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EDITORIAL 

 
 The 45th Myanmar Health Research Congress, conducted by the Ministry 

of Health and Sports, was proudly and successfully held at the 

Department of Medical Research on 9th-13th January, 2017. The main 

theme of this year’s congress is “Improving the Nutrition Status and 

Reduction of Stunting in Myanmar Children”. Based on the WHO Child 

Growth Standard, Multiple Indicators Cluster Survey (2009-2010) in 

Myanmar showed that under-nutrition among under-five children still 

remains a public health problem.      

Therefore, in this issue, the article entitled “Dietary Diversity and 

Nutritional Status of Children Aged 12-23 Months from Ayeyawady 

Region of Myanmar” was appropriately chosen as the leading one. Today 

is the time to focus on nutrition which is urgently required to achieve the 

Sustainable Development Goal 2, stating clearly; “End hunger, achieve 

food security, improved nutrition and sustainable agriculture”. It is of 

crucial importance to our younger generation as 161 million children less 

than 5 years old are stunted and at least 51 million are severely or 

moderately wasted all over the world these days. Also, the author 

earnestly pointed out to promote health education on proper 

complementary-feeding practices with emphasis on improving dietary 

diversity in order to prevent children from growth faltering and its 

adverse effects. All stakeholders from various settings must combine 

their strength and effort to get sustainable progress for our future 

generation. 

There are thirteen articles in this issue and each and every article has a 

considerable value to keep in their respective research area. Other 

interesting and informative articles appeared in this issue are: Heavy 

metals in soil, water and uptake by rhizome of two Cissus species from 

various sites, Identification of dengue serotypes in children with dengue 

infection, Serum and erythrocyte magnesium and insulin sensitivity in 

adult lean and obese subjects, Serum trace elements between Pre-

 
 



ii 

eclamptic women and apparently healthy pregnant women, Comparative 

study of saline wet mount and modified kato-katz methods for detection 

of intestinal helminths from under 5-year children, Dietary habits and 

nutritional status of the elderly, Multidrug-resistant Mycobacterium 

tuberculosis strains in Myanmar patients, Stunting and zinc nutritional 

status among primary school children, Effectiveness of health education 

on knowledge of groundwater-dependent rural residents regarding 

arsenic-contaminated water, Ascertaining the presence of natural 

radionuclides different sources of drinking water in peri-urban Eco-

setting, Determination of serum aflatoxin B1 (Biomarker) adducts in 

chronic liver disease  patients, and Comparison of bio-efficacy of 

PermaNet 2.0 and PermaNet 3.0 long lasting insecticide nets against 

Anopheles dirus.    

We would like to express our gratitude to all the contributors of the 

articles since their findings and research studies are truly applicable in 

promoting Myanmar’s health status. Furthermore, we would like to 

encourage all the medical researchers as well as readers to use our 

website “www.myanmarhsrj.com” for online submission without any 

hesitation. We, MHSRJ Editorial Board, are ready to give our hands to all 

the users as our aims are to treat all the authors, members, precious 

reviewers with a friendly attitude and to resolve their problems or 

questions in quick and efficient manner. 
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Dietary Diversity and Nutritional Status of Children  
Aged 12-23 Months from Ayeyawady Region of Myanmar 

 
Lwin Mar Hlaing1*, Min Kyaw Htet2, Agus Firmansyah3, Budi Utomo3 & Umi Fahmida3 

 

1Nutrition Research Section, Department of Public Health 
2Trisakti University, Jakarta, Indonesia 

3University of Indonesia, Jakarta, Indonesia 

 
Complementary-feeding diet of Myanmar children often lacks diversity. 
This study was conducted in Ayeyawady from June to September 2012 to 
assess dietary diversity (DD) in complementary food of 12-23-month-old 
children (n=106) and to investigate relation between DD and their 
nutritional status. Dietary data were collected by 12-hr weighed-diet-record 
and 12-hr food-recall. Body weight and recumbent length of children were 
measured by using Salter-scale and wooden length-board. Data were 
analyzed by using SPSS software while anthropometric Z-scores were 
calculated by using WHO-Anthro Software. Foods were categorized into      
7 food-groups. as in WHO classification. Dietary diversity score (DDS) was 
calculated based on sum of food-groups consumed by children. Results 
showed 70.8% (n=75) consumed <4 out of 7 food-groups whereas only 
0.9% (n=1) consumed 6 food-groups. Stunting, wasting and underweight 
were found in 34.9% (n=37), 10.4% (n=11) and 26.4% (n=28); and severe 
stunting, wasting and underweight were found in 10.4% (n=11), 1.9% (n=2) 
and 9.4% (n=10), respectively. Children with DDS<4 were associated with 
higher prevalence of stunting (42.7%) compared to those with DDS≥4 
(16.1%), (p=0.013). After considering potential confounders, linear 
regression showed DDS was a significant predictor of child’s length-for-age 
Z-score (Adjusted-R2=0.314, β=0.213, p=0.017), weight-for-age Z-score 
(Adjusted-R2=0.237, β=0.279, p=0.003), and weight-for-length Z-score 
(Adjusted-R2=0.039, β=0.247, p=0.019), respectively. Our study clearly 
highlighted that DDS is significant predictor of child’s nutritional status. 
Therefore, education on proper complementary-feeding practices with 
emphasis on improving dietary diversity should be promoted to prevent 
children from growth faltering and its adverse effects. 

Key words: Complementary feeding, Dietary diversity score, Nutritional status, Myanmar children 
 

INTRODUCTION 
 

Childhood undernutrition is highly prevalent 
in low- and middle-income countries, 
resulting in considerable increases in 
mortality and overall disease burden.1 
Globally, more than half of child deaths is 
contributed by undernutrition.2 In Myanmar, 
Multiple Indicators Cluster Survey (2009-
2010) showed undernutrition among under-
five children still remains as a public health 
problem and the prevalence of stunting, 
wasting and underweight were 35.1%, 7.9% 
and 22.6%, respectively, based on the WHO 

child growth standard.3 This will have 
serious implication in their developmental 
potentials and future risk of diseases4 as 
well as economic growth of the country.  
Adequate nutrition through appropriate 
infant and young child feeding (IYCF) 
during infancy and early childhood is 
essential for child growth and development.5 
Exclusive breastfeeding (EBF) up to                      
6 months of age and timely introduction 
___________________________________ 
*To whom correspondence should be addressed. 
Tel: + 95-9448005700 
E-mail: lmhlaing78@gmail.com 
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of complementary food are the keys to 
achieve optimal growth and development                 
of infant and young children.6 However, 
both EBF and complementary feeding             
were poorly practiced in developing 
countries including Myanmar which may be 
associated with high prevalence of 
undernutrition among young children.7  

Dietary diversity (DD), assessed by dietary 
diversity score (DDS) or index (DDI),8, 9               
is one of the indicators of WHO 
recommended IYCF practices5 and is an 
important component of dietary quality to 
ensure adequate nutrient intake of young 
children.10, 11 Consumption of higher number 
of food-groups is associated with improved 
nutritional adequacy of diet.8 Studies have 
shown that DDS is positively associated 
with overall dietary quality and micro-
nutrient intake of young children.11, 12  

Most complementary food given to children 
in impoverished population are mainly 
based on starchy staples and are 
monotonous containing few animal-source 
foods.13 Low DD is an important problem  
in poor communities which may lead                    
to poor nutritional outcomes among 
children.14, 15 Studies, either nationwide or 
small-scale, have been done in Myanmar         
to explore IYCF practices and children 
received limited number of food-groups      
in their complementary foods (unpublished 
data). Scarcity of data is available on 
relation between IYCF practices especially 
DD and nutritional status of children.                
This study was conducted to examine 
current IYCF practices, to assess DD in 
complementary food of 12-23-month-old 
children and to investigate relation between 
DD and their nutritional status.  

 
MATERIALS AND METHODS 

 
Study design and population  
This study was a cross-sectional survey 
conducted from June to September 2012 in 
Ayeyawady Region, Myanmar. This survey 
was preliminary phase of an intervention 
trial (Clinical Trials.gov Identifier: NCT017 

58159) entitled “Optimized complementary 
feeding improves the effect of iron supple-
mentation on micronutrient status, growth 
and gut microbiota of 12-23-month-old 
Myanmar children, 2013”.14 Pantanaw and 
Nyaungdone townships were randomly 
selected from Maubin District of Ayeyawady 
and one village-tract each from these two 
townships were selected. Every mothers 
residing in these villages having 12-23-
month-old children (who were apparently 
healthy and not suffering from any illness 
which could interfere their dietary intakes) 
were invited to participate in this survey. 
Dietary intake and anthropometric data were 
collected from 106 children. 

Ethical approval 
Ethical approval was obtained from “The 
Ethical Committee on Medical Research 
Involving Human Subjects, Department of 
Health, Ministry of Health, Myanmar” 
(Ethical Committee-1/2012-505) and verbal 
informed consent was obtained from 
mothers who participated in survey.  

Data collection 

Data on socio-demographic characteristics 
and IYCF practices were collected by 
interviewing mothers using standardized 
pre-tested structured questionnaires. The 
primary purpose of this survey was to 
develop local food-based Complementary 
Feeding Recommendations using Linear 
Programming approach to improve nutrient 
intake among 12-23-month-old Myanmar 
children.16  
Therefore, dietary data were collected by 
12-hour weighed-diet-record (WDR) and 
recall of any foods consumed in subsequent 
12-hr, single 24-hr recall and 5-day food 
record to get 7-day food-group consumption 
pattern as described in previous paper.17 The 
dietary data presented in this paper were 
taken only from 12-hr WDR and subsequent 
12-hr recall. All foods and beverages 
consumed by child between 06:00 and 18:00 
hours on the day of data collection were 
weighed using Tanita digital scale (model 
KD-160, USA; precision±1g) and recorded 
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by trained enumerators. A 12-hour recall for 
all foods and drinks consumed from  
18:00 hour on that day to 06:00 hour the 
next morning was also collected. Using 
standardized methods,18 body weight of 
children was measured using Salter scale 
(Model 2356S, England, precision±1g) with 
child minimally clothed. Recumbent length 
was measured using a length board 
(precision±0.1 cm).  

Data analysis  

Anthropometric data were analyzed using 
WHO-Anthro Software (version 2.0.4) and 
children were categorized as stunted (length-
for-age/LAZ<-2SD), wasted (weight-for-
length/WLZ<-2SD) or underweight (weight 
for age/WAZ<-2SD), and as severely stunted 
(LAZ<-3SD), wasted (WLZ<-3SD) or            
underweight (WAZ<-3SD) according to 
WHO 2006 multicentre growth reference 
standards.19 All means±SD and percentages 
for socio-demographic data, IYCF practices 
and nutritional status were analyzed by 
SPSS for Windows (Chicago, IL USA; 
version 16). For creation of dietary diversity 
score (DDS), a score of 1 was assigned if 
child ate 1 or more food from a given food-
group and 0 if not. These values were, then, 
summed up for all 7 food-groups to get total 
DDS with a range of 0-7.12 

The 7 food-groups were: grains, roots and 
tubers; legumes and nuts; dairy products; 
flesh foods; eggs; vitamin-a-rich fruits and 
vegetables; other fruits and vegetables.5  
Two different types of cut-off points were 
used  for  DDS categories: (DDS<4 vs. 
DDS≥4) based on WHO/UNICEF IYCF 
indicators;5 and (DDS≤1, DDS=2, DDS=3, 
DDS=4, DDS≥5) based on the previous 
study.15  
 

RESULTS 
 

Socio-demographic characteristics of study 
population  

Mean age of studied children was 18.9±4.0 
months and 48.1% (n=51) were boys                
(Table 1). Mothers were between age of             

18-43 years (mean±SD=29.4±6.3), most 
mothers (66.7%) finished primary school  
or less and nearly half were unemployed. 
Monthly family income was 90,000 (60,000-
150,000) kyats [median (Inter-quartile-
range)]. Only 28.3% (n=30) of families 
drank boiled water from river or tube well. 
Only about half of caregivers practiced hand 
washing before child feeding (56.2%, n=58) 
and after using toilet (42.2%, n=43).  

Table  1. Socio-demographic characteristics and 
nutritional status of 12-23-month-old 
children (n=106) 

Characteristics n (%) 
Child characteristics 
Age (months)† 18.9±4.0 
Gender (male) 51(48.1) 
Nutritional status  

Length for age Z-score† -1.7±1.1 
Stunting,  37(34.9) 
Severe stunting 11(10.4) 
Weight for length Z-score† -0.8±0.9 
Wasting 11(10.4) 
Severe wasting 2(1.9) 
Weight for age Z-score† -1.4±1.0 
Underweight 28(26.4) 
Severe underweight  10(9.4) 

Household members† 5.1±1.9 
Hygienic characteristics 
Boiling water for drinking 30(28.3) 
Hand washing after toilet 43(42.2) 
Hand washing before  child feeding 58(56.2) 
Maternal characteristics 
Age (years)†     29.4±6.3 
Education  

No schooling 4(3.8) 
Primary school or less 70(66.7) 
Middle school 16(15.2) 
College/University 4(3.8) 
Graduate/Post-graduate 11(10.5) 

Occupation  
Unemployed/ Dependent 47(44.3) 
Manual labor 24(22.6) 
Farming/fishing 9(8.5) 
Vendors 15(14.2) 
Private employee 9(8.6) 
Government employee 2(1.9) 

Monthly family income‡ (Quartile), kyats 
<60,000  20(18.9) 
60,000-89,000  26(24.5) 
90,000-149,000  23(21.7) 
≥150,000  37(34.9) 
†mean±SD for all such values 
 ‡1 kyat=0.00078 USD 
Stunting=LAZ<-2SD 
Wasting=WLZ<-2SD 
Underweight=WAZ<-2SD,  
Severe-stunting=LAZ<-3SD  
Severe-wasting=WLZ<-3SD 
Severe underweight=WAZ<-3SD 
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Nutritional status of children  

Mean LAZ of children was -1.7±1.1 while 
WLZ was -0.8±0.9 and WAZ was -1.4±1.0, 
respectively. Stunting, wasting and under-
weight were found in 34.9% (n=37), 10.4% 
(n=11) and 26.4% (n=28), respectively; 
whereas severe stunting, severe wasting and 
severe underweight were found in 10.4% 
(n=11), 1.9% (n=2) and 9.4% (n=10), 
respectively (Table 1). 

Infant and young child feeding (IYCF) 
practices  

Majority of children (87%, n=93) received 
breastfeeding within one hour after birth, 
98.1% (n=104) received colostrum feeding, 
while 45.3% (n=48) of mothers reported 
that their children were given EBF up to  
6 months of age and 78.7% (n=83) of 
children were still being breastfed at the 
time of survey. Children were fed solid, 
semi-solid, or soft foods starting at the age of   
 

Table  2. Infant and young child feeding practices  

IYCF practices n(%) 

Early initiation of breastfeeding (within one hour  
  after birth) 

93(87) 

Colostrum feeding 104(98.1) 
Exclusive breastfeeding 48(45.3) 
Still breastfeeding 83(78.7) 
Age of introduction of complementary foods  
  (month)† 

5.8±3.3 

Feeding frequency during illness  
Same frequent as usual 45(42.5) 
More frequent than usual  8(7.5) 
Less frequent than usual 53(50) 

Dietary diversity score (DDS)₸‡  3(2-4) 
DDS≥4 (MDD* achieved) 31(29.2) 
DDS<4 (MDD* not achieved) 75(70.8) 
†Mean±SD, ₸Median (Inter-quartile range),  ‡Dietary   
diversity score calculated based on  number of  food-  
groups consumed out of 7-Groups:* MDD=Minimum  
dietary diversity, IYCF=Infant & young child feeding 
 
8±3.3 months (range: 1-18 months) and 
about half of caregivers had habit of feeding 
their children less frequently than usual 
when they got sick (Table 2). 
 

Table   3.  Dietary diversity score as determining factor for children’s nutritional status (n=106)‡ 

Determinants Un-standardized coefficients Standardized coefficients 
(β) p value† 95% CI for B 

B SE Lower Upper 
Length for age Z-score1       
Dietary Diversity Score 0.201 0.083 0.213 0.017* 0.037 0.365 
Age of child (month) -0.132 0.022 -0.500 <0.001*** -0.175 -0.089 
Gender of child 0.066 0.182 0.031 0.717 -0.295 0.426 

Family income (kyats/month) 4.009E-7 0.000 0.038 0.663 0.000 0.000 

Education of mother 0.089 0.061 0.128 0.150 -0.033 0.210 
Weight for length Z-score2       
Dietary Diversity Score 0.194 0.081 0.247 0.019* 0.032 0.355 
Age of child (month) -0.032 0.021 -0.144 0.142 -0.074 0.011 
Gender of child .130 0.179 0.073 0.469 -0.225 0.484 
Family income (kyats/month) 6.996E-7 0.000 0.080 0.440 0.000 0.000 
Education of mother 0.003 0.060 0.005 0.958 -0.116 0.122 
Weight for age Z-score3       
Dietary Diversity Score 0.244 0.081 0.279 0.003** 0.083 0.405 
Age of child (mo) -0.099 0.021 -0.402 <0.001*** -0.141 -0.056 
Gender of child 0.109 0.178 0.055 0.543 -0.244 0.462 
Family income(kyats/month) 7.006E-7 0.000 0.072 0.437 0.000 0.000 
Education of mother 0.053 0.060 0.083 0.375 -0.065 0.172 
‡ Output from Linear-Regression analysis 
1 Length-for-age Z-score as dependent variable, Model’s R2=0.347, adjusted-R2=0.314 (p<0.001) 
2 Weight-for-length Z-score as dependent variable, Model’s R2 b=0.085, adjusted-R2=0.039 (p<0.112) 
3 Weight-for-age Z-score as dependent variable, Model’s R2=0.274, adjusted-R2=0.237 (p<0.001) 
† Significant at *p<0.05, **p<0.01, ***p<0.001
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Dietary diversity  
Children consumed 3(2-4) food-groups 
[median (Inter-quartile-range)] during 24-
hour period (Table 2). Out of 7 food-groups, 
only 29.2% (n=31) of children achieved 
minimum dietary diversity (MDD) (i.e., 
consumed ≥4 food-groups)5 while 70.8% 
(n=75) consumed <4 food-groups and none  
of them consumed 7 food-groups during 24-
hour period (Fig. 1).  

 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1.  Dietary diversity  score of complementary            
feeding diet consumed by children (n=106) 

Relation between dietary diversity score and 
nutritional status  

Pearson-Chi-square analysis showed 
children who did not eat flesh foods had 
higher prevalence of stunting (57.9% vs. 
29.9%, p=0.032), underweight (47.4% vs. 
21.8%, p=0.041), and those who did not eat 
other fruits/vegetables had higher pre-
valence of stunting (39.8% vs. 11.1%, 
p=0.028), underweight (30.7% vs. 5.6%, 
p=0.037) than those who ate these food 
groups. Children who consumed<4 food-
groups had higher prevalence of stunting 
than those consumed ≥4food-groups (42.7% 
vs. 16.1%, p=0.013) whereas prevalence of 
wasting and underweight were not signi-
ficantly different between those two groups. 
After controlling potential confounders 
(child’s age, gender, maternal education and 
family income), DDS is the significant 
predictor of child’s LAZ (Adjusted-R2=0.314, 
β=0.213, p=0.017), WLZ (Adjusted-

R2=0.039, β=0.247, p=0.019), and WAZ 
(Adjusted-R2=0.237, β=0.279, p=0.003), 
respectively (Table 3). 

 

DISCUSSION 

 
This cross-sectional survey was conducted 
in Ayeyawady Region of Myanmar where 
prevalence of both acute and chronic under-
nutrition among under-five-children is 
higher than national figure.3 These findings 
showed that under-nutrition (stunting, 
wasting and underweight) among 12-23-
month-old-children existed as severe public 
health problem in study area.20 Children 
consumed less diverse food groups than 
recommended and more than two-third of 
them did not achieve MDD.5 Correlation 
and regression analyses showed DDS is 
significantly associated with child’s nutri-
tional status. DDS among 12-23-month-old 
Myanmar children was significantly asso-
ciated with their anthropometric status.               
In addition, after controlling potential con-
founders, DDS is the significant predictor of 
child’s LAZ, WLZ and WAZ. Cross-
sectional nature of this study limited to 
make conclusion that low DDS is casual 
factor for high prevalence of under-
nutrition.  
However, a review on 11 demographic and 
health surveys has shown that there was a 
positive association between DDS and 
child’s nutritional status.21 Recent studies 
also reported that DDS is a strong predictor 
of stunting among Bangladeshi children and 
of subsequent growth among Zambian 
infants.22, 15 These evidences support the 
findings that low DDS (as a result of sub-
optimal IYCF practices) might be the 
significant contributor of child nutritional 
status. Therefore, it is necessary to improve 
IYCF practices so as to feed children with 
diverse food groups.  

Although it was observed that majority of 
mothers practiced early initiation of breast-
feeding and colostrum feeding although a 
lot more work need to be done to improve 
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B=2 Food groups  D=4 Food groups F=7 Food groups 
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EBF in the community. Study population 
had habit of using un-boiled water for 
drinking and poor habit of hand washing. 
Half of mothers in the study reported that 
they feed their children less frequently 
during illness than usual. This raises a 
concern that improper feeding practices 
during illness might have imposed 
additional burden for these children to catch 
up their growth. A previous study done in 
Sri Lanka, where wasting existed as serious 
public health problem among preschool 
children, also showed that mothers fed less 
to their children during illness.23 Poor water, 
hygienic practices and child feeding during 
illness found in the study might contribute 
to high prevalence of under-nutrition. 

Studies have shown that DDS is proxy 
indicator for micronutrient intake as well as 
dietary quality.10, 12 Rate of achieving MDD 
is lower in Myanmar children as compared 
to 6-23-month-old Nepalese children 
(29.2% vs. 34.2%).24 Median number of 
food-groups consumed by Myanmar children 
is also lower than 12-23-month-old children 
from some other countries.9 Low DDS in 
the study may lead to poor diet quality and 
hence poor nutritional status. Anthro-
pometry status of young children in study 
area was relatively poor and prevalence of 
stunting, wasting and under-weight was 
higher than that of national level. This 
should be addressed urgently.  

This study finding suggested that poor 
feeding practices reflected in DDS might             
be main reason for poor nutritional status             
and, therefore, efforts must be done to 
improve their feeding practices. Ayeyawady 
is   the region with highest rural population25 
whose main occupation is agriculture and is 
the main area of rice production for the 
country. Fishery and poultry products are 
also as common as in other rural areas of 
Myanmar. Despite local availability of food, 
feeding with them is still unsatisfactory 
probably because poor knowledge of 
caregivers on such nutrient-rich foods and 
efforts should be made to improve their 
knowledge. Another potential constraint 

may be affordability to purchase variety of 
food-groups. Therefore, it is imperative to 
find out a solution to overcome these 
constraints and WHO has been working to 
promote food-based approaches to improve 
nutritional status of children by using a 
software known as Optifood. This software 
is based on a mathematical model called 
Linear Programming approach and has been 
shown successful to develop food-based-
recommendations to improve nutrient 
quality of diet of young children using 
locally available foods at lowest cost.16, 26 
Conclusion 

Complementary feeding diet of 12-23-
month-old Myanmar children lacks 
diversity. This study highlighted that DDS 
is the significant predictor of child’s 
nutritional status: higher DDS is associated 
with greater anthropometric Z-scores. 
Stunting, wasting and underweight existed 
as severe public health problems among 
under 2-year children in Ayeyawady and 
actions should be undertaken to address 
these problems. More comprehensive 
approach, local food-based-recommendations 
developed by Linear Programming, should 
be used to improve nutrient quality of               
diet of young children. Health education 
services should be strengthened to promote 
appropriate complementary feeding practices 
with emphasis on improving dietary 
diversity to prevent children from growth 
faltering and its adverse effects.   
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Long lasting insecticidal nets (LLINs) and insecticide treated bet nets have 
emerged as a potent tool globally in preventing morbidity and mortality due 
to malaria. The efficacy of the nets is depending on the washing frequency 
and duration of the nets used. For this purpose, we have tested the bio-
efficacies of unwashed and washed PermaNet 2.0 and PermaNet 3.0 against 
laboratory-reared Anopheles dirus from Mudon Township, Mon State in 
laboratory from June 2013 to December 2014. Zero to 30 times washing  
(14 days interval) of LLINs nets and cone bio-assay test were done 
according to WHO 2005 standard method. Result found that An. dirus are 
susceptible to DDT4%, deltamethrin 0.05%, permethrin 0.75% and 
cyfluthrin 0.15%. Before and after repeated washing of both nets, 
knockdown and mortality rates of An. dirus were persisted 100% to 
unwashed and after 20 washes but the killing ability was gradually decline 
after 25 to 30 washes (90% to 55% for PermaNet 2.0 and 90% to 70% 
PermaNet 3.0). Laboratory cone bioassays confirmed the loss of biological 
activity of the PBO/deltamethrin-treated top panel after 25 to 30 times 
washing although killing ability of top panel was higher than the 
deltamethrin-treated side panel (95% to 75% for top and 85% to 65% for 
side panels).The bio-efficacy of PermaNet 3.0 showed no difference to 
PermaNet 2.0 when either unwashed or after 20 washes. Both products were 
highly protective 90% killing against main vector of An. dirus to 25 washes. 
In Myanmar, malaria is highly affected in deep forest areas, borderline areas 
and hard-to-reach areas where biological control methods are not possible. 
Effective alternative methods as deltamethrin treated PermaNet 2.0 and 
PermaNet 3.0 LLINs nets are required to distribute in these areas for 
controlling malaria transmission and major vectors of malaria.   

                     Key words: PermaNet 2.0, PermaNet 3.0, Bio-efficacy, Knockdown, Mortality 
 

INTRODUCTION 
 
A long lasting insecticide treated net (LLIN) 
should retain its efficacy against vectors of 
malaria even after washing, meeting WHO 
requirements on knockdown and efficacy 
for 20 washes and more.1 Insecticide treated 
bet nets have emerged as a potent tool 
globally in preventing morbidity and 
mortality due to mosquito-borne diseases, 
especially malaria2. Although ITNs have 
been included in the national malaria control 
programs of many countries as vector 

control option, low re-treatment rates of 
ITNs in most countries3, 4 are seriously 
affecting ITN programs.5 To meet this 
challenge, long lasting insecticidal nets 
(LLINs) have been developed incorporating 
synthetic pyrethroid in the net yarn at  
the manufacturing stage to ensure its  
bio-availability on the surface of the net 
even after multiple washing.6 The net must 
___________________________________ 
*To whom correspondence should be addressed. 
Tel: +95-9420155421 
E-mail: dr.mgmgmya@gmail.com 
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retain its effective biological activity 
without re-treatment for 20 washes and 
more WHO standard washes under 
laboratory conditions and three years of 
recommended use under field condition.7 
Three LLINs have been fully recommended 
by the WHO and are now commercially 
available as PermaNet 2.0, Olyset and 
Yorkool LLIN.8   
And additional six LLINs have an interim 
recommendation from WHOPES for the 
prevention of malaria and reduction of man-
vector contact: Dawa Plus 2.0, PermaNet 
2.5, permaNet 3.0, Netprotect, Duranet and 
Interceptor. PermaNet 3.0 is a new 
generation of long-lasting combination net 
developed by Vestergaard Frandsen, 
Denmark that incorporates the pyrethroid 
deltamethrin. It is an insecticide synergist-
combination net, designed for use in areas 
where pyrethroid-resistant malaria vectors 
are prevalent. The product incorporates the 
synergist piperonyl butoxide (PBO) with               
a pyrethroid insecticide (deltamethrin) in           
the roof section. PBO is generally used in 
commercial aerosols for potentiating 
pyrethroid activity against P450s and 
esterases in flying or domestic insect pests.9  

A synergist is a chemical that enhances the 
effect of the primary insecticide used; it 
increases the exposure of an insect to the 
insecticide as through the dose has been 
increased.10 The main way that PBO 
enhances the effects of deltamethrin is by 
inhibiting the metabolic enzyme defence 
system within the insect.11 

In Myanmar, malaria is endemic in many 
parts of the country and it is a priority public 
health problem. Nowadays, WHO recom-
mended LLINs as  PermaNet 2.0, Olyset, 
PermaNet 3.0 and other brands of LLINs 
made from other countries are distributed in 
malaria-prone areas and hard-to-reach areas 
by vector-borne diseases control programme 
(VBDC) MOH, Government societies, 
NGOs and INGOs in different parts of the 
country. Malaria is transmitted by Anopheles 
mosquitoes. Main vectors are An. dirus and 

An. minimus which are highly harmful to 
man in malaria endemic areas. LLINs and 
ITNs lead to a reduction of human-vector 
contact and diminish mosquito population 
and also provide a physical barrier with high 
coverage levels that benefit the whole 
community. However, bio-efficacy of long-
term insecticidal action of LLINs depends 
on the exposure of climate, washing 
frequencies and duration of use during  
the recommended period. Moreover, there is           
a lack of information about the impact                
of repeated washings and duration of                
use on insecticidal action of LLINs against 
Anopheles mosquitoes in Myanmar. 
Therefore, this study evaluated the bio-
efficacy of PermaNet 2.0 and newly 
introduced market available PermaNet 3.0 
long lasting insecticidal-treated net in 
relation to washing frequencies  of nets 
against Anopheles dirus mosquitoes under 
laboratory condition to provide information 
gap concerning on retention of LLINs.   
 

MATERIALS AND METHODS 
 
Study design, study areas and study period 
Field- and laboratory-based cross-sectional 
descriptive study design was done. Wild 
blood fed main vector An. dirus and larvae 
were collected from Mudon Township, Mon 
State from June 2013 to December 2014. 
Bio-efficacy of repeated hand washed 
PermaNet 2.0, and PermaNet 3.0 were 
tested against An. dirus mosquito in 
laboratory of Medical Entomology Research 
Division, Department of Medical Research 
(DMR) during the study period. 

Mosquitoes collection  
Anopheles dirus  mosquitoes from Mudon 
Township, Mon State were collected for               
5 days by animal bait big net {(K-net=Kanda 
net) 330x330x220 cm made by Prof. Kanda, 
Japan}, indoor and outdoor human bait 
collection from 18:00 to 02:00 hours with 
WHO sucking tube by monthly field 
surveys. All collected mosquitoes were put 
in paper cups with glucose and moisture 
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was maintained by covering with water 
soaked damp towel. The research work was 
approved by the Ethical Review Committee 
of DMR.    

Larval collection   

Anopheles larvae were collected in and 
around 3 km away from study areas. Wells, 
water pools, water pockets, foot prints, 
creeks, water holding containers and              
paddy fields were examined and Anopheles 
larvae were collected. Collected larvae were                
put in labeled plastic bag individually   
given oxygen by oxygen pump and all 
plastic bags were carried to Medical 
Entomology Laboratory and all collected 
larvae were reared to till adult. 
Species identification     

Species identification of all collected 
Anopheles mosquitoes by different catching 
methods and adults emerged from larval 
survey were done according to different 
authors.12, 13 
Mosquitoes rearing  

Blood fed all collected An. dirus from 
Kunkathaung Ward, Mudon Township, Mon 
State were oviposited and hatched larvae 
from eggs were reared continuously to             
get next generation of mosquitoes for              
bio-efficacy test with PermaNet 2.0 and 3.0.        

Preparation of mosquito nets samples  
LLINs description 

PermaNet 2.0, a factory-treated mosquito net, 
made with netting material that has 
deltamethrin insecticide (55 mg/m2) incur-
porated within or bound around the fibres 
made of 100% polyester netting material             
and multiple wash-resistant resins. The net 
measuring 160x180x150cm comprised of 
100 denier polyester yarn having 56 mesh/in2 
was a factory product manufactured by                 
M/s Vestergaard  Frandsen, Denmark.  

PermaNet 3.0, combination net (Vestergaard 
Frandsen SA, Aarhus, Denmark) is a LLIN 
consisting of a top panel made of mono-
filament polyethylene (100 denier) fabric 

incorporating deltamethrin at 4 g/kg(121 mg/ 
m2) and PBO at 25 g/kg(759 mg/m2),              
plus side panels made of multi-filament 
polyester (75 denier) fabric with a streng-
thened border coated with a wash-resistant 
formulation of deltamethrin at a target dose 
of 2.8 g/kg (85 mg/m2). The 75 denier sides 
of PermaNets 3.0 include a specially 
designed lower 70 cm border to enhance the 
lifetime of the net in the field.  The net is 
made fabric material -WHOPES approved 
fabric 100% Polyester/polyethlene netting 
material and multiple wash-resistant and 
mainly improved for pyrethroid resistance 
Anopheles mosquitoes. The net measuring 
190x180x150 cm, was a factory product.  

Net samples  
PermaNet 2.0 mosquito nets were provided 
from Vector Borne Diseases Control, 
Department of Health, Nay Pyi Taw and 
PermaNet 3.0 nets were provided from 
MAST Myanmar Technology Company 
Ltd., Yangon, Myanmar for bio-efficacy 
testing of each mosquito net. 

Washing procedure  

The bio-efficacy of each net (zero wash) 
was determined before washing by exposing 
3-5 days old unfed females the susceptible 
An. dirus in WHO cone bioassays test.7 
After testing of 0 wash each mosquito nets 
were washed by hand every 14th day up to 
30 washed. Five grams of Fuji detergent 
cream were dissolved in 10 liters of tab 
water in 30 liters plastic bowl. Each net was 
socked for 10 minutes. The soaked net was 
rubbed thoroughly between the palms for  
15 minutes and rinsed in plain water 3 times 
to remove the detergent. After washing, the 
nets were shade-dried for 5-7 hours at             
25-30ºC depending on the month.     

Mosquito susceptibility test  
Before evaluation of bio-efficacy of nets, 
laboratory-reared 3-5 days old ten An. dirus 
each from Mudon colony was evaluated            
for insecticide susceptibility to different 
insecticides (DDT 4%, deltamethrin 0.05%, 
permethrin 0.75%, cyfluthrin 0.15%  and  PY 
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control papers) used for vector control to 
conform susceptible  strain. Susceptibility 
test was performed using WHO impre-
gnated papers and test kits.14  

Three replicates were done for each                 
test. According to WHO, 5-10 adult 
mosquitoes per tube or cone is enough  
for susceptibility and bio-efficacy tests.14                  
A total of 180 An. dirus mosquitoes  
{(10 mosquitoes x 6 (4 insecticide papers+ 
1PY control+1OC control)=60 mosquitoes x 3 
replicates=180} were used for testing against 
different insecticides impregnated papers. 
Mortality was confirmed after 24 hours             
of exposure time. 

Bio-assay test for efficacy and wash 
resistance of washed nets   

Three-minute cone bio-assay test was 
conducted after each wash of 0, 10, 20             
and 30 washed PermaNet 2.0, and PermaNet          
3.0 netting from the top roof and side                 
of  the  nets were attached with WHO cones 
horizontally. Depending on availability               
of mosquitoes, 5 each 3-5 days old 
laboratory-reared unfed An. dirus from 
Mudon were introduced in cones by sucking 
tube and exposed for 3 minutes using WHO 
cone bioassay test method.7  

This test consisted to expose female 
mosquitoes to each part of the nets. Two 
replicates were done to each category            
of the washed nets {(5 mosquitoes x 1 top 
roof) + (5 mosquitoes x 1 side)=10 x 5 nets                
(4 test nets+1 control net)=50 x 2 replicates          
=100 mosquitoes)}. Therefore, 100 An. dirus 
mosquitoes were required every tenth 
washes of both LLINs and untreated control 
mosquito nets. The mosquitoes were then, 
removed from the cones and placed in  
paper cups with 10% glucose soaked cotton 
and moisture was maintained. Percentage 
of knockdown was measured after                       
60 minutes exposure and mortality was 
accessed 24 hours after exposure period.  

Data analysis 
Knockdown and mortality data were 
analyzed by Microsoft EXCEL software. 

Data processing and analysis were 
conducted using appropriate statistical 
software such as EPIDATA and SPSS 
version 8 for entomological data. 

 
RESULTS 

 
A total of 7 Anopheles species comprising 
An. maculatus, An. annularis, An. aconitus, 
An. minimus, An. vagus, An. philippnensis 
and An. dirus were collected from Mudon 
Township during the study periods. An. 
maculatus was the predominant species 
accounting for 252 followed by An. 
annularis 126. The main vector An. minimus 
was observed 63 and An. dirus 184 during 
the study period. According to larva survey, 
An. dirus larvae were collected in domestic 
wells in high number and 60% of the wells 
were found positive for An. dirus larvae in 
rainy season although the larvae were found 
throughout the year in some vegetative 
wells. An. annularis, An. minimus, An. 
vagus and An. maculatus larvae were 
collected in water pools, sand pools, creeks 
and cow foot prints in and around the 
Conkathaung Village, Mudon Township. 
Sometimes, An. maculatus larvae were 
found together with the An. dirus larvae in 
wells. 

Table  1. Susceptibility  status  of   laboratory-
reared An. dirus to  different insect-
cides  used  in malaria control 

WHO Insecticide 
impregnated  paper 

Exposure 
time (hr) 

Knock- 
down(%) 

24hr post-exposure 
mortality (%) 

DDT4% 1 100 100 
Deltamethrin 0.05% 1 100 100 
Permethrin 0.75% 1 100 100 
Cyfluthrin 0.15% 1 100 100 
PY control 1 0 0 
OC control 1 0 0 

Table 1 shows susceptibility status of 
laboratory-reared An. dirus from Mudon 
train was tested by WHO test kit method 
with different WHO insecticides imprenated 
papers which are used in malaria control 
programmes. The results showed 100% 
knockdown and 100% mortality in all tested 
insecticide impregnated papers. In control 
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test, there was no knockdown, and mortality 
in any An. dirus mosquitoes within                       
24 hours. Laboratory-reared An. dirus were 
found highly susceptible to all tested 
insecticides.  

 

 
 

 
 

 
 

 
Fig.  1. Mean  knockdown   rate  of  susceptible 

An. dirus against before and after 
washing of PermaNet 2.0 and  PermaNet  
3.0 within 60 minutes in laboratory 

Bio-efficacies of 20 washes PermaNet 3.0 
was observed 100% knockdown and 
PermaNet 2.0 also induced 100% knock-
down against laboratory-reared susceptible 
An. dirus. The efficacy significantly failed 
down to 60% knockdown for Permanet 3.0 
and 45% knockdown for PermaNet 2.0 after 
30 washes (Fig. 1). 
 

 

 

 

 

 

 

 

 
Fig.  2. Mean mortality rate of susceptible  

An. dirus against before and after washing 
of PermaNet 2.0 and PermaNet 3.0 
within 24 hours in laboratory 

Bio-efficacies of 20 washes PermaNet 2.0 
and PermaNet 3.0 were found 100% 
mortality against laboratory-reared susceptible 

An. dirus. The efficacy was significantly 
failed down to 70% mortality for Permanent 
3.0 and 55% mortality for PermaNet 2.0 
after 30 washes, respectively (Fig. 2). 
 

 

 

 

 

 

 

 

Fig.  3.  Efficacy of PermaNet  3.0  top  and side  
panels against susceptible An. dirus 
tested by WHO cone bioassay test  
method 

 
The percentage mortality induced by 
PermaNet 3.0 against An. dirus differed 
between top roof and sides (Fig. 3). Efficacy 
of PermaNet 3.0 found 100% mortality after 
20 washes. After 25 and 30 washes the bio-
efficacy of top roof was found 95% and 
75%, respectively. The side netting induced 
only 85% and 65% mortality after 25 and 30 
washes, respectively. The top netting 
observed higher mortality rates than the 
sides: 100% at 0 wash, decreasing to 75% 
after 30 washes. The side bio-efficacy was 
mostly lost between 25 and 30 washes      
(Fig. 3). 

 
DISCUSSION 

 
A total of 7 Anopheline species were 
collected during the study period,                        
An. maculatus was predominantly present in 
study area followed by An. annularis. The 
main vector An. dirus and An. minimus were 
observed 184 and 63 during the study 
period. An. dirus larvae were found a high 
number in domestic wells. Previously, a 
high number of An. minimus was found in 
foothill and forest fringe areas but now it is 
found in rice field in plain areas.15  
Anopheles dirus species are also bred in 
deep forest areas but now their larvae were 
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found in men-made wells in Mon State and 
Thanintheryi Region,16, 17 because certain 
environmental changes like deforestation 
and vegetation clearance for crop 
plantations and also rapid growth of 
population and installation of new rural 
areas may lead to an increase abundance of 
mosquito larval habitats.18 
Susceptibility status of laboratory-reared 
An. dirus from Mudon was tested by WHO 
cone bioassay test kit method with different 
WHO insecticides used for malaria control 
programmes. The result was found               
100% knockdown and 100% mortality. 
Laboratory-reared An. dirus was found 
highly susceptible to all tested WHO 
insecticides impregnated papers as DDT 
4%, deltamethrin 0.05%, permethrin 0.75%, 
cyfluthrin 0.15%. Susceptible main vectors 
are very useful for bio-efficacy testing of 
IRS, insecticide treated nets, and LLINs nets 
for determination of accuracy before and 
after washing of LLINs and ITNs nets. The 
high levels of insecticide resistance in               
An. gambiae s.s mosquitoes collected in  
West Africa area were confirmed by the  
low mortality rates in WHO susceptibility 
tests with DDT, deltamethrin and 
permethrin (2.9%, 10.6% and 43.9%) 
mortality, respectively.19 But in Myanmar, 
all collected main vectors An. dirus and  
An. minimus were 100% susceptible to DDT 
4%, deltamethrin, permethrin and cyfluthrin.20 
Bio-efficacy of unwashed and after 20 
washes PermaNet 2.0 and PermaNet 3.0 
were found not significant difference 
between nets, 100% knockdown and            
100% mortality against laboratory-reared 
susceptible An. dirus to PermaNet 2.0 and 
100% knockdown and mortality to 
PermaNet 3.0. The insecticidal efficacies of 
both nets were very high in killing main 
vector An. dirus after 25 washed. Same 
result has been found in Zeneti village, 
Muheza District, NE Tanzania (5º13’S and 
38º 39’E). Before washing of the PermaNet 
2.0 and 3.0 nets, the percentage knockdown 
and mortality of An. gambiae Kisumu  
were recorded as 100% for each treatment 

arm. After 20 washes, PermaNet 3.0 still 
scored 100% mortality whereas PermaNet 
2.0 scored 96% mortality. At the end of the    
36-day trial, mortality in PermaNet 3.0 and 
2.0 arms stood at 96% or more and in the 
CTN washed to just before exhaustion 
mortality stood at 90%.21 A previous   
bio-efficacy study of LLIN and ITNs in 
Myanmar mentioned that PermaNet 2.0  
is a very effective control tool for vector 
mosquitoes, with 100% knockdown and 
mortality against An. dirus and An. minimus 
before and after 20 washes. Same efficacy 
was found in K-O-Tab+binder treated net 
against An. dirus and An. minimus after   
20 washes but An. minimus was found 100% 
mortality till 15 washes, and 86% mortality 
when tested against 20 washes net of  
K-O-Tab only treated net.20  An intervention 
study in Thayetchaung Village, Bawbin Dam 
area found that conventionally deltamethrin-
treated nets in regular use caused 100% 
mortality of malaria vector  An. minimus and 
secondary vectors An. vagus, An maculatus, 
An. culicifacies and An. annularis up to  
6 months in 3 minutes bioassay.22 

A recent study carried out in Benin, West 
Africa, showed that although unwashed 
PermaNet® 3.0 was associated with a 
higher mortality than unwashed PermaNet 
2.0 or unwashed Olyset, once washed, 
PermaNet 2.0 and PermaNet 3.0 performed 
similarly.23 However, the present study 
found that both unwashed LLINs nets have 
similar bio-efficacy, 100% mortality till  
20 washes on susceptible An. dirus. 
PermaNet 3.0 had higher mortality after  
21 to 30 washes than PermaNet 2.0.  
In Vietnam where resistance did not seem  
to be affecting net efficacy, all PermaNet 
arms were performing slightly better than 
conventionally treated nets washed  
until just before exhaustion.24 In Burkina 
Faso, in Vallee du Kou where the kdr 
mutation frequency was high (>80%), 
results showed a strong reduction of LLIN 
efficacy. In this area, a significantly higher 
mortality and blood feeding inhibition  
was associated with unwashed and  
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washed PermaNet® 3.0 compared to 
unwashed and washed PermaNet® 2.0.4 
Elevated P450 activity in a strain of  
An. gambiae from Cameroon has been 
found to reduce the efficacy of permethrin-
treated netting in laboratory tests.25  
In the present study, the efficacy was found 
significantly failed down to 60% knock-
down and 70% mortality for PermaNet 3.0 
and 45% knockdown and 55% mortality           
for PermaNet 2.0 after 30 washes.  
The mortality rate against An. gambiae in 
Kisumu was greater with PBO-deltamethrin 
netting than with deltamethrin netting 
(p=0.04). Washing the two types of  
netting up to 20 times do not have a 
significant effect on mortality of the highly 
susceptible An. gambiae Kisumu.23  

The percentage mortality induced by 
PermaNet 3.0 against the An. dirus differed 
between top roof and sides (Fig. 3).  
Efficacy of PermaNet 3.0 found 100% 
mortality after 20 washes. Regarding the 
panels, the bioefficacy of top panel was 
found 95% and 75% after 25 and 30 washes, 
respectively. The side netting affected only 
85% and 65% mortality after 25 and 30 
washes. The top netting induced higher  
rates of mortality than the sides: 100%  
at 0 wash, decreasing to 75% after 30 
washes (p=0.01).  
The side mostly lost its efficacy between  
25 and 30 washes. A study in Southern                
Berlin revealed that the mean loading 
dosage of deltamethrin on the roof 
(PermaNet 3.0) showed only a slight 
decrease after   20 washes from 119 mg/m  

to 101 mg/m2 but that of the deltamethrin  
on the sides 94 mg/m2 had fallen to  
17 mg/m2 after 20 wahses. This is due to the 
deltamethrin on the roof being incorporated 
into the polyethylene and thus less tractable 
to washing. It was recorded that PBO  
on the roof of the net was 731 mg/m2  
and 856 mg/m2 before washing (two  
nets tested), at 435 mg/m2 after washing  
and at 258 mg/m2 by the end of the trial. 
Deltamethrin retention after 20 washes  

was 18% on the sides and 84% on the 
roof.23 

The unwashed PermaNet 3.0 showed no 
difference to unwashed PermaNet 2.0 
against pyrethroid-susceptible An. dirus,     
in terms of mortality (100% killed). After       
20 washes the two products showed  
no difference in knockdown and mortality 
(100% with PermaNet 2.0 and 100%          
with PermaNet 3.0) but showed small 
differences in knockdown and mortality 
after 30 washes (45%, 60% and 55%,     
70% with both PermaNet 2.0 & 3.0, res-
pectively).  

A study in Assam India mentioned that 
PermaNet 2.0 nets had reasonably good 
wash resistance for up to 15 washes     
against An. minimus s.l, and reduced  
the biting densities of culicine in houses and 
inhibited blood feeding by mosquitoes.5 
But, for protecting against An. dirus, 
PermaNet 3.0 showed no difference to 
PermaNet 2.0 when either unwashed or  
after 20 washes, according to the  
WHO cut-off point of 95% knockdown and  
80% mortality.7 Both products were highly 
protective against biting. Laboratory  
tunnel bioassays confirmed the loss of 
biological activity of the PBO/deltamethrin-
treated panel after washing.21 

Conclusion 

Both PermaNet products are highly 
effective against susceptible Anopheles 
dirus. Both PermaNet 2.0 and PermaNet 3.0 
have good wash resistance for up to 20 
washed 100% mortality against An. dirus 
which is the major vector of malaria in 
Myanmar. PermaNet 3.0 is improved as 
a long lasting insecticidal net (LLIN) to 
control or protect against pyrethroid- 
resistant mosquitoes. Large-scale studies 
are needed to confirm its insecticidal 
efficacy and durability against different 
malaria vector species in field areas                
where main vector and malaria incidence 
are endemic. 
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Pre-eclampsia is a leading cause of maternal mortality and morbidity. This 
hospital- and laboratory-based comparative study was conducted at 
Department of Medical Research (Pyin Oo Lwin Branch) and Central 
Women’s Hospital (Mandalay) from September 2010 to February 2011. The 
purpose of this study was to find out the role of serum trace elements in the 
diagnosis of pre-eclampsia. Fifty pre-eclamptic pregnant women of any 
gestational period admitted to the Obstetric Wards of Central Women’s 
Hospital (Mandalay) were enrolled as participants (50 cases) and fifty 
apparently healthy pregnant women attending the antenatal clinics with 
those same age, parity and gestational period were also enrolled as control 
group (50 cases) and systematic sampling procedure was used in this study. 
Diagnosis and severity of disease was classified according to American 
College of Obstetrician and Gynaecologist (ACOG) guideline. The serum 
trace elements levels were determined by Atomic Absorption Spectro-
photometer. Serum magnesium and zinc levels in normal, mild and severe 
patients were 34.38±8.28 mg/l, 35.40±11.55 mg/l, 35.79±11.34 mg/l and 
0.57±0.14 mg/l, 0.63±0.14 mg/l, 0.63±0.17 mg/l, respectively. There was no 
significant difference in mean serum magnesium and zinc levels between 
normal women and women with mild and severe pre-eclampsia (p>0.05). 
Areas under the receiver operating characteristics curve (ROC curve) for 
serum magnesium and zinc were 0.43 and 0.37 and these markers did not 
reach the acceptable limit for applying as the diagnostic test.  

Key words: Pre-eclampsia, Pregnant women, Magnesium, Zinc 
 

INTRODUCTION 

 
Pre-eclampsia is a condition that occurs 
during mid-term pregnancy and potentially 
dangerous complication of pregnancy. The 
more severe the condition becomes, the 
greater the risk that complications will 
develop.1 A widely accepted definition is a 
diastolic blood pressure equal to or greater 
than 90 mmHg before the onset of labor, or 
an increase in systolic blood pressure of  
30 mmHg or more, or in diastolic blood 
pressure of 15 mmHg or more. Hyper-
tension and significant proteinuria (2+ by 
dipstick testing, equal to or greater than  
300 mg per 24 hours, or equal to or greater 
than 500 mg per liter) usually indicate the 

presence of pre-eclampsia. Predictors of 
poor outcome include low gestational  
age and high level of proteinuria.2 The 
incidence of pre-eclampsia is 4-8% of 
pregnancy worldwide.3 Hypertension has 
been estimated to complicate 5% of all  
pregnancies and 11% of first pregnancy,  
half associated with pre-eclampsia, and 
accounting up to 40,000 maternal deaths 
annually.4  

In Myanmar, pre-eclampsia is one of the 
leading causes of maternal death next to 
haemorrhage   and   abortion.  According   to 
____________________________________ 
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statistics of Mandalay Central Women’s 
Hospital (CWH), about 10% of mothers who 
were delivered by caesarean section and 6% 
of the total deliveries were cases of pre-
eclampsia and eclampsia.5 Furthermore, in 
CWH (Mandalay), from 1st July 2004 to 30th 
June 2005, 33% of maternal deaths and 
71.4% of near-miss cases were due to severe 
pre-eclampsia and eclampsia.6  
Pre-eclampsia is also known as the "Disease 
of Theories" because various hypotheses  
in the occurrence of the pre-eclampsia  
have been set including the increase of  
the thromboxane levels and the decrease  
of the prostacyclin levels as well as the 
imbalance of the lipid peroxidase and 
antioxidants. However, the exact etiology of 
pre-eclampsia is still unknown.7 There are 
many studies regarding the relationship 
between the aggravation of the complication 
of hypertension and the changes in con-
centrations of various chemicals in mother's 
serum.8-10 Malnutrition is also a risk factor 
in the etiology of pre-eclampsia and 
implicates it by deficit intake of calcium  
and zinc.11 Deficient or excessive levels  
of blood trace elements can be an  
adverse factor in human pregnancy.12 Zinc 
requirements are greatest during times of 
rapid growth such as infancy, adolescence, 
pregnancy, and lactation. 

On the pathophysiological basis, magne-
sium plays an important role in neuro-
chemical transmission as well as vaso-
dilatation and it is an important co-factor for 
many enzyme systems.13 Magnesium may 
also act by opposing calcium dependent 
arterial constriction and may also anta-
gonize the increase in intracellular calcium 
concentration. Blood magnesium has a 
relaxant effect on the blood vessels of 
pregnant women.14 

Many biochemical markers such as uric 
acid, lactate dehydrogenase, serum calcium, 
magnesium, copper and zinc are used for the 
prediction of pre-eclampsia. One study 
described that serum and cellular magne-
sium levels show significant difference 
between the pre-eclamptic mothers and 

normal pregnant women. Some authors 
found that changes of serum calcium, 
magnesium and trace elements levels have 
significant effect on the pathophysiology  
of pre-eclampsia.15 It was found that  
serum calcium and magnesium levels of pre-
eclamptic women is significantly lower than 
that of normal pregnant women (p=0.001).16 

The incidence and complication of pre-
eclampsia is still high in Myanmar. 
Therefore, studies are required to explore 
the role of the trace elements levels and to 
propose these elements which may or may 
not be involved clinically in pathogenesis of 
gestational hypertension and to use them as 
early predictor of the estimation of the pre-
eclampsia and its complications. 

By using these simple biochemical tests for 
the early prediction and diagnosis of pre-
eclampsia, this study would help the 
clinicians to improve case detection of pre-
eclampsia at an early stage and timely 
referral to the hospital to receive appropriate 
treatment. This study would provide a 
framework upon which further advance-
ments of knowledge could be made.  

MATERIALS AND METHODS 

This hospital- and laboratory-based, 
comparative study was conducted at the 
Pathology Research Division, Department of 
Medical Research (Pyin Oo Lwin Branch) 
and Central Women’s Hospital (Mandalay), 
Department of Medical Services. Fifty pre-
eclamptic pregnant women of any 
gestational period admitted to the Obstetric 
Wards of Central Women’s Hospital 
(Mandalay) were enrolled as participants (50 
cases) and fifty apparently healthy pregnant 
women attending the antenatal clinics with 
those same age, parity and gestational period 
were also enrolled as control group (50 
cases). A total of 100 pregnant women 
within the age of 18-45 years were recruited 
and urine and blood samples were taken 
after getting informed consents from the 
participants after explaining the purpose, 
risks and benefits of the research.  
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Pre-eclampsia was defined according to  
the American College of Obstetricians and 
Gynaecologists (ACOG) guidelines. After 
that, urinary protein was tested by dipstick 
test (Urine Insta Test, 2 parameters, Cortez 
Diagnostics, USA) for both normal and  
pre-eclamptic pregnant women and these 
screening test were confirmed by using  
24-hour urinary protein test with bio-
chemical analyser (AE 600). Blood 3 cc was 
centrifuged at 3500 rpm for 30 minutes, 
which separated the serum and stored  
at -80C until analysis. Then, serum 
magnesium and zinc were determined in 
triplicates by the standard atomic absorption 
spectrophotometric method at University 
Research Centre, University of Yangon.  

Regarding the ethical consideration, this 
study was approved by the Institutional 
Ethical Committee of the Department of 
Medical Research (Upper Myanmar).  
Data entry was done by using SPSS software 
and analysis was done by using SPSS 
software 11.05 version. Serum magnesium 
and zinc levels were calculated and shown 
with frequency (percentage) and the demo-
graphic factors of the participants, the clinical 
presentations and risk factors of the disease 
were analyzed with descriptive data analysis 
and shown with mean, SD, and frequency. 

RESULTS 

Among 100 pregnant women, according to 
the guidelines of the American College of 
Obstetricians and Gynecologists, 25 women 
with mild pre-eclampsia and 25 women with 
severe pre-eclampsia were identified as 
patient group and 50 apparently healthy 
pregnant women were used as control group. 
This study assessed the serum trace 
elements, magnesium and zinc levels of 
these pre-eclamptic pregnant women and 
healthy pregnant women.  

In this study, all the pregnant women were 
in the age group 18-45 years, 8% were 
teenage pregnancies (less than 20 years) and 
62% were within 20-34 years age group. 
Thirty-five percent of pregnant women were 

between 35-45 years. The range of gravida 
of the participants varied from one to six, 
where 36% of pregnant women were 
primigravida, 8% were grand multipara and 
56% were within the gravida 2 to 4 groups. 
The gestational age between 29-32 weeks  
was 34%, 33-36 weeks was 54% and  
above 37 weeks was 12%. The mean 
gestational age of the total pregnancy was  
33 weeks (Table 1). 

Table  1.   Reproductive   characteristics    of    the 
study group 

Characteristics Normal 
(n=50) 

Mild PE 
(n=25) 

Server PE 
(n=25) 

Age (year) 31.36±6.97 32.00±6.40 30.72±7.57 
Gravida (No.) 2.32±1.33 2.36±1.15 2.28±1.51 
Gestational   age   by 

ultrasound (week) 
33.58±2.30 33.64±2.91 33.04±2.01 

PE=Pre-eclampsia 

The mean levels of the serum trace  elements 
of the pregnant women were depicted in 
Table 2. 

Table 2.  Mean  serum  magnesium  and  zinc 
levels of pre-eclamptic and healthy 
pregnant women 

 Magnesium level 
(mg/l) 

(Mean±SD) 

Zinc level 
(mg/l) 

(Mean±SD) 
Normal pregnant women 34.38±8.28 0.57±0.14 
Pre-eclamptic women 35.59±11.33 0.63±0.15 
  Mild pre-eclampsia 35.40±11.55 0.63±0.14 
  Severe pre-eclampsia 35.79±11.34 0.63±0.17 

In this study, serum magnesium levels in 
pre-eclamptic women ranged from 8.31 to 
55.63 mg/l (mean of 36.59±11.33 mg/l) and 
13.92-46.82 mg/l for the control group 
(mean 34.38±8.28 mg/l). Serum magnesium 
level of mild pre-eclamptic women ranged 
from 8.31 to 55.63 mg/l (mean 35.40 
±11.55 mg/l) and 20.09-50.03 mg/l (mean 
35.79±11.34 mg/l) for severe pre-eclampsia. 
No significant difference in serum magne-
sium level was observed between normal 
and pre-eclamptic cases. The mean serum 
magnesium level of mild pre-eclamptic 
women was lower than that of the severe 
ones. However, it was not statistically 
significant (p>0.05). 

In this study, regarding the serum zinc level, 
the range of this trace element level in 
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apparently healthy pregnant women was 
from 0.32 to 1.09 mg/l and the mean level 
was 0.57±0.14 mg/l. The mean serum zinc 
level in pre-eclampsia was 0.63±0.15 mg/l 
within the limit of 0.30-1.00 mg/l. Among 
the pre-eclamptic women, the lower limit  
of the mild disease patients was 0.38 mg/l 
and the upper limit was 0.90 mg/l with  
a mean of 0.63±0.14 mg/l. For the severe 
cases, the range of serum zinc level was  
0.30 mg/l to 1 mg/l with a mean of  
0.63±0.17 mg/l. However, there was no 
significant difference in serum zinc levels 
compared in mild and severe pre-eclampsia.  

Receiver Operating Characteristics (ROC) 
curves were used to identify the reliable cut-
off point for the prediction of pre-eclampsia 
in this study. At the serum magnesium level 
(56.63 mg/l), this trace element level 
showed high sensitivity (100%), however, 
the specificity was not good (0%). 
Moreover, at the cut-off point (21.73 mg/l), 
the specificity was very good (90%) and 
sensitivity was 10% only. When the mean 
serum magnesium level 36.32 mg/l for the 
pre-eclamptic women was used as the cut-
off point, the sensitivity and specificity  
were 48% and 52%, respectively for the 
prediction of disease. 

Table 3.  Birth  outcomes  of pre-eclamptic preg- 
nant mothers (n=50) 

         Outcomes Mild PE (n=25) 
(%)  

Severe PE (n=25)  
(%) 

Maternal outcome   

Normal vaginal delivery 8(16) 5(10) 
Instrumental delivery 2(4) 2(4) 
LSCS 15(30) 18(36) 
Foetal outcome   

Normal 8(16) 0 
Preterm 13(26) 16(32) 
LBW 4(8) 7(14) 
IUFD 0 2(4) 
PE=Pre-eclampsia, LSCS=Lower segment caesarean 
section, LBW=Low birth weight, IUFD=Intrauterine 
foetal death 

The accuracy of the serum zinc level to 
predict the pre-eclampsia, the sensitivity and 
specificity of the mean levels of that trace 
element were 40% and 46%, respectively. 
At the serum zinc level of 1.05 mg/l, this 
predictive test yields high sensitivity (100%) 

and low specificity (0%). Moreover, at the 
serum zinc level of 0.41 mg/l, the test 
showed poor sensitivity (8%) but good 
specificity (90%). 

For maternal outcomes, only 13 cases (26%) 
were delivered by normal vaginal delivery, 
instrumental delivery 4 cases (8%) and 
caesarean section 33 cases (66%) in pre-
eclamptic women. The foetal outcomes 
showed 29 preterm deliveries, 11 low birth 
weight and intrauterine foetal death 2 cases 
(Table 3). 

DISCUSSION  

Pre-eclampsia is a condition that occurs after 
20 weeks of pregnancy and potentially 
causes dangerous complications. In this 
study, 36% of first pregnancy were 
identified among the pre-eclamptic cases 
and 30% of pre-eclamptic women were over 
35 years of age. One study showed that 
unadjusted relative risks of developing pre-
eclampsia were nulliparity and women aged 
>40 years.1 Some authors also described that 
this disease is primarily regarded as a 
disease of first pregnancy and the protective 
effect of multiparity is said to be lost with 
the change of partner.2  

In this study, the mean maternal age, 
gestational age and gravida were not 
significantly different between the mild and 
severe pre-eclamptic pregnant women. One 
study described that the predictors of poor 
outcome include low gestational age and 
high level of proteinuria.3 The findings in 
the present study were not similar to the 
results of other studies. It may be due to  
the small sample size. There is a need  
to conduct the research with larger  
sample size. 

Regarding the pathogenesis of pre-
eclampsia, there are many studies exploring 
the relationship between the aggravation of 
the complication of hypertension and the 
changes in concentrations of various 
chemicals in mother's serum.4-6 Deficient  
or excessive levels of blood trace elements 
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could be adverse factor in human 
pregnancy.7 On the patho-physiological 
basis, magnesium plays an important role in 
neurochemical transmission as well as 
vasodilatation and it is an important cofactor 
for many enzyme systems. Moreover, 
magnesium sulphate has been used as the 
drug of choice in severe pre-eclampsia and 
eclampsia treatment.5 Zinc deficiency has 
been associated with complications during 
pregnancy, growth retardation, congenital 
abnormalities and low birth weight.8 

According to results of the serum trace 
elements in the present study, there  
were no significant differences in serum 
concentration of zinc between the patients 
with both type of pre-eclampsia and normal 
pregnancy (p>0.05). A study with 45 
Chinese patients found that no differences 
exist in either plasma or erythrocyte zinc 
levels between pre-eclamptic women and 
control group.9 One study also reported that 
there was no significant association between 
plasma zinc concentration and several types 
of hypertension during pregnancy.10 Thus, 
the present findings were similar to many 
previous studies which explored that there 
were no significant associations between 
this zinc and pre-eclamptic diseases.4, 11-13 
Contrary to the results of the present study,  
a study described that serum and cellular 
magnesium levels showed significant 
difference between the pre-eclamptic and 
normal pregnant women.14 One study found 
that changes of serum calcium, magnesium 
and trace elements levels have significant 
effect on the pathophysiology of pre-
eclampsia.14 Many authors also reported that 
the mean serum magnesium in pre-
eclampsia was lower than that noted in 
normal pregnancy.15-17  
A study showed that serum zinc 
concentration was 43% lower in pre-
eclamptic women than normotensive 
controls (p<0.0001).7 In a study, 21 pre-
eclampsia pregnant women in their third 
trimester had a significant decrease in  
serum zinc concentration compared to 
normotensive women18 (p<0.005). Because 

of 66% of third trimester participants in the 
present study, serum zinc level reduces in 
both normal and pre-eclamptic women. 

Other study also assessed the serum copper 
and zinc levels in apparently healthy 
pregnant women in each trimester at the 
time of delivery and within three days of 
post partum. Serum zinc level is found to 
decrease towards delivery and became 
lowest compared to the other trimesters 
(p<0.01). In this study, serum zinc level of 
normal and pre-eclamptic pregnant women 
were 111±0.48 µg/dl and 88±0.42 µg/dl, 
respectively. Comparison between serum 
trace elements levels of the normal and  
pre-eclamptic pregnant women showed 
significant difference (p<0.05).19 

Other researchers described serum copper, 
zinc and magnesium levels in apparently 
healthy pregnant women in each trimester, 
in the pre-eclamptic pregnancies and in  
the pre- and post-delivery cases of pre-
eclamptic pregnancies. Serum zinc and 
magnesium levels were found to decrease 
towards delivery and comparison between 
the serum trace elements levels of the 
normal and pre-eclamptic pregnant women 
showed significant   difference.20  

Both maternal and perinatal outcomes were 
more complicated in severe pre-eclamptic 
cases than that of mild one. These findings 
were similar to one study which discussed 
that the maternal and perinatal outcomes 
were better in mild pre-eclampsia that 
developed after 36 weeks of gestation than 
in cases that are symptomatic before  
33 weeks of gestation.21 Therefore, the 
present study highlighted the importance  
of severity of the diseases which is the 
determinant factor regarding the outcome of 
the patients. 

The present study found that the areas  
under the ROC curve (AUC) for serum 
magnesium and zinc level were 0.43 and 
0.37. Some authors noted that AUC was 
widely recognized as the measure of a 
diagnostic test’s discriminatory power and 
ROC curves with an AUC of 0.97 had a very 
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high clinical value and an AUC<0.75  
were not clinically useful.22 This study  
could not identify the valuable cut-off  
point for that serum trace elements level  
to apply as the predictive test in the  
clinical practice.  

Conclusion  
The present study showed that there was no 
significant difference in serum magnesium 
and zinc among normal pregnancy and both 
groups of pre-eclampsia. However, future 
studies with larger sample size are needed to 
explore the role of the serum trace elements 
levels and to propose that these elements 
which may or may not be involved in 
pathogenesis of gestational hypertension and 
to use as one of the predictive tests of pre-
eclampsia and its complications in the 
clinical practice. 
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Saline wet mount technique is commonly used for detection of helminthic 
infection in most laboratories of Myanmar. But this technique is less 
sensitive and could not determine the intensity of helminthic infection.  
The modified Kato-Katz technique is the best quantitative method to  
detect intensity. This study was to compare sensitivity, specificity and 
practicability of saline wet mount and modified Kato-Katz methods. The 
cross-sectional, comparative study was conducted from June 2013 to July 
2014. A total of 100 stool samples were taken from under 5-year children 
who were attending the day care centres of Mingaladon. The detection rate 
of intestinal helminths by formol-ether concentration technique was 30% 
followed by modified Kato-Katz method and direct saline wet mount 
method (28% and 23%, respectively). Among these methods, the formol-
ether concentration technique had better detection rate for helminthic eggs. 
The modified Kato-Katz had 93% sensitivity, 100% specificity and 98% 
accuracy for detection of intestinal helminths. For saline wet mount method, 
the sensitivity was 77%, specificity was 100% and accuracy was 93%. The 
results revealed that modified Kato-Katz method was shown to be more 
sensitive than saline wet mount.  

Key words: Kato-Katz, Saline wet mount, Intestinal helminths, Ascaris lumbricoides,  
Trichuris trichiura, Enterobius vermicularis 

 
INTRODUCTION 

There is overwhelming evidence to show 
that intestinal worm infestation due to 
Ascaris lumbricoides, Trichuris trichiura 
and two hookworms Ancylostoma duodenale 
and Necator americanus and Enterobius 
vermicularis represents the leading cause of 
morbidity in pre-school and school-age 
children. In tropical regions, virtually all 
underprivileged children are carriers of 
intestinal parasites.1  
Infestations by geohelminths are largely 
diseases of chronic morbidity and debi-
litation and, as such, the suffering is 
difficult to quantify at the population level. 
It is also a major cause of morbidity in 

school-age children who has the highest 
burden of worm infestation.2  

Commonly used diagnostic methods for 
intestinal parasites rely on the detection of 
helminth eggs or larvae in human stool. 
These copromicroscopic approaches have 
drawbacks, such as low sensitivity for  
the detection of light-intensity infections.  
At present, the Kato-Katz technique is  
the most widely used method in epide-
miological surveys pertaining to human 
intestinal helminth infections because of its 
simplicity, low cost, and the established 
___________________________________________ 
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system to stratify infection intensity into 
different classes based on cut-offs of egg-
counts. The ether-concentration method is 
often used for the diagnosis of helminth 
infections. Importantly, it allows the con-
current diagnosis of intestinal protozoa, and 
is sometimes used in combination with the 
Kato-Katz method to enhance diagnostic 
sensitivity for helminth. An important 
feature of the ether-concentration method  
is that it uses preserved stool samples, fixed 
in either sodium acetate-acetic acid-formalin 
(SAF), or diluted formalin, thus allowing 
sample storage and analysis at later  
time points.3 
Most hospital laboratories in Myanmar 
perform routine stool examinations by the 
direct wet mount technique only. Direct wet 
mount technique is simple, rapid and 
inexpensive, but it can miss low intensity 
infections if too much debris or fat  
is present in the preparation. The con-
sequences of misdiagnosis can be grave. 
Therefore, there is the need for more 
accurate diagnosis of intestinal parasitic 
infections at the laboratory which functions 
as a teaching hospital laboratory. This study 
gave more diagnostic information for 
detection of various parasite densities from 
stool of patients. 

MATERIALS AND METHODS 

Laboratory-based, cross-sectional, com-
parative study was employed to identify 
intestinal helminths from stool specimens 
collected at day care centres. This study was 
carried out at the Department of Micro-
biology, Military Institute of Nursing and 
Paramedical Sciences (MINP), Yangon and 
day care centres in Mingaladon. This study 
was conducted from June 2013 to July 2014. 
A total of 100 stool samples were obtained 
from under 5-year children attending the 
day care centres as subjects. Children who 
had history of taking antihelmenthic drug  
in the two weeks prior to screening and 
contaminated samples (with urine, water 
and other materials) were excluded from  
the study. 

Children were given plastic containers  
(125 ml) and instruction sheet for stool 
collection. Upon submission, each container 
was labeled with a unique identification 
number and sent within 1-2 hours to the 
Department of Microbiology, MINP. Stool 
samples were processed within 2-3 hours  
after reaching the laboratory. 

Saline wet mount method 
A drop of saline was placed on the 
microscope slide. A small portion of the 
specimen was picked up with an applicator 
stick and mixed with saline drop. The cover 
slip was put separately and examined under 
the microscope.4 
Modified Kato-Katz method 
The cellophane strips were soaked in the 
glycerol-methylene blue solution for at least 
24 hours before use. A small amount 
(approximately 0.5 g) of faeces was trans-
ferred onto a piece of newspaper. The 
screen was pressed on top of the faecal 
sample. Using the applicator stick, the upper 
surface of the screen was scraped across to 
sieve the faecal sample. The template was 
placed on a clean microscope slide. The 
sieved faecal material was transferred into 
the hole of the template and leveled with the 
applicator stick. The template was removed 
carefully so that all the faecal material was 
left on the slide and none was left sticking 
to the template. The faecal sample was 
covered on the slide with a glycerol-soaked 
cellophane strip. The upper surface of the 
cellophane was wiped off with a small piece 
of absorbent tissue if any glycerol was 
present on it. The microscope slide was 
inverted and pressed the faecal sample 
against the cellophane on a smooth surface 
to spread the sample evenly. The slide was 
not lifted straight up. The microscope slide 
was gently slided sideways while holding the 
cello-phane. Preparation of the slide was now 
complete. Any excess glycerol was wiped 
with a piece of absorbent tissue to ensure that 
the cellophane stays fixed. Stainless steel 
templates 1.5 mm thick, with a hole 6 mm 
in diameter, and thus designed to contain 
41.7 mg of stool were used. Conversion of 
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egg counts/slide into eggs per gram (e.p.g.) 
was done by multiplication by 24.5 

Concentrated method 
Ten millilitre of 10% formalin was added  
to approximately 1 g of faeces and stirred  
using an applicator stick, until it became 
slightly cloudy suspension was obtained.  
A gauze filter was fitted into a funnel  
and placed the funnel on top of the 
centrifuge tube. The faecal suspension  
was passed through the filter into the 
centrifuge tube until the 7 ml mark was 
reached. The filter was removed and 
discarded the filter with the lumpy residue. 

Three millilitre of ether or ethyl acetate was 
added and mixed well for one minute. This 
mixture was put into the centrifuge tube and 
centrifuged for one minute. The fatty plug 
(debris) was loosed with an applicator stick 
and poured away the supernatant by quickly 
inverting the tube. It was put in its rack and 
allowed the fluid on the sides of the tube to 
drain down to the sediment. It was mixed 
well and a drop was placed on a slide for 
examination under a cover slip. The area 
under the cover slip on the slide was 
examined for ova, cysts and larvae by using 
the x10 and x40 objectives.6 

Data analysis 
Sensitivity, specificity and accuracy were 
calculated by using the formula; 
Sensitivity=TP/(TP+FN)×100;  
Specificity=TN/(TN+FP)×100; and 
Accuracy=(TP+TN)/all cases examined×100;  
where TP=True positive, FN=False negative, 
TN=True negative, FP=False positive.7 

Ethical consideration 

Ethical approval was obtained from ethical 
committee of MINP and permission from 
the authorized person of study area. 

 
RESULTS 

 
Thirty out of 100 study units (30%) were 
detected to have intestinal helminthic 
infection while remaining (70%) were free 
from intestinal helminths based on the stool 

examination by formol-ether concentration 
technique (Fig. 1). 
 

 

Fig. 1.  Prevalence   of   intestinal   helminthic   in- 
fection among the study population 

Of the total 30% infected cases, Ascaris 
lumbricoides was 16%, followed by Trichuris 
trichiura (5%), Enterobius vermicularis  
(2%), Ascaris lumbricoides and Trichuris  
trichiura (5%) and Ascaris lumbricoides and 
Enterobius vermicularis (2%).  
 

 

A=Ascaris lumbricoides 
B=Trichuris trichiura 
 C=Enterobius vermicularis 
D=Ascaris lumbricoides+Trichuris trichiura 
E=Ascaris lumbricoides+Enterobius vermicularis 

 F=Total 

Fig. 2.  Comparison  of direct  saline wet mount,  
formol-ether  concentration  method and  
modified  Kato-Katz method  for detection  
of intestinal helminths 

The rate of infection for intestinal helminths 
detected by formol-ether concentration tech-
nique was 30% followed by modified Kato-
Katz method (28%) and direct saline wet 
mount method (23%), respectively (Fig. 2). 

Intestinal helminths 
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Although 7 samples which were positive for 
helminths by formol-ether concentration 
turned out to be negative by saline method, 
all saline method positive results were con-
cordance with formol-ether concentration 
result. 

Although 2 samples which were positive for 
parasites by formol-ether concentration 
turned out to be negative by modified Kato-
Katz method, all modified Kato-Katz 
method positive results were concordance 
with formol-ether concentration result. 

In this study, all positive results with wet 
mounts and Kato-Katz techniques were con-
cordance with formol-ether concentration 
technique result (Table 1). 

Table 1. Results of  Wet mounts  and  Kato-Katz  
techniques   compared   with   the  gold 
standard (FEC) 

Method Result 
FEC 

Total 
Positive Negative 

Wet mount Positive 23(TP) 0(FP) 23 
Negative 7(FN) 70(TN) 77 
Total 30 70 100 

Kato-Katz Positive 28(TP) 0(FP) 28 
Negative 2(FN) 70(TN) 72 
Total 30 70 100 

FEC=Formal-ether  concentration, TP=True positive,  
TN=True   negative,  FP=False    positive, FN=False 
negative 

Modified Kato-Katz method has 100% speci-
ficity, 93% sensitivity and 98% accuracy. 
Whereas saline method has 100% specificity, 
77% sensitivity and 93% accuracy.  

Intensity of intestinal helminths was classified 
by modified Kato-Katz method according  
to WHO cut-offs (1-4999 epg, 1-999 epg,  
1-9999 epg for A. lumbricoides, T. trichiura 
and Hookworms, respectively). Among the 
infected children, light intensity for Ascaris 
lumbricoides was 23 and Trichuris trichiura 
was 10. There were no moderate and heavy 
infections in infected children. 

The procedural steps for saline wet mount 
method were very few but procedural steps 
for modified Kato-Katz were few and 
formol-ether concentration were several. 
The  time taken to identify  the helminths by  

Table   2.   Operational   characteristics   of    the  
methods 

   Chara- 
 cteristics 

Saline wet  
mount 

Modified  
Kato-Katz 

Formol-ether 
concentration 

Procedural    
  steps  

Very few Few Several 

Ease of per- 
  formance  

Very easy Easy Less easy 

Time  
  required 

 Results in    
 less  than 60   
 minutes 

Results ready in 
60-90 minutes 

Results ready in 
90-120 minutes 

Materials   
  required   
  for testing 

Physiological 
saline 

Screen (stainless 
steel,    nylon     or 
plastic),    template 
(stainless     steel, 
plastic     or    card-
board), cellophane,      
flat-bottomed     jar, 
forceps,        scrap 
paper,       glycerol-
methylene       blue 
solution 

Formalin, diethyl- 
ether, centrifuge, 
centrifuge tubes, 
gauze pads, test 
tube racks, fume 
chamber 

Sensitivity 77% 93% 100% 
Specificity 100% 100% 100% 
Cost Cheap ? Less expensive ? Expensive 

saline wet mount was less than 60 minutes 
but Kato-Katz was 60-90 minutes and 
formol-ether concentration was 90-120 
minutes. In Myanmar, saline wet mount and 
Kato-Katz can be available in microscope 
equipped laboratory and formol-ether 
concentration can be available in reference 
laboratory. These data are presented in 
(Table 2). 

 
DISCUSSION 

 
In this study, overall positivity of stool 
helminth was 30%. The results showed that 
intestinal helminthiasis was one of the  
major health problems in children (under  
5-year children) of the day care centres, 
Mingaladon Township.      

The present study was comparable to the 
study of the prevalence of soil-transmitted 
helminthiasis among primary school 
children in Lanmadaw Township where the 
overall prevalence rate was 36.7%.8 It was 
lower than the findings from the other 
studies where there were 69.5% and 61.67% 
among primary school children attending in 
North Okkalapa Township.9, 10 

In the present study, prevalence of intestinal 
heliminthic infections detected by the 
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formol-ether concentration, modified Kato-
Katz and the direct wet mount methods 
were 30%, 28% and 23%, respectively. The 
direct wet mount exhibited the lowest 
performance and less sensitive than the 
formol-ether concentration and modified 
Kato-Katz methods.  
In a case study at the Komfo Anokye 
Teaching Hospital in Ghana, the formol- 
ether concentration method gave the highest 
prevalence (11.1%) of helminthic parasites. 
The direct wet mount and Kato-Katz 
methods detected total prevalence of 3.2% 
and 5.1%, respectively. Kato- Katz method 
showed good agreement with the formol-
ether concentration in the detection of 
hookworms, Trichuris trichiura, and 
schistosoma mansoni.11  
Findings from the present study confirmed 
earlier reports that the traditional direct wet 
mount screening test is less sensitive hence 
the employment of modified Kato-Katz  
and formol-ether concentration as the 
confirmatory tests in routine laboratory 
examination of stool samples will signi-
ficantly reduce misdiagnosis of intestinal 
helminthic infections and its attendant 
public health consequences. 
The use of direct wet mount alone as an 
indicator of intestinal parasitic infections  
is also suggested to be insufficient. 
However, in most laboratories in Myanmar, 
the direct wet mount is the preferred stool 
parasitological detection technique. This 
shows that, since the use of direct  
wet mount as a confirmatory test will 
significantly increase misdiagnosis of 
intestinal helminthic infections, the use of 
another diagnosing method is mandatory to 
decrease the consequences caused in the 
community due to intestinal helminthic 
infections.  
In the present study, modified Kato-Katz 
has 100% specificity, 93% sensitivity and 
98% accuracy respectively. For saline wet 
mount method, the sensitivity was 77%, 
specificity was 100% and accuracy was 
93%. The results revealed that modified 

Kato-Katz was shown to be more sensitive 
than saline wet mount. However, specificity 
of both modified Kato-Katz and saline wet 
mount method were 100%. The accuracy of 
modified Kato-Katz and saline wet mount 
methods were 98% and 93%, respectively. 
In this study, saline wet mount method 
missed Trichuris trichiura (1%), Enterobius 
vermicularis (1%), Ascaris lumbricoides 
with Trichuris trichiura (2%) and Ascaris 
lumbricoides with Enterobius vermicularis 
(1%) of infected individuals, respectively, 
as compared to modified Kato-Katz method. 
Though saline wet mount method is quick to 
prepare and inexpensive, it can miss egg of 
helminths. Thus in this study, a significant 
number of the infected population was 
missed by saline wet mount method as 
compared to the modified Kato-Katz 
method. 
In the study of the accuracy of diagnosis of 
intestinal helminthes at the Komfo Anokye 
Teaching Hospital, Kumasi, sensitivity and 
specificity of the wet mount method were 
found to be 29.2% and 100%, respectively. 
By using Kato-Katz method, the sensitivity 
and specificity were 92.8% and 100%, 
respectively. Formol-ether concentration 
method has 100% specificity, 93.33% 
sensitivity for broad range of parasite ova, 
larvae and cysts and 98% accuracy, 
respectively.12 
The present study reconfirmed that the 
direct wet mount was less sensitive than the 
modified Kato-Katz method. The pattern of 
sensitivity and specificity also suggested 
that modified Kato-Katz method could 
suffice for a confirmatory test in routine 
examination of stool specimens for 
intestinal helminths. This approach will 
improve the detection of helminths from 
stool specimens for accurate diagnosis  
of intestinal helminth infections, for 
effective management of patients and the 
communities. 

In the present study, the intensity of 
intestinal helminthiasis was light in all of 
the subjects. Predominantly light intensity 



30 

observed in this study could be attributed  
to the frequency of de-worming exercise 
practiced within the study population. Most 
of the children receive antihelminthic drugs 
every 3-6 months.The light intensity of 
infection detected in this study was similar 
to that of children from a day care centre in 
Matanzas city where the light infections  
of Ascaris lumbricoides and Trichuris 
trichiura were found.13 

In another study, intensities of Ascaris 
lumbricoides, Trichuris trichiura and hook-
worm were determined by stoll’s dilution egg 
counting technique and revealed that light 
infection was seen in 32.22%, 15% and 
1.67%, respectively. Moderate infection was 
3.33% for Ascaris lumbricoides and 0.56% 
for Trichuris trichiura. None of the children 
have heavy infection.10 

Of the three parasitological methods used, 
the direct wet mount was found to be the 
simplest, most affordable and required 
minimum labour and skill to perform. It is 
rapid to perform, involving very few steps 
to complete. It does not require any special 
equipment or materials other than physio-
logical saline. Other authors have described 
similar characteristics.14-16 

Among 100 stool specimens examined for 
helminth eggs, the wet mount method gave 
a sensitivity of only 77% relative to the 
recovery rate of helminth parasites with the 
formol-ether concentration. The findings of 
the present study as well as others have 
shown that the wet mount method was the 
least sensitive method among the three 
parasitological methods evaluated.12, 17  

The modified Kato-Katz method was found 
to be relatively rapid and easy to perform, 
required minimal training and involved few 
steps to complete. The Kato-Katz technique 
is a useful tool for the quantification of egg 
counts to determine infection intensities. 
These qualities make the modified Kato-
Katz the most frequently employed method 
in research works.18, 19 

Based on the findings of the present study, 
the modified Kato-Katz method is more 

effective and efficient than saline wet  
mount method for diagnosis of intestinal 
helminthic infections in assessment of 
anthelminthic drug sensitivity, and epide-
miological and clinical studies.  

Conclusion 

Saline wet mount technique is easy to use, 
but it is less sensitive than the modified 
Kato-Katz method and unable to count the 
helminth eggs. Findings from the present 
study showed that using direct wet  
mount only significantly increased the mis-
diagnosis of intestinal helminth infections. 
If modified Kato-Katz technique is adopted 
as a routine method in diagnosing intestinal 
helminths or is incorporated with direct 
smear method, stool microscopy will 
continue as the most important diagnostic 
method and at the same time reducing the 
traces of prevalence of intestinal helminths 
ensuing from misdiagnosis. 
The arguments used for recommending the 
modified Kato-Katz technique in the field 
are that it would be the best quantitative 
method available; that it is cheap, easy to 
learn and to perform with little special 
material needed; that no hazardous products 
have to be used. 

In conclusion, the present study revealed 
that modified Kato-Katz technique showed 
a better sensitivity than the traditional  
direct wet mount method. Therefore,  
the employment of modified Kato-Katz 
technique as a confirmatory test in routine 
laboratory examination of stool and in 
epidemiological studies will significantly 
aid in accurate determination and manage-
ment of intestinal helminth infections in the 
community. 
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Magnesium is required for both proper glucose utilization and insulin 
signaling. Alterations in cellular magnesium may occur in obesity and  
it contributes to insulin resistance. So, this study aimed to evaluate  
the relationship between serum or erythrocyte magnesium level and  
insulin sensitivity and beta-cell function of adult male subjects. A total  
of 103 apparently healthy adult male subjects between 18-60 years  
of age participated in this study. The subjects were divided into two  
groups according to BMI (obese group: BMI≥23 kg/m2 and lean  
group: BMI<23 kg/m2). Serum magnesium and erythrocyte magnesium 
levels of subjects were assessed by colorimetric method. Insulin sensitivity  
and beta-cell function were assessed by homeostasis model assessment 
method (HOMA) based on fasting blood glucose and fasting insulin  
level. Oxidase method was used to assess blood glucose and enzyme-linked 
immunosorbent assay for fasting insulin. The mean erythrocyte magnesium 
level of the obese subjects (n=52) (4.98±0.68 mg/dl) was significantly  
lower than that of the lean subjects (n=51) (5.39±0.84 mg/dl). In this  
study, no relationship was found between serum or erythrocyte  
magnesium and HOMA-IR and HOMA-β cell in both obese and  
lean subjects. Therefore, this study could not find out the significant 
relationship between serum magnesium and erythrocyte magnesium  
with insulin resistance (HOMA-IR) and beta-cell functions (HOMA-β) in 
healthy adult male subjects.  

Key words: Erythrocyte magnesium, Insulin sensitivity, Obese and lean subjects 
 

INTRODUCTION 

Magnesium is the second most abundant 
intracellular cation and is a cofactor of 
many enzymes involved in glucose 
metabolism.1-3 It has an important role in 
insulin action and insulin also stimulates 
magnesium uptake in insulin-sensitive 
tissues.4 Insulin sensitivity is the ability of 
insulin to exert its physiological action.  

When insulin binds insulin receptor, the 
receptor tyrosine kinase is activated and  
it promotes autophosphorylation of the 
receptor  subunits. A sequence of reactions 
follow and the most important endpoint is 
the facilitated entry of glucose into the cell.4 
Dysregulation at many steps may lead to 

insulin resistance.5, 6 Moreover, magnesium 
has been described as nature’s physiologic 
calcium blocker and it regulates the entry  
of calcium to cells. A poor intracellular 
magnesium concentration may result in  
a defective tyrosine kinase activity and 
exaggerated intracellular calcium con-
centration which inhibits insulin receptor 
dephosphorylation in adipocyte. Both events 
are responsible for the impairment in insulin 
action and worsening of insulin resistance. 
Generally, insulin secretory activities in 
fasting state as well as glucose stimulated 
state   reflect   beta-cell   function.   Initially,   
___________________________________________ 
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insulin resistance can be overcome by 
increasing  insulin  secretion,  but   beta-cell 
failure eventually leads to diabetes.5,  6  Insulin 
sensitivity declined with increasing body  
mass index (BMI).7  So, obese individuals 
develop resistance to the cellular actions  
of insulin, characterized by an impaired  
ability of insulin to inhibit glucose output 
from the liver and to promote glucose  
uptake in fat and muscle.8 Accumulating  
body of evidence demonstrated that mag-
nesium deficiency is linked with deranged 
glucose metabolism and insulin resistance. 
Insulin resistance is etiological factor for  
type 2 diabetes mellitus.9, 10 

The burden of diabetes is increasing  
globally, particularly in developing countries. 
The role of micronutrients such as calcium  
and zinc on insulin action has also been 
extensively studied in normal as well as 
diabetes patients, but the role of magnesium 
in insulin action and proper glucose utilization 
is needed to point out. Therefore, this study 
aimed to find out the relationship between 
serum and erythrocyte magnesium with 
insulin sensitivity and beta-cell function  
in adult normal male subjects.  

MATERIALS AND METHODS 

Study population 

A cross-sectional analytical study was 
conducted in apparently healthy males,  
51 lean subjects and 52 obese subjects  
aged between 18-60 years residing in  
North Okkalapa Township. Exclusion  
criteria included acute illness, history  
of diabetes mellitus (i.e., fasting blood  
glucose >120 mg/dl), chronic renal disease 
(i.e., serum creatinine >1 mg/dl) and history  
of taking drugs that affect magnesium 

metabolisms (eg. diuretic, magnesium-
containing antacids). 

Written informed consent was taken from 
all participants. Weight, height and waist 
circumference were measured. Body mass 
index was calculated and expressed as 
weight in kg per height in m2.  

Determination of serum magnesium 

Serum magnesium concentration was deter-
mined by using Calmagite method.11, 12  
One millilitre of blood was collected in  
a metal-free container without anti-
coagulant. Red cells were separated imme-
diately. Unhaemolysed serum was collected 
to determine magnesium using Spectro-
photometer. 

Determination of erythrocyte magnesium 

Erythrocyte magnesium concentration was 
determined by using Calmagite method.11, 12 
Two millilitres of blood were kept in the 
metal-free container containing heparin and 
centrifuged. After elimination of plasma, 
erythrocytes were washed 3 times with 
saline solution and then, the supernatant was 
eliminated. Erythrocyte magnesium was 
determined by using Spectrophotometer. 

Assessment of insulin sensitivity and β-cell 
function 

Serum fasting glucose was measured by 
glucose oxidase method. Serum insulin  
level was measured by enzyme-linked 
immunoassay (ELISA) method. Insulin 
sensitivity and β-cell function were 
calculated by following formulae. 

The HOMA index of insulin resistance (IR) 
was calculated as follows: 

HOMA-IR   = [Insulin (µIU/ml) x Glucose (mmol/l)] 
22.5 

The HOMA index of insulin secretion  
(β-cell function) was calculated as follows: 

HOMA β-cell  function   = 20 x Insulin (µIU/ml) 
Glucose (mmol/l)-3.5 

Statistical analysis  

All data were presented as mean±SD. 
Pearson’s correlation was used to assess the 
relationship between serum and erythrocyte 
magnesium level and insulin sensitivity and 
beta-cell function of adult male subjects. 
Statistical significance was set as p values of 
less than 0.05. Independent student ‘t’ test was 
used to compare the continuous variables. 
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RESULTS 

This study included 52 obese subjects and 
51 lean subjects. General characteristic of 
subjects are shown in Table 1.  

Table 1. General characteristics of the obese and 
lean subjects  

 Obese subjects (n=52) Lean subjects (n=51) 
Age (years) 35.1±13.44 34.61±13.04 
BMI (kg/m2) 27.07±3.78* 19.95±1.97 

WC (cm)                                                                                                                             90.33±10.32* 71.32±6.51 
*indicates significant difference  between two groups  
(p<0.05) 

Mean serum magnesium level of the obese 
subjects (1.6±0.27 mg/dl) was comparable 
with that of lean subjects (1.68±0.27 mg/dl). 
These serum magnesium levels of both  
groups fell within the normal magnesium 
level (1.6-2.6 mg/dl). However, the mean 
erythrocyte magnesium of obese subjects 
(4.98±0.68 mg/dl) was significantly lower 
than that of lean subjects (5.39±0.84 mg/dl) 
(Fig. 1).  

 
 

 
 

 

 

 

 

 
 
 
*indicates   significant   difference  between two 
groups (p<0.05) 

Fig. 1.  Erythrocyte  magnesium  level  in  obese 
and lean subjects 

The fasting glucose was not significantly 
different between obese and lean subjects 
(5.51±1.03 mg/dl and 5.16±1.29 mg/dl) but 
serum fasting insulin level of obese subjects 
(12.88±7.48 µIU/l) was significantly higher 
than that of lean subjects (7.51±6.15 µIU/l). 
Calculated  values of HOMA-IR and HOMA- 

β of the both groups are shown in Table 2  
and these values were significantly higher  
in the obese subjects than the lean subjects. 

Table  2.  Fasting  blood  glucose  and  fasting 
insulin, insulin resistance  (HOMA-IR) 
and beta-cell  function  (HOMA-  cell 
function) in obese and lean subjects 

 Obese subjects   
(n=52) 

Lean subjects 
(n=51) 

Fasting glucose (mmol/l) 5.51±1.03 5.16±1.29 
Fasting insulin (µIU/l) 12.88±7.48* 7.51±6.15 
HOMA-IR 3.17±1.9* 1.79±1.6 
HOMA-beta 151.52±117.33* 109.05±75.94 

*indicates  significant difference between two groups  
(p<0.05) 

The results of the present study found no 
correlation  between  serum   magnesium  or 
erythrocyte magnesium and HOMA-IR and 
HOMA-β (Table 3). 

Table 3.  Relationship  between  erythrocyte  
magnesium,   serum   magnesium   and 
HO-MA-IR      and     HOMA-     cell  
function in adult male subjects 

Particular r p 
Correlation between erythrocyte magnesium   
  and HOMA-IR 

0.07 NS 

Correlation between erythrocyte magnesium   
  and HOMA- cell function 

0.1 NS 

Correlation between  serum magnesium and  
  HOMA-IR 

0.09 NS 

Correlation between serum  magnesium and  
  HOMA- cell function 

0.14 NS 

NS=Not Significant 

 

 
 
 
 
 
 
 
 
 
 

 
Fig.  2.  Correlation    between    erythrocyte    mag-

nesium    and    HOMA-IR  in  adult male 
subjects (after adjusted the insulin) 
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Fig. 3.  Correlation  between  serum  magnesium 

and  HOMA-IR  in  adult  males   subjects 
(after adjusted the insulin) 

 
However, when the effect of insulin was 
adjusted, both erythrocyte and serum 
magnesium were negatively correlated with 
HOMA-IR, but this correlation was not 
statistically significant (n=103, r=-0.19, 
p=0.85) (n=103, r=-0.008, p= 0.934) (Fig. 2 
& Fig. 3).  

 
DISCUSSION 

 
The mean age of the participant of the  
obese and lean male subjects of the present 
study was 34.72±13.17 years. Generally, 
they had no signs and symptoms of 
nutritional deficiency. The serum magnesium 
levels of obese and lean subjects (1.6 
±0.27 mg/dl vs. 1.68±0.27 mg/dl) were 
within normal range (1.6-2.6 mg/dl). They 
were not significantly different. However,  
the mean erythrocyte magnesium level of 
obese subjects (4.98±0.68 mg/dl) was 
significantly lower (p<0.05) than that of 
lean subjects (5.39±0.84 mg/dl). This 
finding was in agreement with the findings 
of another study13 in Myanmar. This study 
showed that the mean intracellular 
magnesium levels of centrally obese was 
significantly lower than the non-obese adult 
subjects. The reason why serum magnesium 
level of obese and lean subjects was not 
quite different in the present study was that 
the serum magnesium was highly regulated 
and the kidneys were the primary organ  
to regulate the magnesium homeostasis.14  

In the present study, the subjects were 
selected based on serum creatinine level (≤1 
mg/dl). The serum magnesium levels did 
not alter significantly even in the presence 
of magnesium deficiency in individuals with 
normal functioning kidneys.15 

In this study, fasting glucose of all  
subjects (5.34±1.18 mmol/l) n=103 was 
within normal range (4.2-6.4 mmol/l). 
However, fasting plasma insulin level of 
obese subjects (10.22±7.33 µIU/l) was 
significantly higher than that of lean 
subjects (7.5±6.15 µIU/ml). This finding 
supported the concept that obesity is 
associated with hyperinsulinemia, decreased 
insulin sensitivity and increased β-cell 
function. Furthermore, insulin resistance 
(HOMA-IR) and beta cell functions 
(HOMA-β) of obese subjects (3.17±1.9 and 
151.52±117.33) were significantly greater 
than those of lean subjects (1.79±1.6 and 
109.05±75.94). It means that the beta-cell 
function might be increased to compensate 
the insulin resistance in obesity and the 
blood glucose level is well regulated in the 
obese subjects in expense of increased beta-
cell activity.   
The present study demonstrated that there 
were no relationship between serum and 
erythrocyte magnesium with insulin sen-
sitivity (HOMA-IR) and beta-cell functions 
(HOMA-β) of all adult male subjects 
(n=103, Pearson’s r=0.09, r=0.07, r=0.1, 
r=0.1, respectively). After the effect of 
insulin was adjusted, serum and erythrocyte 
magnesium were negatively correlated with 
HOMA-IR. These correlations were not 
statistically significant (n=103, r=-0.008, 
p=0.934, r=-0.19, p=0.85).  

Some studies reported that magnesium 
deficiency might contribute to obesity 
associated insulin resistance. In the present 
study, there was no significant relationship 
between serum and erythrocyte magnesium 
with insulin sensitivity and beta-cell 
functions in obese and lean subjects.  
It might be due to small sample size and 
narrow variations of magnesium level 
between individuals in this study. Similar to 
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the present study, a study reported that 
neither serum nor intracellular magnesium 
was associated with HOMA-IR in obese and 
non-obese children.16 They explained that 
insulin increases intracellular magnesium 
levels by stimulating entry of magnesium 
across the plasma membrane. Magnesium  
is required for glutathione biosynthesis 
which is the most abundant intracellular 
antioxidant. Thus, they suggested that  
the increase in intracellular erythrocyte 
magnesium was to compensate the in-
creased oxidative stress in obesity.  In the 
light of present study, it could be concluded 
that insulin sensitivity and beta-cell function 
were unaffected by intracellular magnesium 
level in healthy adult male subjects. 
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The community-based, cross-sectional descriptive study aimed to assess the 
dietary habits and nutritional status of elderly was conducted among 60 to 
75 years old elderly in five selected wards of Insein Township, Yangon 
Region from October to November 2013. Data were collected by using 
semi-structured questionnaires and Mini-Nutritional Assessment Short Form 
(MNA-SF), tool to assess the nutritional status of the elderly people 
including anthropometric measurements of weights and heights or calf 
circumferences. Out of 153 respondents, 54.2% were well-nourished, 7.2% 
malnourished, and 38.6% at risk of malnutrition according to MNA-SF. 
Among 153 respondents, 143 were available for measurements of weight 
and height to calculate BMI. Majority of respondents (44.76%) were within 
normal BMI range followed by overweight (26.6%), underweight (18.88%) 
and obese (9.8%). Dietary habits of the elderly people were asked using 
food frequency questionnaires (FFQ). Although 66% of the elderly people 
ate vegetables daily, only 24.8% and 13.7% of the elderly people consumed 
fruits and milk daily. About one-third (33.3%) of the elderly people were 
suffering from chewing difficulties either a little or severe. Although age 
groups, main meal taken per day and chewing difficulties of the elderly 
people were not associated with their nutritional status, sex and education 
status were associated with nutritional status of the elderly people in this 
study. In conclusion, health care providers need to aware of nutritional 
problem of elderly and it scopes for further screening, monitoring and 
supporting for better nutritional status.  

 
Key words: Elderly, Dietary habits, Nutritional status, MNA-SF, Anthropometric measurements, FFQ 

 
INTRODUCTION 

 
Along with increasing elderly people popu-
lation in developing countries including 
Myanmar, there is a corresponding shift in 
disease patterns with an increase in non-
communicable diseases (NCDs) that  
particularly affect older people.1  
 

Nutritional problems of elderly whether 
under-nutrition or nutrition-related chronic 
diseases such as cardiovascular disease, 
diabetes, osteoporosis and cancer are mainly 
due to dietary inadequacies and malnutrition 
is becoming increasingly more common 
among    elderly   population.2   Despite   the 
rapidly increasing proportion of older 

persons in the population, current health 
system particularly in low- and middle-
income countries including Myanmar  
are poorly designed to get information  
concerning this group’s specific nutritional 
needs and to meet the chronic care needs 
arising from complex burden of non-
communicable diseases. So, these countries 
are likely to face enormous burden 
including socio-economic burden for elderly 
people with chronic non-communicable 
diseases in near future if there were no 
planned prevention and intervention 
_____________________________________   
*To whom correspondence should be addressed. 
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programs for healthy and active ageing and 
good nutrition care for elderly. In Myanmar, 
elderly population above the age of 60 years  
is estimated about 2.14% of population  
in the year 1980-1981 and become 8.8%  
in 2010-2011.3 Making dietary inquiry  
can provide basic information concerning 
dietary habits and eating problems of elderly 
for further interventions. This study reported 
the dietary habits and nutritional status  
of the elderly, and relationship between  
nutritional status and associated factors in 
elderly population in Insein Township. 
 

MATERIALS AND METHODS 
 

A community-based, cross-sectional descrip-
tive study was conducted from September to 
November 2013 in Yangon Region. Firstly, 
Insein Township was purposively selected 
as study area because there was Geriatric 
Clinic at Insein General Hospital. Secondly, 
wards were selected. List of twenty-one 
wards was used as the sampling frame. 
Identification numbers were given to each 
ward. Among them, five wards were 
selected randomly. Then, households with 
elderly individuals aged 60-75 years were 
listed and sample size for each ward was 
calculated to get proportionate numbers of 
sample of total elderly in each ward. Serial 
identification number was given to each 
household in each ward. Next, sampling 
interval was calculated, and starting number 
of household was selected randomly. 
 
The sample size was calculated using the 
formula:  
 

n=z (1-a) pq/d, 
The input criteria for sample size estimation   

z=1.96 (95% confidence interval), 
p=estimated prevalence of undernutrition in 

elderly in community,4  
q=(1-p)=0.9, d=0.02 (margin of error), 
The required smallest sample size=153, 
Non-respondent rate set at 10%  
 
Persons within age range of 60-75 years 
with good orientation to the interview were 
included in the study and persons aged 

beyond this age range, those who had bad 
orientation to the interview, bedridden 
persons, persons with generalized swelling 
of whole body or swelling of one or more 
limbs, persons who did not have all four 
limbs and visitors who came to selected 
wards one week prior to data collection time 
were excluded. 
 

Face-to-face interviews were conducted 
using pre-tested semi-structured question-
naires to assess background characteristics 
and dietary habits of respondents. Nutritional 
status was accessed by Mini Nutritional 
Assessment Short Form (MNA-SF) of 
Nestle Nutrition Institute.5 Because of 
important changes in body composition in 
elderly, assessment of nutritional status 
using anthropometry alone cannot reveal 
nutritional status of elderly. Worldwide, 
MNA-SF is the most validated and refer-
enced nutrition screening and assessment 
tool for people over 65 years.1 It includes 
six questions with defined scores: i.e.,  
 
- Reduced  food  intake  over  past  three 

months (score 0-2), 
-  
 

Weight loss during last three months 
(score 0-3), 

- Mobility (score 0-2), 
- Psychological stress or acute disease in 

past three months (score 0 and 2), 
- Neuropsychological problem (score 0-2) &  
- BMI (score 0-3) to identify older people 

at risk of malnutrition without the need 
for more invasive tests such as blood 
sampling.6 

 
It also includes an option to substitute calf 
circumference (score 0 and 3) when BMI is 
not available. Chosen points of scores for all 
six questions are summed to assess the 
nutritional status. Total scores of 12 points 
and above indicates a good nutritional  
status whereas a score of 8 to 11 points 
indicates the condition of at risk of mal-
nutrition, and points less than 7 indicates the 
malnourishment in the elders.5 
 

Although MNA-SF is a special tool to 
detect the nutritional status of the elderly,  
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it could not know the fact that which  
elderly people were underweight, normal, 
overweight or obese. Therefore, after  
excluding the elderly with kyphoscoliosis, 
weights and heights of 143 respondents 
were measured and their BMI were 
calculated. For BMI, weight was measured 
in kilograms (kg) to nearest one decimal 
point by using bathroom scale, wearing light 
clothes without foot wears and height was 
measured in centimeters (cm) up to the 
nearest one decimal point by using the 
height measuring tape as the respondent 
rested erect against vertical wall.  
 

Body Mass Index (BMI) was calculated by 
weight in kilogram divided by height  
in meter square. BMI was classified into 
four scores for MNA-SF (2009 version), 
0=BMI<19, 1=BMI 19-<21, 2=BMI 21-<23, 
3=BMI≥23 or greater. BMI was also 
classified as underweight (BMI<18.5), 
normal range (BMI 18.5-24.99), overweight 
(BMI 25-29.9) and obese (BMI≥30)  
according to WHO international BMI classi-
fication of adults.7 If BMI is not available, 
calf circumference was measured with non-
stretched type of tape at largest part of calf 
muscle in centimeter, usually about 4 inches 
from knees. Data entry and analysis were 
done with SPSS 16.0 after checking and 
validation. Relationship between nutritional 
status and background factors were calculat ed 
by chi-square test. Statistical significance 
was set at p value <0.05.  
 

Ethical consideration  
 

Approval was obtained from Research and 
Ethical Committee, University of Public 
Health, Yangon. The written informed 
consent for participation in the study was 
obtained.  
 

RESULTS 
 

Background characteristics of respondents 
 

In this study, majorities of the respondents 
were Bamar (83%) followed by Kayin 
(14.4%), Indian (2%) and others (0.7%). 
Majority of respondents were Buddhist 

(82.4%) followed by Christian (14.4%) and, 
Islam and Hindu (3.3%). The mean age  
was 67.69±4.52 years which ranged from  
60 to 75 years. Age group with highest per- 
centage was 65-70 years (39.9%) followed 
by 71-75 years (31.4%) and 60-64 years 
(28.8%). Female preponderance was  
found among respondents (98 females vs. 
55 males). More than half of respondents 
(54.2%) had attained middle school level 
and above followed by primary level 
completed (26.1%), read and write only 
(13.1%) and, illiterate (6.5%). Most of  
the respondents (57.5%) were married.  
 

Majority of respondents (91.5%) lived  
with family members and (8.5%) lived  
alone. Approximately half of respondents 
were dependent (53.6%), followed by  
retired persons (34.6%), and currently 
working persons (11.8%). Regarding income, 
40.5% earned >100,000 kyats, 26.15%  
had 50,000-100,000 kyats and 33.3% got 
<50,000 kyats per month, respectively,  
and source of income were their current 
works, pension salaries and financial 
supports from family members, relatives 
and friends.  
 
Behavioral risk factors 
  
At the time of study, 23.6%, 20% and 1.8% 
of male respondents had the habits of betel 
quit chewing, smoking and drinking 
alcohol, respectively and, 25.1% and 3.1% 
of female respondents chewed betel quit and 
smoked, respectively. 
 
Dietary habits  
 

Regarding main meal, majority of respon-
dents (82.4%) ate 3 times/day followed by  
2 times/day (14.4%), 4 times/day (2.6%) 
and one time per day (0.7%). For breakfast, 
57.5% ate rice/fried rice together with 
curries/boiled garden pea and 32.7% ate 
Moak-hin-khar/ Onhno-kwak-swal/ A-thote/ 
Noodle soup, with or without coffee/tea and 
5.9% drank tea alone. Majority of respon-
dents (56.9%) ate snack for 1-2 times/day 
followed by 4 times/day (6.5%) and 36.6% 
had no habit of eating snack. About one-
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fourth of respondent (25.5%) ate biscuits/ 
bread/cake/Chinese snacks with or without 
coffee/tea, 17.6% ate fruits and 9.2% drank 
tea alone as snack. Majority of respondents 
(75.2%) were used to drink green tea during 
or after meal.   
 
Table 1. Frequency  distribution of eating  habits 

of various food (days per week) 
 

  Food Never 
n(%) 

Seldom 
n(%) 

Sometimes
n(%) 

Often 
n(%) 

Daily 
n(%) 

Meat  9(5.9) 17(11.1) 39(25.5) 35(22.9) 53(34.6) 
Fish 2(1.3) 23(15) 43(28.1) 47(30.7) 38(24.8) 
Pulses 4(2.6) 38(24.8) 56(36.6) 22(14.4) 33(21.6) 
Eggs  6(3.9) 40(26.1) 59(38.6) 26(17) 22(14.4) 
Vegetables 0(0.0) 17(11.1) 20(13.1) 15(9.8) 101(66) 
Fruits  3(2.0) 53(34.6) 26(17.0) 33(21.6) 38(24.8) 
Milk/milk   
 products  27(17.6) 72(47.1) 23(15.0) 10(6.5) 21(13.7) 

Coffee/tea 25(16.3) 25(16.3) 9(5.9) 7(4.6) 87(56.9) 
Cold drink  36(23.5) 81(52.9) 26(17.0) 3(2.0) 7(4.6) 

Seldom=<1 day/week, Sometimes=1-3 days/week 
Often=4-6 days/week 
 
Table 2. Frequency  distribution  of  reasons  for 

avoiding   food  and   types  of  reduced  
intake 

    Reasons* Type of food (Reduced 
intake/avoided) 

Frequency 
n(%) 

Tradition Beef, pork 57(37.3) 

Religious    
prohibition 

All meat, all fish, beef, pork 9(5.9) 

Abdominal bloating 
or loose motion 
after eating 

Pulses, eggs, vegetables 
 

6(3.9) 

Believe as food 
causing neck 
stiffness (Tet-sar) 

Beef, pork, milk, hilsa fish, 
acacia leaf, djonkol bean, 
bamboo shoot, pumpkin 

20(13.1) 

Believe as cold 
food(A-aye-sar) 

Pork, duck, duck eggs, 
butter  catfish, roselle 
leaf, cucumber 

19(12.4) 

Financial 
difficulties 

Meats, milk, fruits, cold/soft 
drinks 

13(8.5) 

Hypertension Salty food 35(22.9) 
Diabetes Rice, rice and wheat 

products, sweet food 
and fruits 

13(8.5) 

High blood lipid 
level 

Fatty food 22(14.4) 

Chewing difficulties Meats, vegetables, fruits 8(5.2) 

*The elderly answered more than one response. 
 
Eating habits of elderly for various foods 
days per week) in one month prior to  
the survey was asked by using FFQ. 
Although majority of respondents (66%) ate  

vegetables 56.9% drank coffee/tea and 
34.6% ate meat daily, they ate pulses and 
eggs sometimes, and fruits, milk/milk 
products and cold drink seldom (Table 1). 
Majority of respondents (84.3%) avoided 
food as they disliked (54.2%) or other 
reasons (45.8%) (Table 2). 
 
Some respondents (30.7%) were reducing  
or avoiding salty, fatty foods and 76.6% of 
these respondents did it due to their current 
diseases. Out of 153 respondents, 47.1% 
had non-communicable diseases (Table 2). 
Nearly one-third of respondents (33.3%) 
reported that they had chewing difficulties 
and reasons for it (Table 2). 
 
Table 3. Frequency   distribution  of  the  nutria- 

tional   status   according   to  MNA-SF  
(n=153)  and  BMI (n=143)  by  sex 

   Nutritional status Sex 
Male n(%) Female n(%) 

According to MNA-SF (n=153)  

  Normal 26(47.3) 57(58.2) 
At risk of malnutrition  27(49.1) 32(32.7) 

  Malnourished 2(3.6) 9(9.2) 
According to BMI (n=143) 

Underweight (BMI<18.5) 13(25.0) 14(15.4) 
Normal (BMI 18.5-24.99) 27 (51.9) 37(40.7) 
Overweight (BMI 25-29.9) 9(17.3) 29(31.9) 
Obese (BMI ≥30) 3(5.8) 11(12.09) 

 
Nutritional status  
 

According to MNA-SF, 7.2% and 38.6% of 
respondents were malnourished and at risk 
of malnutrition, respectively. Nutritional 
status by sex is shown in Table 3. 

Among 153 respondents, body weights and 
heights of 143 respondents were measured. 
According to BMI, 18.88% of respondents 
were underweight. Among females, 31.87% 
and 12.09% were overweight and obese, 
respectively (Table 3). 

Only calf circumference of 10 respondents 
was measured due to kyphoscoliosis and 
inability to stand up and 7 respondents had 
<31cm and 3 respondents had >31cm 
equivalent to MNA-SF calf circumference 
score 0 and 1, respectively (Table 3).  
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Table 4. Relationship  between nutritional status 
according  to BMI and  associated factors 
(n=143) 

 Factors 
Nutritional status n(%) 

Total χ2 
( p value) Under 

weight 
Normal 
weight 

Over weight 
obesity 

Age (years) 
  60-64 10(22.7) 12(27.3) 22(50) 44 8.548 

(0.07) 
  65-70  9(15.5) 32(55.2) 17(29.3) 58 
  71-75 8(19.5) 20(48.8) 13(31.7) 41 
Sex 
  Male 13(25) 27(51.9) 12(23.1) 52 6.525 

(0.038)*   Female 14(15.4) 37(40.7) 40(44) 91 
Education status 
  Illiterate-    
   Primary    
   school 

12(17.6) 31(45.6) 25(36.8) 68 3.45 
(0.048)* 

 
  Middle-     
   high    
   school 

5(17.9) 16(57.1) 7(20) 28 

  University         
   graduate 

10(21.3) 17(36.2) 20(42.6) 47 

Main meal per day(times/day) 
  1-2   8(34.8) 9(39.1) 6(26.1) 23 4.66 

(0.097)   3-4  19(15.8) 55(45.8) 46(38.3) 120 
Chewing difficulties 
  No 19(19.6) 38(39.2) 40(41.2) 97 4.147 

(0.126)   Yes 8(17.4) 26(56.5) 12(26.1) 46 

*Statistically significant 
 
Relationship between nutritional status and 
associated factors 

There were significant associations between 
nutritional status and sex (p<0.05), and 
education status (p<0.05). Although no 
association    was    seen,   more   overweight 
elders in 60-64 years than other age groups, 
more underweight in one main meal eaters, 
and higher percentage of overweight and 
obesity (41.2%) in elderly without chewing 
difficulties than those with it (26.15%) were 
found (Table 4). 
 

DISCUSSION 
 

In this study, dietary habits of the elderly 
were more or less different with different 
reasons. The modified food pyramid for 
elderly people indicates water, bread, 
fortified cereal, rice and pasta group should 
provide core of diet, vegetables and fruits 
were most plentiful, dairy products, meat, 
eggs, poultry, fish, and nut were in 
moderation, fats, oils and sweets should be 
consumed sparingly. In addition, calcium, 

vitamin D, vitamin B12 supplements are 
also needed.8 In the study, although some 
elderly skipped one or two main meals per 
day, majority ate the staple food (i.e., rice) 
and curries including vegetables for  
3 times per day. But the elderly reported 
that they ate milk and milk products and 
fruits rarely because they disliked milk and 
could not afford to buy fruits. 
Similar findings were also reported in a 
study of Indonesia.9 In this study, majority 
of elderly perceived that cows and buffaloes 
are working partners of farmers so that they 
avoided beef. Financial constraints also 
remained as main reason to buy meat and 
vitamins. One noticeable point in the study 
was majority of the elderly (75.2%) was 
taking green tea during or immediately after 
meal because they did not know the 
consumption pattern of green tea can impair 
iron absorption. Drinking tea alone in 
breakfast or as snack might be harmful in 
long term. Moreover, unhealthy habits like 
smoking and chewing betel quit was found 
among both sexes of elderly. 
In the study, according to MNA-SF, 38.3%, 
7.2% and 54.2% of the elderly were at risk 
of malnutrition, malnourished and normal 
nutrition status, respectively. Percentage of 
malnourished in this study was lower  
than findings from a study in Iran where 
malnourished (12%), at risk of malnutrition 
(45.3%) and well-nourished (42.7%) were 
found.10 In this study, percentage of at risk 
of malnutrition was higher in males than 
females whereas females had higher per-
centage of malnourished than males. These 
findings coincided with those from the study 
of Iran.10 
In this study, overall overweight percentage 
(36%) was higher than underweight (19%) 
and reverse findings were reported in the 
study of Indonesia.9 In this study, females 
had higher percentages of overweight and 
obesity than males. Similar finding was 
reported by the study of Malaysia11 which 
pointed out that female elderly were more  
at NCD risks. In this study, males had  
more underweight percentage than females.  
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Many studies reported that underweight  
in elderly was associated with higher risk of 
disability.12 
In this study, nearly half of elderly had 
NCDs and they were reducing or avoiding 
some food and taking medicines to control 
their disease conditions. In fact, prevalence 
of hypertension and diabetes might be 
higher than that of findings as they may be 
co-morbid and remained undiagnosed in 
those overweight and obese elderly in this 
study population. Prevalence of chewing 
difficulties was similar to reported chewing 
difficulties prevalence of 30% from a study 
in UK.13  
In present study, although no significant 
association was found between nutritional 
status and age groups, the youngest age 
group (60-64 years) was more underweight 
than other age group and it was differ from 
finding of increasing malnourishment with 
increasing age in the study in Turkey.14 

In this study, association between nutritional 
status and education status was found.  
A study in Singapore revealed that the 
elderly were more likely to be at nutrition 
risk when they were less educated.15 
Although there was no association between 
nutritional status and main meal per day, 
underweight was more prevalent in elderly 
people who took main meal two times or 
one time per day (34.8%) than those who 
took three times or four times per day.  
In this study, although nearly quarter of 
respondents reported they had chewing 
difficulties, no association was found 
between these difficulties and nutritional 
status and which may be due to over 
response of ‘Yes’ to question of ‘Chewing 
difficulty’. But higher percentage of 
overweight and obese people was seen 
among the elderly without chewing 
difficulties than those with chewing 
difficulties.  

As this study was done only on small 
sample size, findings may not represent  
the dietary habits and nutritional status of 
entire population in Myanmar. This study 

describes the dietary habits only and exact 
dietary intake of elderly people could not  
be determined. Nutritional status of the 
elderly people also depends on amount of 
nutritious food intake, physical activity and 
social support but these data could not be 
identified in this study. There may be 
possibilities of recall bias for some variables 
regarding their dietary habits and question-
naires in Mini Nutritional Assessment.  

Conclusion 

Nearly 7% of elderly were malnourished 
and approximately one-third were at risk  
of malnutrition. They also had unhealthy 
behaviors and dietary habits like smoking, 
betel quit chewing, drinking green tea 
during and after meal, drinking tea alone as 
snack and avoiding milk and fruits. Most of 
them consumed limited items of food by 
considering financial hardships. They were 
at risk of malnutrition in later life because 
loosening and missing of teeth would be 
worsening with increasing ages. 

Approximately half of elderly in this study 
were suffered from NCDS. Some of them 
were at risk of NCDs due to overweight, 
obesity and underweight. Therefore, elderly 
persons should be regarded as targeted 
group to give special attention including 
health promotion efforts to improve the  
diet for healthy ageing, to access to health 
services, to provide financial and material 
supports, and to create safe and supportive 
environment for those people.  

 
REFERENCES 

 
1. Mary M, Carmel D, Thomas PR & Fritsch P. 

The harmonised training package (HTP): 
Resource material for training on nutrition in 
emergencies, Help Age International 2013. 
 

2. WHO. Nutrition for older persons. Available 
from: URL: http:// www. who. int/ nutrition/ 
topics/ ageing/ en/ index. html, Accessed 1 
October 2013. 

 

3. Ministry of Health. Health in Myanmar, The 
Republic of the Union of Myanmar, 2013. 

 

4. Furman EF. Under nutrition in older adults 
across the continuum of care. Journal of 
Gerontological Nursing 2006; 32: 22-7. 



43 

 

5. Nestle Nutrition Institute. Development and 
validation of the MNA®. Available from: URL: 
http:// www. mna-elderly. com/ site_map. html 
Accessed 10 December 2013. 

 

6. Abellan VKG & Vellas B. Is the mini-
nutritional assessment an appropriate tool to 
assess frailty in older adults? The Journal  
of Nutrition, Health and Aging 2011; 15(3):  
159-61.  

 

7. WHO. Global database on body mass index: 
BMI classification. Available from: URL:  
http:// apps. who. int/ bmi/ index. jsp? Intro 
Page = intro_3. html Accessed 5 October 2013. 

 

8. Russell RM, Helen R & Alice HL. Modified 
food guide pyramid for people over seventy 
years of age. The Journal of Nutrition 1999; 
129: 751-3.  

 

9. Boedhi-Darmojo MR. Trends in dietary habits 
of the elderly: The Indonesian case 2002. 
Available from: URL: http://www.onlinelibrary. 
wiley.com  Accessed 8 October 2013. 

 

10. Aliabadi M, Kimigar M, Ghayour mobar-han 
M, Shakeri M, Llaty A, Moosavi A, et al. 

Prevalance of malnutrition in free living elderly 
in Iran. Asia Pacific Journal of Clinical 
Nutrition 2008; 17: 285-9. 

 

11. Roanash MY, Mohd RH & Sharifah Norazizan 
SAR. Anthropometry dimensions of older 
Malaysians: Comparison of age, gender and 
ethnicity. Asian Social Science Journal 2009; 5. 

 

12. Population Reference Bureau. Today’s Research 
on Aging, 2007. 

 

13. Holmes B & Roberts C. The influence of social 
and physical factors and out-of-home eating on 
food consumption and nutrient intake in the 
materially deprived older UK population: Final 
report to the WRVS, National Centre for Social 
Research, King’s College, London, 2009. 

 

14. Bulent S, Kaya O, Bahat Ozturk G, Erten N & 
Karan MA. Malnutrition in the elderly and  
its relationship with other geriatric syndromes, 
Istanbul, Turkey, 2009. 

 

15. Yap KB & Niti M. Nutrition screening among 
community-dwelling older adults in Singapore. 
Singapore Medical Journal 2007; 48: 911-916. 

 
 
 
 
 
 



44 

Myanmar Health Sciences Research Journal, Vol. 29, No. 1, 2017 
 
 

Effectiveness of Health Education on Knowledge of Groundwater-dependent Rural 
Residents Regarding Arsenic-contaminated Water at Kyonpyaw Township 

 
Ohnmar Myint1* & Nang Htawn Hla2 

 

1Military Institute of Nursing and Paramedical Sciences 
2University of Nursing 

 
Arsenic contamination of groundwater is one of the naturally occurring 
problems in Myanmar. This non-equivalent control group study was 
conducted to evaluate the effectiveness of health education on the 
knowledge status of groundwater-dependent rural residents regarding 
arsenic-contaminated water at Kyonpyaw Township in 2014. Each of 135 
adult household members who were continuously living in the study areas at 
least 7 years for study and control groups were selected by using simple 
random sampling. Face-to-face interview was done with pretested structured 
questionnaire for quantitative and in-depth interviewing for qualitative data.  
This study found that 18.8% from study and 22.5% from control groups               
did not remember whether their tubewells were tested or not. The qualitative 
findings highlighted that misunderstandings about arsenic with iron in water 
was widely acknowledged among the respondents from both groups. Before 
intervention, most of respondents in both groups had low scores. One month 
after health education, mean knowledge score of study group was 
considerably higher than that of control group (29.93±2.62 vs. 14.24±3.42). 
Independent t-test result showed that there was statistically significant 
difference in mean knowledge scores between two groups after intervention 
at p=<0.001. It could be concluded that the increase in knowledge status            
of study group was likely to be the effect of health education. It was 
recommended that further research studies should be carried out with larger 
sample sizes and longer follow-up periods to assess the effectiveness of 
health education.  

Key words: Arsenic, Groundwater, Knowledge, Health education 
 

INTRODUCTION 
 
Nowadays, concern of safe and improved 
drinking water has become an important 
issue worldwide. Currently, over one                 
tenth of the global populations (about  
884 million) still rely on unimproved 
drinking water sources.1 Ninety-nine 
percent of the world's water supply is unsafe 
or unavailable to drink yet.2 As increase  
in groundwater usage for domestic con-
sumption, chemical contamination problem 
rather than bacteriological contamination 
problem becomes more prominent. The 
chemical contamination specifically the 
arsenic pollution in groundwater sources 
occurs in almost every region in the world: 

Asia, the Americas, Europe, and Australia. 
About 130 million people across the world 
have been exposed to arsenic from drinking  
water that exceeds the WHO recommended 
limit of 10 ppb.3  
Long-term exposure to arsenic in drinking 
water can cause serious health problems, 
including skin lesions and cancers.4                      
In Myanmar, the estimated number of 
arsenic exposed population, about 2.5 
million out of a population of 50 million, 
are potentially at risk of arsenic poisoning 
from drinking water sources.5 Arsenic  
______________________________________ 
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above the national standard of 50 ppb has 
been found in 8 percent of the approxi- 
mately 250,000 water sources tested to date 
and an estimated 300,000 people are 
exposed to arsenic in drinking water.6 The 
highest arsenic contamination is found in 
river valleys and delta regions.7 

In Ayeyawady Region, the highest arsenic 
affected townships were Kyonpyaw, 
Kyaungone, Pantanaw, Hinthada and Zalun, 
from which 35.9% of 19301 tested samples 
in Kyonpyaw were above 10 ppb.8                              

To prevent from effect of contaminated 
drinking water, the public need to have 
awareness relating to this poisonous 
element. The majorities (68.64%) of                 
total 236 respondents from four villages of 
Kyaungone Township did not have 
knowledge on safe drinking water and                
only 30.51% knew arsenic.9 Moreover, the 
effectiveness of previous arsenic mitigation 
program for arsenic exposure from drinking 
water has received little attention in 
Myanmar. To enhance arsenic-safe water 
use practices, providing appropriate health 
education (HE) needs to be carried out                 
in arsenic-affected communities. 

The findings greatly help the public which 
need urgent intervention to prevent arsenic 
exposure and to benefit from future 
technical development.  
 

MATERIALS AND METHODS 
 
This quantitative and qualitative combined 
study was conducted at Zinpyunekone and 
Mannkyar villages, Kyonpyaw Township                 
in 2014. These two villages were selected 
randomly among total 47 villages which 
were known as high arsenic-contaminated 
above Myanmar national standard of                   
50 ppb. Inclusion criteria included the 
villages must have similar access to               
health care facilities; the villages assigned 
for study and control must be reasonable 
access within the study period; two test 
villages must be located at reasonable 
distance away but far enough from each 
other; similar interventional study or 

awareness raising program should not                      
be implemented in the study villages             
within the study period. Then, each of               
135 rural residents for study and control 
groups, respectively, were selected from                
an accessible population of that villages                 
by using simple random sampling.                       
The selection criteria used were adult 
household members (aged 18 and above) 
who were knowledgeable about sources of 
drinking-water and household water-usage, 
villager who owned arsenic tested tubewell                    
(test done in 2005), the household members 
who were continuously living in the study 
areas at least for 7 years and the person 
willing to participate in the present study. 
For qualitative method, ten participants each 
for study and control group, respectively, 
were purposively selected from respondents 
of quantitative samples based on their 
willingness. 
Face-to-face interviews with pretested, 
structured questionnaires for quantitative 
data were conducted by two trained health 
staff for about over 30 minutes for qualita-
tive data, ten participants from each village 
were interviewed in-depth with guided 
questions by the interviewer, for about 45 
minutes to one hour. Supple-mentary 
interviews were done until there was no new 
data coming out. 

After collecting the data, the statistical 
analysis were done to identify what factors 
would be further needed to add to the HE 
intervention activities. To prevent the 
researcher biases, choosing the study and 
control groups was done after the pre-
intervention data collection. Zinpyunekone 
Village was the study group and Mannkyar 
Village was the control group by simple 
random sampling. HE session was 
conducted in the Monastery Hall for the 
study group because of wide space and easy 
to arrange for audio-visual materials.  

Moreover,   presence of one pond and two 
arsenic-safe deep tubewells in its compound 
aided to indicate easily those safe sources.  
It was lasted for one and half hours:                     
45 minutes for providing HE, 15 minutes         
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for announcing the average amount of 
arsenic in the respondents’ tubewells, and 
30 minutes for discussion. Lecture notes and 
leaflets designed by CHEB regarding arsenic 
were supplied for every attendee. Poster, 
Econo Quick Arsenic Test Kit and GIS 
based map showing the distribution of 
arsenic rich water sources in Kyonpyaw 
Township provided by WRUD as visual 
aids were also used.  

By providing the information about arsenic-
affected wells, the respondents had the 
opportunity to switch from an arsenic-
contaminated well to a nearby safe well HE 
was also stressed on the incorrect and 
misconceptions about arsenic and unsafe 
drinking water that had been reflected from 
pre-intervention results. According to the 
literatures, different points were assigned 
for total 19 questions on assessing the 
knowledge on arsenic-contaminated water. 
Maximum total score (40) was given for all 
corrected answers. 

Analysis 

SPSS 20.0 version Software System was 
used to perform data entry, processing                
and analysis. To compare the baseline 
characteristics of the respondents between 
two groups, application of cross tabulation 
and Chi-square test was used.  Independent 
t-test was used to compare the mean 
between two different groups in pre-
intervention, and one month after inter-
vention. One year after intervention, 
reassessment was also made to know the 
sustainability and effectiveness of HE, 
however, it was not presented in the paper. 
Qualitative data was analyzed by content 
analysis.  

Ethical consideration 

Approval from the Research Ethics 
Committee of Military Institute of                  
Nursing and Paramedical Sciences and 
informed consents were obtained. Aiming to 
be relevant with ethic, the rural residents                
of control group were provided with 
interventional HE after completing one 
month of post-intervention assessment. 

RESULTS 
 

One hundred and thirty-five respondents 
from study and control areas participated  
in the present study and 117 eligible 
respondents for the former and 120 for the 
latter groups were included in the analysis 
stage after removing the list of attrition and 
data cleaning. The respondents of study 
group were ages between 22 to 88 years 
with mean age of 48.37±12.91. Similarly, 
the respondents of control group were ages 
between 22 to 83 years with the average  
age of 50.92±15.07. Chi-square values 
highlighted that the two study sites did not 
differ significantly with respect to age 
structure, education facilities, residential 
status and residential period as described in 
Table 1. 

Table   1.  Comparison  of   baseline   socio-demo-               
graphic  characteristics  between groups 

Variables 
Study group 

(n=117) 
Control group 

(n=120) 
Signifi-
cance 

No. % No. % X2 P value 
Age (years) 
  21-40 
  41-60 
  >60 

38 
58 
21 

55.1 
47.9 
44.7 

31 
63 
26 

44.9 
52.1 
55.3 

1.411 0.494 

Education 
  Low  
  Middle  
  High 

57 
38 
22 

45.6 
55.1 
51.2 

68 
31 
21 

54.4 
44.9 
48.8 

1.664 0.435 

Residential status   
  Indigenous 
  Migrated 

106 
11 

50.0 
44.0 

106 
14 

50.0 
56.0 

1.77 0.556 

Duration of residence  (year) 
  <21  
  21-40  
  41-60  
  >60 
 

15 
34 
52 
16 

 

57.7 
53.9 
48.1 
40.0 

11 
29 
56 
24 
 

42.3 
46.1 
51.9 
60.0 

 

2.708 
 

0.447 

This study found that 18.8% from study and 
22.5% from control groups did not 
remember whether their tubewells were 
tested or not. The percentage of correct 
responses were not much different between 
groups on pre-intervention assessment as 
shown in Table 2. 

Qualitative findings also revealed that most 
of the participants from both groups did not 
have enough information about arsenic 
chemical. A male participant aged seventy-
nine disclosed as:  
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Table   2.   Comparison of correct responses on the knowledge questions regarding arsenic contaminated  
water between groups before intervention 

Knowledge questions Items Study group (n=117) Control group (n=120) 
Frequency (%) Frequency (%) 

Naturally, what chemicals are contaminated in groundwater? (Multiple responses) 
Arsenic 
Fluoride 
Iron 
Calcium 

93 
1 

40 
15 

(79.5) 
(0.9) 
(34.2) 
(12.8) 

99 
4 

52 
15 

(82.5) 
(3.33) 
(44.4) 
(12.5) 

Have you heard about arsenic -contamination in water? 
 

109 (93.2) 111 (92.5) 
If “YES”, how long ago did you first heard about it? 
Less than one year ago 
Within 1-5 years ago 
More than 5 years ago 

 
5 

39 
65 

 
(4.3) 
(33.3) 
(55.5) 

 
15 
38 
58 

 
(12.5) 
(31.7) 
(48.3) 

If “YES”, can you know arsenic in water by using some senses like taste, smell  
   and eyesight? 24 (20.5) 26 (21.7) 
Do you know non-dangerous level of arsenic content in water? 6 (5.1) 10 (8.3) 
The arsenic-contaminated water can be used for bathing, cleaning and washing 
   purposes 68 (58.1) 65 (54.2) 
Where does arsenic in groundwater in your village (tubewells) come from? 
From human activities (industry, agriculture) 
It exists in groundwater naturally in the soil and rock. 

 
11 
40 

 
(9.4) 
(34.2) 

 
12 
44 

 
(10.0) 
(36.7) 

What is the cause(s) of arsenic poisoning? 
Drinking and cooking of an arsenic-contaminated water 
Bathing and washing of an arsenic-contaminated water 

 
31 
11 

 
(26.5) 
(9.4) 

 
30 
10 

 
(25.0) 
(8.3) 

Can people die if they drink arsenic contaminated water? 39 (33.3) 43 (35.8) 
Tell me all visible symptoms of arsenic poisoning as many as you can. (Multiple responses) 
Skin changes 
Headache 
Peripheral neuropathy 

29 
9 

19 

(24.8) 
(7.7) 
(16.2) 

43 
5 

14 

(35.8) 
(4.2) 

(11.2) 
How long does arsenic poisoning take to develop visible symptoms? 
<1 year 
1-5 years 
>5years 

 
2 
2 

26 

 
(1.7) 
(1.7) 
(22.2) 

 
5 
5 

35 

 
(4.2) 
(4.2) 

(29.2) 
List all diseases that can be caused by arsenic poisoning as many as you can. (Multiple responses) 
Skin disease 
Peripheral vascular disease 
Nerve damage 
Hypertension, heart, lung, 
diabetes diseases 
Bladder, kidney, liver cancer 

30 
5 
7 
5 

15 

(25.6) 
(4.3) 
(6.0) 
(4.3) 
(12.8) 

42 
10 
7 
7 

13 

(35.0) 
(8.3) 
(5.8) 
(5.8) 

(10.8) 

How long does it take for arsenic poisoning to cause the diseases you mentioned (in question 12)? 
1-5 years 
6-10 years 
≥10 years 

2 
5 

26 

(1.7) 
(4.3) 
(22.2) 

5 
9 

33 

 (4.2) 
(7.5) 

(27.5) 
Whether symptoms will go away if respondent stops using arsenic water? 34 (29.1) 36 (30.0) 
It is necessary to take medical checkup for symptoms of arsenic poisoning.  100 (85.5) 104 (86.7) 
Can arsenic be filtered from water? 54 (46.2) 54 (45.0) 
Can someone spread arsenicosis to another person?*  38 (32.5) 44 (36.7) 
List the possible ways for arsenic safe drinking water as you know. 
One way 
Two ways 
Three ways 

 
60 
10 
3 

 
(51.3) 
(8.5) 
(2.6) 

 
30 
10 
- 

 
(25.0) 
(8.3) 

- 
What does a red mark on a tubewell mean? 67 (57.3) 57 (47.5) 

 
 “Adding dry tea leaves and changing color 
of the water is because of the arsenic 
containing in it which cannot be seen with 
naked eye.”   
Moreover, some participants did not 
perceive that arsenic as a problem because 
using arsenic was long-existing routine for 
the villagers from both study areas.                       
A female daily wage earner aged forty-five 
expressed that: 

“Some know it is deadly but they continue 
using it without dread as it is an age-old 
custom here.”   

Moreover, a 52-year-old male farmer 
revealed that:  

“It has been like that since the moment it 
was dug. Until now our household suffers 
no illness; everyone is healthy. It can be 
used for every purpose.”   
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After adding total knowledge score,  
low level of knowledge about arsenic- 
contaminated water was found in 27.5% of 
the respondents from study group and 
26.5% of those from control. And minimum 
scores of the respondents in both groups 
were 6 out of maximum possible highest 
score of 40. It highlighted that HE was 
essential for the groundwater-dependent 
rural population in the present study.  

Mean knowledge scores were not much 
different between groups (13.68±3.66 vs. 
13.93±3.45) in pre-intervention. An 
independent-samples t-test showed no 
statistical significant difference between 
mean knowledge scores regarding arsenic-
contaminated water of control group and 
that of study group at p=0.589. One month 
after intervention, mean score in study 
group was considerably higher than that of 
control group. Mean knowledge scores of 
study group was 29.93±2.62 and that of 
control group was 14.24±3.42. There was 
statistically significant difference in mean 
scores between two groups on one month 
after intervention at p=<0.001 (two-tailed).  

 
DISCUSSION 

 
This study found that two groups were 
comparable in most respects including               
age, education, and residential period.                    
It might be due to selecting the study 
villages by setting criteria. Thus, the findings 
of the effects of interventional HE on the 
awareness of the respondents living in 
arsenic-contaminated area regarding unsafe 
water might be clearly verified. Although 
this study used the nonequivalent control 
group design, their strategy of statistically 
controlling a number of background 
characteristics strengthened the internal 
validity of the study.10 

When comparing the current results with 
previous studies done in other arsenic risky 
countries, most respondents (87%) from 
Bangladesh were aware of the problem. 11 
Similarly, one study done in Cambodia 
revealed that all respondents have heard of 
arsenic.12 Hearing about “arsenic” might 

depend on the severity of the problem. One 
survey data stated that 9.83% of respondents 
who were living in the low arsenic risk 
region had never heard of the groundwater 
arsenic contamination problem while all 
respondents in the medium risk region had 
knowledge of the problem. This difference 
in arsenic-related knowledge between 
respondents of two regions was not 
unexpected.13  

Although the study areas   were high arsenic 
regions, there were some people who did 
not know arsenic in both study and control 
groups. Even if they have not seen or heard 
arsenicosis sufferers in Myanmar, it should 
not be undermined and awareness raising 
regarding arsenic should also be accelerated. 
This study intended to find out whether the 
respondents understood that people could 
die if they drunk arsenic-contaminated 
water. It emphasized the severity of the 
ingestion of arsenic-contaminated water. In 
pre-intervention assessment, only one-third 
of each in both groups had correct 
knowledge that it could lead to death. 
However, some participants   in this study 
did not concern that could lead to death 
because of longevity of their parents. In 
Bangladesh study, respondents were more 
knowledgeable by 69.5%of them correctly 
answered that people could die from 
continued use of arsenic-contaminated 
water.14 In contrast, it was worse in one 
study done in Bangladesh which found that 
only 12.9% were aware that arsenic could 
result in death.15 

They falsely aware that changing colour by 
adding green tea leaves and usual habit  
of testing water with guava leaves were due 
to arsenic. Actually, it might be due to iron 
in that water. By understanding the health 
impacts of consuming arsenic-rich water, 
they might switch to safe wells which 
prevent the potential health consequences 
for those risky populations. Therefore, it 
was stressed in HE session for the study 
group. Based on the results, health care 
personnel needed to concern addressing HE 
in health impact of arsenic poisoning to 
each and every person. 
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When comparing the mean baseline 
knowledge scores regarding arsenic-
contaminated water, mean knowledge scores 
of study group was nearly the same                        
as that of control. The pre-intervention total 
knowledge scores of study group were, 
therefore, comparable to those of control 
group. However, it was noteworthy that pre-
intervention mean total knowledge scores in 
both groups were far lower than half                 
of the possible highest total scores.  
Thus, the need for provision of HE                          
to mitigate the arsenic exposure from              
highly contaminated groundwater was 
acknowledged in both areas. In addition                   
to the similar knowledge status, comparable 
socio-demographic characteristics of two 
groups could distinctly point out the extent of 
effectiveness of educational intervention                
on arsenic-contaminated groundwater of 
rural residents in this study.   
One month after intervention, mean 
knowledge score of study group was as 
much twice as control and their knowledge 
scores were statistically significant different. 
This improvement of knowledge status in 
study group approved that provision of HE 
is a sufficient reason for increasing 
knowledge status of the respondents living 
in arsenic risk area towards unsafe water. 
This current study only evaluated the 
effectiveness of HE in one month after 
intervention. To be sustainable knowledge 
status, repeated HE session and evaluation 
will be needed for those people with larger 
sample sizes. The results highlighted that 
provision of HE is the valuable intervention 
for the vulnerable consumers of unsafe 
water to get the advantages of timely 
intervention and sustainable preventive 
practices.  
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Myanmar is one of the high MDR-TB burden countries globally. The aim  
of this study was to provide genetic information of MDR-TB strains from 
Myanmar. A total of 139 high-positive sputum samples (i.e., AFB grade  
2+ or 3+) from MDR-TB suspected cases which were referred to National 
TB Reference Laboratory, Yangon during 2012-2013 were included. 
GenoType MTBDRplus assay was used to detect resistance to rifampicin 
and isoniazid, and results were compared with phenotypic Lowenstein-
Jensen proportion method at National TB Reference Laboratory, Yangon. 
Genotypes were also identified by spoligotyping method. The most common 
rifampicin resistance mutation was S531L (67.5%) in the rpoB gene and the 
most prevalent isoniazid resistance mutation was S315T (90.4%) in the katG 
gene. There was high agreement (kappa=0.934) between the MTBDRplus 
assay and phenotypic susceptibility results in detecting MDR-TB. The inhA 
C15T mutation was more likely to occur in isoniazid mono-resistant cases 
than in MDR-TB cases (p=0.038). Beijing genotype was predominantly 
identified in 76.4% of strains (55/72). Strains belonging to Beijing geno-
types are significantly associated with MDR-TB (p=0.001) as well as resis-
tance to isoniazid, rifampicin, streptomycin and ethambutol (all p<0.05). 
The katG S315T mutation was more likely to develop in strains of Beijing 
genotype (p=0.009). This study provides relevant data which can be applied 
for the development of new and better tools (diagnostics, therapeutics, 
vaccines) for effective measures in the control of drug-resistant tuberculosis 
in the country. It also gives information on the general anti-TB drug 
resistance status in Myanmar patients. 

Key words: Multidrug resistant, Tuberculosis, Myanmar, Genotype, Mutation 
 

INTRODUCTION 
 
Tuberculosis (TB) ranks as the second 
leading cause of death from an infectious 
agent around the world, killing 1.3 million 
people every year.1 Drug resistance has been 
a cause of major concern for TB control in 
both developed and developing countries. 
Multidrug-resistant TB (MDR-TB), i.e., 
resistant to both isoniazid and rifampicin, 
does not respond to the standard six-month 
treatment with first-line anti-TB drugs and 
can take up to two years or more to treat 
with less potent, more toxic and expensive 

second-line drugs.2 Myanmar is among the 
27 MDR-TB high burden countries world-
wide. A nationwide drug resistance survey in 
2012-2013 showed a MDR-TB prevalence of 
5.0% among newly diagnosed and 27.1% 
among previously treated cases in Myanmar. 
Rapid detection of drug-resistant strains  
of Mycobacterium tuberculosis is definitely 
necessary in order to control the spread and 
transmission of these strains. Diagnosis of 
___________________________________ 
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drug-resistant TB relies on establishment of 
the drug susceptibility of M. tuberculosis 
strains, which is either assessed pheno-
typically or genotypically. Phenotypic or 
conventional methods based on culture are 
the gold standard or reference method; 
however they take several weeks to months 
to yield results. Several genotypic assays 
such as the line probe assay (LPA) 
GenoType MTBDRplus and Xpert 
MTB/RIF diagnostic test have been 
developed for rapid detection of MDR-TB, 
based on the frequent genetic mutations 
associated with anti-TB drugs.3 

Almost all isolates of M. tuberculosis 
resistant to rifampicin (RIF) have a mutation 
in the rpoB gene encoding the -subunit of 
RNA polymerase. Several isoniazid (INH)-
resistant organisms have mutations in the 
katG gene encoding catalase-peroxidase and 
is found in more than 80% of INH-resistant 
strains. Some INH-resistant organisms also 
have mutations in the regulatory region of 
inhA locus, exhibiting low-level resistance 
to INH.4 

Among the available commercial LPAs, the 
GenoType MTBDRplus assay can identify 
the presence of M. tuberculosis complex  
as well as its mutations in the rpoB gene  
for RIF resistance, the katG and inhA genes 
for INH resistance directly from smear-
positive sputum within one day.5 The assay 
readability rates are significantly higher  
in sputum specimens with acid fast  
bacilli (AFB) graded 2+ than in specimens 
graded 1+.6 

Unfortunately, these genotypic or molecular 
assays only identify the most frequent 
resistance mutations for a limited number  
of antibiotics. There is wide variation in 
circulating M. tuberculosis drug-resistant 
strains across the world and the genetic 
diversity within the organism has practical 
concerns for molecular methods for drug 
susceptibility testing (DST).7 Hence, prior 
knowledge about the nature and frequency 
of resistance-conferring mutations is critical 
to develop more accurate, region-specific 
molecular diagnostic methods. 

Among different methods of TB strain 
typing or genotyping currently available, 
spoligotyping in particular, is simple, highly 
reproducible and used as a first-line 
screening technique. It greatly enhances  
the understanding of the dissemination of 
M. tuberculosis by using international data-
bases to compare isolates from widespread 
geographic areas.8 
The present study was done to provide 
genetic information of the circulating MDR-
TB strains from Myanmar cases using 
GenoType MTBDRplus assay and pheno-
typic DST as well as spoligotyping method 
for strain differentiation.  
  

MATERIALS AND METHODS 

Patient selection 

Sputum samples were collected from TB 
patients at risk of MDR-TB around Yangon 
Region and from some states and regions  
in Myanmar who were referred to  
National Tuberculosis Reference Laboratory 
(NTRL), Yangon during 2012-2013 for 
MDR-TB screening. Retreatment cases 
including Category II failure, Category I 
failure, relapse and return after default, 
close contacts of MDR-TB patients who 
develop active TB and all HIV-infected 
cases at the start of anti-TB treatment are 
recommended to do so since they are at risk 
of MDR-TB.2 A total of 139 MDR-TB 
suspected patients whose sputum smear 
examination report was AFB 2+ or 3+ were 
chosen for the study.  
GenoType MTBDRplus assay  

The MTBDRplus assay version 1.0 (HAIN 
Lifescience, Germany) was performed on 
two sputum samples from each patient 
having AFB grading 2+ or 3+ according to 
the manufacturer’s specifications at NTRL, 
Yangon. This DNA strip assay is based on 
multiplex polymerase chain reaction (PCR) 
technology in combination with reverse 
hybridization. A 500-ml portion of the 
NALC-NaOH-decontaminated sputum sedi- 
ment was used for DNA extraction that 
included heating, sonification, and centri- 
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fugation. The amplification of genes respon-
sible for drug resistance, including rpoB, 
katG and inhA was done. Hybridization  
was performed using a TwinCubator. The 
absence of at least one of the wild-type 
bands (WT) or the presence of bands 
indicating a mutation (MUT) implies that 
the sample tested is resistant to the 
particular antibiotic (RIF and/or INH) 
tested.5 All tests were performed before the 
culture and DST results were available. 
Isolation of M. tuberculosis and phenotypic 
DST 
The remaining NALC-NaOH decontami-
nated sputum samples were inoculated on 
Lowenstein-Jensen (L-J) media and incu-
bated at 37°C for 6-8 weeks at NTRL, 
Yangon. The isolates were identified  
by colony morphology, acid-fastness and 
positive TB Ag MPT 64 Rapid assay  
with no growth on L-J medium containing 
paranitrobenzoic acid. Susceptibilities to 
INH, RIF, streptomycin (SM) and etham-
butol (EMB) were determined by the 
proportion method on L-J media containing 
INH (0.2 µg/ml), RIF (40 µg/ml), SM  
(4 µg/ml), and EMB (2 µg/ml). Resistance 
was defined as 1% or more growth for those 
drugs.9 

DNA extraction from isolates on L-J media 
for spoligotyping 

The DNAs from the isolates grown on drug 
free L-J media were extracted by modified 
thermolysis method. A loopful of heat-killed 
mycobacterial colonies grown on L-J medium 
was suspended in 100 l of TE buffer  
(10 mM Tris, 1 mM EDTA pH 8.5) and 
subjected to three cycles of boiling and 
freezing for 20 minutes at -20ºC. The 
solution was centrifuged at 13,000 rpm for  
5 minutes to obtain the supernatant. All the 
supernatant was used as the sample DNA 
solution.10 

Spoligotyping 
Spoligotyping of 72 out of 139  
M. tuberculosis isolates was performed at 
Immunology Research Division, Department 

of Medical Research using micro-
spoligoarrays according to the procedure  
by Kamerbeek and co-workers11 with slight 
modifications12. The spoligotyping method 
is based on the polymorphism at one 
particular genomic region, the so-called 
direct repeat (DR) locus. Each DR is 
interspersed by a non-repetitive spacer 
sequence of 35 to 41 base-pairs. The entire 
DR locus was amplified by a hot start  
PCR using two inversely oriented primers 
complementary to the sequence of short 
DRs. The amplified DNA was hybridized  
to a set of 43 spacer oligonucleotides 
covalently bound to a membrane which 
were derived from spacer sequences of the 
laboratory strain M. tuberculosis H37Rv  
and M. bovis BCG. The resulting hybridi-
zation patterns are strain specific because of 
the strain-dependent presence or absence of 
spacer sequences in different isolates. The 
spoligotype was defined according to the 
SpolDB4 spoligotyping database.8 
Ethical consideration 

Ethical issues concerning informed consent, 
confidentiality and benefits were fully  
given to the subjects. This study was 
approved by the Research and Ethical 
Committee, University of Medicine 1, 
Yangon, Myanmar.  
 

RESULTS 
 

According to GenoType MTBDRplus assay, 
110(79.1%) out of 139 patients were MDR-
TB cases and 29(20.9%) cases were not 
multidrug-resistant. However, reference 
phenoltypic DST detected MDR-TB in  
111(79.9%) of patients and non-MDR TB in 
28(20.1%) cases. Agreement or concor-
dance rate (kappa value) for detecting 
MDR-TB was 0.934 (95% confidence 
interval). 
Drug resistance patterns of four major first-
line anti-TB drugs 

According to phenotypic L-J proportion 
method, the present study found the most 
resistance to INH in 117(84.2%) cases 
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followed by RIF in 116(83.5%), SM in  
110(79.1%) and EMB in 52(37.4%) cases. 
The drug resistance patterns are shown in 
Table 1. Among them, MDR-TB was found 
in 111(79.9%) cases. 
 
Table 1. Distribution  of anti-TB  drug  resistance 

according to phenotypic DST results 

Drug resistance patterns No. of cases (%) 

Resistance to only one anti-TB drug  
  INH 1 0.7 
  RIF 4 2.9 
  SM 0 0 
  EMB 0 0 
Resistance to any two anti-TB drugs 
  NH+RIF 6 4.3 
  INH+SM 5 3.6 
  INH+EMB 0 0 
  RIF+SM 1 0.7 
Resistance to any three anti-TB drugs 
  INH+RIF+SM 53 38.1 
  INH+RIF+EMB 1 0.7 
  INH+SM+EMB 0 0 
Resistance to all four anti-TB drugs 
  INH+RIF+SM+EMB 51 36.7 
  MDR-TB (at least INH+RIF) 111 79.9 

INH=Isoniazid, RIF=Rifampicin, SM=Streptomycin, 
EMB=Ethambutol 
 
Table 2. Disagreements  between  molecular and 

phenotypic DST results 

Research 
ID 

Molecular DST  
(GenoType MTBDR plus) 

Phenotypic 
DST 

RIF INH rpoB katG inhA RIF INH 
007 R R wt8, 

S531L 
WT wt1, 

C15T 
R S 

008 R S wt8, 
S531L 

WT WT R R 

010 R S wt7, 
H526Y 

WT WT S S 

016 S S WT WT WT S R 
018 S S WT WT WT S R 
025 R S wt3, 

4,7;H526D 
WT WT R R 

RIF=Rifampicin, INH=Isoniazid, R=Resistant 
S=Sensitive, DST=Drug susceptibility testing  
WT=All WT probes are present  
wt=Missing WT probe(s) 
 
Gene mutation patterns in all M. tuberculosis 
strains 

The line probe assay (LPA) GenoType 
MTBDRplus identified MDR-TB in 110 
strains, RIF mono-resistance in 7 strains and 
INH mono-resistance in 4 strains.  

For detection of RIF resistance, rpoB S531L 
mutation was found to occur most com-

monly with 67.5% (79/117) of all RIF-
resistant strains identified by GenoType 
MTBDRplus assay having the mutation. 
Other mutations occurred at rpoB D516V 
and H526D (2.6%, 3/117 and 3.4%,  
4/117, respectively, of all RIF-resistant 
strains).                         
Of all INH-resistant strains, 90.4% 
(103/114) had a S315T mutation in the  
katG gene, and 8.8% (10/114) had a C15T 
mutation in the inhA gene. Only one strain 
had mutations in both katG and inhA genes. 
There was a significant difference in inhA 
C15T mutation between INH-monoresistant 
cases and MDR-TB cases (50%, 2/4 vs. 
7.3%, 8/110; p=0.038). Thus, inhA C15T 
mutation was more likely to occur in INH-
monoresistant cases compared to MDR-TB 
cases. Six discrepant results between 
GenoType MTBDRplus assay and phenol- 
tipic DST results are shown in Table 2. 
 
Table 3. Distribution of tested strains belonging 

to the circulating lineages 
Lineage or  
sub-lineage No. of strains Percentage 

of strains 
  Beijing 55 76.4 
  EAI 7 9.8 
  CAS 4 5.6 
  Beijing-like 2 2.7 
  U 2 2.7 
  LAM 1 1.4 
  KILI 1 1.4 
  Total 72 100 

 
Distribution of genotypes 
The resulting genotypes of the 72 strains 
were also divided into two groups consisting 
of Beijing strains (55/72; 76.4%) and non-
Beijing strains which included all strains 
other than Beijing strains (17/72; 23.6%) 
(Table 3). 89.1% (49/55) of Beijing strains 
developed MDR while 52.9% (9/17) of non-
Beijing strains were multidrug-resistant. 
The asso-ciation between Beijing lineage 
and MDR-TB was found to be significant 
(p=0.001). 
INH resistance was found in 70.6% (12/17) 
of non-Beijing strains and in 90.9% (50/55) 
of Beijing genotype. RIF resistance was 
seen in 52.9% (9/17) of non-Beijing strains 
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and in 92.7% (51/55) of Beijing genotype. 
SM resistance occurred in 58.8% (10.17)  
of non-Beijing strains and in 89.1% (49/55) 
of Beijing genotype. EMB resistance 
developed in 11.8% (2/17) of non-Beijing 
strains and in 45.5% (25/55) of Beijing 
genotype. Thus, Beijing genotype was 
found to be significantly associated with 
resistance to INH, RIF, SM and EMB 
(p=0.023, <0.001, 0.005, 0.012, respectively). 

There was a significant difference in katG 
S315T mutation of INH-resistant cases 
between Beijing and non-Beijing strains 
(92% 46/50 vs. 58.3% 7/12, p=0.009). Thus, 
katG S315T mutation was more likely to 
develop in strains of Beijing genotype. 
 

DISCUSSION 
 

The MDR-TB prevalence (79.1% by 
molecular assay and 79.9% by phenotypic 
method) in the present study was relatively 
higher than the national average in 2012-
2013 survey since it recruited only MDR-
TB suspected patients who were at high risk 
of developing multidrug resistance having 
AFB high-positive sputum and the majority 
was retreatment cases. High MDR-TB rate 
among previously treated cases highlights 
limitations in specific case management, 
indicating the need for reassessment in that 
area. 

The high agreement between GenoType 
MTBDRplus test directly on smear high-
positive sputum samples and phenotypic 
DST for detecting MDR-TB in the present 
study correlates well with a meta-analysis 
on this molecular assay13 and a recent study 
in Myanmar.14 This finding proved the 
assay as a useful rapid tool in detecting 
MDR-TB in sputum specimens with higher 
AFB grades in a setting of Myanmar.  

Six discrepant results between phenotypic 
DST and GenoType MTBDRplus assay 
were detected in the present study. The 
occurrence of specimens initially identified 
as sensitive using molecular assay from 
which phenotypically resistant strains were 

grown could be clarified by the presence of 
mutations not detected by the molecular 
assay. The occurrence of phenotypically 
sensitive strains initially identified as 
resistant using molecular assay on sputum 
specimens could also be due to the presence 
of strains presenting hetero-resistance i.e., 
simultaneous presence of resistant and 
sensitive bacilli in sputum specimens6 or a 
result of some technically incorrect DST 
results that might occur at any laboratory. 
Hetero-resistance is more likely to occur in 
areas of high TB burden and drug resistance 
where a patient could be infected by two or 
more TB strains with different patterns of 
resistance.  
In agreement with prior local studies14, 15 

and other international studies,5, 6 the most 
common  rpoB gene mutations (67.5%) 
were S531L mutations in this study. It could 
be assumed that almost all of the circulating 
RIF-resistant strains in Myanmar had 
mutations in a hot spot region (81-bp) of 
rpoB gene as in most of the countries 
around the world.  
Similarly, the most frequent mutation 
(90.4%) was katG S315T mutations and it 
was also consistent with previous studies on 
local TB isolates.14, 15 The proportion of 
inhA mutations (8.8%) in the present study 
was also comparable with those in local 
studies;14, 15 however, it was lower when 
compared to studies from other countries.5, 6 
It could be assumed that mutations in katG 
gene are prevalent in the circulating INH-
resistant strains in Myanmar as in other 
countries; although inhA mutations are not 
increasing.5, 6 However, mutation rates in 
the inhA promoter region for INH resistance 
were significantly higher in mono-resistant 
strains than in MDR strains.  
In this study, Beijing and Beijing-like 
strains accounted for approximately 80% of 
total isolates, indicating their high rate  
of distribution among MDR-TB suspected 
patients in Myanmar. A domination of 
Beijing and EAI genotype strains among  
TB isolates from Myanmar was in line  
with previous findings in other studies.16-18 
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Gradual rise in the prevalence of Beijing 
genotype in M. tuberculosis strains from 
Myanmar was also observed.16-18 Alarmingly 
increasing number of Beijing strains in 
Myanmar reflects the threat of TB in the 
community since this strain has been 
reported to be associated with recent TB 
transmission19 and thus, it is of great 
concern for TB control in the country.  
CAS and LAM lineages observed in the 
present study have also been detected in 
previous local strains from Myanmar.18 
However, strains from KILI family, which 
have not been previously described in 
Myanmar strains, are not phylogeo-
graphically specific for Asia continent.8 

They might possibly be spread from its 
origin to any part of the world in this era  
of international travel and migration.  

Significant associations between Beijing 
genotype, MDR-TB and first-line anti-TB 
drugs are in agreement with the observa-
tions made by others in local settings.17, 18 

A significantly higher proportion of the 
katG S315T mutation in Beijing genotype 
strains compared to non-Beijing strains was 
also observed in the present study. A better 
understanding of these associations can  
help to identify groups of patients who 
would be more likely to have MDR-TB and 
thus prioritize the use of rapid diagnostic 
methods and initiate treatment earlier. 

Conclusion 

Analysis of drug resistance gene mutations 
and their associated factors in MDR-TB 
strains from Myanmar patients could 
contribute to better diagnosis and appro-
priate treatment of drug-resistant TB in  
the country. Genotypic differentiation of  
M. tuberculosis strains plays an important 
role in understanding the epidemiology of 
prevalent strains in Myanmar. 
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Radiological health hazards associated with natural radionuclide and their 
progenies due to the consumption of ground water has become a global 
issue. In this study, the presence of natural radionuclide (Radon-222) in 
artesian well, tube well and public township lake water samples from 
different sources of peri-urban 10 townships of Yangon Region households 
and then the level of annual effective dose of natural radionuclide of 
drinking water sources was calculated. A cross-sectional, community-based 
descriptive study was carried out from 30 water samples of artesian and  
tube well from selected 10 townships, Yangon Region. Three water samples 
were collected from each selected 10 townships of householders.  
Informed consents were obtained from the householders for water sample 
collection. Ten water samples were collected from public lake of selected  
5 townships. Two water samples were taken from each of these  
5 townships. All 40 water samples were collected directly approximately 
500 ml of each water sources. Each coded sample was kept in the one 
experimental can. Solid State Nuclear Track Detector LR115 film, KODAK 
was used for radionuclide exposure time 90 days at Radiation Toxicology 
Research Division. In this study, the calculated values of radon 
concentrations and annual effective dose varied from 0.008±0.00 Bqm-3 to 
2.18±0.05 Bqm-3 and 0.01 µSvy-1 to 37.5 µSvy-1 in tested water sample, 
respectively. Among them, only 10 water samples of artesian and tube well 
and 2 water samples of public lake values were indicated more than the 
other but lower than the WHO and ICRP recommended values.  This study 
highlighted no risk of radiation exposure from tested 40 water samples to 
community.  

Key words: Radionuclide, Solid State Nuclear Track Detector LR115, Radon concentration, Annual effective dose 

INTRODUCTION 
 
Radon is the most prominent source of 
environmental radioactivity and emits the 
type of ionizing radiation called alpha-
particles. Because radon is inhaled during 
breathing and alpha-particles do not reach 
far, it is the lung which obtains most 
radiation. Thus, lung cancer is the main 
health risk. Radon is responsible for 6-15% 
of all lung cancers.1 The main sources  
of natural radiation are soil, gas, cosmic  
ray and natural radioactivity in the body. 

Naturally occurring radionuclide include 
isotopes of uranium, radium and thorium 
and their decay products, such as radon. The 
U.S. national annual background dose for 
humans is approximately 360 mrem.2 

Based on the National Academy of science 
report, the Environmental Protection Agency 
(EPA) estimates that radon in drinking 
water causes about 168 cancer deaths per 
_____________________________________________________ 
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year 89 percent from lung cancer caused by 
breathing released to the air from water and 
11 percent from stomach cancer caused by 
consuming water containing radon. The 
drinking water contaminants that have 
chronic effects are chemicals (such as 
disinfection by-products solvents, and 
pesticides), radio-nuclides (such as radium) 
and minerals (such as arsenic). The decay of 
radium leads to radon in the environment 
deposited which contributes the largest 
fraction of the natural radiation dose to 
population. The exposure of population to 
high concentrations of radon and its progeny 
for a long period leads to pathological 
effects like lung cancer.3 

Many countries have adopted the World 
Health Organization (WHO) recommended 
guideline activity concentration values                
of different radionuclide in drinking water.              
In drinking water on intake of radionuclide, 
an annual dose equivalent to any single 
organ or tissue should not exceed 0.1 mSv 
(WHO, 2004) and then International 
Commission of Radiological Protection 
(ICRP) recommended public dose limit                
of total annual effective dose is lower than 
the 1mSv per year. People who are exposed               
to relatively high levels of radionuclide                
in drinking water for long periods                       
may develop serious health problems,              
such as cancer, anemia, osteoporosis, 
cataracts, bone growths, kidney disease, 
liver disease and impaired immune systems. 
According to WHO (2011), assessment             
of distribution of levels of radionuclide                 
in the environment indicated the radiation 
exposure to the public. Higher levels of 
radionuclide tend to be found more often in 
groundwater, such as from wells, than in 
surface water, such as lakes and streams.4 

Radionuclides are radioactive isotopes that 
can occur naturally or result from manmade 
sources. Since these radionuclides are 
present in soil and rock, they can also be 
found in groundwater and surface water. 
Certain rock types have naturally occurring 
trace amounts of radioactive elements that 
may accumulate in drinking water sources at 

levels of public health concern. Drinking 
water standards for radionuclide were  
first set in 1962 and   most recently updated 
by United States Environmental Protection 
Agency (EPA) in the 2000 Radionuclides 
Rule. Natural radioactivity in water mainly 
depends upon geological characteristics of 
the soil.2 

Studies have shown that activity concen-
trations of natural radio nuclides in ground 
water are connected to presence of uranium, 
thorium, radium and their decay products in 
the ground and bedrock. Chemical com-
position of the water depends on the degree 
of weathering of the rock, redox conditions 
and the residence time of groundwater in the 
soil and bedrock.5 Ireland has no nuclear 
industry, however since 2001 all drinking 
water samples have been measured for  
this radio-nuclides by liquid scintillation 
counting.6 

As part of the national survey to evaluate 
natural radioactivity in the environment, 
concentration levels of natural uranium and 
226Ra have been analyzed in over 300 
drinking water samples (tap water and 
private wells water)  taken from different 
locations in Argentina. 226Ra concentrations 
(an annual collective dose of 1.9 manSv, an 
individual committed effective dose of  
0.49 µSvy-1) were measured and they were 
calculated for the ingestion of both natural 
radio-nuclides in drinking water.7 

Concentrations of natural radio-nuclides 
(226Ra and 222Th) in ground and drinking 
waters of some areas of Upper Egypt were 
determined by gamma ray spectrometry. All 
types of water (drinking and ground water) 
in some areas of Upper Egypt are below the 
maximum allowed values for 226Ra. The 
annual effective dose received as a results of 
ingestion of the drinking water (tap water) 
are 0.0072 and 0.0080 mSv and for ground 
water are 0.0114 and 0.0156 mSv, 
respectively.8    

Recently, preliminary studies on ground-
water samples from wells in University of 
Cape Coast and its surroundings in the 
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Central region of Ghana revealed the 
average annual effective doses obtained in 
this study were about 1.7 times higher than 
WHO guidance levels of 0.1 mSv/yr from 
intake of radio-nuclides in water but total 
annual effective dose is lower than the ICRP 
recommended public dose limit of 1mSv per 
year.9 Other study from Penang, Northern 
Peninsular Malaysia measured 222Rn activity 
concentration in raw, treated and bottled 
water samples and found relatively high 
radon concentrations compared with that 
from other parts of the world, which still 
falls below the WHO recommended 
treatment level of 100Bq l-1.10  

In 2011 at Department of Medical Research, 
radionuclides particularly radon particles                    
in rain water samples were analyzed  
as 0.031 µSv/hr (Yangon), 0.0182 µSv/hr 
(NayPyiTaw, Dawei, Tanintharyi Region),  
and 0.032 µSv/hr (Pathein, Ayeyarwaddy 
Region), 0.011 µSv/hr (Kyaingtone, Eastern 
Shan State and Pa-an, Kayin State),  
0.033 µSv/hr (Mawlamyaing, Mon State), 
0.023 µSv/hr (Kayah State) and  
0.025 µSv/hr (Taunggyi, Southern Shan 
State), respectively by using Solid State 
Nuclear Track Detector. Findings were  
not exceeded the permissible level of 
1mSv/year according to the international 
standard estimated by IAEA. In 2013 one  
study at Department of Medical Research, 
the radon concentration in five kinds of 
buildings materials (brick, concrete, color 
cement, lime paint, plastic  paint and title) 
samples and three different floors of newly 
construction building were tested by using 
LR115 type 2 Solid State Nuclear Track 
Detector. 

Knowledge of the distribution of radio-
nuclide levels in the environment is 
important for assessing the radiation 
exposure to the public. In peri-urban areas 
of Yangon Region, apart from pipe water, 
households use water from protected or 
unprotected wells. Naturally occurring 
radio-nuclides in drinking water usually 
give radiation doses higher than those 
provided by artificially produced radio-

nuclides and are, therefore, of greater 
concern. Radiological health hazards 
associated with natural radionuclides and 
their progenies due to the consumption of 
ground water has become a global issue. 
Detecting radio nuclides in various drinking 
water sources in peri-urban eco-setting of 
Yangon Region after Cyclone Nargis and 
Earthquake have not yet been studied and it 
is extremely important to know the radon 
level for safe and healthy environment.  

 
MATERIALS AND METHODS 

 
A cross-sectional, community-based descri- 
ptive study was carried out from September 
2014 to December 2015. Households using 
(tap water) artesian wells, tube wells and 
public lakes as their sources of drinking 
water were selected from peri-urban 10 
townships of Yangon Region.  

Altogether 40 water samples from artesian 
wells, tube wells and public lake water were 
collected. Informed consent (permission) 
was obtained for householders using 30 
water (artesian well and tube well) samples 
collection from Shwepyithar, Insein, North 
Dagon, North Okkalapa, South Dagon, 
Shwepaukkan, Thingangyun, Tharkayta and 
Tarmway Townships. Each 3 water samples 
were collected from these townships. 
Ten water samples took from public lakes 
from Shwepyithar, North Dagon, North 
Ohkkalapa, Thingangyun and Tharkayta. 
Each 2 water samples were collected. All 
samples were sampled only once. Approxi-
mately 500 ml was collected each water 
sample with quality control procedure. 

Data collection method 
Raw water samples were collected directly 
from wells and lakes. Latex gloves were 
worn during sample collection to avoid 
sample handling contamination. In this 
study, Solid State Nuclear Track Detector 
LR115 Type II film was used. Although 
there are many techniques to find out  
the alpha particles for radon in water,  
Solid State Nuclear Track Detector is one of 
the most fascinating alpha particles 
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detection techniques, developed to date.  
It has been found to be equally useful in 
basic and applied research, particularly for 
scientists, engineers and technologists in the 
developping countries. That detector is 
small in size, flexible, inexpensive, efficient 
and free from sophisticated electronics and 
dead time problem. This is more convenient 
than other detectors.  
In this technique a known amount (100 ml) 
of the samples was placed in experimental 
can. Solid State Nuclear Track Detector 
LR115 Type II film (about 1cmx1cm) was 
fixed inside of the lid of each can with tape,  
so that, sensitive side of the detector faced 
the specimen. The cans were tightly closed            
from the top and sealed. At the end of  
the exposure time (90 days), SSNTD LR 
115 Type II film was removed from the lid 
of experimental can and subjected to the 
chemical etching process.  

For etching of the LR 115 detectors, 2.5 N 
NaOH solutions at 60ºC for 80 minutes 
(temperature was kept constant with an 
accuracy of ±1ºC and without stirring) were 
used. The detectors were rinsed, dried and   
the tracks produced by alpha particles  
were observed and counted with optical 
microscope. Then, alpha track density was 
calculated for each detector.11 
Data analysis 

Data analyses of radionuclide concentrations 
in mean, standard deviation and median 
values were done using Microsoft Excel. 
Ethical consideration  

This study was approved by the Institutional 
Ethical Review Committee, Department of 
Medical Research. 
Working definitions (defined by WHO) 

Becquerel (Bq) 
Unit of radioactivity concentration, correspon-
ding to radioactive disintegration per second. 
Effective dose 

When radiation interacts with body tissues 
and organs, the radiation dose received is  

a function of factors such as the type of 
radiation, the part of the body affected and 
the exposure pathway. This means that 1Bq 
of radioactivity will not always deliver the 
same radiation dose. A unit called ‘effective 
dose’ has been developed to take account of 
the differences between different types of 
radiation so that their biological impacts can 
be compared directly. The effective dose is 
expressed in SI units called Sieverts (Sv).  

Annual effective dose  

It is used to better describe the biological 
relevance of a radiation exposure where 
different tissues/organs receive varying 
absorbed doses in a year. 

 

RESULTS 

 
Solid State Nuclear Track Detector LR115 
Type II film detectors for background  
were etched under corresponding identical 
conditions. To reduce the statistical errors, 
alpha tracks were counted for different fifty 
views, and the alpha track densities were 
calculated as follows:  

 
 

Fig.  1.  Photomicrograph of Alpha Tracks in 
SSNT Detector LR 115 Type II for 
water sample with 40X objective 

 
Total number of tracks for background=2 
Average number of tracks n=2/50=0.04 
2=0.9216, 2=1.08432  

 = √Σδ2 =0.018   N 
Number of tracks=0.04±0.018 
Background number of tracks=0.04±0.018   

(Standard Error)=√ 2 / N, 
where    is the standard deviation and N is the 
number of observation (50 fields of view) 
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The background of the alpha track density 
for SSNTD LR-115 Type II was 0.04±0.018 
tracks. 

According to the calculation of the back-
ground number of tracks, the net number of 
track of each samples were calculated by  
using the average number of tracks equation. 
 

Alpha trackdensity 
(tracks cm-2 day-1 )   =  Net  number of tracks 

Microscopic view area x 
Exposure time 

According to the above equation, the alpha 
 

track densities of collected 40 water samples 
were calculated. 
To find out the radon concentration in 
collected water samples (the present study) 
calibration factor used is   
0.05 track cm-2 day-1=1 Bqm-3 (Muramatsu-
1999)  
And then, annual effective doses from  
all these samples were calculated using 
Publication International Commission on 
Radiological Protection (ICRP-2007) where 
1 Bqm-3=0.0172 mSvyr-1. 

 

Table  1.   The comparison  of alpha track density,  Radon concentration and annual effective doses of          
tested 40 water samples 

  

Township Code No.  Alpha track density(tracks cm-2 day-1)  Radon concentration (Bqm-3) Annual effective dose (µSvyr-1) 

Shwepyithar SA1 0.015±0.500 0.3±0.014 5.16 
 SA2 0.004±0.002 0.008±0.00 0.14 
 SB1 0.047±0.002 0.94±0.04 16.17 
 SB2 0.008±0.003 0.156±0.06 2.68 
 SB3 0.109±0.003 2.18±0.05 37.50 
North Dagon NA1 0.004±0.002 0.008±0.00 0.14 
 NA2 0.004±0.002 0.008±0.00 0.14 
 NB1 0.032±0.002 0.644±0.04 11.08 
 NB2 0.004±0.002 0.088±0.004 1.51 
 NB3 0.025±0.001 0.496±0.024 8.53 
North Okkalapa NOA1 0.007±0.003 0.134±0.006 2.30 
 NOA2 0.004±0.002 0.008±0.00 0.14 
 NOB1 0.004±0.002 0.008±0.00 0.14 
 NOB2 0.004±0.002 0.008±0.00 0.14 
 NOB3 0.004±0.002 0.008±0.00 0.14 
Thingangyun TGA1 0.004±0.002 0.088±0.004 1.51 
 TGA2 0.008±0.003 0.164±0.006 2.82 
 TGB1 0.076±0.003 1.528±0.058 26.28 
 TGB2 0.009±0.004 0.178±0.008 3.06 
 TGB3 0.004±0.002 0.008±0.00 0.14 
Thakayta TA1 0.004±0.002 0.008±0.00 0.14 
 TA2 0.018±0.008 0.356±0.016 6.12 
 TB1 0.019±0.018 0.38±0.036 6.5 
 TB2 0.004±0.002 0.008±0.00 0.14 
 TB3 0.007±0.003 0.134±0.006 2.30 
Insein IB1 0.033±0.011 0.66±0.02 11.35 
 IB2 0.006±0.001 0.012±0.002 0.20 
 IB3 0.024±0.002 0.48±0.04 8.26 
South Okkalapa SOB1 0.056±0.003 1.12±0.06 19.26 
 SOB2 0.006±0.001 0.012±0.002 0.20 
 SOB3 0.00±0.00 0.012±0.002 0.20 
Shwepaukkan SPB1 0.006±0.001 0.012±0.002 0.20 
 SPB2 0.045±0.004 0.9±0.08 15.48 
 SPB3 0.006±0.001 0.012±0.002 0.20 
South Dagon SDB1 0.00±0.0001 0.012±0.002 0.20 
 SDB2 0.006±0.001 0.012±0.002 0.20 
 SDB3 0.006±0.001 0.012±0.002 0.20 
Tarmway TMB1 0.007±0.003 0.134±0.006 2.30 
 TMB2 0.004±0.002 0.088±0.004 1.51 
 TMB3 0.006±0.001 0.012±0.002 0.20 
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DISCUSSION 
 

By using the LR115 Type II film detector, 
the minimum alpha track density (0.04± 
0.018 track cm-2 day-1) and the maximum 
alpha track density (0.109±0.008 track cm-2 
day-1) were found in 40 water samples. The 
maximum alpha track density was found in 
artesian well water sample as shown in 
Table 1. 

In this study, the calculated values of               
radon concentrations and annual effective 
dose varied from 0.008±0.00 Bqm-3 to 2.18± 
0.05 Bqm-3 and 0.01 µSvy-1 to 37.5 µSvy-1  

in tested water samples, respectively. Fig. 2 
shows that comparison of mean annual 
effective dose between the water sources of 
tube & artesian well results were indicated 
more than the public lake from collected 
water samples but lower than the WHO  
and ICRP recommended values. Fig. 3 
indicated the comparison of the mean 
annual effective Dose between water 
sources by townships.  
 

 
 

 
 

 
 

 
 
Fig.    2. Comparison  of  mean  annual  effective  

dose between water sources (p=0.17) 
             

Shallow tube well water samples from 
Shwepyithar result had the highest content 
and other collected 12 water samples were 
ascertaining the radon in water. Therefore, 
removal method is needed for this water 
sources. Filtration method is the simple, 
cheap and useful way which is important for 
reduction of radon in water. Householders 
usually use the sample filter to get the safe 
water.  

 
 

 
 

 
 

 

Fig.  3. Histogram of comparison of mean 
annual effective dose between water 
sources by selected Townships (n=40) 

Conclusion 

This study highlighted the no risk of 
radiation exposure from tested 40 water 
samples to community. Collected water 
samples of selected townships contained 
lower radon concentration in selected area 
of Yangon and annual effective dose levels 
than that of public safe limit level. Despite 
the reported radiological risk associated 
with the exposure to radon and its 
progenies, the level of awareness of the 
presence of this carcinogenic radionuclide 
in drinking water from selected townships 
of Yangon region was low. WHO-2009 and 
International Commission on Radiological 
Protection (ICRP-2009) have recommended 
for the public safe limit: Radon 
Concentration is 100 Bqm-3 and Annual 
Effective Dose is 1 mSvy-1 (100 µSvy-1) 
received from radon and its progency, above 
which it can be health hazard. Knowledge of 
the distribution of radionuclide levels is 
important to the public safety and it is also 
necessary to know simple knowledge such 
as well filter for removing radon content in 
water. 

United Nations set the goals of halving  
the proportion of people without sustainable 
access to safe drinking water and of 
reducing under-five mortality by two thirds 
by 2015 under the Millennium Development 
Goals (MGD) (UNICEF-WHO, 2009).             

A=Insein B=North Dagon C=North Okkalapa 
D=Shwepaukkan E=Shwepyithar F=South Dagon 
G=South Okkalapa H=Tarmway I=Thakayta    
J=Thingangyun  

Public Lake Tubewell & Artesian well 
 

  7 

  6 

  5 

  4 

  3 

 2 

 1 

  0 

An
nu

al
 e

ffe
ct

iv
e 

do
se

 (µ
S

vy
r-1

) 
 

  1.89 
(n=10) 

  5.92 
(n=30) 

   Water Sources 

 A        B    C      D       E     F      G      H       I        J 
 

 

 20 

 15 

 10 

  5 

  0     A
nn

ua
l e

ffe
ct

iv
e 

do
se

 (µ
S

vy
r-1

) 

0.
15

 

6.
70

 

7.
26

 
  1

.2
2 

  0
.1

5 
 

5.
35

 

2.
75

 
18

.7
3 

0.
23

 

6.
52

 

1.
35

 

9.
73

 
2.

18
 

  3
.1

3 
  3

.1
6 

 

Townships 



64 

The present study will link to ongoing 
radiological studies on the same area 
providing information on natural radio-
nuclide level of drinking water in the study 
population and assist in developing inter-
vention programs for household different 
drinking water sources and storage 
strategies. 
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The determination of heavy metals in soil, plant and water samples are very 
important in monitoring environmental pollution. The ability of the plant to 
absorb heavy metals can cause human health or ecological become worst. 
The ecological differences have direct or indirect contact to the medicinal 
plants and they may be regarded as an index of trace metal concentration in 
the surroundings. The aim of this study was to determine physico-chemical 
parameters and concentration of heavy metals in soil, water and rhizome  
of two Cissus species from various sites and to make awareness among  
the public regarding its safer use and collection areas, containing high  
level of heavy metals and their adverse health effects. The atomic  
absorption spectrophotometer was employed for content of heavy metals of  
rhizome of Cissus repens Lam. (တပငတငမနန အန) and Cissus discolor Blume. 
(တပငတငမနန အဖ ) from Myitkyina, Mogok, Aungban, Pyin Oo Lwin and 
especially in Shan State. The factors affecting metal accumulation by plant 
species including metal concentrations, pH, electrical conductivity, and 
nutrient status in different sites were measured. All rhizomes contained  
high amount of Ca and Fe than permissible limit set by Ajasa, 2004  
(44-614 µg/g) and WHO, 2008 in edible plants (20 mg/kg). Whereas, 
rhizome of Cissus repens Lam. from Myitkyeena contained Mn (364.73 
±73 ppm), Ni (1.51±0.07 ppm) and Moegoke contained Mn (228.35 
±4.76 ppm), Ni (2.16±0.08 ppm) which were above the permissible limit. 
Most selected rhizomes, all soils and water, from four samples locations 
contained metals and elements which are within permissible limit. This 
study revealed that free from toxic contaminant (Cd, Cr and Pb) in soil, 
water and rhizomes from four different sites were detected. Monitoring of 
heavy metal distribution data in soil, water and plant samples are very useful 
for becoming main references or guidelines in order to monitor and avoid 
environmental pollution become worst in terms of quality of soil and safe 
level for medicinal plant to be consumed.  

Key words: Heay metals, Rhizome of Cissus species from various sties 
 

INTRODUCTION 

The determination of heavy metals in soil 
samples, plant samples and also water 
samples are very important in monitoring 
environmental pollution. Metals are toxic 
even in traces. Heavy metals contamination 
has great significance due to their tendency 
to accumulate in human organs over a 
prolonged period of time.  The ability of the 
plant to absorb heavy metals can cause 
human health or ecological become worst. 
The ecological differences have direct or 

indirect contact to the medicinal plants and 
they may be regarded as an index of trace 
metal concentration in the surroundings i.e., 
soil, water and atmosphere. The presence of 
heavy metals beyond the allowed upper and 
lower limits can cause metabolic dis- 
turbance.1 Cissus discolor Blume. (whole 
plant) can be used for ringworm in India. 
Cissus repens Lam. (stem juice) is  useful in 
____________________________________ 
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eye redness, bone fracture healing property, 
anti-osteoporotic effect, anti-bacterial, anti-
oxidant and anti-inflammatory effect in 
Nepal and also its root is applied for 
headache, burns, gastric trouble, rheu-
matism in India.2 

Leaves, stems and rhizomes of Cissus species 
can be used not only as oral drug but also as 
paste form. Paste form of both white and red 
rhizomes can cure mass, abscess, benign and 
malignant tumors. Red rhizome is more 
effective than white rhizome. Gastric cancer 
can be treated by giving rhizome that is  
mixed with honey. It can also be used in 
gynaecological diseases. The leaves can also 
be applied on wound for healing. Rhizomes of 
Cissus species consist of glycosides and 
flavonoids.3 The WHO recommends that 
medicinal plants which form the raw materials 
for the finished products may be checked for 
the presence of heavy metals.4 The increasing 
use of indigenous therapies demands more 
scientifically sound evidence, therefore, this 
study was aimed to determine the content of  
heavy metals (cadmium (Cd), calcium (Ca), 
chromium (Cr), copper (Cu), iron (Fe), lead 
(Pb), magnesium (Mg), manganese (Mn), 
nickel (Ni), potassium (K), sodium (Na), and 
zinc (Zn) in soils, water and rhizome of  
two Cissus species from various sites  
where Cissus species have been grown up 
enormously in Shan State. 

MATERIALS AND METHODS 

Reagents and chemicals 

Analytical grade reagents (Merck) of 
cadmium (Cd), calcium (Ca), chromium 
(Cr), copper (Cu), iron (Fe), lead (Pb), 
magnesium (Mg), manganese (Mn), nickel 
(Ni), potassium (K), sodium (Na) and zinc 
(Zn) standard were used as standard 
reference materials, while 70% nitric acid 
(HNO3),  69%, hydrochloric acid (HCl) and 
de-ionized double distilled water (ddw) 
were used for digestion purpose. 

Instruments and apparatus 
Atomic Absorption Spectrophotometer 
(AAS), AA 6650, Shimadzu Japan was used 

for measurement under the standard 
operating condition. Muffle furnace (LEF 
1035) were used. 
Calibration of equipment 
For the elements under investigation, the 
following sensitivity and detection limits 
were established, respectively for the used 
AAS apparatus. Cd 0.1 ppm, 0.2 ppm,  
0.4 ppm, and 0.8 ppm, Ca 0.5 ppm, 1 ppm, 
2 ppm and 5 ppm, Cr 0.5 ppm, 1 ppm,  
2 ppm and  4 ppm, Cu 0.5 ppm, 1 ppm,  
2 ppm and 5 ppm, Fe 0.5 ppm, 1 ppm and  
2 ppm and Pb 1 ppm, 2 ppm, 5 ppm and  
10 ppm and Mg 0.1 ppm, 0.2 ppm and  
0.4 ppm, Mn 1 ppm, 3 ppm and 5 ppm, Ni 
0.5 ppm, 1 ppm and 2 ppm, K 0.2 ppm,  
0.4 ppm and 0.8 ppm, Na 0.1 ppm, 0.2 ppm 
and 0.4 ppm, Zn 0.2 ppm, 0.4 ppm, 0.8 ppm 
and 1.6 ppm.  
Plant authenticity 
The plants were identified and confirmed 
for their specific botanical name by the 
competent taxonomist from the Department 
of  Botany,  Mandalay University (Mandalay). 
Sample collection 
Rhizome of Cissus repens Lam. 
(တပငတငမနန အန) their soil and water samples 
were collected from Myitkyina (Site I), 
Mogok (Site II). Rhizome of Cissus repens 
Lam. and Cissus discolor Blume. 
(တပငတငမနန အဖ ) their soil and water samples 
were collected from Aungban (Site III) and 
Pyin Oo Lwin (Site IV). All samples were 
collected from December to February, 2014. 
Both soil and rhizome samples were 
collected from each site of plants at about  
8-10 cm depth of the soil and then the plant 
rhizome and soil samples were placed in the 
polyethylene sampling bags. The rhizome 
samples were thoroughly washed with tap 
water and rinsed with de-ionized water  
to remove dust and other particles. The 
cleaned samples were dried in shade at 
room temperature. The dried samples were 
crushed, powdered and homogenized, using 
mortar and pestle, were kept in polyethylene 
sampling bags. 
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Water samples were collected at depth  
of 20 cm from the water surface directly 
into one litre pre-conditioned polyethylene 
bottle.  
Digestion of rhizome samples 
Specified weight (2.5 g) of crushed and 
powder portion from each rhizome of Cissus 
repens and Cissus discolor was placed into 
crucible for heating in an oven at 110°C for 
2 hours to remove moisture. Then, the dried 
sample after charring was placed in furnace. 
The furnace temperature was gradually 
increased from room temperature to 550°C 
in 30 minutes. The sample was ashed for 
about 4 hours until white or grey ash residue 
was obtained. The content of crucible was 
cooled in desiccators and weighed. Then,  
5 ml of 6M HNO3 was added to the ash 
samples of each rhizome to dissolve and 
digest the contents. The solutions were 
filtered by Whatmann (No. 42) filter papers, 
transferred to 50 ml volumetric flasks and 
diluted with de-ionized water.5 
Digestion of soil samples 
Soil samples were dried in an oven at 110°C 
for 2 hours until they were brittle and crisp. 
A portion (1 g) of dried, soil samples were 
placed separately in 50 cm3, pyrex beakers, 
and then digested with 12 cm3 of a mixture 
of HNO3-HCl (in the ratio of 1:3 v/v) to 
near dryness in an oven at 110°C for 3 hours 
and cooled. And then 20 ml of 2% HNO3 
were added into these beakers on the hot 
plate to boil for 10 minutes and cooled. The 
digested samples were filtered into the  
100 cm3 volumetric flask using Whatmann 
(no. 42) filter paper and the volumes  
made up to the marks with double de-
ionized water.6 

Digestion of water samples 
Fifty millilitre of water sample were placed 
in 100 ml beaker. Then, 2.5 ml of 
concentrated nitric acid were added and 
covered with watch glass. And then, it was 
heated for 10 minutes and cooled. After 
cooling, they were transferred into 50 ml 
volumetric flask and diluted with de-ionized 
water for heavy metal analysis.7 

Analysis of water samples 
Physico-chemical parameters like con-
ductivity, total dissolved solids and salinity 
of the samples were measured at sampling 
site using Pocket Pro TM Tester, HACH, 
China. pH was also recorded at sampling 
site using Waterproof Handheld (H160), 
HACH, China, portable pH meter.8 

Phytochemical test for types of compounds 
Preliminary detection of phytochemical 
compounds present in rhizome of two 
Cissus species from various sites were 
carried out according to the general methods 
mentioned in phytochemical methods.9 

Statistical analysis 
Data were analyzed by using Microsoft 
Excel version 2007. Results were presented 
as mean±SD. 

RESULTS AND DISCUSSION 

Plant authenticity 

Morphology, taxonomy and anatomy of the 
plants were observed to agree with the 
following botanical name; Cissus repens 
Lam. (တပငတငမနန အန) and Cissus discolor 
Blume. (တပငတငမနန အဖ ). 

 
 
 
 
 
 
 
 
 
 

 

 
Cissus discolor Blume. (တပငတငမနန အဖ ) 

 
Cissus repens Lam. (တပငတငမနန အန) 
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Table 1. Level of heavy/toxic metals (ppm) in rhizome samples from different sites 

Metal 
Site I Site II Site III Site IV Reference 

value Cissus repens 
Lam. 

Cissus repens 
Lam. 

Cissus repens 
Lam. 

Cissus discolor 
Blume. 

Cissus repens 
Lam. 

Cissus discolor 
Blume. 

Cd ND ND ND ND ND ND 0.3* 
Ca 1604.11±31.87 1523.15±18.05 1554.53±6.98 944.08±23.05 2978.93±167.98 1843.13±42.98 44-614** 
Cr ND ND ND ND ND ND 2* 
Cu 0.38±0.12 ND 5.01±1.08 5.25±0.27 5.27±0.61 5.18±1.05 20* 
Fe 284.96±7.63 112.27±4.37 150.51±25.05 101.53±3.95 102.91±3.82 65.89±11.29 20* 
Pb 2.28±0.21 1.86±0.36 0.37±0.57 1.15±0.64 2.91±0.73 3.94±1.3 10* 
Mg 50.43±0.37 50.03±0.47 49.75±0.3 49.31±0.55 115.29±2.43 58.42±1.89 2000** 
Mn 364.73±7.14 228.35±4.76 143.94±2.83 82.08±1.35 23.37±1.36 22.83±1.24 200* 
Ni 1.51±0.07 2.16±0.08 0.85±0.03 0.60±0.06 0.43±0.26 0.80±0.06 1.5* 
K 721.98±5.33 707.95±18.61 720.43±26.99 437.02±15.62 582.22±12.27 1178.7±19.25 6380-36600** 

Na 52.03±0.97 71.51±2.26 81.61±0.74 74.4±1.28 181.52±6.19 93.04±1.40 2610-51340** 
Zn 8.64±0.61 3.29±0.3 14.55±2.44 5.59±0.38 7.76±0.55 37.49±6.74 50* 

*=Ref: 10, **=Ref: 11, ND=Not detected 

Table 2.  Level of heavy/toxic metals (ppm) in soil samples of Cissus species from different sites 

Metal 
Site I Site II Site III Site IV Reference 

value Cissus repens 
Lam. 

Cissus repens 
Lam. 

Cissus repens 
Lam. 

Cissus discolor 
Blume. 

Cissus repens & 
Cissus discolor 

Cd ND ND ND ND ND 3* 
Ca 5090.61±80.36 ND 1019.32±21.78 119.22±2.98 261.57±1.33 52000** 
Cr 44.99±1.75 ND 53.71±3.49 12.58±2.0 22.1±2.48 100* 
Cu 5.52±1.15 ND ND ND ND 100* 
Fe 2610.68±8.14 2668.34±12.34 2403.67±16.39 2521.01±9.35 2493.99±16.34 50000* 
Pb 57.1±21.03 33.82±1.2 10.28±2.07 7.62±1.15 16.91±2.63 100* 
Mg 160.68±1.35 97.82±0.41 149.56±0.82 144.88±0.68 151.26±1.04 9000*** 
Mn 1241.42±15.37 466.66±7.51 583.76±8.94 597.32±9.5 924.52±13.25 2000* 
Ni 33.77±0.46 13.14±0.44 22.61±0.87 12.27±0.49 16.57±23.31 50* 
K 4686.4±34.1 887.26±6.99 1355.14±36.88 549.12±14.39 619.15±12.31 37000*** 

Na 287.23±4.86 ND 45.49±0.53 31.78±0.44 ND 25000*** 
Zn 41.63±1.1 28.22±0.73 28.98±0.83 44.32±1.24 14.36±0.42 300* 

*=Ref: 12, **=Ref: 13, ***=Ref: 14, ND=Not detected 
 
Phytochemical constituents of rhizome of 
cissus species from various sites  

Carbohydrate, glycosides, phenols, reducing 
sugar, saponins and starch were present in 
all Cissus species from different sites.  

Table  3.  Level  of  heavy/toxic  metals (ppm) 
in water samples from different sites 

Metal Site I Site II Site III Site IV Reference 
value 

Cd ND ND ND ND 0.003* 
Ca 11.12 

±0.46 
29.47 
±1.16 

1.11 
±0.04 

37.67 
±1.6 

75*** 

Cr ND ND ND ND 0.05* 
Cu ND ND ND ND 2* 
Fe ND ND 0.01 

±0.00 
0.06 

±0.01 
0.3* 

Pb ND ND ND ND 0.01* 
Mg 2.30 

±0.03 
2.29 
±0.02 

0.78 
±0.03 

2.06 
±0.04 

50*** 

Mn ND ND 0.07 
±0.01 

0.11 
±0.00 

0.4* 

Ni 0.02 
±0.00 

0.05 
±0.00 

0.02 
±0.00 

ND 0.07* 

K 0.38 
±0.03 

2.82 
±0.26 

0.31 
±0.1 

1.79 
±0.04 

10** 

Na 4.65 
±0.04 

ND 1.65 
±0.04 

1.38 
±0.03 

200*** 

Zn ND ND ND ND 3* 
*=Ref: 15, **=Ref: 16, ***= Ref: 17, ND=Not detected 

Cadmium 

In studied rhizome, soil, and water samples, 
‘Cd’ concentrations were not detected in all 
4 sites. ‘Cd’ causes both acute and chronic 
poisoning, adverse effect on kidney, liver, 
vascular and immune system.19 
Calcium 

The range of ‘Ca’ in rhizomes of  studied 
sites was high with a minimum of 
944.08±23.05 ppm of white Cissus in Site 
III and a maximum of  2978.93±167.98 ppm 
of red Cissus in Site IV, these values were 
higher than the maximum allowable limit 
(MAL) of 44-614 µg/g.11 For rhizome 
samples, the WHO (2001) limits have not 
yet been established for ‘Ca’. 
The range of ‘Ca’ in soils of studied sites 
was a minimum of 119.22±2.98 ppm of 
white Cissus in Site III and a maximum of  
5090.61±80.36 ppm of red Cissus in Site I, 
these values were lower than the maximum 
allowable limit (MAL) of  52000 µg/g.13 For  
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Table 4.  Level of some physico-chemical parameters for water samples from different sites  

Location Conductivity (S/cm) TDS (mg/l) Salinity (g/l) pH Temperature (°C) 
Mean±SD Range Mean±SD Range Mean±SD Range Mean±SD Range Mean±SD Range 

Site I 315.33±0.58 314.75-315.91 272±0.00 272-272 0.19±0.00 0.19-0.19 6.87±0.21 6.66-7.08 19.37±0.23 19.14-19.6 

Site II 292.67±11.02 281.65-303.69 253.67±6.66 247.01-260.33 0.18±0.01 0.17-0.19 7.37±0.68 6.68-8.04 21.17±1.27 19.9-22.44 

Site III 31.57±0.64 30.93-32.21 25.07±2.32 22.75-27.39 0.03±0.02 0.01-0.05 8.1±0.1 8-8.2 18.37±0.81 17.56-9.18 

Site IV 292.67±9.07 283.58-301.74 256±2.65 253.35-258.65 0.18±0 0.18-0.18 6.43±0.21 6.22-6.64 22.43±1.59 20.82-24.02 

Reference          (300S/cm)17 
   value 

 

TDS<300:Excellent    
300-600:Good    
600-900:Fair 
 900-1,200:Poor  
Above 1200:unacceptable17 

Non Saline <1 
Slightly 
Saline 1-3 
Moderately Saline  
3-10 
Very Saline >1018 

6.5-9.217  

 
Table 5. Physico-chemical parameters for soil 

samples from four different sites 
Location pH Temperature (°C) 

Site I 7.9 21.7 
Site II 7.22 21.8 
Site III Cissus repens Lam. 7.79 22.0 

Cissus discolor Blume. 7.55 21.6 
Site  IV 7.50 22.2 
References value            6.5-9.217 

soil samples, the WHO (2001) limits have 
not yet been established for ‘Ca’. 

‘Ca’ concentrations in the studied water 
samples were ranged from 1.11±0.04 ppm 
from Site III to 37.67±1.6 ppm from Site IV. 
Both of them were found to be lower than 
the permissible limit of ‘Ca’ set by WHO 
(1994) in drinking water (75 ppm). Humans 
need large amounts of ‘Ca’ for construction 
and maintenance of bone and normal 
function of nerves and muscles.20 

Chromium 

‘Cr’ was not detected in rhizome and water 
samples collected from all 4 sites. In studied 
soil samples, ‘Cr’ was detected in soil  
from Site I, Site III and Site IV. Their 
concentrations of ‘Cr’ ranged between 
12.58±2.0 ppm and 53.71±3.49 ppm, these 
values were lower than the maximum 
allowable limit (MAL) of 100 µg/g.12 ‘Cr’ 
was not detected in soil from Site II. 
Chronic exposure to ‘Cr’ may result in liver, 
kidney and lung damage.19 

Copper 

In studied rhizome samples, ‘Cu’ was 
detected in soil from Site I, Site III and  
site IV. Their concentrations of ‘Cu’  
ranged between 0.38±0.12 ppm and 5.27 
±0.61 ppm, these values were lower than  

the maximum allowable limit (MAL) of  
100 µg/g (WHO, 2001).12 ‘Cu’ was not 
detected in rhizome from Site II. In the 
present study, lower amount for ‘Cu’ in 
plant materials collected from Site I, III and 
IV were found showing no harmful effect of 
this metal on plant. In studied soil samples, 
‘Cu’ was detected in soil 5.52±1.15 ppm 
from Site I. Its concentration was lower than 
the maximum allowable limit (MAL) of  
100 µg/g (WHO, 2001).12 ‘Cu’ was not 
detected in soil from Site II, III and IV.  

In studied water sample, ‘Cu’ was not 
detected from Site I, II, III and IV. ‘Cu’ is 
one of the essential elements for plants and 
other living organisms. Fumes of ‘Cu’ may 
cause metal fumes fever with flu like 
symptoms, hair and skin discoloration while 
dermatitis has not been reported.21 

 Iron 

The range of ‘Fe’ in rhizomes of  studied 
sites was high with a minimum of 
65.89±11.29 ppm of white Cissus in Site IV 
and a maximum of  284.96±7.63 ppm of red 
Cissus in Site I, these values were higher 
than the maximum allowable limit (MAL) 
of 20 ppm.15  

The range of ‘Fe’ in soils of  studied sites 
was high with a minimum of 2403.67 
±16.39 ppm in Site III and a maximum of  
2668.34±12.34 ppm in Site II, these values 
were lower than the maximum allowable 
limit (MAL) of 50000 µg/g.12 

‘Fe’ concentrations in the studied water 
samples were ranged from 0.01±0.00 ppm 
from Site III to 0.06±0.01 ppm from Site IV. 
Both of them were found to be lower than 
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the permissible limit of ‘Fe’ set by (WHO, 
2008) in drinking water (0.3 ppm).15 But, 
‘Fe’ concentrations were not detected in  
Site I and Site II of water samples. ‘Fe’ is 
necessary for the formation of haemoglobin 
and also plays an important role in oxygen 
and electron transport in human body 
systems.19 Excess of ‘Fe’ can cause 
haemosiderosis. 

Lead 

In the studied rhizome samples, ‘Pb’ 
concentrations were ranged from 0.37±0.57 
to 3.94 ±1.3 ppm and found to be lower than 
(MAL) 10 ppm.10 The range of ‘Pb’ 
concentration in soil samples in all four sites 
was from 7.62±1.15 to 57.1±21.03 ppm, 
these values were within the (MAL)  
100 ppm.12 
In the water samples, ‘Pb’ was not detected 
in four different sites. ‘Pb’ causes both acute 
and chronic poisoning, and also poses 
adverse effects on kidney, liver, vascular 
and immune system.19 

Magnesium 

The content of ‘Mg’ in the rhizome samples 
ranged between 49.31±0.55 ppm and 
115.29±2.43 ppm in all sites, these values 
were within the (MAL) 2000 ppm.11 In the 
studied soil samples, ‘Mg’ concentrations 
were ranged from 97.82±0.41 ppm and 
160.68±1.35 ppm in all sites, these values 
were within the (MAL) 9000 ppm.14  

In the studied water samples, magnesium in 
all different locations was found to be 
within the (MAL), 50 ppm.17 Mg is the 
fourth most abundant element in the human 
body and is essential to be good health.19 

Manganese  

Rhizome of Cissus repens Lam. from Site I 
contains Mn 364.73±7.14 ppm and Site II 
contains Mn 228.35±4.76 ppm which were 
above the permissible limit 200 ppm.10 In 
the studied soil samples, ‘Mn’ con-
centrations were ranged from 466.66 
±7.51 ppm to 1241.42±15.37 ppm, these 
values were within the permissible limit. 

In water samples, ‘Mn’ was found to be 
within the permissible limit15 in Site III and 
Site IV. Deficiency of manganese in human 
causes myocardial infection and other 
cardiovascular diseases, also disorder of 
bony cartilaginous growth in infants and 
children and may lead to immunodeficiency 
disorder and rheumatic arthritis in adults.4 
Nickel 
Rhizome of Cissus repens Lam. from Site I 
contains ‘Ni’ 1.51±0.07 ppm and Site II 
contains ‘Ni’ 2.16±0.08 ppm which were 
above the permissible limit 1.5 ppm.10 
In the studied soil samples, ‘Ni’ con-
centrations were ranged from 12.27±0.49 
ppm to 33.77±0.46 ppm, these values were 
within the permissible limit 50 ppm.12 
In water samples, ‘Ni’ was found to be 
within the permissible limit 0.07 ppm in all 
sites.15 ‘Ni’ toxicity in human is not very 
common occurrence because its absorption 
by the body is very low.19 
Potassium 

In the studied rhizome samples, ‘K’ con-
centrations were ranged from 437.02 
±15.62 ppm to 1178.7±19.25 ppm and 
found to lower than (MAL) 6380-36600 
ppm.11 The range of ‘K’ concentration in 
soil samples in all four sites was from 
549.12±14.39 ppm and 4686.4±34.1 ppm, 
these values were within the (MAL)  
37000 ppm.14 
In the water samples, ‘K’ in all different 
locations was found to be within the (MAL), 
10 ppm.16 Potassium   ions   are   the most   
abundant cation in the human body.19  
Sodium 
The content of ‘Na’ in the rhizome samples 
ranged between 52.03±0.97 ppm and 
181.52±6.19 ppm in all sites, these values 
were within the (MAL) 2610-51340 ppm.11   
In the studied soil samples, ‘Na’ was 
detected in soil from Site I and Site III. 
Their concentrations of ‘Na’ ranged 
between 31.78±0.44 ppm and 287.23±4.86 
ppm, these values were lower than (MAL) 
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of 25000 ppm.14 ‘Na’ was not detected in 
soil from Site II and Site IV. 

In the studied water samples, ‘Na’ in all 
different locations was found to be within 
the permissible limit 200 ppm.17 But, ‘Na’ 
concentration was not detected in Site II of 
water samples. The healthy human body 
contains 90 g to 130 g of Na.19 

Zinc 

In the studied rhizome samples, ‘Zn’ 
concentrations were ranged from 3.29 
±0.3 ppm to 37.49±6.74 ppm in four 
different sites but these values were within 
the (MAL) 50 ppm.10 

The content of ‘Zn’ in the soil samples 
ranged between 14.36±0.42 ppm and 
44.32±1.24 ppm, these values were within 
the (MAL) 300 ppm.12 

In the studied water samples, ‘Zn’ was not 
detected in four different sites. The general 
sources of ‘Zn’ contaminations are agro-
chemicals, burning of fossil fuels, sewages. 
Due to its importance, ‘Zn’ is present in 
blood and about 85% of it combines with 
protein for transport after absorption and its 
turnover is rapid in pancreas. Deficiency of 
‘Zn’ causes diabetic hyposomia, hypogensia 
or coma.21 Zinc toxicity may be acute  
or chronic. Acute toxicity can cause: 
abdominal pain, nausea, vomiting and 
diarrhoea. 

The range and the average value, (Mean 
±SD), of the physico-chemical parameters 
including conductivity, TDS, salinity, pH 
and temperature of the drinking water 
samples are shown in Table 4. 

Electrical conductivity (EC), which is a 
measure of water’s ability to conduct an 
electric current is related to the amount of 
dissolved minerals in water, but it does not 
give an indication of which element is 
present but higher value of EC is a good 
indicator of the presence of contaminants 
such as sodium, potassium, chloride or 
sulphate.  Analysis of the results showed 
that all the samples from Site II, III and IV 
have EC values less than the (WHO, 1994) 

maximum admissible limit 300S/cm in 
Table 4. The range of EC of water samples 
were from 31.57±0.64 (S/cm) to 315.33 
±0.58 (S/cm). Very high values of EC 
were not detected in studied samples but in 
Site I was slightly higher EC value 315.33 
(S/cm) than maximum allowable limit.17 

The palatability of all water samples with 
TDS level of less than 300 mg/l is greatly 
considered to be excellent WHO, 1996. 
Drinking water becomes significantly and 
increasingly unpalatable at TDS levels 
greater than about 1000 mg/l. TDS greater 
than 1200 mg/l may be objectionable to 
consumers and could have impacts for those 
who need to limit their daily salt intake e.g. 
severely hypertensive, diabetic, and renal 
dialysis patients.22 According to the salinity 
classification of all the water samples were 
found to be non-saline, that is less than 
one.18   

pH of the water samples was between 
6.43±0.21 (Site IV) and 8.1±0.1 (Site III), 
pH  laying in the normal range, and also pH 
of all soil samples were within the 
admissible limit 6.5-9.2.17 Temperature of 
the samples was in the range of 18.37±0.81 
to 22.43±1.59°C, with minimum value 
(18.37) from Site III and maximum value 
(22.43) from Site IV. 

According to phytochemical study, the 
results showed that carbohydrate, glycosides 
phenol, reducing sugar, saponin and starch 
were present in both Cissus species in  
all sites. 

Conclusion 

There have been no own soil, water and 
plant quality standard in Myanmar yet. 
Therefore, Myanmar still has to establish 
soil, water and plant quality standards, the 
data generated in this study may also be 
useful as a basis for formulation of standard 
guideline. 

Most of the selected rhizomes, their soils 
and all water samples from four different 
locations contained the metals which are 
within permissible limit and they are 
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generally safe for use. However, few cases 
contain more heavy/toxic metals than the 
permissible limit. The possible reasons to 
accumulate hazardous metals in plants may 
include the growing of these plants in 
contaminated  as  mineral  in soil  and rocks 
of earth such as near mining and industrial 
areas or irrigated by toxic water. The 
studied plants were hyperaccumulators even 
their soil contain the lower elemental 
level.23, 24 

This study revealed that free from toxic 
contaminant (Cd, Cr, Cu, Pb and Zn) in  
water from four different sites were detected 
and also all the physico-chemical para-
meters including conductivity, TDS, 
salinity, pH and temperature  of the drinking 
water samples are considered within range 
of permissible level. As a conclusion, 
monitoring  of heavy metal distribution data 
in soil, water and plant samples are very 
useful for becoming main references or 
guidelines in order to monitoring and avoid 
environmental pollution become worst in 
terms of quality of soil and safe level for 
medicinal plant to be consumed.  
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Dengue is the most important arthropod-borne viral infection of humans. All 
four dengue virus serotypes (DENV1-DENV4) were circulating in 
Myanmar and DENV-1 was the most frequently isolated one starting in 
2001. To identify dengue serotype, a total of 234 paired serum samples  
were collected from patients with clinically suspected dengue infection 
attending  Medical Wards of Yangon Children’s Hospital from January to 
July 2015. The convalescent serum samples (S2) were tested by Immuno-
chromatographic tests. The proportion of serologically confirmed cases  
was 76% (178 out of 234). Out of these, 178 seropositive cases,  
46(26%) were diagnosed as primary and 132(74%) as secondary dengue 
infection. Among 46 cases of primary infection, 24(52%) were DHF grade I, 
10(22%) were grade II, grade III and grade IV were 7(15%) and 5(11%), 
respectively. Among 132 cases of secondary infection, 72(55%) were DHF 
grade I, 24(18%) were grade II, 19(14%) were grade III and 17(13%) were 
grade IV. DHF GI and DHF GII (mild form of dengue) were the most 
common in both infections. The corresponding acute phase serum (S1) of 
the ICT positive (S2) samples with <5 fever days were selected for virus 
isolation by tissue culture in C6/36 mosquito cell lines and further typed 
with serotype specific monoclonal antibodies to four dengue viruses by 
using Indirect Immunofluorescence Assay. Out of 103, dengue virus was 
isolated from 20 samples accounting for 19% isolation rate. Among isolated 
dengue viruses, 14(70%) were DENV-1, 2(10%) were DENV-2, 1(5%) was 
DENV-3 and 3(15%) were found to be of concurrent infections (1 case of 
DENV-1+DENV-2 and 2 cases of DENV-1+DENV-4). In Myanmar, since 
2001 except in 2007, the predominant one was serotype 1. The present study 
showed that it has not changed. Concurrent infections were also detected in 
2015 but they did not associate with severe form of disease. 

Key words: Serotype, Primary infection, Secondary infection, Dengue 
 

INTRODUCTION 

Dengue is a mosquito-borne viral disease 
that has rapidly spread in all regions of 
WHO in recent years. The global incidence 
of dengue has grown dramatically in  
recent decades. About half of the world’s 
population is now at risk. Dengue is  
found in tropical and sub-tropical climates 
worldwide, mostly in urban and semi- 
urban areas. One recent estimate indicates 
390 million dengue infections per year, of 
which 96 million manifest clinically.1 

Dengue virus is a small single-stranded 
RNA virus comprising four distinct sero-
types (DENV1-DENV4). These closely 
related serotypes of the dengue virus belong 
to the genus Flavivirus of the family 
Flaviviridae.2 In National Health Plan 
(2006-2011), DHF is ranked as seventh 
priority disease. Epidemic dengue is a major 
public health problem in Myanmar where 
___________________________________________ 
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dengue is a leading cause of hospitalization 
and death in children.3 

The majority of dengue virus infections 
result in self-limiting undifferentiated fever, 
dengue fever. In some patients, however, 
infection evolves to severe disease, dengue 
haemorrhagic fever/dengue shock syndrome 
(DHF/DSS), characterized by coagulo-
pathy, increased vascular fragility, and loss 
of fluid due to capillary permeability that 
may progress to hypovolemic shock and 
complications.4  

Morbidity from dengue virus infection can 
be attributed to any serotype, with some 
reports indicating that multiple infections 
with different serotypes may contribute to 
increased disease severity.5 Each serotype of 
dengue virus may have a different genetic 
component associated with virulence but 
there has been no solid confirmation. 
Another possibility is that antibody-
dependent enhancement (ADE) may be 
associated with severity in that primary 
infection induces insufficient protection and 
assists entry of virus into cells, resulting in 
higher peak viral titres.6 

As Myanmar is one of the countries that 
reported dengue virus infections, enhancing 
our knowledge on viral dissemination 
patterns would be beneficial. Therefore, 
continuous and comprehensive disease 
surveillance is essential for identification of 
dengue virus serotypes because a change in 
serotype and strain is particularly important 
to bring about a surge in dengue fever/DHF 
cases as well as the severity of disease. In 
this study, clinically suspected dengue 
infections were confirmed by serological 
testing, isolation of the dengue virus and 
detection of isolated viruses by indirect 
immunofluorescence assay was done for 
monitoring of circulating dengue serotypes 
in 2015. 

MATERIALS AND METHODS 

This study was a cross-sectional descriptive 
study carried out from January to July, 
2015. After getting informed consent, a total 

of 234 paired serum samples were collected 
from patients with clinically suspected 
dengue infection attending the medical 
wards of Yangon Children’s Hospital. Acute 
phase serum sample (S1) was collected as 
soon as possible after admission and the 
convalescent (S2) was collected 7 days after 
the first sample. Serological confirmation 
was done by Immunochromatographic tests 
(SD BIOLINE Duo NS1 Ag and IgM/IgG  
test kit) on S2 samples. The corresponding 
acute phase serum (S1) of the ICT positive 
(S2) samples with <5 fever days were selected 
for virus isolation by tissue culture in C6/36 
mosquito cell lines and further typed with 
serotype specific monoclonal antibodies to  
the four dengue viruses by using Indirect 
Immunofluorescence Assay (IFA).  

RESULTS 

Among 234 samples, 178 cases (76%) 
showed seropositive results and 56 cases 
(24%) showed seronegative results. 
Percentage of primary and secondary dengue 
infections among confirmed dengue cases 

In 178 seropositive cases, 132 patients 
(74%) were classified as having secondary 
dengue infection and 46(26%) as having 
primary infection. 
Monthly distribution of confirmed dengue 
cases admitted to hospital 
In the period of specimen collection, most 
DHF cases were found in May, June and 
July with peak number in June and July. 
Among the 178 seropositive DHF cases, 
7(4%) in January, 4(2%) in February, 3(2%) 
in March, 5(3%) in April, 34 cases (19%) in 
May, 64(36%) in June and 61(34%) in July 
were detected in the present study (Fig. 1). 
Age distribution of DHF cases 

Out of 178 confirmed dengue cases, 9 cases 
(5%) were <1 year age group, 46(26%) in  
1-4 years age group, 78(44%) in 5-8 years 
age group, 37(21%) in 9-12 years age group 
and 8(4%) in 12-14 years age group. In this 
study, dengue virus infection was most 
prevalent in 5-8 years age group (Fig. 2). 
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Fig. 1.   Monthly distribution of confirmed dengue  
cases admitted to the hospital 
 

 

 

 

 

 

 

 

 

 

Fig. 2. Age distribution of DHF cases 

Table 1.  Association between DHF grading and 
cell culture positive cases 

      Clinical  
              grading 
Serotype 

   DHF (%) 
Total (%) 

      GI     GII     GIII    GIV 

 DENV-1 10(50) 1(5) 1(5) 2(10) 14(70) 
  DENV-2 0(0) 0(0) 2(10) 0(0) 2(10) 
  DENV-3 1(5) 0(0) 0(0) 0(0) 1(5) 
  DENV-1+ 

  DENV-2 
1(5) 0(0) 0(0) 0(0) 1(5) 

  DENV-1+ 
  DENV-4 

1(5) 1(5) 0(0) 0(0) 2(10) 

  Total 13(65) 2(10) 3(15) 2(10) 20(100) 

Association between DHF grading and 
different serotypes of dengue virus 

Among isolated dengue viruses, 13 cases 
(65%) were clinically diagnosed as DHF GI, 
2(10%) as DHF GII, 3(15%) were observed 
as DHF GIII and 2(10%) as DHF GIV.  Out 
of 13 cases of DHF GI, 10(77%) were found 
to be caused by DENV-1 and 3 were  
caused by DENV-3, DENV-1+ DENV-2 

and DENV-1+DENV-4 respectively. In two 
cases of DHF GII patients, one DENV-1 
and one concurrent infection of DENV-
1+DENV-4 were detected. Among 3 cases 
of DHF GIII, one was DENV-1 and two 
were DENV-2. In the 2 cases of DHF GIV, 
DENV-1 was identified. Therefore, it was 
found that the predominant serotype was 
DENV-1 (70%) and it was responsible for 
73% of mild dengue infection (11 out of 15 
DHF GI and DHF GII). 

DISCUSSION 

In this study, the convalescent serum 
samples from 234 patients with clinically 
suspected dengue infection who admitted  
to the Yangon Children’s Hospital were 
tested by SD BIOLINE Dengue Duo  
NS Ag and IgG/IgM test kit for serological 
confirmation. Among 234 samples, 178(76%) 
showed seropositive result and 56(24%) 
showed seronegative. A study in Bangladesh, 
showed that 126(62%) were seropositive 
and 75(38%) were sero-negative.7 Another 
study, 727(64%) showed seropositive and 
406(36%) showed seronegative.8 

In seropositive results, 132(74%) were of 
secondary dengue infection and 46(26%) 
were primary infection which is consistent 
with the data from Myanmar.9 A study  
done in Karachi showed that 16.74%  
were primary infection and 83.26% were  
of secondary infection.10 The majority  
of serologically confirmed cases had 
secondary dengue. So, it has been suggested 
that if a person infected with one dengue  
virus type is re-infected with other  
different serotypes, he or she may develop 
DSS. For this phenomenon, the postulated 
pathogenesis is antibody dependent enhan-
cement of viral infection.  

Regarding this study, dengue cases were 
found in every month from January to July 
with peak occurrence in June and July. It 
was consistent with the finding of a study in 
which reported that the dengue cases were 
on the rise in May, June and July with the 
peak numbers in June.11 One study reported 
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that DHF outbreaks observed mainly in  
the rainy season (Monsoon).12 Dengue in 
Bangkok peaks during the monsoon months 
of June to October from 1973 to 1999.13 In 
tropical countries like Myanmar, although 
dengue occurred throughout the year, it 
usually peaks in rainy season. It is because of 
transmission intensifies during the rainy 
season. The time of this increased intensity of 
infected mosquito was coincident with the 
school opening season in Myanmar so that the 
children were exposed to the mosquitoes at 
school during the day time and this might 
explain the peak occurrences of dengue in 
these months among school-going children. 

In the present study, among the 178 
serologically confirmed DHF cases, the 
most common age groups were detected in 
5-8 years old children (44%) followed by  
1-4 years old children (26%), then 9-12 
years old children (21%). In <1 years and 
12-14 years age group showed 5% and 4%, 
respectively. Similar findings were observed 
by a study which reported that the highest 
proportion of dengue infections occurred in 
5-8 years old children (43%) followed by  
1-4 years old children (27%).8 In the study 
done during 1991-1998, the most affected 
age group was 3-8 years.14 A study done  
in 2009 showed the most vulnerable age 
group was 5-8 years (41%).11 One study 
reported that 6-12 years was the most 
commonly affected age group (45.8%).15 
Age as an important modulator of clinical 
dengue attack poses a paradoxical problem 
of an increase in adult patients resulting  
from a decline in the force of infection, 
which may be caused by various factors 
including time-dependent variations in 
epidemiological, ecological and demo-
graphic dynamics. 

In this study, virus isolation in C6/36 cell 
line and identification of serotypes by 
indirect IFA technique were also performed. 
Out of 103, the corresponding acute phase 
serum samples (S1) of the ICT positive (S2) 
subjected to virus isolation, dengue virus 
was isolated from 20 samples, accounting 
for (19.4%) of isolated rate. In a preliminary 

study of dengue infection in Brazil from 
2004 to 2006, dengue virus was isolated 
from 78 out of 160 samples (48.75% 
isolation rate).16  

In the present study, serotyping of 20 
isolated dengue viruses by IFA using 
monoclonal antibodies showed that isolated 
dengue serotypes were DENV-1 in 14 cases 
(70%), DENV-2 in 2(10%), DENV-3 in  
1(5%) and concurrent infections (1 case of 
DENV-1+DENV-2 and 2 cases of DENV-
1+DENV-4) in 3 cases (15%).  

Among isolated dengue viruses, 13(65%) 
were clinically diagnosed as DHF GI, 2(10%) 
as DHF GII, 3(15%) were observed as DHF 
GIII and 2(10%) as DHF GIV. Out of 13  
of DHF GI, 10 cases were serotype 1 and  
3 (serotype 1, serotype 1+2, serotype  
1+4) were detected. One case of DENV-1  
and another case of concurrent infection 
(serotype 1+4) were observed in DHF GII 
cases. Among 3 cases of DHF GIII, one was 
serotype 1 and two were serotype 2. Only  
2 cases of DHF GIV were serotype 1. 
Regarding association of dengue serotypes 
and DHF grades, 15/20(75%) of virus isolates 
were from DHF grade I and II cases and  
11 isolates (73%) were identified as DENV-1. 
Therefore, dengue virus serotype 1 (DENV-1) 
was found to be more commonly presenting 
with mild form of DHF in this study.  

A study in 2009 also reported that  
the predominant serotype was DENV-1 
(84%).11 A dramatic increase of dengue 
cases in 2012-2013 was also caused by 
DENV-1, accounting 94% of all viruses 
isolated.8 A study in Saudi Arabia from 
January 2006 to February 2008 showed that 
the main isolated serotype was DENV-
1(65/70, 92.8%), followed by DENV-3 (4 of 
70 positive samples, 5.7%) and DENV-2  
(1 of 70 positive samples, 1.4%), DENV-4 
was not.17 A study in Nicaragua reported 
that DENV-1 was predominated (87% of 
identified serotypes).18     

Concurrent infections with more than one 
dengue viruses were also detected in  
this study. The first documented case of 
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concurrent infections with more than one 
serotype was reported in Puerto Rico in 
1982. Since then, several cases have been 
reported in New Caledonia, Thailand, 
Somalia, Mexico and China.19 The reason 
for dual infection was explained by the 
unique feeding behavior of Aedes aegypti 
mosquitoes.20 

However, a study reported that concurrent 
infection with serotype 1 and 2 in a patient 
traveled to India and Singapore was not 
found an association between concurrent 
infection and disease severity.20 This is 
consistent with the present study. Similar 
finding observed in a study done in Brazil 
reported that this was the first documented 
case of simultaneous infection with two 
dengue serotypes. The clinical picture of 
this patient was not serious in that study.19 

Conclusion 
Virological surveillance system is to detect 
newly introduced virus serotypes and 
existing dengue serotypes which can be 
identified. Therefore, studies like this where 
virological surveillance is done to detect 
serotype currently prevalent is an important 
aspect of dengue surveillance especially in  
a country where paediatric morbidity and 
mortality due to dengue viruses are high  
and thus essential to implement effective 
measures in prevention of DHF outbreak. 
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Hepatocellular carcinoma and cirrhosis of liver diseases are common cases 
in the Department of Hepatology, 500 bedded Specialty Hospital, Yangon. 
Obesity and diabetes are closely associated with liver abnormality called 
Non Alcoholic Fatty Liver Disease (NAFLD) that may increase the risk of 
liver cancer. Environmental exposure to aflatoxin is one of the risk factors 
for development of liver cancer in underling chronic liver disease. A cross-
sectional, hospital- and laboratory-based study was carried out on total 91 
chronic liver disease patients (75 males and 16 females with mean age of 
50±11 years) including 35 hepatocellular carcinoma (HCC) cases and 56 
cirrhosis of liver (COL) cases attending the Department of Hepatology, 500 
Bedded Specialty Hospital, Yangon. This study was aimed to determine 
AFB1-albumin adduct level in serum of all subjects by using enzyme-linked 
immunosorbent assay (Bio Scientific ELISA kit). The minimum detection 
level of AFB1 was 0.25 ng/ml in this ELISA kit. AFB1 was not detected in 
serum of 10 normal healthy subjects in this study. AFB1 was detected in                 
4 cases (11.4%) of HCC and 4 cases (7.1%) of COL. Mean AFB1 
concentration was higher in HCC cases (0.38±0.09 ng/ml) than in COL 
cases (0.28±0.03 ng/ml). The number of hepatitis B virus surface antigen 
(HBsAg) positive cases were significantly higher (21, 60%) in HCC cases 
than in COL cases (16, 29%), (p<0.05). There was no significant difference 
in anti-HCV positive cases between two types of chronic liver diseases such 
as 11(31%) in HCC and 17(30%) in COL, respectively.  All HCC cases with 
AFB1 positivity had markers of hepatitis B and C but three cases of COL 
with AFB1 positivity had no markers for hepatitis B and C. In this study, 
hepatitis B and C viral infections are main causes of hepatocellular 
carcinoma and aflatoxin B1 may be one of the risk factor for development of 
cirrhosis liver without hepatitis viral infections. 

Key words: Hepatocellular carcinoma, Cirrhosis of liver diseases, AFB1-albumin adduct level, ELISA

INTRODUCTION 
 
Chronic liver disease causes can be any 
condition that results in the gradual 
degradation and renewal of the tissue              
cells with a body’s liver. This process usually 
results in fibrosis or cirrhosis and can be 
potentially fatal in cases of chronic liver 
failure. The classification of the sources of 
chronic liver diseases fall into five groupings: 
viral causes (hepatitis B and C or cytomegalo-
virus), metabolic causes (haemochromatosis 
or Wilson’s disease), autoimmune response 

causes (primary biliary cirrhosis or primary 
sclerosing  cholangitis), toxin-related causes 
(alcoholic liver disease or nitrofurantoin), 
and other miscellaneous causes (right heart 
failure). However, the main cause of chronic 
liver  disease  is overuse of  alcohol, leading 
to cirrhosis and hepatitis.1  

Aflatoxin is secondary metabolites produced 
by  Aspergillus  flavus,  A. parasiticus  and 
___________________________________ 
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A. nomius. There are four naturally occurring 
aflatoxins: aflatoxin B1 (AFB1), B2, G1             
and G2, and all of them are toxic, mutagenic 
and carcinogenic compounds, especially 
AFB1. The World Health Organization             
has recently classified AFB1 as a class 1 
carcinogen. In human beings, aflatoxins 
have been implicated in the etiology of 
hepatocelluar carcinoma (HCC). Ecological 
studies performed in Africa and Southeast 
Asia had revealed a significant correlation 
between the aflatoxin exposure and 
incidence of human HCC.2 
Aflatoxins colonize a variety of food 
commodities, including maize, oilseeds, 
spices, groundnuts and tree nut in tropical 
and subtropical regions of the world. 
Aflatoxin exposure in food is a significant 
risk factor for HCC.3 Exposure to aflatoxin 
can lead to several health-related conditions 
including acute and chionic aflatoxicosis, 
aflatoxin-related immune suppression,                
liver cancer, liver cirrhosis, as well as 
nutrition-related problems in children such 
as stunted growth.4 European Union 
legislation has established maximum 
permissible levels of 2-8 µg/kg for AFB1 
and 4-15 µg/kg for total aflatoxins, 
depending on the different foods used for 
direct human consumption  or as ingredients 
in other food products.5 

Aflatoxin albumin adducts are found                
in peripheral blood after exposure to AFB1 
and the measurement of these adducts           
is potentially a useful tool in the 
epidemiological study of the role of               
AFB1 in the etiology of liver cancer.6  

Chronic hepatitis B virus infection and                  
food aflatoxin B1 contamination have               
been identified as the major and possibly 
synergistic risk factors for HCC in endemic 
areas. Chronic hepatitis C virus is                      
also an important risk factor. Cirrhosis                 
of any etiology, particularly viral and 
alcoholic, is an important step toward HCC. 
Many other factors, such as alcohol 
drinking, cigarette smoking, homone                
and even vitamins may also contribute                 
to the development of HCC.7 Aflatoxin 

exposure is an associated risk factor for 
advanced liver diseases including liver 
cirrhosis (COL) or hepatocellular carcinoma 
(HCC) in patients with chronic hepatitis C.8  

MATERIALS AND METHODS 

After getting approval from the Ethics 
Review Committee of Department of 
Medical Research (DMR), a cross-sectional, 
hospital- and laboratory-based study was 
carried out in 91 patients including 35 HCC 
cases and 56 COL cases attending                       
the Department of Hepatology, 500 Bedded 
Special Hospital (YSH) and 10 normal 
healthy persons from November 2014 to 
May 2015.  
After getting informed consent, clinical 
history, drug history, history of alcohol 
drinking and ultrasound report of these 
patients were recorded according to the 
proforma.  

Sample preparation and extraction 
Venous blood 3 ml from ante-cubital vein of 
all subjects was collected into vaccutainer 
tube and transported to the laboratory                 
with crushed ice. After collection, blood 
was centrifuged and serum was separated                  
into aliquots. These serum samples were 
stored at -70º C for AFB1, HBsAg                      
and  HCV  tests. These serum samples were 
tested for AFB1 by MaxSignal Total 
Aflatoxin ELISA Test Kit (Bioo Scientific) 
and for HBsAg and Anti-HCV by using SD 
Rapid Test. 
All serum samples were extracted with 
equal volume of hexane for ELISA. After 
centrifugation for 5 minutes at 4,000 rpm, 
top hexane layer was completely removed, 
including milky interphase. Two hundred 
microliter of the lower aqueous layer                  
was transferred to a new tube. Phosphate 
buffered saline (450 µl) and 100% methanol 
(350 µl) were added to this tube. This 
mixture was mixed with vortex for                       
30 seconds and centrifuged for 5 minutes at 
4,000 rpm. Fifty microlitre of the extracted 
diluted sample were used per well in the 
test. Dilution Factor was 5. 
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Enzyme-linked immunosorbent assay 
(ELISA)  

MaxSignal Total Aflatoxin ELISA Test   
Kit included the following components: 
aflatoxin coated 96-well plate;  Aflatoxin 
B1 standards: 0, 0.05, 0.1, 0.2, 0.4, 0.8,            
100 ng/ml; aflatoxin antibody #1; HRP-
Conjugated Antibody #2; TMB substrate; 
Stop Buffer; PBS; wash solution. Fifty 
microlitre of each Aflatoxin B1 Standards 
and each extracted sample were added  
in duplicate into different 96 wells. 
Antibody #1 100 µl was added and mixed 
well gently for 1 minute and the plate  
was incubated for 30 minutes. After 
washing, this plate was incubated with 
HRP-Conjugated Antibody #2 150 µl for  
30 minutes and washed.  

Then, the plate was incubated with TMB 
substrate 100 µl for 15 minutes and Stop 
Buffer 100 µl was added. The plate                 
was read on a plate reader with 450 nm 
wavelength. Sensitivity (Detection Limit) of 
this ELISA Test Kit was 0.25 ng/ml in 
serum. A standard curve was constructed by 
plotting the mean relative absorbance (%) 
obtained from each reference standard 
against its concentration in ng/ml on a 
logarithmic curve (Fig. 1).  
 

Relative absorbance (%)= 
Absorbance standard 

(or sample) x 100 

Absorbance zero standard 

 
 

 
 

 
 

 

 
 

 

Fig. 1. Aflatoxin B1 standard curve 

RESULTS 
 

Table 1 shows ninety-one chronic liver 
disease patients were 75 males (82%) and 
16 females (18%) with mean age of 50±11 
years. There were 35 cases of HCC (38%) 
and 56 cases of COL (62%). 
 
Table 1.   General characteristics of patients with           

chronic liver disease 

Characteristics n=91 (%) 

Age (year) 
Mean± SD 
Mode 
Range 

 
50±11 

40 
30 to 84 

 

Sex 
Male 
Female 

 
75 
16 

 
82 
18 

Cases 
HCC 
COL 

 
35 
56 

 
38 
62 

HCC=Hepatocellular carcinoma 
COL=Cirrhosis of liver 
 
Table  2.  Specific characteristics of  patients with                  
                chronic liver disease 

Variable HCC case COL case 
 No. % No. % 

HBsAg carrier status 
Negative 
Positive 

 
14 
21 

 
40 
60 

 
40 
16 

 
71 
29 

Anti-HCV status 
Negative 
Positive 

 
24 
11 

 
69 
31 

 
39 
17 

 
70 
30 

Habitual cigarette smoking 
Non-smokers 
Smokers 

 
19 
16 

 
54 
45 

 
35 
21 

 
63 
37 

Habitual alcohol drinking 
Non-drinkers 
Drinkers 

 
21 
14 

 
60 
40 

 
18 
38 

 
32 
68 

Level of aflatoxin B1 in serum 
Nondetectable 
Detectable 

 
31 
4 

 
89 
11 

 
52 
4 

 
93 
7 

HCC=Hepatocellular carcinoma 
COL=Cirrhosis of liver 

Table 2 shows that HBsAg carrier status 
was 60% in HCC and 29% in COL. Anti-
HCV status was found in 31% of HCC and 
30% of COL. AFB1 was not detected in 
serum of 10 normal healthy subjects in this 
study but detected in 4 cases (11.4%) of 
HCC and 4 cases (7.1%) of COL.  Among 4 
cases of HCC with aflatoxin B1 positive, 
one patient had both markers of HBsAg           
and anti-HCV. Other two cases of AFB1 
positive HCC had presence of markers for 
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hepatitis B (HBsAg) and one case was anti-
HCV positive. One case of aflatoxin B1 
detectable COL was positive in anti-HCV 
and other three cases were negative for both 
markers of hepatitis B and C infection.   

According to MaxSignal Total Aflatoxin 
ELISA Test Kit, the upper detection limit of 
AFB1 in serum is 0.25 ng/ml. Detectable 
aflatoxin B1 concentrations of HCC were 
0.27 ng/ml, 0.41 ng/ml, 0.33 ng/ml and 0.48 
ng/ml, and those of AFB1 COL were 0.25 
ng/ml, 0.31 ng/ml, 0.31 ng/ml and 0.27 
ng/ml, respectively. Among these HCC 
cases, history of alcohol drinking was found 
in one case and smoking status in two cases. 
History of alcohol drinking status was found 
in one case of aflatoxin B1 positive COL 
cases (Table 3).  
 
Table 3. Status of aflatoxin B1 detectable   

hepatocellur carcinoma (HCC) and 
cirrhosis of liver (COL) cases 

Cases Age Sex AFB1 
 (ng/ml) 

HBsAg Anti- 
  HCV 

Smok 
-ing 

Alcohol 
drinking 

HCC        
1 34 M 0.27 + + + + 
2 73 F 0.41 - + - - 
3 50 M 0.33 + - - - 
4 58 M 0.48 + - + - 

COL        
1 53 M 0.25 - - - + 
2 54 M 0.31 - - - - 
3 39 M 0.31 - - - - 
4 50 F 0.26 - + - - 

M= Male, F= female 
 
Mean concentrations of aflatoxin B1 were 
0.38±0.09 ng/ml in HCC cases and 
0.28±0.03 ng/ml in COL cases. Increased 
concentration of AFB1 was found in HCC 
cases in this study (Table 4).   

 
DISCUSSION 

 
Aflatoxin is a hepatotoxic, carcinogenic, 
immunosuppressive, antinutritional contami-
nant of many staple food commodities. 
Contamination may develop as a result            
of fungal action before and during harvest 
and also during storage. Studies show that 
aflatoxin is a factor with established or 
potential influence on 6 of the 10 most 

important health risks identified by the 
WHO for developing countries where short 
lifespan is prevalent.9 Due to highly 
immunosuppressive and carcinogenic nature 
of AFB1, even low-level contamination is 
important. Monitoring of their concentration 
in body fluids requires the determination                
of even trace amounts because of their 
potent biological activity. Also, their 
measurement in fluids would give a direct 
measurement of exposure.10 Therefore, 
AFB1 (Biomarker) is also increased risk of 
development of liver cancer by presence            
of underlying oncogenic viral infection 
especially hepatitis B and C in this study. 
Chronic low-level exposure to aflatoxin 
particularly AFB1 is associated with 
increased risk of developing liver cancer. In 
people with chronic low-level aflatoxin 
exposure, HBsAg enhances the risk of 
developing liver cancer.11  

Our study measured AFB1 in 91 serum 
samples of HCC and cirrhosis cases by 
ELISA.  AFB1 was detected 11.4% (4/35, 
mean 0.38 ng/ml) in HCC cases and 7.1% 
(4/56, mean 0.28 ng/ml) in COL cases. In 
this study, all HCC cases with detectable 
AFB1 had presence of viral marker for 
hepatitis B and C. Most of the COL with 
detectable AFB1 had absence of viral 
markers for chronic hepatitis infections 
except only one case who had positive of 
anti-HCV. Previous studies, including 
animal, epidemiological and molecular 
studies, suggest that aflatoxin exposure may 
amplify the hepatic carcinogenic potential 
of HBV infection.12  

In human studies, mean aflatoxin-albumin 
adducts in HBsAg-positive children in 
Gambia, West Africa were higher than those 
in non-carrier children. An interaction 
between aflatoxin and HBV is also 
suggested by the early onset of HCC in 
cases with detectable aflatoxin-DNA in liver 
tissue.13  Epidemio-logical evidence suggests 
that dietary exposure to AFB1 and chronic 
infection with hepatitis B virus (HBV) are 
major risk factors for HCC.14  Aflatoxin and 
hepatitis B virus exposure appeared to 
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interact synergistically to substantially 
increase the risk of cirrhosis, although this 
was not statistically significant.15  
Aflatoxin also appears to have a synergistic 
effect on hepatitis C virus (HCV)-induced               
liver cancer, although the quantitative 
relationship is not as well established as  
that for aflatoxin and HBV in inducing 
HCC. Other important causative factors in 
the development of HCC, in addition to 
HBV or HCV infection and aflatoxin 
exposure, are the genetic characteristics of 
the virus, alcohol consumption, and the age 
and sex of the infected person.3 The risk 
factors associated with hepatocellular carci-
noma (HCC) include infection with HBV 
and HCV viruses, exposure to AFB1, and 
liver cirrhosis, due primarily to alcohol 
consumption.16, 17  
Epidemiologic studies have clearly linked 
dietary exposure with increased risk of 
hepatocellular carcinoma. These investi-
gations have been markedly improved by 
mechanism-based biomarkers that provide 
individual exposure assessment. Among 
these biomarkers, aflatoxin serum albumin 
adducts have been shown to be highly 
correlated with dietary aflatoxin intake and 
resultant cancer risk.18 Aflatoxin conta-
mination of different commodities should be 
monitored and toxicological data should be 
complied in order to set up the maximum 
permissible limit of aflatoxin in Myanmar 
based on the aflatoxin levels of different 
commodities of neighboring countries.19  
Therefore, AFB1 contents should be 
determined in all kind of food and foodstaff 
of storage for long period especially all 
kinds of bean, corn, peanut, animal food 
staff, milk and milk product. In this study, 
both aflatoxin exposure and hepatitis B, C 
viral infections are common causes of 
hepatocellular carcinoma and interacted 
synergistically. The risk of HCC is greatly 
increased in chronic viral carriers exposed 
to other recognized risk factors, including 
exposure to AFB1. In cirrhosis of liver, 
aflatoxin B1 may be one of the risk factors 
for development without underlying 

hepatitis viral infections. Liver cancer is one 
of the main clinical outcomes from COL. 
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Zinc deficiency is known to be linked to growth retardation in children and 
stunting is an indicator of chronic malnutrition. This cross-sectional study 
was aimed to determine the proportion of stunting and serum zinc status 
among primary school children. Stunting (height for age <z scores -2SD) and 
underweight (weight for age <z scores -2SD) were defined according  
to the World Health Organization (WHO) classification by using WHO 2007 
growth charts. Serum zinc level was measured using Atomic Absorption 
Spectrophotometry-Graphite Furnace and level of <9.9 µmol/l was defined as 
zinc deficiency according to WHO criteria. A total of 102 children (5-10 year- 
old) from a primary school in North-Okkalapa Township were included. 
Among them, 52(51%) were boys and 50(49%) were girls. In this study,  
29(28.5%) children had underweight and 21(20.6%) were stunted. The mean 
±SD serum zinc level was 8.1±4.4 µmol/l and zinc deficiency was present in 
71(69.6%) children. Stunting was not associated with age or sex but with 
lower weight for age (p<0.001). Zinc nutritional status was not associated 
with age, sex, weight or height for age. The present study showed high 
prevalence of zinc deficiency among primary school children. It highlights 
the need for population-based larger studies in Myanmar and also urges the 
need for intervention programs to improve zinc status in primary school 
children. 

Key words: Stunting, Zinc deficiency, Nutritional status, Children, Micronutrient 

 

INTRODUCTION 
 

Stunting is the gaining of insufficient  
height relative to age and is regarded as  
an indicator of chronic undernutrition.1 
Stunting often persists into school-age years 
and if left untreated, it will lead to reduction 
in adult size, which has been associated with 
reduced work capacity.2 
Zinc is an essential trace element that has a 
prominent role in human nutrition and 
health.3 Zinc deficiency has been known to 
be linked to growth retardation, cognitive 
impairment and increased susceptibility to 
infections in children. It is common in 
developing countries in which low intake of 
animal source of food leads to deficiency of 
micronutrients including zinc4 and high 

intake of cereal food containing high 
amount of phytate and fiber leads to impair 
absorption of zinc.5 The widely application 
of fertilizer with nitrogen in these countries 
may also inhibit zinc uptake by crops.6 By 
using the food balance sheets, an estimate 
suggested that 71.2% of the total population 
in Southeast Asia is at risk of developing 
zinc deficiency.7 

There is limited available information on 
prevalence of zinc deficiency in Myanmar 
children although they are vulnerable to it. 
The report of joint World Health 
Organization/United Nations International 
____________________________________ 
*To whom correspondence should be addressed. 
Tel: +95-18550680 
E-mail: theinkn@googlemail.com 
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Children's Emergency Fund/International 
Atomic Energy Agency/International Zinc 
Nutrition Consultative Group (WHO/ 
UNICEF/IAEA/IZiNCG) interagency mee-
ting concluded that the risk of zinc defi-
ciency is considered to be of increased 
public health concern when the prevalence 
of stunting is at least 20% and intervention 
to improve population zinc status is 
recommended.8  

According to Multiple Indicator Cluster 
Surveys (MCIS) in 2009-2010, 35.1% of 
children under the age of five were 
moderately stunted and 12.7% were 
severely stunted in Myanmar by WHO 
growth standards.2 Therefore, there is an 
urgent need to identify the zinc nutritional 
status in Myanmar to treat the children at 
risk of growth retardation with sufficient 
zinc supplementation.  

However, most studies in Myanmar on zinc 
status have focused on the relationship 
between zinc supplementation and morbi-
dity from infectious diseases in preschool 
children and very little information is 
available for school age children. This study 
aimed to assess the proportion of stunting and 
to determine the serum zinc status among 
primary school children and to find out the 
association between them. 
  

MATERIALS AND METHODS 
 

It was a cross-sectional descriptive study 
conducted at a Primary School in North-
Okkalapa Township, Yangon. Five to  
10 years old, apparently healthy children 
were included in the study. Children  
with acute or chronic medical illness and 
those who have zinc supplementation in  
last 6 months were excluded. Children 
underwent health assessment by trained 
pediatricians and those with acute or chronic 
medical illnesses at the time of examination 
were excluded from the study. Height was 
measured at nearest 0.1 cm and weight was 
adjusted to nearest 0.1 kg. Equipments were 
calibrated well, and trained investigators 
performed the anthropometric measurements.  

Stunting (height for age <z scores -2SD) and 
underweight (weight for age <z scores -2SD) 
were defined according to the WHO classi-
fication by using WHO 2007 growth charts. 
Approximately 2 milliliters of blood were 
collected by venipuncture in vacutainers  
and blood samples were sent to Common 
Research Laboratory of University of 
Medicine 2. The samples were centrifuged at 
3000 rpm for 10 minutes and sera were stored 
at -20ºC until analysis. Serum zinc level was 
estimated using Atomic Absorption Spectro-
photometry-Graphite furnace. Zinc deficiency 
was defined according to WHO criteria:  
<9.9 µmol/l.8 

Statistical analysis 

The data were analyzed using the SPSS 16.0 
software package. Data were evaluated 
using descriptive statistics (mean and 
standard deviation for age and serum zinc 
level, frequency and percentages for age 
group, sex, nutritional classification accor-
ding to weight and height for age and zinc 
deficiency). Comparisons of categories for 
demographic and nutritional variables 
between children with and without stunting 
or zinc deficiency were made using Chi 
square test. Comparison of mean serum zinc 
level between demographic and nutritional 
variables were made using Student ‘t’ test  
or one way ANOVA test. P value less  
than 0.05 was considered as statistically 
significant. 

Ethical consideration 
This study was approved by the Ethics 
Review Committee of Department of 
Medical Research. Written informed 
consent was obtained from the parents of the 
children before the study. Children were 
given zinc supplementation after the study. 
 

RESULTS 
 

Total of 102 children were included in the 
study with the mean age of 7.9±1.4 years. 
Among them, 52(51%) were boys and  
50(49%) were girls. Mean serum zinc level 
was 8.1±4.4 µmol/l.  
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Fig. 1. Weight for age status of children 

 

 

 
 

 
 

 
 
 

Fig. 2. Height for age status of children 
 
Table 1.  Stunting    among   demographic    and  

nutritional characteristics of children 

Characteristics Stunting p 
value Yes No 

Age (year) 0.7 
  5-7 11(22.0) 39(78.0) 
  8-10 10(19.2) 42(80.8) 
Sex 0.7 
  Male 10(19.2) 42(80.8) 
  Female 11(22.0) 39(78.0) 
Weight for age <0.001* 
  Median and above 0(0) 29(100) 
  <-1SD 5(11.4) 39(88.6) 
  <-2SD 16(55.2) 13(44.8) 

 
In this study, 29(28.5%) children had under-
weight (Fig. 1) and 21(20.6%) were stunted 
according to WHO classification (Fig. 2).  

Zinc deficiency (serum zinc level less than 
9.9 µmol/l) was present in 71(69.6%) of 
children. Stunting was not associated with 
age or sex of children. Children with lower 
weight for age had higher prevalence of 
stunting which was statistically significant 
(p<0.001) (Table 1). 

Table 2. Serum  zinc  status among  demographic 
and nutritional characteristics of children  

Charac-
teristics 

Serum zinc 
level (µmol/l) 

Mean±SD 

P 
value 

Serum zinc status P 
value No. (%) 

Deficient Sufficient 
Age(year) 0.8     0.7 
  5-7 8.2±4.7 34(68.0) 16(32.0) 
  8-10  8.0±4.1 37(71.2) 15(28.8) 
Sex 0.8     0.6 
  Male 8.2±3.7 35(67.3) 17(32.7) 
  Female 8.0±5.0 36(72.0) 14(28.0) 
Weight for age 0.2     0.1 
  Median &    
   above 

7.8±3.4 21(72.4) 8(27.6) 

  <-1SD 7.5±4.8 34(77.3) 10(22.7) 
  <-2SD 9.2±4.4 16(55.2) 13(44.8) 
Height for age 0.9     0.9 
  Median & 
   above 

8.0±4.4 30(71.4) 12(28.6) 

  <-1SD 8.1±4.6 27(69.2) 12(30.8) 
  <-2SD 8.2±4.0 14(66.7) 7(33.3) 

 
In this study, zinc nutritional status was not 
associated with age, sex, weight for age or 
height for age among primary school 
children (Table 2).  

 
DISCUSSION 

 
This study showed high prevalence of zinc 
deficiency (69.6%) and low mean serum 
zinc level (8.1±4.4 µmol/l) in primary school 
children. There is very scanty of Myanmar 
data for school age children to compare with 
this study. The only study that determined 
the effect of zinc supplementation in this 
age group was conducted at a primary 
school in North Dagon Township and 
demonstrated that the baseline mean serum 
zinc level of 80 µg/dl (equivalent to  
12 µmol/l) in 76 children, which was higher 
than this study9.   

The dietary pattern and the health status of 
the children in that study and this study may 
not be different much because the schools 
are situated in neighboring townships where 
residents have similar socioeconomic status. 
Apart from handling of the samples,  
the timing of blood collection and fasting 
status can also influence the zinc concen-
tration measured in blood.10 Blood samples 
for this study were collected in the morning 
hours in a non-fasted state as WHO 
recommendation.  
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In this study, the proportion of primary 
school children with stunting was 20.6% 
and zinc deficiency was 69.6%. It was 
higher than those of primary school children 
in China (4.7% stunting and 0.7% serum 
zinc deficiency)11 and North-east Thailand 
(10% stunting and 57% zinc deficiency)12 
but lower than those in Nepal (34.4% 
stunting and 83.9% and 87.3% zinc 
deficiency in two districts)13 and Cambodia 
(42.9% stunting and 92.8% zinc 
deficiency).14 According to these studies in 
school children, it was found that the 
prevalence of zinc deficiency increased as 
that of stunting increased. Although serum 
zinc does not necessarily reflect individual 
zinc status, information on the distribution 
of serum zinc concentration in a population 
is recognized as the magnitude of the risk of 
zinc deficiency at the population level.8 

Although stunting is defined as a functional 
indicator for zinc deficiency, several studies 
found varying results regarding the asso-
ciation between them. The present study 
cannot demonstrate the significant relation-
ship between plasma zinc level with anthro-
pometric status, which is also supported by 
some studies conducted in school children 
in China, Thailand and Nepal.11-13 Contrast 
to this, a study conducted in Cambodia 
reported that plasma zinc was significantly 
associated with height for age.14 Similarly,  
a study in Iran also showed that stunting 
was associated with zinc deficiency in  
9-11 years old children.15 The absence of 
finding any association between stunting 
and zinc deficiency may be due to the age 
group studied, presence of chronic infection 
or infestation and coexistence of other 
growth-limiting micronutrient deficiencies 
other than zinc.  

WHO recommended that the risk of zinc 
deficiency would be considered as elevated 
public health concern if the prevalence of 
low height for age is at least 20% and if the 
prevalence of low serum zinc concentration 
is greater than 20%.8 Findings in the present 
study fulfilled both of these conditions for 
high risk of zinc deficiency.  

However, the small sample size from only 
one primary school might not be represen-
tative for the whole country. Larger 
population studies on school children from 
different social background should be 
conducted to determine the true prevalence 
of risk of zinc deficiency in this age group. 
Zinc supplementation should also be 
provided not only to under-five children 
with diarrhoea or pneumonia but also to 
school age children with high risk of zinc 
deficiency. Dietary survey for zinc intake 
should also be done and other complications 
of zinc deficiency in school children like 
academic performance and existence of 
subclinical infection should also be studied. 
Other growth limiting micronutrients 
deficiencies should also be assessed in this 
population.  
Conclusion 

The present study showed high prevalence 
of zinc deficiency among primary school 
children, which is much higher than the 
level, set by WHO as public health concern. 
It highlights the need for population-based 
larger studies in Myanmar and also urges 
the need for intervention programs to 
improve zinc status in primary school 
children.  
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