room, and since it provides only a qualitative 
result, it is very difficult to identify heterozygous females. 
Other methods, such as the Formazan ring method 16 
and the Sephadex gel method,17 that do not require any 
equipment or electricity have been used in epidemiological 
studies.18-22 Both of these methods have used a formazan 
substrate, MTT (3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-
2H tetrazolium bromide) and a hydrogen carrier, phenazine 
methosulfate (PMS). Unfortunately, both methods also 
provide only qualitative results and, thus, it was extremely 
difficult to diagnose heterozygous females. In addition, 

PMS is strongly photo-sensitive, and special attention is 
needed to protect against exposure to ordinary light during 
screening.19

Another formazan method, using WST-8 (2-(2-
methoxy-4-nitrophenyl)-3-(4-nitro phenyl)-5-(2,4-
disulfophenyl)-2H tetrazolium monosodium salt) and 
1-methoxy PMS 13 have been reported to overcome the 
disadvantages in the MTT/PMS methods. The 1-Methoxy 
PMS is a photo-resistant hydrogen carrier, and WST-8 
formazan is highly water-soluble; both are easy to assay 
qualitatively and quantitatively. However, this method 
also has a disadvantage: a faint orange color developed 
by 30~50% G6PD residual activity (i.e, heterozygous 
female samples) is quite similar in tone to the pink color 
of hemolyzed blood, which is not so easy to distinguish by 
the naked eye, making it difficult to confidently identify 
heterozygous females.9

As MTT formazan exhibits a purple color, the WST-8 
in previous method13 was replaced by MTT formazan to 
be easier distinguish faint orange colors from pink colors 
(Figure 1). A newer rapid screening and detection method 
of G6PD deficiency by using MTT/1-methoxy PMS and 
naked eye without the interference of non-specific reactions 
between MTT and hemoglobin is reported herein.

Figure 1.  Principle of chemical reactions for detection of G6PD 
activity by using a formazan substrate, MTT

MATERIALS AND METHODS

Chemicals
Glucose-6-phosphate (G6P) and nicotinamide adenine 

dinuleotide phosphate (NADP) were obtained from 
Boehringer Co. (Mannheim, Germany). MTT, 1-methoxy 
PMS and the WST-8 diagnostic kit were purchased from 
Dojindo Laboratories (Kumamoto, Japan).
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Preparation of Reaction Mixtures for the MTT 
Method

The transparent type of microcentrifuge tube should 
be used in this method. The reaction mixture in a 1.5-ml 
microcentrifuge tube consisted of: (1) 20 μl of the substrate 
mixtures containing 50 mM G6P, 4 mM NADP in 400 
mM Tris-HCl buffer with 100 mM MgCl2 (adjusted pH to 
7.2~7.5), (2) 20 μl of 5 mM MTT in H2O, (3) 20 μl of 1 
mM 1-methoxy PMS in H2O, and (4) 740 μl of H2O. These 
substrates and dye solutions can be stored at least for 6 
months at 4 °C in the dark or for several years at –20 °C. 

Procedures 
Normal blood (G6PD activity, 9.0 IU/g Hb), hemizygous 

male blood (1.0 IU/g Hb) and heterozygous female blood 
(4.1 IU/g Hb) were obtained from Indonesian donors (the 
senior author and two volunteers, respectively). Written 
informed consents were obtained from the two volunteers 
after the explanation of this study to them based on the 
guidelines ofthe Declaration of Helsinki. All IUs were 
measured by an ultraviolet spectrophotometric method 
using a biochemical assay kit (345-B, Trinity Biotech, 
Ireland). 

The reaction was commenced after adding 5 μl of whole 
blood to the reaction tube and mixing by shaking several 
times. The reaction tube was then left to stand and color 
photographs were taken at various intervals. Development 
of purple color was observed by measuring the absorbance 
at 550 nm23 of the reaction tubes at various intervals using 
an ultraviolet spectrophotometer, Hitachi U-2800 (Tokyo, 
Japan).

Examination of the non-specific reaction between 
MTT and hemoglobin was performed by mixing 5~25 μl 
normal blood into 800 μl of 0.125 mM MTT in H2O (the 
same concentration of MTTs in the reaction mixture for 
the screening method) and the color change was observed 
at different intervals.

RESULTS

Non-specific Reaction with Hemoglobin
Fairbanks and Beutler 23and Hirono et al.17 have 

reported that MTT reacts with hemoglobin non-specifically, 
and its dark red or brown color strongly interferes with the 
interpretation of the color reaction. In our examinations of 
a 1.5-ml tube containing 800 μl of 0.125 mM MTT in H2O, 
addition of 20~25 μl blood reacted with MTT albeit very 
slowly and the color of hemoglobin was changed to dark 
red at 6 hrs after incubation (Figure 2). Subsequently, small 
brownish precipitates were formed in the tubes at 8~10 hrs 
after incubation. However, these non-specific reactions 
were not observed when a small amount of blood (5~10 
μl) was loaded (see tube 1 in Figure 3D). These results 
indicated that the interference by the non-specific reaction 
was negligible when 5~10 μl of blood were mixed with the 
800-μl reaction mixture. Indeed, absorbance at 550 nm in 
the negative control did not change even in the presence 
of the same concentration of MTT (figure 4).

Qualitative Findings
Figure 3 shows the development of a purple color 

that was generated by different G6PD activities in 1.5-ml 
tubes. Appearance of the purple color in normal blood 
was observed at about 10 min after incubation at room 
temperature. At 30 min after incubation, a dark purple color 
in the normal blood sample (tube 4 in Figure 3A) was clearly 
distinguished from only a faint purple color produced by 
heterozygous female sample (tube 3 in Figure 3A). At 
1 hr (Figure 3B) and 2 hrs (Figure 3C) after incubation, 
purple colors in the normal blood and heterozygous female 
blood became stronger, respectively, but at 3 hrs after 
incubation, small aggregates of MTT formazan formed, and 
the intensity of the purple color gradually decreased as the 
aggregates precipitated (tube4 in Figure 3D). Hemizygous 
male blood showed no change in color (tube 2 in Figure 
3A-D), nor did the negative control (tube 1 in Figure 3A-D). 
However, the samples of heterozygous female blood (tube 3 
in Figure 3A-D) showed a slow color development toward 
purple, and it was possible to visually differentiate them 
from positive and negative controls.

Time-course of Purple Color Development
Figure 4 shows the time-course of the purple color 

development in normal blood and in the negative controls 
without substrate. The color reaction of the normal blood 
reached a maximum after a 1.5~2-hr incubation, while 
the color development in the negative control did not 
occur during the 3-hr incubation (Figure 4). At 3 hrs after 
incubation, however, absorbance in the normal blood 
sample decreased as the formazan aggregates precipitated 
to the bottom of the tube. These results indicated that a 
quantitative measurement was possible until 2 hrs after 
incubation although MTT formazan was water-insoluble. 
All results taken together suggested that judgment of G6PD 
activity by the new MTT method should be performed 
between 30 to 60 min of incubation, particularly for 
accurate identification of heterozygous female samples. 

1         2        3        4          5        6

Figure 2. Development of dark red color by non-specific 
reactions between MTT and hemoglobin at 6 hrs after 
incubation.

Amount of blood loaded; 15 μl in tubes 1-2; 20 μl in tubes 
3-4; 25 μl in tubes 5-6. Tubes 1, 3 and 5, controls without 
MTT; tubes 2, 4 and 6, 0.125 mM MTT in 800 μlH2O. 
Note that hemoglobin colors are changed to dark red in 
tubes 4 and 6.
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Figure 3.  Purple color development in reaction tubes with blood samples of different G6PD activities. Five μl blood is loaded in each 
tube. 
Tube 1, normal blood without the substrates (negative control); tube 2, hemizygous male; tube 3, heterozygous female; 
tube 4, normal blood (positive control). 
Note that at 30 min after incubation, development of a strong purple color is seen in the positive control (tube 4), while a 
weak color development in tube 3 can be distinguished from the negative control (tube 1). At 3 hrs after incubation, the 
purple color of the positive control (tube 4) decreased in compared to those at 1~2 hrs since the water-insoluble MTT 
formazan gradually aggregates and then precipitates at the bottom of the tube. No change in color was observed in the 
negative control (A-D), even in the presence of MTT.

Figure 4. Time-course of purple color development at 
550 nm absorbance as measured by ultraviolet 
spectrophotometer

G6PD activities corresponding to normal blood sample 
(tube 4 in Figure 3). Values represent the means of three 
determinations. At 3 hours after incubation, the absorbance 
at 550 nm decreased due to the precipitation of formazan 
aggregates. Note that no change in absorbance was seen in 
the negative control in the presence of MTT.

DISCUSSION

The International standard method for detection of 
G6PD-deficiency is UV spectrophotometric assay by 
measurement of absorbance at 340 nm using an UV 
spectrophotometer with a biochemical assay kit (345-B, 
Trinity Biotech, Ireland). But this method can be performed 
only at special hospitals or special institutions. A number 
of methods for rapid diagnosis of G6PD-deficiency have 
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been reported. Among them, the fluorescent spot test,14-

15 some MTT formazan methods 16-17, 22 and the WST-8 
formazan method 13 have been adopted for application in 
the field. Recently, two rapid chromatographic diagnostic 
test kits are commercially available, i.e, BinaxNow G6PD 
(Alere Inc., USA)24 and the CareStart G6PD (Access Bio, 
USA).25 Both are qualitative assays utilizing formazan 
color development, but quantitative point-of-care tests are 
currently under development and validation.26

In the MTT/PMS methods, many researchers have 
attempted to resolve the interference problem caused 
by the non-specific reaction using many techniques for 
separation of MTT from hemoglobin in reaction mixtures, 
such as absorption of G6PD enzyme on anion-exchange 
cellulose paper,23 of hemoglobin on cation-exchange 
cellulose paper,16and of G6PD enzyme absorbed on DEAE-
Sephadex gel,17 or dissolving all reagents in agar plates 
and separating from blood (the Formazan ring method16). 
However, our research on non-specific reactions revealed 
that many special efforts mentioned above are unnecessary. 
Interestingly, we found that the interference caused by 
the non-specific reaction can be neglected as a small 
amount of blood sample is loaded, and that a quantitative 
measurement is also possible, similar to that of the WST-8 
method. Therefore, the new MTT method does not require 
any technique for separation of MTT from hemoglobin, 
and the only necessary action is to simply mix reagents in 
reaction tubes.

All MTT methods are basically qualitative assays 
due to the fact that the MTT formazan is water-insoluble. 
Extraction of the produced formazan by organic solvents, 
such as ether-acetone solution, dimethyl sulfoxide (DMSO) 
or sodium dodecyl sulphate, is possible.23 As shown in 
Figure 4, however, a quantitative assay is possible by the 
MTT method without the extraction process. Nonetheless, 
the new MTT method may be more practical if it is used for 
screening for G6PD deficiency in malaria endemic regions 
by the naked eye without any equipment. MTT is a cheaper 
dye than WST-8, and it is more widely commercially 
available worldwide than WST-8. 

Our field trial using the MTT method among the 
Dayak and the Melayu peoples in Batang Lupar District, 
Kalimantan Island was successful (unpublished). In this 
surveillance, 26 deficient individuals among 416 volunteers 
have been detected. Among those, 22 venous blood samples 
were confirmed mutations by sequencing. These results 
may indicate that this new screening method using MTT/1-
methoxy PMS is a better method for field detection of G6PD 
deficiency than the WST-8 method since exhibits a strong 
purple color which shows production of MTT formazan and 
describes the high activity of G6PD enzyme which could 
be easily distinguished by the naked eye. 

CONCLUSIONS

We found that the interference by non-specific reactions 
between MTT and hemoglobin can be neglected as a small 

amount of blood sample is loaded. Therefore, MTT could 
be used as a formazan substrate, instead of WST-8, for 
better rapid screening of G6PD deficiency. This method 
is easy, rapid and reliable screening method, especially 
for field application.
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