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EDITORIAL 

 
 The 54th Anniversary of Department of Medical Research fell on          

10th June, 2017. The significant haulmark of this year anniversary  

is launching of “Annotated Bibliography of Research Findings on Liver 

Diseases in Myanmar (2005-2016)” published by Department of Medical 

Research. We, DMR, always try our best to serve our Myanmar people to 

live longer with full quality of life. Similarly, Editorial Board of MHSRJ 

makes an effort to upgrade our journal to keep abreast of the current trend 

of International journal publication.  

The strength of Editorial Board member is increasing year by year. 

Recently, six internationally well-known scientists have been included in 

our journal as International editorial board members. Furthermore, the 

style of journal has been changed with addition of “General Information” 

which describes full facts about the journal in line with international 

standards. For very first time, two articles of international authors; from 

Japan and Nepal have come into view in this issue. 

Accordingly, in honour of international authors, the manuscript entitled 

“Monitoring of Water Quality in Inle Lake, Myanmar” written by 

Japanese scientist has been selected as a leading article in this issue. 

Water is vitally essential to every aspect of our lives. Water quality issues 

influence human and environmental health. Therefore the more we 

monitor our water resources the better we will be able to recognize and 

prevent contamination problems since the current situation all over the 

world is terribly facing with many environmental concerns like global 

warming, acid rain, air pollution, urban sprawl, waste disposal, ozone 

layer depletion, water pollution, climate change and many other things 

affect every human, animal and nation on this planet.  

As Inle Lake is one of the most precious treasures of “The Golden Land”, 

Myanmar, monitoring the water quality has to be conducted to protect 

water pollution in time. The author pointed out the concentration of  

17-beta-estradiol in the residential area of Inle Lake was noticeably high  

 
 



ii 

and detection of endocrine disrupting chemicals, Escherichia coli and 

coliform groups and gave the comment for a continuous assessment of 

water quality in order to save the natural beauty of lake and its local 

people as environmental conservation and community development 

issues are concerned.  

Readers can clearly notice energetic efforts of authors in other interesting 

and informative 12 articles having considerable value of their respective 

research area in this issue of the journal. Therefore, we would like  

to congratulate all principal investigators and co-investigators, and 

encourage other outstanding researchers for conducting varieties of 

research with innovative ideas and contributing scientific publications in 

response to the support of generous research grants from the Ministry of 

Health and Sports. 
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Monitoring of Water Quality in Inle Lake, Myanmar 
 

Mayuko Yagishita1*, Mya Thandar2, Minoru Yoneda3, 
Takehiro Suzuki1, Tin Tin Win Shwe1, Daisuke Nakajima1 & Nay Soe Maung2 

 
1National Institute for Environmental Studies, Tsukuba, Japan 

2University of Public Health, Yangon, Myanmar 
3Kyoto University, Kyoto, Japan 

 
Inle Lake, one of the best tourist attraction places, is located in the Nyaung 
Shwe Township of Taunggyi District of Shan State in Myanmar. It is now 
suffering from the environmental effects due to deforestation, water 
pollution, disposal of solid garbage and lake sedimentation. The objective 
was to monitor water quality of Inle Lake by detecting endocrine disrupting 
chemicals, Escherichia coli and coliform groups. Water samplings of  
Inle Lake were conducted in dry and rainy seasons. Seven sampling  
points; boat station, the center area of the lake, near tomato farm, residential 
area, hotel, pagoda, and dye factory were selected. Samples were collected 
into empty clean plastic bottles. These samples were filtered using  
glass fiber filters and C18 discs at University of Public Health (Yangon), 
Myanmar. C18 discs were eluted by methanol and applied to chemical 
analysis. LC-QTOFMS and Triple Quad LC-MS were used as analytical 
equipment. The concentration level of bisphenol A was 167-241 ng/l,  
and that of p-nonylphenol was 99-375 ng/l. P-nonylphenol, however,  
was detected from mineral water as blank with highest concentration.  
This means that source of p-nonylphenol may be the plastic bottle.  
17-beta-estradiol was detected from the sampling points in both the 
residential area and the tomato farm with high concentration. Their 
concentrations were 2.2-15 ng/l. The concentration of 17-beta-estradiol in 
the residential area, Inle Lake was considerably higher than those in Japan. 
These findings suggest that there is a need to continue assessment of water 
quality for confirmation of data of this pilot study and awareness of the local 
people on community development and environmental conservation is 
important for water quality control in Inle Lake. 

Key words: Inle Lake, Water quality, Dry and rainy seasons, Endocrine disrupting chemicals 

INTRODUCTION 

Inle Lake is located in the south part of  
Shan State in Myanmar. The lake is located 
about 30 km southwest of the State’s capital 
Taunggyi, and extends from approximately 
20°15’ to 20°45’N latitude and 96°49’  
to 96°48’E longitude. Inle Lake is a highly 
important water body. Because of its 
picturesque setting and diverse fauna, as 
well as the unique lifestyles and traditions 
of its human inhabitants, the lake is 
renowned and is one of the primary tourist 
destinations in Myanmar. The pressure of 
human population growth, however, com-

bined with certain agricultural and industrial 
practices, has degraded water quality and 
led to additional environmental problems  
in the surrounding watershed. As tourist 
numbers to the country continue to increase 
following its opening up to democracy -  
the country received a record one million 
visitors in 2012 - the raise is to construct 
hotels and expand the limited facilities 
available to tourists.1 However, there are 
only   few   reports   about  water  quality  of  
Inle    Lake2-4   and   no   reports   about   the 
__________________________________________ 
*To whom correspondence should be addressed. 
Tel: +81-29-850-2984 
E-mail: yagishita.mayuko@nies.go.jp 
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concentration of endocrine disrupting chemi-
cals of Inle Lake water. Thus, the objective 
of this study was to monitor water quality  
of Inle Lake by testing the following 
categories; pH, electronic conductivity, 
coliform bacteria (coliform), Escherichia 
coli, total viable counts, chemical oxygen 
demand (COD), PO4

3--P, NH4
+-N, NO2

--N, 
NO3

--N, 17-beta-estradiol, estrone, estriol, 
bisphenol A, and nonylphenol.  

MATERIALS AND METHODS 

Water sampling in Inle Lake was conducted 
for two seasons; dry (February 2015)  
and rainy (August 2016) seasons. Seven 
sampling points of Inle Lake were selected; 
boat station, the center area of the lake, near 
tomato farm, residential area, hotel, pagoda, 
and dye factory (Fig. 1 & Table 1). In these 
sites, the lake water is used for different 
purposes.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1. Map of sampling sites  

Table  1.  Sampling  point   and  location  in  the 
Inle Lake 

Sampling date Sampling point Latitude Longtitude 

(Dry season) 
  16.Feb.2015 
 

D-1 Boat station N 20.66399 E 96.92632 
D-2 The center    

  area of the 
  lake 

N 20.58814 E 96.90854 

D-3 Near tomato  
  Farm 

N 20.55796 E 96.89879 

D-4 Residential  
  Area 

N 20.55831 E 96.89555 

D-5 Hotel N 20.51965 E 96.89425 
D-6 Pagoda N 20.47501 E 96.89046 
D-7 Dye factory N 20.47776 E 96.89251 

(Rainy season) 
  23.Aug.2016 
 

R-1 Boat station N 20.65766 E 96.92461 
R-2 The center   

  area of the  
  lake 

N 20.59356 E 96.92011 

R-3 Near tomato 
  farm 

N 20.56391 E 96.89318 

R-4 Residential  
  area 

N 20.55747 E 96.89351 

R-5 Hotel N 20.51895 E 96.89395 
R-6 Pagoda N 20.47495 E 96.89022 
R-7 Dye factory N 20.44641 E 96.89728 

D=Dry season, R=Rainy season 
 
For water sampling, it is better to use  
glass bottle for collecting water. However, 
glass bottle is difficult to carry to foreign 
countries from Japan. Therefore, plastic 
bottles for drinking water sold in market  
of a local area in Myanmar were used.  
Firstly, the bottled water was thrown away 
from a bottle. Secondly, the empty bottle was 
rinsed with each sampling water. Finally,  
the rinsed bottle was filled with sampling  
water fully. Unopened bottled water of the 
same manufacturing lot was used as handling 
blank tests, namely “control water”.     
Fundamental evaluation 

The pH and electronic conductivity were 
measured with a pH meter (LAQUA twin 
B-712, HORIBA) and an electronic con-
ductivity meter (LAQUA twin B-771, 
HORIBA), respectively. Populations of both 
coliform bacteria (coliform) and Escherichia 
coli were evaluated by one rapid test kit 
(Compact Dry “Nissui” EC). Total viable 
counts were estimated by using the other 
rapid test kit (Compact Dry “Nissui” TC). 
The chemical analyses of chemical oxygen 
demand (COD), PO4

3--P, NH4
+-N, NO2

--N, 
and NO3

--N were conducted by using 
colorimetric reactions. “Pack Test”, an easy 
and quick test kit, was adopted. Each “Pack 

 

Site 1

Site 2

Site 3Site 4

Site 5

Site 7

Site 6

Site 7 

Site 6 

Site 3 Site 4 

Site 1 

Site 2 

Site 5 
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Test” plastic tube has different reagent 
powder for colorimetric reactions. The 
sampled water was put into these tubes,  
and then the color of water changed after  
the colorimetric reactions in the tubes. Thus, 
the concentrations of each chemical from 
the color could be estimated. 

Advanced evaluation 

For endocrine disrupting chemical analysis 
by liquid chromatograph/mass spectrometry, 
water samples (1 litre) in plastic bottle were 
collected, as mentioned above. The sample 
preparation methods were as follows; filtra-
tion through glass fiber filters to remove 
suspended matter, and extraction of chemicals 
by solid phase extraction (C18FF disk, 
Empore, 47 mm, 3 M, MN, USA). 

The chromatographic system was an Agilent 
1260 series system (Agilent Technologies, 
USA), which consists of auto-sampler, 
quaternary pump, and column oven. An 
InertSustain C18 (2.1x150 mm, 5 µm,  
GL Science Inc.) analytical column was 
employed for chromatographic separation  
at 35°C. Mobile phase components were 
pure water and methanol at a flow rate  
of 0.2 ml/min. Sample injection volume  
was 2 µl.  

The gradient was as follows: methanol  
20% to 50% for 5 minutes, 50% to 90%  
for 15 minutes, held for 15 minutes. The 
mass spectrometer was a G 6540A QTOF 
(Agilent Technologies, USA), equipped 
with Agilent jet stream electrospray ioni-
zation (ESI) source. The instrument was 
operated in negative mode, using m/z  
range of 100 to 1000. Nebulizer gas was  
35 psig, drying gas flow rate 8.0 l/min, and 
drying temperature 350°C. Nitrogen was 
used for both nebulizer and drying gas. 
Mass spectrometer conditions were as 
follows: capillary voltage of the ion source, 
3,500 V; nozzle voltage, 1,000 V; frag-
mentor, 100 V; skimmer 1, 65 V; and Octo-
poleRFPeak, 750 V. Instrument controls 
were performed with MassHunter software 
(Agilent Technologies, USA). The mass 
spectrometer of 6460 Triple Quad (Agilent 

Technologies, USA) was also used with 
same condition. Bisphenol A, 4-nonylphenol, 
estrone, 17-beta-estradiol and estriol were 
selected for endocrine disrupting chemicals 
in Inle Lake. 

RESULTS AND DISCUSSION 

pH range 
The values of pH measured with pH meter 
for the dry and rainy seasons at seven 
sampling sites are shown in Table 2. The pH 
range was 6.7-8.4 (dry season) and 7.3-8.5 
(rainy season). There was no meaningful 
difference of pH for both the dry and rainy 
seasons and the sampling sites. Compared 
with the previous report,5 the present  
pH results were consistent with those of  
the report.  
Electronic conductivity  
The electronic conductivity measured with 
electronic conductivity meter for the dry  
and rainy seasons at seven sampling  
sites is shown in Table 2. The electronic 
conductivity, which is used as a marker of 
water pollution in general, range was 300-
530 µS/cm (dry season) and 170-440 µS/cm 
(rainy season). The average of the con-
ductivity of the dry season, 404 µS/cm,  
was higher than that of the rainy season,  
360 µS/cm. This implies that the pollutant 
flows away and does not stagnant because 
heavy rain falls into the lake in the rainy 
season. Fumiko, et al.5 reported that the 
range of the conductivity of Inle Lake  
water in 2004 for the dry season was 253-
378 µS/cm. These values were lower than 
results of this study in 2015 for the dry 
season. This may be due to the increases  
of tourists and the differences of annual  
rain falls. 
At Site 2 (centre of the lake), the con-
ductivity was the minimum among the 
seven sampling sites, and that at Site 4 
(residential area) was the maximum. This 
was the similar trend for the both dry and 
rainy seasons. The maximum conductivity 
at the Site 4 was due to human activities in 
the residential area. 
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Table 2. Chemical analysis of the water samples 
 Name of 

sampling 
point  

pH 
Electrical 

conductivity 
(µS/cm) 

COD 
(mg/l) 

NO2
- 

(mg/l) 
NO3

- 

(mg/l) 
PO4

3- 

(mg/l) 
NH4

+ 

(mg/l) 

Total viable 
count 

(CFU/ml) 

Number 
of E.Coli 
(CFU/ml) 

Number of 
coliforms 
(CFU/ml) 

D Control water 6.7 530 Not tested Not tested Not tested  Not tested Not tested Not tested Not tested Not tested 
D-1 Boat station 8.0 360 Not tested Not tested Not tested  Not tested Not tested 284 11 163 
D-2 The    center  

  area of the  
  lake 

8.4 300 Not tested Not tested Not tested  Not tested Not tested 66 2 53 

D-3 Near tomato  
  farm 

7.8 420 Not tested Not tested Not tested  Not tested Not tested 221 15 322 

D-4 Residential  
  area 

7.9 500 Not tested Not tested Not tested  Not tested Not tested 188 12 176 

D-5 Hotel 8.1 460 Not tested Not tested Not tested  Not tested Not tested 109 2 172 
D-6 Pagoda 8.0 390 Not tested Not tested Not tested  Not tested Not tested 208 94 194 
D-7 Dye factory 8.0 400 Not tested Not tested Not tested  Not tested Not tested 199 30 234 

R Control water 7.3 20 0 <0.02 <1 <0.05 <0.7 13 0 0 
R-1 Boat station 7.9 430 8 0.2 5 0.2 1 197 1 285 
R-2 The    center  

  area of the  
  lake 

8.5 170 8 <0.02 <1 <0.05 0.2 65 1 18 

R-3 Near tomato  
  farm 

7.7 430 8 0.02 <1 <0.05 0.2 136 0 49 

R-4 Residential  
  area 

7.8 440 8 <0.02 <1 0.05 0.5 249 9 167 

R-5 Hotel 7.7 390 4 <0.02 <1 <0.05 0.2 202 0 62 
R-6 Pagoda 8.1 310 6 <0.02 1 <0.05 0.2 235 10 119 
R-7 Dye factory 8.0 350 6 <0.02 <1 <0.05 0.5 142 4 95 

D=Dry season, R=Rainy season

Chemical analysis by “Pack Test” 
The concentrations of COD, PO4

3--P,  
NH4

+-N, NO2
--N, and NO3

--N measured by 
“Pack Test” for the rainy season at seven 
sampling sites are shown in Table 2. For 
every chemical, the concentrations at the 
Site 1 (Boat station) were the highest. The 
concentration of <0.05 mg/l for PO4

3--P, of 
<0.2 mg/l for NH4

+-N, and of 1-2 mg/l  
for NO2

--N is defined as clean rivers.  
From this definition, it can be said that  
Site 1 is polluted area. About rivers, the 
COD concentration levels of 0~5 mg/l are 
defined as clean usually. Furthermore,  
the concentration for the rivers tends to  
be low to high corresponding to up- to 
down- stream. 
Populations of bacteria 
The populations of total viable count, the 
number of E. coli and coliforms measured 
during the dry and rainy seasons at seven 
sampling sites are shown in Table 2. 
Coliform bacteria were detected from 18 to 
322 CFU/ml. E. coli were detected from  
0 to 94 CFU/ml. Comparing with the each 
sampling  point, the  populations  of  bacteria  

were low value at Site 2 (the center area of 
the lake) and those were high value at Site 4 
(residential area) and Site 6 (pagoda). This 
implies that the increase of the populations 
of bacteria may be due to the human 
activities. Total viable counts were detected 
not only from the water at the all sampling 
points but also from the control water. The 
control water was used as handling blank 
test, which was bought from the market,  
as mentioned above. The acceptable level  
of E. coli in drinking water is 0 CFU/ml.6  
The levels at the 5 sampling points were 
higher than the acceptable level by WHO 
for the rainy season, and those at every 
point were higher than the acceptable level 
for the dry season. From these results, 
people should not drink the water from  
the lake without boiling or any water 
purification treatment.  

Endocrine disrupting chemicals in Inle Lake 

The concentrations of endocrine disrupting 
chemicals measured by LC-MS during  
dry and  rainy  seasons  at  seven  sampling 
sites are summarized in Table 3. The 17-beta- 
estradiol   hormones,  found   in  water bodies,  



95 

Table 3. Measurement of endocrine disrupting chemicals in the water samples 

 Name of sampling point Estrone (ng/l)  17-beta-Estradiol (ng/l)  Estriol (ng/l) Bisphenol A (ng/l) Nonylphenol (ng/l) 
D Control water ND ND ND Not tested Not tested 
D-1 Boat station ND 5.5 ND Not tested Not tested 
D-2 The center area of the lake 0.01 ND ND Not tested Not tested 
D-3 Near tomato farm 0.08 ND ND Not tested Not tested 
D-4 Residential area ND ND ND Not tested Not tested 
D-5 Hotel ND ND ND Not tested Not tested 
D-6 Pagoda ND ND ND Not tested Not tested 
D-7 Dye factory ND ND ND Not tested Not tested 

R Control water ND ND ND 167 375 
R-1 Boat station ND 3.9 ND 194 99 
R-2 The center area of the lake ND ND ND 241 180 
R-3 Near tomato farm 0.23 12 ND 225 134 
R-4 Residential area ND 15 ND 190 178 
R-5 Hotel ND 2.2 ND 209 189 
R-6 Pagoda ND 3.6 ND 179 164 
R-7 Dye factory ND ND ND 238 189 

D=Dry season, R=Rainy season, ND=Not detected 

 
are probably due to the disposal of untreated 
sewage in the water streams. It means that, 
the 17-beta-estradiol were detected from 2.2  
to 15 ng/l. These levels of the 17-beta-
estradiol are higher than those in Japanese 
rivers, from <0.0001 to 0.0072 ng/l, which 
were reported by Environmental Ministry of 
Japan.7 
Bisphenol A was found in all samples,  
at all the sampling sites, in the con-
centration levels from 167 to 241 ng/l. 
Nonylphenol was also detected in all 
samples at all the samples sites, in the 
concentration levels from 99 to 375 ng/l. 
The presence of both bisphenol A and 
nonylphenol in environmental samples  
was primarily due to leaching of plastics 
and others polymers present. These levels  
of bisphenol A and nonylphenol were  
higher than those of in Japan reported  
by Environmental Ministry of Japan.7  
It should be noticed that bisphenol A and 
nonylphenol were detected from the control 
water of handling blank test. 
Conclusion 
These findings suggested that the research 
should be continued for the assessment of 
water quality to confirm the data of this 
pilot study. Awareness of local people on 
community development and environmental 
conservation is important for water quality 
in Inle Lake. 
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The study was conducted to find out the changes of red cell deformability 
(RCD) and serum magnesium (Mg2+) level with severity of pre-eclampsia 
(PE) and relationship between these two parameters in mild and severe PE 
patients. This cross-sectional study was carried out in 32 mild PE patients 
and 32 severe PE patients. The RCD was determined by whole blood 
filtration method and serum Mg2+ level was determined by colorimetric test 
with Chlorophosphonazo III method. The RCD was expressed as flow rate 
(volume of blood filtered per minute) and red cell deformability index 
(RCDI) (flow rate multiplied by PCV before filtration in proportion). Flow 
rate and RCDI of severe PE patients were significantly lower than those  
of mild PE patients (0.10±0.04 vs. 0.18±0.07 ml/min and 0.03±0.01 vs. 
0.06±0.02) (p<0.001). Serum Mg2+ level of severe PE patients was 
significantly lower than that of mild PE patients (0.63±0.17 vs. 0.71± 
0.16 mmol/L, p<0.05). In this study, 50% of all PE, 37.5% of mild PE 
patients and 62.5% of severe PE patients had hypomagnesaemia. There was 
a significant association between hypomagnesaemia and severity of PE  
(2=4, p<0.05). Flow rate and RCDI between hypomagnesaemic and 
normomagnesaemic group of all PE patients showed significant difference 
(0.11±0.06 vs. 0.16±0.06 ml/min; p<0.01 and 0.04±0.02 vs. 0.06±0.02; 
p<0.01). There was a significant positive correlation between serum Mg2+ 
level and RCD in severe PE patients (r=0.48, n=32, p<0.01) and mild PE 
patients (r=0.40, n=32, p<0.05). It could be concluded that the changes  
in RCD and serum Mg2+ level might be involved in the pathophysiology  
of severity of PE. 

Key words: Red cell deformability, Serum magnesium level, Pre-eclampsia 
 

INTRODUCTION 

Pre-eclampsia (PE) is a pregnancy-specific 
disorder of widespread vascular endothelial 
malfunction and vasospasm, characterized 
by new onset hypertension and proteinuria 
with or without pathologic edema, occurring 
after 20 weeks gestations.1 It is the com-
monest medical complication of pregnancy, 
which is associated with substantial mor-
bidity and mortality of both mother and 
fetus.2 In Myanmar, data collected during 
2006-2011 at Central Women’s Hospital 
(CWH), Yangon have found that PE is  
the second commonest cause of maternal 
mortality.3 If erythrocytes exist in con-
ditions of flowing blood, they undergo 

deformation which depends on the nature of 
the blood flow, size of the blood vessels and 
fluidity of the red cell membrane. 
In the small uterine vessels and in the 
intervillous space of placenta, deformation 
may result in erythrocytes changing from 
their usual biconcave disk into an um- 
brella shape, with a cylindrical diameter 
approximately that of the vessel or the 
diameter between the villi. Such defor-
mation is essential to the normal blood  
flow. When red cell deformability (RCD)  
is  decreased, blood viscosity is significantly  
____________________________________ 
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increased, and this may be associated with  
a tendency to microvascular thrombosis and 
a shorter life span of red cells with a 
reduced tissue oxygen supply.4, 5 

In women with PE, utero-placental ischemia 
causes persistent hypoxia. Under hypoxic 
conditions, increased amount of unsaturated 
fatty acids will be oxidized to lipid per-
oxides, leading to new distribution and loss 
of asymmetry of phospholipids, to increased 
cell-cell interaction and to damages of red 
cell membrane.4, 6 A significant decrease in 
RCD in pre-eclamptic pregnant women 
compared with normal pregnant controls 
was observed and this decrease being more 
pronounced as gestation approaches term.4, 7 
But some studies reported no significant 
reduction of RCD in PE.8, 9 Moreover, it  
is not still exactly known whether there is  
a difference in RCD between mild and 
severe pre-eclamptic patients. 
Previous studies have shown a significant 
reduction in serum magnesium (Mg2+) in  
pre-eclamptic pregnant mothers compared 
with normal pregnant mothers.10, 11 However, 
it was revealed no significant differences in 
serum Mg2+ concentration between normal 
pregnant women and pre-eclamptic pregnant 
women.12 It was also reported the mean 
serum Mg2+ concentration in severe pre-
eclamptic women was less than normal 
pregnant women and mild pre-eclamptic 
pregnant women.13  

Mild pre-eclampsia is defined as (i) de novo 
hypertension after 20 weeks’ gestation,  
(ii) properly documented proteinuria of  
greater than 300 mg/24 hours, and (iii) both 
hypertension and proteinuria disappearing 
postpartum.2  Severe pre-eclampsia is defined 
by the presence of severe hypertension in 
association with proteinuria or if there is 
hypertension in association with severe 
proteinuria (≥5 g/24 hours period) or if  
there is multiorgan involvement such  
as pulmonary edema, seizures, oliguria  
(<500 ml/24 hours period), thrombo- 
cytopenia (platelet count <100,000/mm3), 
abnormal liver enzymes in association with 

persistent epigastric or right upper quadrant 
pain, or persistent severe central nervous 
system symptoms (altered mental status, 
headaches, blurred vision, or blindness).2  
It was shown the beneficial effect of  
Mg2+ on RCD in pre-eclamptic pregnant 
women.14 A clinical study revealed that 
intravenous dosage of magnesium sulfate  
(1 g/hour) over a period of 24 hours 
improved the RCD in pre-eclamptic 
pregnant women.15 It was also examined  
the effect of Mg2+ as calcium antagonist on 
the RCD of pre-eclamptic patients in vitro 
and found that in vitro incubation with  
Mg2+ enhanced RCD.14  
The reasons for the reduced RCD of PE  
are not still known.  Some evidences showed 
that an increase in intracellular calcium  
(Ca2+) concentration leads to a reduction in 
RCD as intracellular Ca2+ concentration plays  
a key role in regulating red blood cell 
mechanical properties.15 Moreover, PE  
is a state of enhanced neutrophil action  
and of increased amounts of reactive  
oxygen species which tend to interfere  
with membrane lipids, resulting in changes  
of the membrane properties and stiffen 
RBCs.14, 15  This change of membrane pro-
perties may also lead to elevated intracellular 
Ca2+, which is known to reduce RCD.7  
It was found that Mg2+ (i.e. calcium-
antagonist) is able to antagonize the effect of 
increased intracellular Ca2+ on RCD, resulting 
in an increase of RCD.14  

Therefore, the purposes of the present 
research study were to determine RCD and 
serum Mg2+ concentration in mild and severe 
PE patients and to find out the relationship 
between RCD and serum Mg2+ concentration 
in mild and severe PE patients.  

MATERIALS AND METHODS 

Study population 

A cross-sectional, analytical study was 
conducted to 32 mild and 32 severe PE 
patients who were admitted Obstetric Wards 
of Central Women’s Hospital, Yangon.   
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Determination of red cell deformability 

Red cell deformability was determined  
by simple filtration method mentioned. 
Under standard conditions, whole blood  
was allowed to pass through a membrane 
filter using a negative pressure of 20 cm 
water. The time for 1 ml of blood to  
flow was recorded by stop watch. From 
which, flow rate (FR) was calculated  
as the volume of the blood filtered  
per minute. In order to eliminate the 
influential effect of PCV on flow rate,  
red cell deformability index (RCDI) was 
expressed as FR (ml/min) multiplied by 
packed cell volume (PCVbf) before filtration 
in proportion.  

Red cell deformability index=FRxPCVbf
16 

Determination of serum magnesium level 

Five millilitre of blood was collected in  
plain tubes. Then, blood sample was 
centrifuged at 3000 rpm for 15 minutes  
for separation of serum. The serum was  
kept in aliquots and then, transported in  
ice packs to the Pathology Research  
Division of National Health Laboratory  
for serum magnesium level and stored  
at -20°C until analysis. The frozen  
patients’ samples were thawed at the  
room temperature for about 30 minutes. 
Serum Mg2+ level was determined by 
Colourimetric test with Chlorophosphonazo 
III.17 The Cobas C 111 system automatically 
calculates the analyze concentration of  
each sample. 

Statistical analysis  

Data were analyzed by using the Statistical 
Package for Social Science (SPSS) soft-
ware version 22. Values were expressed  
as mean±SD. Student’s ‘t’ test (unpaired  
‘t’ test) was applied to compare two 
parameters (serum Mg2+ and RCD) between 
mild and severe pre-eclampsia. Pearson’s 
correlation coefficient was calculated  
to assess the correlation between the 
variables. p value <0.05 was regarded as 
significant.  

RESULTS 

The detail baseline characteristics of the  
study population are shown in Table 1. Apart 
from clinical presentation of PE, other 
baseline parameters were found to be 
comparable between mild and severe PE 
patients. The mean value of flow rate,  
red cell deformability index (RCDI) and  
serum magnesium level of both groups  
are shown in Table 2 and these values  
are significantly lower in severe PE  
patients than mild PE patients (Fig. 1, Fig. 2 
& Fig. 3). 

Table 1. Baseline parameters in mild and  severe  
pre-eclamptic pregnant women 

Baseline parameters 
Pre-eclamptic pregnant women 

(n=32) 
Mild Severe 

Age (years) 31.91±5.53 31.75±6.22 
Weight (kg) 71.89±12.53 74.97±14.45 
Height (m) 1.52±0.04 1.52±0.05 
BMI (kg/m2) 31.28±5.04 32.49±5.96 
Gravida 2±1 2±1 
Maturity by date at the time 
  of sampling (wk) 

36.94±3.16 36.52±2.69 

Maturity by scan at  
  the time of sampling (wk) 

36.35±2.74 35.33±2.89 

Systolic blood pressure   
  (mmHg) 

149.06±6.47 178.38±10.15*** 

Diastolic blood pressure  
  (mmHg) 

95.06±5.54 111.94±5.65*** 

Mean arterial pressure  
  (mmHg) 

113.06±5.01 134.08±6.25*** 

Pulse rate (times per minute) 85.25±9.39 87.25±9.58 
Proteinuria ++ +++ 
***indicates   significant    difference    between  two  
groups (p<0.001) 

Table 2.  Flow rate, red cell deformability  index 
and  serum  magnesium level in mild and 
severe pre-eclamptic pregnant women 

 
 

Pre-eclamptic pregnant women 
(n=32) 

Mild Severe 
Flow rate (ml/min) 0.18±0.07 0.10±0.04*** 
RCDI 0.06±0.02 0.03±0.01*** 
Serum Mg2+ level (mmol/l) 0.71±0.16 0.63±0.17* 
*indicates  significant difference between two groups  
(p<0.05), ***indicates   significant  difference  between  
two groups (p<0.001) 

The results of the present study showed 
flow rate was positively correlated with 
serum Mg2+ level in PE patients, this 
correlation   being   stronger   in   the  severe 
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Solid line  ( )  indicates  mean  of  flow  rate  
***indicates significant difference (p<0.001) 

Fig. 1. Comparison of flow rate between mild 
and severe pre-eclamptic pregnant 
women 

 
 
 
 
 
 
 
 
 
 
 

 

Solid  line  ( )  indicates  mean  of  red  cell  deform- 
ability index  
***indicates significant difference (p<0.001) 
 
Fig.  2.  Comparison   of  red  cell  deformability 

index  between  mild  and   severe   pre- 
eclamptic pregnant women 

 
Table 3. Correlation  between  flow  rate,  RCDI  

and serum Mg2+ level in different study  
groups 

Study group Flow rate 
r value p value RCDI 

r value p value 

All PE (n=64) 0.47 p<0.001 0.47 p<0.001 
Severe PE (n=32) 0.45 p<0.01 0.48 p<0.01 
Mild PE (n=32) 0.40 p<0.05 0.40 p<0.05 

 

 

 

 

 

 
 
 
Solid  line  (  ) indicates  mean  of  serum magnesium 
level, Upper dash  line: Upper limit of normal serum 
magnesium level (0.70-1.05 mmol/l), Lower dash 
line: Lower limit of  normal  serum magnesium level 
(0.70-1.05 mmol/l) 
*indicates significant difference (p<0.05) 

Fig. 3.  Comparison  of  serum magnesium level 
between  mild  and  severe pre-eclamptic 
pregnant women 

PE group (Table 3). In all PE patients,  
there  was  a  significant positive correlation  
between  RCDI  and  serum Mg2+ level. The 
correlation was stronger in severe PE 
patients than in mild PE patients (Table 3). 

DISCUSSION 

In the present study, RCDI was significantly 
lower in severe PE patients than mild PE 
patients. In addition, flow rate between 
severe PE patients and mild PE patients 
showed significant difference.  This finding 
was in agreement with the findings of 
Heilmann18 who reported that FR of PE 
patients with DBP ≤100 mmHg (0.49± 
0.26 ml/min) was significantly higher than 
that of PE patients with DBP >100 mmHg 
(0.31±0.29 ml/min). Even though there was 
a difference in the disease state of the 
subjects participated in the studies, methods 
and population, RCD was found to be lower 
in PE patients and more pronounced in 
severe PE patients.  Therefore, the findings 
of the present study indicated that reduction 
in RCD might be associated with the 
severity of PE. 
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Some researchers explained that reduction 
of RCD in PE may be due to oxidative 
stress because oxidative stress was 
definitely present in PE6 and oxidative stress 
is involved in reduction of RCD by two 
means: directly by damaging the membrane 
structure19 and indirectly through by 
damaging the Ca2+-ATPase.20 A previous 
study in Myanmar carried out by Su Su 
Htwe21 reported that there was a significant 
negative correlation between plasma 
malondialdehyde level (oxidative stress 
marker) and RCD in normal and pre-
eclamptic pregnant women. In addition, it 
was reported that the degree of oxidative 
stress is closely related to the clinical 
severity of PE.22 Therefore, it could be 
concluded that the observed findings in the 
present study (i.e. reduction of RCD in 
relation to the severity of PE) might be due 
to oxidative stress. 

Regarding serum Mg2+ level, the present 
study showed that serum Mg2+ of mild PE 
patients was significantly higher than that  
of severe PE patients. This finding was in 
agreement  with  Sandip, et al.13  who reported 
that serum Mg2+ level in mild PE patients 
(0.89±0.07 mmol/l) was greater than severe 
PE patients (0.67±0.14 mmol/l).  

The present study demonstrated that there 
was a significant positive correlation 
between flow rate and serum Mg2+ level in 
PE patients. There was a significant positive 
correlation between flow rate and serum 
Mg2+ level in both mild and severe PE 
patients. Red cell deformability index was 
also positively correlated with serum Mg2+ 
level in PE patients. Moreover, a significant 
positive correlation between RCDI and 
serum Mg2+ level was found in both mild 
PE patients and severe PE patients. These 
correlations were found to be more 
significant in severe PE patients than mild 
PE patients. 

The effect of Mg2+ on RCD could be 
explained by two possible mechanisms: 
Ca2+ and reactive oxygen species. Some 
studies showed that PE is a state of 

inflammatory state and increased amounts 
of activated oxygen species which are 
known to interfere with membrane lipids, 
leading to changes of the red cell membrane 
properties.7, 23 In addition, oxidase stress can 
inhibit Ca2+ ATPase and this may lead to 
elevated intracellular Ca2+, which is known 
to reduce RCD24 by enhancing tubulin 
polymerization.25 It is well-known that 
magnesium is a Ca2+ antagonist which might 
block the effects of increased intracellular 
Ca2+ on the tubulin polymerization, thus 
improving RCD.15 It was also reported that 
the effect of Ca2+ antagonists (Mg2+ or 
Nifedipine) on RCD from PE patients  
in vitro is the additional finding pointing to 
a Ca2+-driven reduction of RCD.14  

In conclusion, these results showed that 
reduction of RCD and serum Mg2+ level 
were more pronounced in severe PE patients 
than mild PE patients.  Reduction in serum 
Mg2+ level could contribute to reduction in 
RCD in PE patients.  It could be concluded 
that the changes in RCD and serum Mg2+ 
level might involve in the pathophysiology 
of severity of PE. 
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This qualitative study revealed the feelings and experiences of participants 
who failed to take regular anti-tuberculosis (TB) treatment regime at  
No.1 Defence Services General Hospital (1000-Bedded/Mingaladon). Seven 
participants who failed to take anti-TB treatment were selected. Data were 
collected with face-to-face, semi-structured interviews by interview-guided 
questions and analyzed by content analysis. Five common themes emerged 
as feelings and experiences at the initial stage of illness, feelings and 
experiences of being diagnosed as TB, reasons for taking incomplete course, 
feelings and experiences of re-taking anti-TB treatment and future plan. This 
study found that most participants suffered from side effects of anti-TB 
drugs. Some faced with economic problems because of long staying in 
hospital. Moreover, they encountered discrimination by society and worried 
about transmission of disease to their families. Providing adequate health 
information is important responsibilities of health care providers not only in 
hospital but also in the unit for attaining continuous care. This study 
suggested that health care providers of military setting must provide 
information on disease process, ways of transmission, side effects and 
importance to take full course of treatment regime to patients, family 
members and military persons through the unit durbar and discussion. These 
findings recommend to health care providers including nurse in military 
setting to be aware of feelings of these patients and to provide better 
understanding and empathetic support.  

Key words: Pulmonary tuberculosis, Treatment regime, Feeling 
 

INTRODUCTION 

 
Tuberculosis (TB) is a chronic disabling 
communicable disease and worldwide 
public health problem. It is the second 
leading cause of death and causes ill-health 
among millions of people each year.1 
According to WHO (2013), 8.6 million  
new cases in 2012 and 1.3 million TB 
deaths were reported, mostly occurred in 
15-44 years of age.2 The 2015 MDGs target 
of halving and reversing TB incidence has 
been achieved with TB incidence falling 
globally for several years (2% per year in 
2012). Mortality and incidence rates are 
falling in all six WHO regions and most of 
the 22 high burden countries that account 
for over 80% of the world’s TB cases. 

Myanmar is one of the 22 high burden 
countries with about 85% of the new cases of 
TB. Moreover, prevalence of tuberculosis 
are continuing to increase because the 
numbers of patients who are infected with 
human immunodeficiency virus also 
complicated with TB are increasing. Main 
reasons for failure to take regular treatment 
regimen are sense of well-being soon  
after treatment, travelling or migration, 
imprisonment, drug side effects, social and 
economic problems of the patient, and lack  
of improvement of disease condition.2 
Consequently, the rate of defaulter cases is 
increased. Before defaulted state, patients 
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missed to take their drugs for a few days 
and defaulted or returned to health center. 
Patients who failed to take TB treatment 
regime regularly are important in 
tuberculosis control programme because 
they will be changed from curable stage  
to non-curable resistance stage. This will 
increase tuberculosis cases in the community 
due to spread of infection. Retreatment 
requires more expensive drugs and thus 
producing a greater financial burden for either 
the patient or public health care system.3 

In military setting, there is little known 
about how TB patients start to seek care 
since the symptoms appear and proportion 
of TB patients who fail to take regular 
treatments needs to be studied. Health care 
provider needs to have updated knowledge 
of the challenges and difficulties and 
identify the high-risk persons who are 
regularly taking TB treatment regime in 
military setting. If health care personnel 
know the real causes, they can give 
comprehensive nursing care and offer 
different alternatives for appropriate 
intervention according to their needs.  

In military setting, anti-TB treatments  
had being received through National 
Tuberculosis Program (NTP) since 1996. 
Generally, the patients who attend No. 1 
Defence Services General Hospital (DSGH) 
(1000-Bedded) receive anti-TB treatments 
from Mingaladon Township Health Centre. 
After the patients are discharged, most of 
them take responsibility themselves for 
regular treatment.  

As the nature of soldiers, they serve the duty 
in any operational area, migrate from one 
place to another by order or posting and  
so they feel physically exhausted, forget 
regular treatment, lose the pills while 
carrying at operational region, and they 
cannot tolerate the side effects. Therefore, 
the rate of pulmonary TB patients who fail to 
take regular anti-TB treatment regime is 
increasing among the military persons. 

Nowadays, Ministry of Health has developed 
guidelines to control TB which involve 

prompt and correct diagnosis and firm 
adherence to treatment in the NTP. In this 
strategy, nurses contact with their patients 
for a long time until they gain complete 
good health and provide health education 
according to the patient’s needs. Having  
a better understanding about the patients  
and the disease burden, mortality, hospital 
admission and related death will reduce to a 
certain extent. Qualitative research is 
fundamental in exploring holistic care for 
the patients and the present study aimed to 
uncover the feelings and experiences of 
pulmonary tuberculosis patients from 
military services who failed to take regular 
treatment regime. 
 

MATERIALS AND METHODS 
 

This study design was qualitative study 
design and conducted at No. 1 Defence 
Services General Hospital (1000-Bedded), 
Mingaladon. Study period was from March 
to December, 2014. Study population was 
the patients who failed to take anti-TB 
treatment in Isolation Ward at DSGH. 
Among them, seven participants who were 
willing to participate were selected. 
Purposive sampling method was used to 
select the participants. 

As inclusion criteria, the participants who 
failed to take regular anti-TB treatment, 
who were in current hospitalization and  
had taken retreatment with anti-TB drugs  
in particular reasons since last three months 
were chosen. Exclusion criteria were 
seriously ill patients, TB patients with other 
diseases and new cases of TB. Face-to-face, 
in-depth interview using interview-guided 
questions was used as data collection 
method.  

The approval from the Research Ethics 
Committee of Military Institute of Nursing 
and Paramedical Sciences, and the per-
mission from authorized person from No. 1 
DSGH (1000-bedded) were obtained to 
conduct this study. Content analysis was 
used for data analysis. 
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RESULTS 

The initial stage of illness 

The majority of the participants did not 
recognize their signs and symptoms as due 
to TB. When the symptoms started, most of 
them thought due to common cold, ordinary 
cough resulting from chronic smoking. 

“I felt illness and cough in the rain. I felt 
cough at night, sleeplessness, loss of appetite 
and became thinner over one month. One day, 
when I took out big clot of blood I felt some 
pieces of lungs stone to be burnt off.”  

 “I liked puffing cigar and its taste. So,  
I thought cause of illness was smoking.” 

Most of the participants took treatment from 
army unit clinic and private clinic. Some 
took traditional treatment by themselves. 
“About a week later, I went to unit clinic. 
There, I was given antibiotics and other 
medicine. However, in the evening, my 
temperature obviously went up.” 
“I bought Myanmar traditional drug for 
lungs and felt better for a while. I was 
affected by this disease again and I got 
thinner and thinner.”  
Feelings and experiences of being diagnosed 
as TB 
All participants encountered side effects of 
anti-TB drugs as follows: 
“Taking those anti-TB drugs made me 
heart-burn, dizziness, vomiting, nausea and 
loss of appetite. I palpitated when I 
sometimes felt coughing badly.”  
Most of the participants were afraid, 
disappointed and worried when they knew 
their diagnosis was TB. 

“When I heard that, I was afraid. Some said 
it was curable but might be transmitted from 
one person to another.”  
Most of the participants faced with 
difficulties in social interaction, negative 
attitudes towards those with TB, it was 
uncommon to have others sit near them. 

“When I arrived back at the unit, the people 
there treated me as an odd man, they did not 
speak to me too much as usual.”  

Some of the participants also mentioned that 
when they were diagnosed, their concern 
was how to manage economic problem, 
extra cost of treatment. 

 “When I was in hospital, I was in financial 
difficulty. My child was still young, my wife 
couldn’t do anything and I was even in debt.” 

Reasons for taking incomplete course  
Some participants did not take anti-TB 
drugs completely because they were ordered 
to go to operational area. 

“I requested discharge from hospital. After  
I had taken anti-TB drug for one month,  
our unit had to go on operation. During  
the operation, I did not continue to take 
anti-TB drugs.” 

Feeling well after taking anti-TB treatment 
for one month was the reason for taking 
incomplete course for some participants. 

“I also became well and fat. Thus, I hadn’t 
taken the drug for one month.” 
Retaking anti-TB treatment  

They suffered tiredness in work, coughing, 
evening rise in temperature, loss of appetite, 
night sweating and coughing with some 
blood. So they went to unit clinic, Public 
Health Center, Defense Services General 
Hospital and underwent required investi-
gations and chest x-ray to confirm TB.  
Some participants suffered from physical 
problems while retaking anti-TB drugs. 
“My elbow and knee joints were so painful 
and ached when I was injected.” 
Some felt disappointment, fear, worried, 
discouragement while retaking anti-TB 
treatment. 
“Now I felt as feelings and suffering that 
previously experienced. I worried about that 
my family members might have been 
transmitted by this disease.” 
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Some faced with spending money, debt, 
lack of supporting to family members. 
“My hospitalization would be a long-term. 
So much money was spent on my treatment. 
I couldn’t send some support to my parents.”  

Future plans  

Most of the participants expressed in 
various ways; deciding to stop alcohol 
drinking, being aware of importance  
of taking complete course of drugs and 
healthy life style, encouraging themselves 
and praying for cure. 

“Now, I became to realize how important 
taking drug was. If I lived with care, I could 
live longer.” 

“Now, I completely stopped drinking alcohol. 
I did breathing exercise to completely cure.”  
“I had to make my mind encouraged. I did 
not want to die.”  
“Praying for me, no bacillus would be 
found in my sputum.” 
 

DISCUSSION 
 

The initial stage of illness 
In this study, the participants suffered signs 
and symptoms of TB such as evening rise in 
temperature, cough and sleeplessness. They 
also faced various emotional and social 
problem. The participants described that 
initial signs and symptoms were due to 
common cold and some thought that cough 
was caused by smoking. Participants took 
symptomatic treatment in the clinic but  
they did not relieve. Therefore, they were 
referred to hospital. Participants in this 
study who were already malnourished may 
be more susceptible to becoming infected 
with tuberculosis and developing active 
disease. Most participants in this study had 
already experienced the loss of body weight.  

Being diagnosed as TB 
The side effects of anti-TB treatment highly 
disturbed physical well-being of most of 
the participants. They also encountered 

difficulties in social relationship. They were 
facing with various difficulties in their 
families because all of the participants were 
heads of family. Some participants felt 
sorrow for lack of support to their families.  

Reason for taking incomplete course  

In this study, the major reason for failure to 
take complete course by participants was 
feeling well during treatment for one month, 
so they requested discharge from hospital. 
Most of the participants thought that it would 
be no problem to discontinue treatment once 
they feel better. This thought stems from an 
erroneous assumption of equating cure with 
disappearance of symptoms and is reflective 
of their poor knowledge about the disease, 
its transmission, and treatment.  

Feelings and experiences of retaking anti-TB 
treatment  

Most of the participants disclosed burden of 
long-term treatment: they could not work as 
a bread winner and they were burdens on 
family. The TB defaulter patients were 
taking anti-TB drugs for several weeks to 
months. As the duration of taking anti-TB 
treatment is very long, they considered the 
reasons for defaulter and tried to adapt the 
situation. Long-term treatment is a stressful 
experience and it is beset by anxiety over his 
health and concerned about the environment 
he is entering.  

Future plans 
The change in way of living experienced by 
those participants was adaptation to their 
disease. It is because their life is filled  
with numerous physical and psychological 
problems, they wanted to relieve from  
these problems. In this study, most of the 
participants were being Buddhist, they 
considered about suffering TB through 
religious point of view. 

Conclusion  
Failure to take regular anti-TB treatment 
threatens not only the patients, their family 
members, but also nation; it may become 
the concerns of health care providers. The 
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study suggests that patients for TB treatment 
have to ensure the severity, the risks and its 
impact on health. Educational programmes 
focusing on reducing stigma and improving 
good perception and correcting the wrong 
ones should be provided.  

Nurses have to encourage patients to live as 
meaningfully as possible while helping 
them to less suffering and to get well; 
focusing patients as a whole, not just the  
ill individuals to describe the complex 
interplay of physical, emotional, social and 
economic experiences of those patients. 

As nurses are the most frequent contact and 
continuous presence for patients, under-
standing the subjective feelings of the 
patients are very important in providing 
comprehensive nursing care. Thus, the 
feelings and experiences of those parti-
cipants should be acknowledged. These 
findings highlighted to improve the deeper 
understanding of physical and psychosocial 
qualities of life for TB patients. In doing so, 
the health-related quality of lives of TB 
patients was ensured.  

Recommendations  

It was found that the chronic unpredictable 
nature of tuberculosis causes numerous 
challenges to the daily life of patients, their 
families and nation.  

Frequent hospitalization leads to difficulties 
in financial status and social relationship. 
To prevent frequent hospitalization and 
unnecessary complications, seeking health 
care as early as possible, taking medications 
regularly, and taking regular follow-up visits 
instead of seeking help only when symptoms  
become worse, adherence to treatment 
regime and lifestyle modifications such as 
abstaining alcohol, quitting smoking are 
recommended for the tuberculosis patients.  

Not only TB patients but also authoritative 
persons from  unit  should  be informed  about  
nature of TB and importance to take full 
course of drugs. At unit durbar and 
discussion, health care providers must 
provide information about disease process, 
ways of transmission, prevention and 
control of TB. This study also revealed that 
some participant’s emotional challenges 
could be reduced by sharing their feelings 
with each other.  
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A hospital-based, descriptive study was undertaken to determine proportion 
of stillbirths (SB), maternal and obstetric factors, health seeking pattern  
of mothers and causes of SB in North Okkalapa General and Teaching 
Hospital. For quantitative study, secondary data analysis was done by 
reviewing records of all mothers who delivered SB during the study period. 
In-depth interview was carried out with 10 mothers having different 
outcomes including severe maternal morbidity for qualitative study. 
Proportion of SB was 16.29 per 1000 total births. More than two-thirds 
(73%) were macerated. Two-third (68.6%) was pre-term babies and half of 
them (58.1%) were birth weight below 2500 grams. The highest maternal 
age group was in 25-29 years (26.1%) and half was in parity 2-4 (50%). 
About 77% were unplanned pregnancies and 33.3% had no antenatal care 
(ANC). Hypertensive disorders in nearly half of the mothers (47%) and 
placental abruption accounted for 18.6%. Medical diseases resulted in fetal 
death in nearly one fourth of cases (23.8%). Reduced fetal movement was 
evident in two-third of cases (61.62%). Attempted home delivery was 
11.62% and almost all cases of fresh SB were due to prolonged labour at 
home by traditional birth attendant (TBA). More than half (52.32%) came in 
labour and 66.27% were born by spontaneous vaginal delivery (SVD). 
Postmortem (PM) finding was difficult to interpret due to fetal maceration  
in 41%. The major problems were late booking (ANC), lack of regular 
follow-up and late referral. Other points to be considered were lack of 
knowledge, financial problem, misbelieved and paucity of social supports. 
The results would be valuable to a certain extent for implementing further 
strategies to achieve the Millennium Development Goals. 
 
Key words: Stillbirths, Maternal morbidity, Millennium Development Goals 

 
INTRODUCTION 

 
The grief of stillbirth (SB) continues to 
affect a large number of parents in the  
21st century. Almost 3 million stillbirths 
happen worldwide every year. It brings the 
month of excitement and anticipation  
of pregnancy to a tragic end.1 Stillbirths, 
although not included in Millennium 
Development Goals (MDGs) tracking, are 
related to maternal mortality and with the 
care received during pregnancy and 
delivery. Therefore, improved data on 
pregnancy outcomes including stillbirths are 
crucial to guiding programs and investment 

towards progress in achieving the MDGs.2 

In Myanmar neonatal mortality was 16.3 per 
1000 live births and stillbirth cases were 
16.6 per 1000 total births.3 This figures 
presented the great impact of stillbirths on 
perinatal mortality rate of Myanmar health 
care system. According to previous five 
years data from North Okkalapa General 
and Teaching Hospital (NOGTH), statistic, 
perinatal mortality rate (PMR) remained 
fairly high.4 Stillbirths accounted for nearly 
half of the reported hospital statistic data 
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and its trend remained static. For that 
reason, this problem was explored by using 
both qualitative and quantitative studies to 
fulfill the information gap.      

This study focused on the magnitude of 
stillbirths among all deliveries in NOGTH, 
maternal and obstetric risk factors, and 
reported causes of stillbirth. Finding out the 
health seeking behaviour of mothers by 
exploring their belief, knowledge, concept 
and feeling was another aim of the study. 
The quantitative data on study of stillbirth 
was trangulated by the in-depth interview 
(IDI) to explore the concealed information 
of the occurrence of stillbirths (SB) to find 
out the preventive measures of SB in the 
future. 
 

MATERIALS AND METHODS 
 
Hospital-based, cross-sectional descriptive 
study using both quantitative and qualitative 
research methods was conducted at 
Maternity Ward of North Okkalapa General 
and Teaching Hospital (NOGTH), Yangon 
from 1st November 2012 to 31st October 
2013. Study population were pregnant 
women who delivered stillbirths (SB) at 
Maternity Ward of NOGTH during the data 
collection period.  
Inclusion criteria 

- Occurrence of stillbirths in NOGTH at or 
after 22 weeks of gestation 

- If gestational age was unknown, stillborn 
fetuses of at least 500 grams 

Exclusion criteria 
 

- Gestational age less than 22 weeks 
- Stillborn baby with birth weight less than 

500 grams 

Sample size 
For quantitative data, records of all mothers 
who delivered stillbirth in NOGTH during 
the study period were taken after having a 
written informed consent from the eligible 
mothers. Among them, those who were 
willing to share the experience and 
knowledge relating to the care for their 

pregnancy and the circumstances leading to 
fetal death were included in the qualitative 
study. 

Data collection 

Patient’s particulars such as maternal risk 
markers (age, parity, BMI, education level, 
occupation, family income, previous 
pregnancy outcomes, intention for current 
pregnancy), maternal health seeking 
behaviors (according to health services, 
ANC pattern, antenatal and intrapartum 
status), occurrence of stillbirths (by type, 
period of gestation, birth weight and mode 
of delivery), consequences of stillbirths  
(in terms of maternal complication, hospital 
stay and investigation results) and causes of 
stillbirths from PM findings were recorded.  

In-depth interview was carried out with 
purposively sample 10 mothers having 
different outcomes including severe 
maternal morbidity. Qualitative assessment 
on knowledge, attitude and behavior of 
pregnant mother with regards to seeking 
proper care, barriers to obtain appropriate 
antenatal and intrapartum care, misbelieved, 
incorrect conception and feelings concerned 
with health care practice were explored. 

Data management and analysis 

The data was analyzed by triangulation 
method (Qualitative study, Quantitative 
study and literature background). For 
quantitative data, compiled data was 
checked, frequencies, proportion and cross 
tabulation was made. For qualitative study, 
matrex analysis was done based on different 
themes. 

 
RESULTS 

 
Quantitative assessment 

Incidence of stillbirth was 16.29 per 1000 
live births and stillbirths. More than two 
third of stillborn babies were macerated  
SB (73.25%) and fresh SB comprised of 
26.74%. Mean birth weight in the study was 
2056.18 grams with Standard Deviation 
1091.287 grams is shown in Table 1. 
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Table 1.  Monthly distribution of stillbirths (SB) 
in NOGTH during the study period 

Month Fresh 
SB 

Macerated 
SB 

Total 
SB 

Total 
births 

SB among total 
births (%) (2012-13) 

November 1 10 11 463 2.37 
December 0 4 4 433 0.92 
January 3 4 7 370 1.89 
February 2 6 8 322 2.48 
March 1 3 4 430 0.93 
April 2 6 8 476 1.68 
May 2 5 7 443 1.58 
June 3 2 5 489 1.02 
July 5 7 12 416 2.88 
August 2 9 11 431 2.55 
September 0 3 3 475 0.63 
October 2 4 6 531 1.12 

Total 23 63 86 5279 1.62 

 
Maternal socio-demographic characteristics 
Mean age of mothers was 29.73±6.625. 
Most occurrence of SB was in parity 2-4 
groups (50%) followed by primigravida 
(36.9%). More than half of mothers 
(58.33%) had body mass index (BMI) 
within 24-30 (overweight). Most cases 
(45.23%) were in primary school level, 
9.52%, illiterate and only 8.33%, graduate. 
Majority of mothers were dependent 
(64.7%). Professional or technical related 
was only 1.2% and manual labor in 21.2%. 
Seventy-eight mothers of stillborn babies 
resided within Yangon area. 
 

Maternal risk factors 
 

Regarding risk factors, it was found that 
majority (67.85%) of family income was 
between 100,000-150,000 kyats per month. 
Only just enough income became one of the 
contributors for maternal health seeking 
pattern. Majority of mothers (97.61%) were 
non-smokers and only 2.38% had habit  
of smoking. The most frequent previous 
obstetric outcome encountered was mis-
carriage (22.64%) followed by previous SB 
(9.43%) and early neonatal death (9.43%). 
No remarkable previous obstetric outcome 
was found in 50.94%. Medical diseases 
were found in association with 20 cases of 
stillbirth, in which only 9 cases accounted 
for fetal death being 10.46% of total deaths. 

Most common AN complication was 
hypertensive disorder of pregnancy and  
it contributed to nearly half of the reported 
complications about 47%. AN complication 
was encountered more in macerated SB. 
Majority of pregnancies were unplanned 
pregnancies (76.74%). Out of 84 mothers, 
no remarkable AN complication was  
found in 50 cases and AN complication 
encountered in 34 cases. 
 
Maternal health seeking behaviours  
 
Urban Health Center (UHC) was the most 
common nearest health care service  
from their home attributed to 72.61%. 
Majority (55.95%) of health care services 
were in distance between one to five bus 
stops. Only 2.38% were away from nearest 
health care service and outreach area. 
Commonly used transport system was by 
public bus (58.33%). Median transportation 
fee was 200 kyats. Unplanned pregnancies 
led to no ANC in 27 cases and 1 case 
induced to terminate the pregnancy by TBA. 
Majority (82.14%) had booking visit  
in the second trimester. Booking visit  
in late third trimester was occurred in 
14.28%. First trimester booking AN visits 
was only 3.57%. Only 10.71% had adequate 
ANC. 

Admission status of stillborn mothers 

Reduced fetal movement was the most 
common perception of mothers who gave 
birth to SB (61.62%) especially macerated 
SB. More than half of the mothers were  
in labour (39.53%) in the first stage and 
(12.79%) in the second stage.  

Maternal morbidity associated with still-
births 

More than two-third (66.66%) had no 
complication after delivery of stillborn 
babies. Severe complication such as 
disseminated intravascular coagulation 
(DIC) occurred in 2 cases and 1 case 
resulted in maternal mortality. Caesarean 
hysterectomy was done in 2 cases for 
uterine rupture is shown in Table 2. 
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Table 2.   Post-mortem  report on cause of death  
of stillborn babies 

PM report on cause of death Frequency % 
Not done due to maternal retro   

viral infection  
4 4.65 

Cannot be done (birth weight  
<1000 grams) 

18 20.93 

Difficult to interpret due to 
severe maceration 

37 43.02 

Abruptio placenta 11 12.79 
Birth asphyxia 6 6.97 
Uterine rupture  2 2.32 
Intrauterine infection 2 2.32 
Macrosomic baby 2 2.32 
Congenital anomalies 2 2.32 
Unremarkable  2 2.32 

Total 86 100 

 
Qualitative assessment 
Out of 84 mothers who gave birth to 
stillbirths, 10 patients were purposively 
chosen for in-depth interviews. Among 
them, 6 cases had fresh stillbirths and  
4 cases had macerated stillbirths. Out of  
10 cases, 7 cases delivered term size babies. 
Maternal age ranged from 22-34 years.  
Most of mothers were multip with parity  
3 and above, and only two cases were 
primip. Education level was only primary 
and middle school level. They all had 
unplanned pregnancies with no antenatal 
care in half of the cases and inadequate 
antenatal care in half of the cases. One case 
of maternal death due to severe pre-
eclampsia with disseminated intravascular 
coagulation, one case of induced pregnancy 
by traditional birth attendant and one case  
of previous one scar with uterine rupture 
were included in the interview.  
Knowledge, attitude and behaviour of  
pregnant mothers to seek proper care 
All women had unplanned pregnancies. 
Some of them tried manipulating to 
terminate the pregnancies. They had lack of 
knowledge on family planning methods, did 
not seek proper care, bad attitude and 
behaviour which can great harm to their 
health and life. 
 

Lack of knowledge on proper contraception 
to inhibit unwanted pregnancy 
Both unmet need of contraception and lack 
of knowledge on method and proper use of 

contraceptive practice were found out in the 
study. 

“I have never used contraception. I just go 
on well without them nor did I know that 
I should.” 
Harmful attitude and behaviour on un-
wanted pregnancies 
 

One respondent tried to terminate pregnancy 
by TBA at six months of gestation. She had 
fever and bleeding about three days after 
manipulation. She gave birth to a macerated 
pre-term SB 800 grams and she was 
complicated by maternal sepsis. 

“It was too late when I knew being pregnant. 
If I had known earlier, I would not have 
suffered so much. Mine had reached a late 
gestation and the abortion hurt a lot. It was 
said abortion is easier and does not hurt in 
about one or two months of being pregnant. 
Being among married women, I made 
friends with all kinds of women and came to 
talk about things.” 

Lack of knowledge to seek proper care 

Some women did not have knowledge to 
consult with person who has proper skill for 
care. So they consulted TBA or others 
before they came to hospital. They did not 
even know the rank of their birth attendant 
whether doctor, midwife or not.  

“I suffered labor pain at about 5 am. At first 
it was around my supra-pubic area and my 
back. At daybreak the forewater became 
ruptured. I consulted Saya Khin Maung 
Nyunt in Dalapaung- I don’t know whether 
he is a doctor or not. He used a stethoscope. 
He took my blood pressure and gave three 
injections. It was vitamins and also oxytocin 
he said.” 
Reasons for delay to obtain appropriate 
antenatal and intrapartum care 

Some women consulted nearest and easily 
healthcare facility for some complaints and 
had to receive inappropriate treatment in  
the community with delay referral from 
midwife, general practitioner or township 



 

112 

hospital. Their lack of knowledge and skill on 
timely referral and appropriate management 
on pregnant mothers led to one of the contri-
butory factors of stillbirths in some cases. 
“About three days before giving birth, I had 
chills and fever and went to the doctor 
nearby. I coughed terribly till my tummy 
hurt. Since my temperature was 102°C and 
the doctor gave me injection for three days. 
After three days the fever was gone. But 
after that, the baby moved less.” 
One mother’s experience was narrated by 
her mother who asked the midwife for 
hospital care for her daughter in labor. If 
not, delayed referral by midwife can lead to 
even maternal morbidity and mortality. This 
case resulted in abruptio placenta and gave 
birth to a fresh full term SB.  
 

“I arrived her home when I heard about her 
delivery. When I was there I saw there was 
much bleeding. Then I said the midwife that 
I didn’t like this condition. We had to go to 
the hospital.” 
 

Mother of another respondent told about her 
daughter’s story. She gave birth to a fresh 
full term sized baby due to abruptio 
placenta. She had PE and inadequate 
treatment given by midwife led to be 
complicated by placental abruption. On 
admission her blood pressure was 180/110 
mmHg. Proper referral to receive adequate 
treatment and timely delivery can prevent 
the mystery of this case. 
“She was the one who gave care to my elder 
daughters, they gave birth with her and 
everything was OK. She was like a family 
nurse. At that time my younger daughter 
was edematous and her blood pressure was 
measured. It was said more than 100. She 
had pre-eclampisa. So I asked what we 
should do. She was given some injection and 
oral drugs. Midwife did not say much.” 
Marital and financial problems 

Main barrier for taking regular AN care was 
financial problem and it was the major 
constraint in the morbidity of stillborn 
mothers. Some women took first booking 

visit but the cost for investigations limit 
subsequent AN visit. 
 

“Only once for AN care. It cost 9500 kyats 
on the first day and I failed for next visits. 
Urine and blood tests cost nearly 6000 kyats. 
And there were ultrasound charges and 
travelling expenses.” 
 

Transportation problem 

A mother who lived in Myaenikyin village 
at Hlaykyu worked in the forest earning on 
cutting bamboo. She was the only who had 
transportation problem to health centers in 
the study. It took about more than one hour 
by cart to reach nearest one, Htaunggyi  
sub-center. She was referred to North 
Okkalapa General and Teaching Hospital 
for obstructed labor with fetal distress.  
It took more than two hours on the way  
to NOGTH and it cost 15,000 to 20,000 
kyats for taxi. Emergency LSCS was done 
on arrival but her baby was fresh SB  
with birth weight 3000 grams with thick 
meconium stained liquor.  
“I had never been to a hospital although  
I knew I should. We are not well-off. There 
was difficulty in travelling as we had to live 
in the forest.” 
Misbelieved, incorrect conception and 
feelings concerned with health care system 

Many pregnant women had misconception 
about the timing of antenatal care. 
“There was nothing wrong with me, no 
nausea and vomiting, no leg swelling. 
That’s why I had no AN visit.” 
Some women perceived that hospital 
delivery was not an important factor 
because they or their family members had 
previous uneventful home deliveries.  
“I got my first child delivered at home by a 
red longyi nurse and no need to admit to the 
hospital. The second child was delivered 
here by vacuum four years ago. I thought it 
would be easier as this is the third child.” 
Some women had lack of awareness of the 
importance of pregnancy complications 
compounded by hear-says of their peers that 
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led to unforeseen consequences on their 
pregnancies. 

“More than two weeks, I think. My due date 
was passed. It was said that there was 
nothing to worry about if it is moving. My 
baby was kicking and I felt nothing. So I let 
it be.” 

Feeling concerned with stillborn babies 
Most of the mothers accepted the death of 
their baby as they only blamed on their fate. 
“It’s my fate. I couldn’t be.” 
A mother of stillborn baby with congenital 
anomaly considered that it was better for her 
baby to live with unhealthy life. 
“It was said to be a stillbirth. Any way, it’s 
better than living as an unhealthy life.” 
 

DISCUSSION 
 
Overall stillbirth rate was 16 per 1000 total 
births. The rate is in line with national 
survey.3 The overall adjusted stillbirth rate 
in UK was 3.9 per 1000 total births.5 The 
stillbirth rate in sub-Saharan Africa is 
approximately 10 times that of developed 
countries (28 vs. 3 per 1000 births).2  

Thus, the low proportion of stillbirths  
in high income countries suggests that 
stillbirths are largely preventable with 
quality antenatal and intrapartum care, 
including prompt recognition and 
management of complications. Unplanned 
pregnancies had higher risk of obstetric 
complication and increased incidence of 
stillbirths. These unwanted unplanned 
pregnancies were basic factor for inadequate 
AN follow-up for timely intervention and 
management, unplanned delivery (attempted 
home delivery by TBA) and occurrence of 
severe maternal morbidity.6  

Generally, it was highlighted that women 
who received no ANC or late booker may 
be at higher risk for delivering a stillborn 
baby because preventable or modifiable risk 
factors are not identified and addressed 
early enough to positively affect the health 
of the fetus. Moreover, no ANC was 

strongly associated with poor delivery 
outcomes in this study. Placental abruption 
is an important and at times a preventable 
cause of stillbirth. Occurring in about 1%  
of all pregnancies, it accounts for between 
10% and 20% of all fetal deaths.7  

Main reason for fetal deaths in the study 
was also abruptio placentas of which two- 
third were associated with hypertensive 
disorder of pregnancy and one-third was due 
to manipulation by TBA. Fresh stillbirths 
due to attempted home delivery resulting  
in severe maternal morbidity limiting  
future fertility (CS hysterectomy) occurred 
in two cases. Thus, early identification  
and treatment can avoid these occurrences 
of SB. 

Considerable points from in-depth-interview 

The main problem was lack of AN care for 
early identification of obstetric complication 
and timely intervention to prevent maternal 
and fetal morbidity and mortality. Reasons 
for failed attending AN care were financial 
problem, uneventful previous pregnancies 
without AN care, and lack of knowledge on 
seeking proper AN care. Transportation 
problem was encountered only in one case. 
Although some women took AN care at 
UHC, GP or township hospital, they had not 
been provided quality care. They have 
unplanned pregnancies and one mother  
tried to induce her pregnancy by TBA. They 
also preferred home delivery for many 
reasons. They had uneventful previous birth 
experiences and trusted their birth attendants 
even though some did not exactly know the 
rank.  

Conclusion 

Based on the findings, socioeconomic 
status, knowledge, attitude and behavior of 
pregnant mothers were major constraints  
in seeking proper health care. Substandard 
care and delay referral would be a factor to 
the adverse fetal and maternal outcomes. 
Therefore, potential strategies for reducing 
stillbirths might include reducing incidence 
of unplanned pregnancies, increasing 
enrollment in antenatal care, supporting 
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family members of pregnant mothers to gain 
proper knowledge on pregnancy compli-
cations and improving the management of 
high risk pregnancies.  

For reducing intrapartum stillbirths, it would 
require identification and timely referral of 
mothers in high risk condition. Improving 
health knowledge in pregnant mothers and 
upgrading ability and quality of all birth 
attendants including midwives would be 
warranted.  
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Lower urinary tract (LUT) symptoms are not uncommon in postmenopausal 
Myanmar women. The aim of the study was to study the urodynamic 
assessment in postmenopausal women. A cross-sectional, analytical study 
was conducted to eligible 114 postmenopausal women (81 symptomatic 
women and 33 asymptomatic women) attending at Gynaecological  
Out-patient Department of Central Women’s Hospital (Yangon) from 
October 2012 to June 2014.  Examination included body mass index (BMI), 
vaginal examination, cough test, and 1 hour pad test. Urine RE was done to 
all patients to exclude urinary tract infection. Urodynamic investigation was 
done in those patients who had no urinary tract infection and it was carried 
out at Urosurgical Ward of No. 2 Military Hospital, Yangon. The most 
frequent symptom among the study population was urinary incontinence 
(50%) followed by urgency (45.6%), night time frequency (38.6%). 
Symptom-based clinical diagnosis of study population were: stress urinary 
incontinence (SUI) in 9.6%, urgency urinary incontinence (UUI) in 4.9%, 
mixed urinary incontinence (MUI) in 25.4%, overactive bladder (OAB) in 
16.7%, and voiding problem in 28.9% of study population. Regarding the 
urodynamic diagnosis, 47 patients had normal urodynamic findings and  
20 patients were found to have urodynamic stress incontinence (USI). Five 
patients had urodynamic evidence of detrusor overactivity (DO). Mixed type 
of USI and DO was found in 10 patients. Forty patients had objective 
evidence of voiding dysfunction. There is no statistically significant asso-
ciation between duration of menopause and urodynamic parameters  
of postmenopausal women except strong desire to void. (p=0.044). 
Urodynamic investigations help postmenopausal women with LUTS in 
getting correct diagnosis and formulating a treatment plan especially 
surgical treatment is considered.  

Key words: Postmenopausal women, Urodynamic, Uroflowmetry, Cystometry,  
Stress urinary incontinences, Over active bladder 

 
INTRODUCTION 

 
Menopause is the time in a woman’s life 
when her periods stop. Estrogen deficiency 
becomes clinically more overt over time  
and is associated with a number of LUT 
symptoms. These include frequency, nocturia, 
urinary incontinence (UI), urinary tract 
infection (UTI), and urgency.1 Urogenital 
symptoms are not uncommon in Myanmar 
postmenopausal  women.2, 3    Female   lower  

 
urinary tract symptoms are nonspecific, and 
a thorough clinical evaluation is required to 
establish the correct diagnosis. Urodynamic 
is a useful tool in evaluation of LUT 
dysfunction because it can reproduce the 
patient’s symptoms, and provide a patho-
physiological  explanation   or  the  patient’s  
___________________________________ 
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complaints.  Thus  it  is  considered  as  gold 
standard for the diagnosis of bladder outlet 
obstruction (BOO) and urinary incontinence.4  

It can also predict outcome after therapeutic 
intervention. However, there are several 
important parameters, such as age, sex, and 
body mass index, and menopausal status 
which affect urodynamic values, rendering 
it more challenging to precisely define 
normality from tests performed on patients.5 

The present study was done with the 
objectives of: To determine the proportion  
of lower urinary tract symptoms in 
postmenopausal women who agreed to 
undergo urodynamic investigation, to find 
out symptom-based clinical diagnosis of 
lower urinary tract symptoms among study 
population, to find out urodynamic based 
diagnosis of lower urinary tract symptoms 
among study population, to find out the 
relationship between symptoms based 
clinical diagnosis and urodynamic diagnosis 
of lower urinary tract symptoms in 
postmenopausal women, and to assess the 
association of urodynamic parameters to 
duration of menopause. 
 

MATERIALS AND METHODS 
 
This study was a cross-sectional, analytical 
study. It was carried out at Gynecological 
Out-patient Department of Central women’s 
Hospital (Yangon) and Urosurgical Unit of 
No. 2 Military Hospital (Yangon) from 
October 2012 to September 2014.  Eligible 
114 postmenopausal women (81 sympto-
matic women and 33 asymptomatic women) 
were studied. Lower urinary tract symptoms 
and other relevant history were taken. 
Examination included body mass index 
(BMI), vaginal examination, cough test, and 
1 hour pad test. Three-day bladder diary was 
filled up by patients and urinary tract 
infection was excluded before urodynamic 
investigation.  

Urodynamic investigation was carried out  
at Urosurgical Ward of No. 2 Military 
Hospital, Yangon. The investigation was 
performed according to good urodynamic 
practice.6 Uroflowmetry was done after 

ensuring adequate bladder volume which 
was checked by transabdominal ultrasound. 
The uroflow parameters such as average 
flow rate, maximum flow rate, voiding time 
and voided volume, residual urine were 
measured. Under aseptic measure, 8-Fr 
double-lumen urethral catheter was 
introduced into bladder to measure vesical 
pressure (pves) and rectal balloon catheter 
was inserted into the rectum to measure 
abdominal pressure (pabd). Then filling 
cystometry was proceeded.  

The bladder was filled with normal saline 
with the filling rate of 50 ml/min. First 
sensation of filling, first desire to void, 
strong desire to void, capacity, compliance 
and the presence or absence of involuntary 
detrusor contractions during filling phase 
were noted. Provocative manoeuvres such 
as valsalva, supine cough, standing  
cough and hand washing were performed to 
detect incontinence and detrusor over 
activity (DO). Then, pressure flow study 
was conducted while the patient sat on 
commode which was connected with 
uroflowmeter. Urodynamic diagnosis was 
made according to International Continence 
Society definitions.7 

The data was analyzed with independent  
‘t’ test. ANOVA test was used for group 
statistics. For categorical data, the 
differences in proportions were analyzed 
with χ2 test or Fisher's exact test where 
appropriate. The level of significance was 
set at 0.05. Data analysis was done by using 
STATA version 11.0 software. The test 
properties of relationship between symptom- 
based clinical diagnosis and urodynamic 
diagnosis was analyzed by χ2 test and  
p value. The sensitivity, specificity, positive 
and negative predictive value of symptom-
based clinical diagnosis was also calculated. 

 
RESULTS 

 
The age of study population ranged from  
44 to 82 years with mean (±SD) age of 
58.14 (±9.6) years. The most frequent 
symptom among the study population was 
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urinary incontinence (50%) followed by 
urgency (45.6%), night time frequency 
(38.6%) and day time frequency (35.1%). 
Among various types of incontinence mixed 
urinary incontinence was most common 
form. Incomplete emptying was the most 
common complaint among various voiding 
problems. Symptom-based clinical diagnosis 
of study population were: stress urinary in-
continence (SUI) in 9.6%, urgency urinary 
incontinence (UUI) in 14.9%, mixed urinary 
incontinence (MUI) in 25.4%, overactive 
bladder (OAB) in 16.7% and voiding problem 
in 28.9% of study population (Table 1). 
 
Table  1. Symptom-based   clinical  diagnosis  in 

study population (n=114) 

Symptom-based clinical diagnosis No. % 95% CI 
Asymptomatic 33 28.9 20.8, 38.2 
Stress urinary incontinence  (SUI) 

SUI=10  
SUI with voiding problem=1 

11 9.6 4.9, 16.6 

Urgency urinary incontinence (UUI)  
UUI with voiding problem=4 
OAB with UUI (OAB wet)=11 
OAB with MUI=2 

17 14.9 8.9, 22.8 

Mixed urinary incontinence (MUI) 
MUI=20 
MUI with voiding=6 
MUI with OAB=2 
MUI, OAB with Voiding problem=1 

29 25.4 17.7, 34.4 

Overactive bladder (OAB) 
  OAB (dry)=4 

OAB with UUI (OAB wet)=11 
OAB with MUI (OAB wet)=2 
OAB with voiding=2 

19 16.7 10.3, 24.8 

Voiding problem  
Voiding problem =19 
Voiding problem with UI=12 
Voiding problem with others=2 

33 28.9 20.8, 38.2 

*Combination of diagnosis is possible. 
 
The urodynamic diagnosis of study 
population is shown in Table 2. Forty-seven 
patients had normal urodynamic findings. 
Twenty patients were found to have uro-
dynamic stress incontinence (USI) (Fig. 1).   

Five patients had urodynamic evidence of 
detrusor overactivity (DO). Mixed type of 
USI and DO was found in 10 patients.  Forty 
patients had objective evidence of voiding 
dysfunction. Among them, 37 patients had 
bladder outlet obstruction (BOO), 1 patient 
had voiding dysfunction due to abnormal 
detrusor function and 2 cases were due to 
unspecified  cause.  Two  cases  out  of total 

Table 2. Urodynamic diagnosis in study   
population (n=114) 

Urodynamic 
diagnosis 

                  Case (n) Total 
(114) Asymptomatic 

(33) 
Symptomatic 

(81) 
Normal            25      47 
 USI             - 20 20 
 DO             1 4 5 
 Mixed USI & DO  10 10 

Voiding dysfunction due to         6 
 BOO                                         - 
 BOO with other diagnosis          - 

 
21 
10 

 
27 
10 

Voiding dysfunction due to         - 
  abnormal detrusor function 

1 1 

Voiding dysfunction due to         - 
  unspecified causes  

2 2 

Others (low capacity and             1 
  low compliance) 

1 2 

*Combination of diagnosis is possible 
USI=Urodynamic stress incontinence  
DO=Detrusor overactivity 
BOO=Bladder outlet obstruction  
 

 

 
 
 
 
 
 
 
Fig.  1. Cystometry  of  patient with  urodynamic 

stress incontinence  
 
Table 3. Urodynamic  diagnosis  in  patient with      

symptom of urinary incontinence 

SUI=Stress urinary incontinence 
UUI=Urgency urinary incontinence 
MUI=Mixed urinary incontinence 
 
114 postmenopausal women had other 
findings such as low capacity, low compli-
ance. The urodynamic findings in postmeno-
pausal women with urinary incontinence 
were summarized in Table 3. Among  
11 patients who experienced only symptom 
of SUI, 7 patients (64%) had objective 
evidence of pure urodynamic stress 
incontinence (USI).  Seventeen patients  
had only symptom of UUI. Among them  

Symptom  
of urinary 
incontinence 

Urodynamic diagnosis 
Total 
No. 

Pure 
USI 

Pure 
DO 

Mixed USI 
and DO Normal 

No. (%) No. (%) No. (%) No. (%) 
SUI only  7(64) - 1(9) 3(27) 11 
UUI only  - 3(27) - 14(82) 17 
MUI  13(45) 1(3) 9(31) 6(21) 29 
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3 patients (7%) showed pure DO and the 
rest 14 (82%) of the patients had normal 
findings in urodynamics. The patients with 
symptom of MUI were 29 in total. Among 
them, 19 patients (31%) expressed uro-
dynamics mixed USI and DO. There was no 
objective abnormality in the rest 6 patients 
(21%). 
The sensitivity, specificity, positive 
predictive value, negative predictive value 
of clinical diagnosis of SUI in detecting 
urodynamic stress incontinence were 35%, 
95.7%, 63.6% and 87.4%, respectively.   
For the clinical diagnosis of urge incon-
tinence in detecting detrusor overactivity, 
sensitivity was 60% and specificity was 
87.2%. It has a very low positive predictive 
value (17.6%) but high negative predictive 
value (99%).  
For clinical diagnosis of overactive bladder 
in detecting DO, sensitivity was 80% and 
specificity was 86.2%. The sensitivity  
and specificity of clinical diagnosis of  
MUI in getting objective evidence were 
90% and 80%, respectively. The positive 
and negative predictive values in detecting  
DO were 21.1% and 98%, respectively. 
Clinical diagnoses of mixed urinary 
incontinence as compared with urodynamic 
diagnosis of mixed urinary incontinence 
showed sensitivity 90%, specificity 80.8%, 
positive predictive value 31% and negative 
predictive value 98.8%, respectively. For 
the clinical complaint of voiding problems, 
sensitivity was 57.5% and specificity was 
86.5%. The positive and negative predictive 
values in detecting urodynamic evidence of 
voiding dysfunction were 69.7 and 79%, 
respectively.  
Statistically significant relationship between 
urodynamic based diagnosis and symptom 
based clinical diagnosis was found in 
clinical diagnosis of SUI, UUI, OAB, 
Mixed UI, and voiding problem in study 
population (p<0.05). There is no statistically 
significant association between duration of 
menopause and urodynamic parameters of 
postmenpausal women except strong desire 
to void (p=0.044). 

DISCUSSION 
 

Homma, et al.8 stated that women might 
present with one of lower urinary tract 
symptoms but usually the clinical scenario 
is complex due to clustered complains. The 
most frequent complaint in the present study 
was urinary incontinence (50%) and mixed 
urinary incontinence (MUI) was most 
common type of UI (50.9%). The rest was 
contributed by urgency urinary incontinence 
(29.8%) and stress urinary incontinence 
(19.3%). The result of present study is 
almost similar to that reported by Pandey,  
et al.9 in which the most prevalent 
complaint was mixed urinary incontinence 
(33.17%), followed by stress incontinence 
(31.68%) and only 13.37% complained of 
urge incontinence (OAB wet). However, the 
trend of various types of urinary incon-
tinence in the present study was not 
consistent with reports of Jittima, et al.10 and 
Kirss, et al.11 in which stress urinary 
incontinence (SUI) was most common form 
of UI. Stress Urinary Incontinence was 
detected in 58.3% of study population in the 
study of Jittima, et al.10 and 78.83% of 
study population in study of Kirss, et al.11 

The present study was a hospital-based 
study conducted on women attending at 
Gynaecological Out-patient Department  
for various reasons. In other studies, the 
recruited patients were from menopausal 
clinic or urogynae clinic of hospital or from 
community based setting. The difference in 
study population may affect the prevalence 
of lower urinary tract symptoms. 

In literature, many researchers tried to 
develop standardized questionnaires to 
assess LUTS and symptom-based, clinical 
diagnosis is used in initial evaluation and 
treatment of these conditions. According to 
an epidemiologic survey carried out in  
11 Asian countries, the overall prevalence 
of OAB was 53.1%. The most common 
presenting symptom of OAB was urgency 
(65.4%), while frequency was present in 
55.4%. Twenty-one percent of the OAB 
population presented with incontinence, 
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giving a prevalence of 11.4% for urge 
incontinence.12 

In the present study, 19 out of 114 post-
menopausal women (16.7%) were diagnosed 
as OAB which was defined by 2002 Inter-
national Continence Society (ICS) definition. 
In the current study, recruited patients  
were postmenopausal women attending to 
Gynaecological Out-patient Department. 
Other studies were epidemiology surveys 
using self administered questionnaires and 
conducted in premenopausal and postmeno-
pausal women. This will explain the 
discrepancy between the results of different 
studies. 

A group of researchers from Thailand 
studied 129 female patients with symptoms 
of urinary incontinence who were referred 
to Urology Clinic at Ramathibodi Hospital. 
Urodynamic tests revealed that 19% (25 of 
129) had normal findings, 43% (55 of 129) 
had genuine SUI, and 19% (24 of 129) had 
DO. Twelve percent (16 of 129) of patients 
had mixed SUI and DO. Only 1.5%  
(2 of 129) had overflow incontinence.13  

In the present study, urodynamic diagnosis 
were as follow: normal urodynamic findings 
in 47 patients, urodynamic stress incon-
tinence (USI) in 20 patients,  detrusor over-
activity (DO) in 5 patients, mixed type of 
USI and DO in 10 patients and voiding 
dysfunction in 40 patients.  

In the study of Pandey and colleagues,  
3 cases of urodynamic stress incontinence 
(USI) and 2 cases of detrusor overactivity 
(DO) were found in 64 women with 
symptom of stress urinary incontinence. No 
objective abnormality was found in others. 
All 9 women who complained of urgency 
had normal urodynamic findings. Among  
27 women with urgency incontinence, 
detrusor hyperactivity was detected in  
8 patients, USI in 2 patients, urodynamic 
mixed urinary incontinence (MUI) in 2 
patients and others had normal urodynamic 
findings. Among 53 out of 67 women with 
symptoms of MUI, only 2 patients had 
urodynamic mixed incontinence and others 
had normal urodynamic diagnosis. The 

mean (±SD) age of study population was 
62.71±10.92 years and the majority 
(84.165%) was postmenopausal women. 
The researchers concluded that a poor 
correlation between symptoms and 
urodynamic diagnosis in cases of female 
urinary incontinence.9 It was stated that 
where stress incontinence is the only 
symptom reported, urodynamic stress 
incontinence is likely to be present in over 
90% of cases.14 
The history elicited by the patient is the 
most important in making the diagnosis and 
to initiate treatment when patient presented 
with urge urinary incontinence. There are no 
clinical tests to elicit it. With the help of 
urodynamic study, OAB can be diagnosed. 
It was found that only around a third of 
these patients (29.63%) and one fifth 
(19.40%) of those with mixed urinary 
incontinence showed detrusor activity.9 
Regarding the sensitivity and specificity of 
stress urinary incontinence in detecting 
genuine SUI, Ubolrat and colleagues found 
that sensitivity was good (96.4%) and the 
specificity was low (25%). The sensitivity 
of urgency was good (83%) but the 
specificity for distinguishing between DO 
and genuine SUI patients was quite low 
(51%). Nearly 81% of patients who had 
mixed urodynamic findings had mixed 
symptoms. The symptoms of mixed urinary 
incontinence were also found in 89% and 
83% of genuine SUI and DO, respectively. 
It was concluded that symptoms of mixed 
urinary incontinence cannot distinguish 
between types of urodynamic abnormality.13 
In the present study, overall sensitivity of 
any kind of incontinence symptom and 
voiding problem in detecting urodynamic 
evidence of lower urinary tract dysfunction 
was low but specificity was high. However, 
there is no statistically significant asso-
ciation between duration of menopause and 
urodynamic parameters of postmenopausal 
women except strong desire to void. 
(p=0.044). In Sartori, et al.15 study, there 
was a decrease in maximum urine flow rate, 
voiding time, volume at which first desire to 
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void and increased in post void residual 
volume, as post menopausal duration 
progressed.15 Similarly, Diokno, et al.16 and 
Gillon, et al.17 proved that the maximum 
bladder capacity in postmenopausal women 
was reduced than that of the reproductive 
aged women. Based on the above studies, 
there is a reduction of various urodynamic 
parameters such as Qmax and maximum 
bladder capacity in postmenopausal women.  

The results of the current study and data  
of other studies, indicated that urodynamic 
assessment may allow more precise 
evaluation of the patient with lower urinary 
tract symptoms especially for those with 
complex symptoms and those who have to 
undergo surgery in pelvic floor. However, 
there are limitations in the present study.  

The first one is study population. Since the 
recruited patients in the present population 
were postmenopausal women attending  
at Gynaecological Out-patient Department  
of CWH (Yangon) for various reasons. 
LUTS was assessed in those who gave 
consent to urodynamic investigation. So it 
can not reflect to all menopausal women. 
The method used to classify the type of  
UI was using questionnaires. The method of 
data collection may reflect the difference 
in distribution or prevalence of LUTS and 
thus symptoms based clinical diagnosis.  

Although the room for investigation 
provided the privacy for patients, Myanmar 
patients were not familiar with commode. 
Since the patients voided at not usual 
position, usual bathroom, the result might  
or might not reproduce their daily voiding 
pattern.  

In conclusion, objective diagnosis would  
be more accurate if these limitations were 
overcome. The diagnostic workup for lower 
urinary tract problems should be based on 
using LUTS specific questionnaires, clinical 
examination, simple investigations such as 
urine RE, bladder diary, ultrasound and 
careful interpretation of urodynamic data in 
order to attain the best treatment plan for 
each individual patient. 
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The main vector of dengue fever and dengue haemorrhagic fever is  
Aedes aegypti in Myanmar. The use of chemicals is an effective way to 
reduce mosquito-borne viral disease transmission. Application of larvicides 
is the first stage of chemical control to kill the mosquitoes at the breeding 
site before disease transmission in community. This study was performed to 
assess the susceptibility status of Ae. aegypti larvae to temephos (0.02 mg/l 
diagnostic dosage and 1 mg/l applied dosage). Larval bioassays were 
conducted by using the WHO standard susceptibility procedures. Mosquito 
larvae were collected from Minteekin Ward in Aungmyaethasan Township, 
Mahamyain Ward in Mahaaungmyae Township and Keiksanamahe Ward in 
Chanayethasan Township from June to August, 2013.The 50% lethal times 
(LT50) for all strains of Ae. aegypti tested against diagnostic and applied 
dosages of temephos were found to be in the ranges  between 77.00 to 
109.74 minutes and 38.29 to 47.42 minutes, respectively. The mortality rates 
of Ae. aegypti larvae in all study areas were 100% to temephos, after  
24 hours exposure. Based on the results, Ae. aegypti larvae in all areas  
are susceptible to temephos (diagnostic and applied dosages).  

Key words: Aedes aegypti, Temephos, Susceptibility 

 
INTRODUCTION 

 
Dengue fever (DF) and dengue haemo-
rrhagic fever (DHF) are vector-borne 
diseases of public health importance in 
tropical, subtropical and temperate regions 
of the world.1 Aedes aegypti is the main 
vector involved in arboviral transmitted 
diseases such as dengue, dengue hemorrhagic 
fever and yellow fever.2 Globally, 2.5 to  
3 billion people are estimated to be at risk  
infection with dengue viruses.3 

In Myanmar, the number of reported cases 
of dengue was 24287 cases and case fatality 
rate was 0.75 in 2009.4 In Mandalay Region, 
2288 DHF cases with eight fatal cases have 
been reported in the year 2013.5 At the 
present time, effective vaccine and antiviral 
drugs have not been established to treat DF 
or DHF. Vector control is the important 

approaches to reduce vector-borne diseases. 
The main strategy directed at controlling the 
vector of dengue is still using chemical 
insecticides. In Myanmar, the organophos-
phate temephos (Abate 1% sand granule) has 
been used to control mosquito larvae in 
household water containers and other 
breeding sources since 1979. However, 
temephos has been employed to control Ae. 
Aegypti larva in selected areas only between 
1979 and 2012 when dengue outbreaks  
were reported. Malathion has been used as 
adulticide in thermal fogging and ULV 
(Ulta Low Volume) application for control 
of adult since 1974.6 The development of 
resistance in mosquitoes to a wide variety of 
con-ventional insecticides has posed a 
serious problem for vector control program.7 
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Adequate information on insecticides 
susceptibility of the vector is important for 
vector control program and insecticide 
susceptibility of Ae. aegypti is poorly 
documented in Myanmar. The aims of this 
study were to determine the susceptibility 
status of Ae. aegypti larvae against temephos 
in selected areas of Mandalay District and  
to provide the necessary information for 
future vector control programs. 

 
MATERIALS AND METHODS 

 
Laboratory-based, experimental study design 
was applied and done from June 2013 to 
August 2014. This study was conducted in 
three selected townships of Mandalay 
District according to the number of dengue 
cases and the intensity of insecticide use. 
First information on the number of dengue 
cases that broke out in different townships 
and the places where intensive insecticides 
using had been implemented from 2010 to 
2012 were gathered from the Vector Borne 
Disease Control (VBDC), Mandalay Region. 
The three study areas included Keiksana-
mahe Ward (21º 50N, 96º 05E) in Chanaye-
thasan Township, Minteekin Ward (21º 59 
N, 96º 04E) in Aungmyaethasan Township 
and Mahamyain Ward (21º 57 N, 96º 06 E) 
in Mahaaungmyae Township. 
Aedes aegypti larvae and pupae collection 

Mosquito larvae and pupae were collected 
from 50 houses in each area by two 
entomological teams (two persons per 
team)8. The collected larvae and pupae were 
reared to adult for taxonomic identification 
by Rattanarithikul and Panthusiri.9 Then  
Ae. aegypti mosquitoes were colonized in 
the insectary of Medical Entomology 
Research Division in Department of 
Medical Research (POLB). The F1 (the first 
filial generation) larvae were used in 
susceptibility tests. 

Insecticides 
Temephos (31.25 mg/l) was purchased from 
Vector Control Research Unit, University  
of Sains, Malaysia and diagnostic dosage 

0.02 mg/l was prepared from 31.25 mg/l. 
Temephos (Abate 1% a.i. sand granule) was 
obtained from Vector Borne Disease 
Control unit of Mandalay Region. In 
Myanmar, applied dosage of abate sand 
granule used in household water containers 
is 5 g/10 gal and which is corresponding to 
1 mg/l of active ingredient. 

Insecticides susceptibility of larvae 
Insecticides susceptibility of larvae was 
performed by using the World Health 
Organization (WHO) standard susceptibility 
method.10 Twenty-five (late 3rd or early 4th) 
larvae were added into a beaker/paper cup 
containing 250 ml of distilled water. At least 
3 replicates of each concentration were 
conducted. Ethanol 1 ml was used as 
control. Larval mortality was recorded every 
10 minutes until 120 minutes (2 hours) and 
after 24 hours.  

Data analysis 
WHO criteria was used to evaluate the 
resistance/susceptibility status of tested 
mosquitoes.11 According to WHO criteria  
(i) susceptible when mortality was 98% or 
higher, (ii) possible resistant when mortality 
was inclusively between 97% and 80% and 
(iii) resistant when mortality was lower  
than 80%. Fifty and 95% lethal times (LT50 
and LT95) were obtained by the log-time 
model using Ldp LineR (logarithmic dosage 
probit line) software (Ehabsoft). If control 
mortality was between 5% and 20%, the 
percent mortalities were corrected by 
Abbott’s formula. 
 

RESULTS 
 
Aedes aegypti larvae from three study areas 
were tested for insecticides susceptibility 
under laboratory conditions. All tests were 
taken at 27±2ºC and 65%-80% relative 
humidity. The LT50 values of Ae. aegypti 
larvae from three study areas were com-
pared with LT50 value of the laboratory  
Ae. aegypti larvae to obtain the resistant 
ratio (RR). In the study, no mortality was 
recorded in control after 24 hours for all tests. 
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The results of 50% and 95% lethal times 
(LT50 and LT95) of Ae. aegypti larvae from 
three study areas and laboratory population, 
conducted with temephos (0.02 mg/l 
diagnostic dosage and 1 mg/l applied 
dosage) were presented in Table 1. 

Aedes aegypti, laboratory population was 
compared with Minteekin, Mahamyain  
and Keiksanamahe populations, showing  
the resistance ratios were 1.23, 1.52 and 
1.75 for diagnostic dosage, respectively.  
The resistance ratio at LT50 from each area 
showed various susceptibility in temephos 
(1 mg/l applied dosage) when compared 
with the laboratory population. This varied 
from 1.01 to 1.25 as shown in Table 1. 

Table 1. Lethal time values of Aedes aegypti 
larvae collected from three study areas 
against temephos for two hours 

RR50=resistance ratio was calculated at LT50 level 
with reference to the “laboratory population” 

This study showed that Ae. aegypti larvae 
from Keiksanamahe, Mahamyain and Min-
teekin were needed more time to achieve 
50% mortality compared to the  laboratory 
population against 0.02 mg/l diagnostic 
dosage as shown in Fig. 1.  
However, 100% knock-down time of  
Ae. aegypti from different study areas was 
found within two hours exposure period to 
temephos 1 mg/l applied dosage as shown  
in Fig. 2. 

 
 

 
 

 
 

 
 

Fig. 1. Percent mortality of Aedes aegypti 
larvae exposed to temephos (0.02 mg/l 
diagnostic dosage) for two hours 

 
 
 

 
 

 
 

 
Fig.  2.  Percent mortality of Aedes aegypti 

larvae exposed to temephos (1 mg/l) 
applied dosage) for two hours 

 
Table  2. Mortality of Aedes aegypti larvae 

recorded at 24 hours after exposure  
to temephos 

Insecticide No. 
tested 

24 hours 
mortality (%) 

No. of 
control tested 

Control 
mortality (%) 

Temephos (0.02 mg/l) 
Keiksanamahe 450 100 225 0 
Mahamyain 450 100 225 0 
Minteekin 450 100 225 0 
Laboratory 450 100 225 0 
Temephos (1 mg/l) 
Keiksanamahe 700 100 350 0 
Mahamyain 700 100 350 0 
Minteekin 700 100 350 0 
Laboratory 700 100 350 0 

However, Ae. aegypti larvae in three  
study areas, like laboratory population, 
demonstrated complete susceptibility (100% 
mortality) to temephos (0.02 mg/l diagnostic 
dosage and 1 mg/l applied dosage) after  
24 hours period as shown in Table 2. 

Insecticide LT50 (minute) 
(95% CI) 

LT95 (minute) 
(95% CI) 

Resistance 
ratio (RR50) 

Temephos (0.02 mg/l) 
Keiksanamahe
  

109.74 
(107.95-111.73) 

170.58 
(163.31-179.45) 

1.75 
 

Mahamyain 
 

95.47 
(94.39-96.59) 

136.83 
(133.48-140.67) 

1.52 
 

Minteekin  77.00 
(75.56-78.38) 

135.30 
(130.44-140.10) 

1.23 
 

Laboratory 62.83 
(61.76-63.86) 

104.76 
(102.17-107.71) 

0.0 
 

Temephos (1 mg/l) 
Keiksanamahe         47.42 

                     (46.42-48.37) 
87.44 

(85.35-89.75) 
1.25 

 

Mahamyain 
 

41.25 
(40.13-42.29) 

74.73 
(72.77-76.95) 

1.08 

Minteekin 38.29 
37.07-39.40) 

67.11 
(65.36-69.15) 

1.01 
 

Laboratory 37.86 
(37.35-38.36) 

53.54 
(52.42-54.81) 

0.0 
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DISCUSSION 
 
The results indicated that the resistance 
ratios of Ae. aegypti larvae from three study 
areas were between 1.23 and 1.75 to 
temephos (0.02 mg/l diagnostic dosage) 
when compared with the laboratory 
population. However, Ae. aegypti in field 
collected larvae showing the resistance ratio 
was ranged from 1.01 to 1.25 against 
applied dosage 1 mg/l temephos. Because  
of the amount of applied dosage (1 mg/l of 
active ingredient) is very much in excess 
0.02 mg/l diagnostic dosage. 
In Malaysia, the recommended dosage of  
1 mg/l is about 83 folds higher than the 
WHO diagnostic dosage 0.012 mg/l and if 
applied accordingly, it is still highly effec-
tive for Aedes control.12 However, Ae. aegypti 
in Indonesia had consistently high resistance 
ratio (RR=2.2-8.5) to temephos 1 mg/l  as 
this insecticide has been widely used for 
controlling Ae. aegypti since 1970.13 
The result of this study was similar to the 
other study conducted in India in which  
Ae. aegypti was found to be susceptible to 
temephos 0.02 mg/l with 99% mortality in 
2001.14 In Malaysia, LT50 values for the  
6 strains of Ae. aegypti were between 41.25 
to 54.42 minutes and complete mortalities 
(100%) were achieved after 24 hours when 
tested with 1 mg/l of temephos in 2005.15 
This result was not consistent with a study 
conducted in Thailand where Ae. aegypti 
had shown incipient resistance at a 
temephos concentration of 0.02 mg/l with 
mortalities ranging from 86% to 97% in 
2011.16 In addition, the mortality rates of 
Ae. aegypti larvae collected from three sub-
districts in Indonesia (Tambaksari, Gubeng 
and Sawahan) were under 80%, indicating 
possible resistance to a temephos dose of  
1 mg/l in 2012.13 

An insecticide becomes rapidly ineffective 
depends on selection pressure for resistance, 
i.e. how long, how often, how many 
breeding sites are treated and how much of 
dosage used.17 For treatment of drinking 
water, temephos are applied at dosages not 

exceeding 1 mg of a.i/l (1 ppm). If the 99% 
of lethal concentration of field strains was  
1 mg/l more, an alternative control method 
for larvae is needed.18 

This study showed that the LT50 value of 
Ae. aegypti from Keiksanamahe was needed 
more time to achieve 50% mortality 
compared to laboratory population against 
temephos (0.02 mg/l diagnostic and 1 mg/l 
applied dosage).This could be due to the 
larvicides temephos (1 mg/l applied dosage) 
has been conducted to water containers with 
a frequency of one to two times per year  
in Keiksanamahe, Chanayethasan Township 
since 2009. 

This study indicated that the low level of 
resistance existed in field collected larvae of 
Ae. aegypti, with a range of resistance ratio 
from 1.01 to 1.25 when tested with 1 mg/l 
applied dosage. Although the mortality of 
all field collected larvae was 100% after  
24 hours against temephos (0.02 mg/l 
diagnostic dosage and 1 mg/l applied 
dosage). From this study, all field 
populations of Ae. aegypti have been shown 
still effective to temephos. Thus, temephos 
(Abate) is effective to control larvae from 
three townships (Chanayethasan, Aung- 
myaethasan and Mahaaungmyae). 
Conclusion 
This study shows Ae. aegypti in all field 
populationsis still susceptible to temephos 
(0.02 mg/l diagnostic dosage and 1 mg/l 
applied dosage). This indicates that 
temephos is an effective larvicide against 
Ae. aegypti larvae. However, it was 
observed that some field populations took 
more time to achieve 50% mortality against 
temephos. Thus, the long-term use of 
larvicide should be managed carefully to 
control Ae. aegypti and regular monitoring 
of insecticide resistance is necessary. 
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Uptake and accumulation of As, Cd, Pb, Cr, Zn, Cu, Ni, Fe and Mn heavy 
metals in rice grains, their soil and tube well water were determined by 
Inductively Coupled Plasma-Optical Emission Spectroscopy (ICP-OES) in 
Kyonpyaw Township in March, 2015. Zn was detected in 8 of 14 rice 
samples and 7 were above maximum allowable concentration (MAC) 
(Zn=50 µg/g, GB 2762-2005) whereas Cu was accumulated in 8 and  
5 showed above the MAC (Cu=10 µg/g, FAO/WHO, 1992). Ni was 
detected in 9 and 4 showed above the MAC (Ni=1.5 µg/g, FAO/WHO, 
2001). Mn was present in 11 and 8 had above MAC (Mn=5 µg/g, USEPA 
2007). Fe was detected in 10 and 5 had above MAC (Fe=5 µg/g, CODEX 
standards). In 8 Pb accumulated samples, 6 had above MAC (Pb=0.2 µg/g, 
GB 2762-2005). As was detected in 2, Cr in 5 and Cd in 6, but all were 
lower than their respective MAC. The order of metal concentrations in rice 
grain samples was Zn>Pb>Mn>Cu>Fe>Ni>Cd>Cr>As. In 14 soil samples, 
the concentrations of As, Cd, Pb, Cr, Zn, Cu, Fe and Mn were within MAC. 
However, the concentration of Ni in 8 samples were above MAC  
(Ni=40 µg/g). Fe and Mn were found in all 23 water samples whereas 19 Fe 
and 16 Mn samples had above MAC (Fe=0.3 ppm & Mn= 0.4 ppm, WHO, 
2006). Among 23 As detected samples, 12 were higher than Myanmar 
Drinking Water Quality Standard (As=50 ppb). Cr in 18 and Pb in 6 were 
detected. However, concentration of one Cr and two Pb samples showed 
higher than MAC (Cr=0.05 ppm and Pb=0.01 ppm, WHO, 2006). The 
concentration of Zn, Cu and Ni were within MAC (Zn=3 ppm, Cu=2 ppm, 
Ni=0.07 ppm, WHO, 2006). Cd was detected in 14 but 4 were above MAC 
(Cd=3 ppb, WHO, 2006). The order of metal concentrations in water was 
Fe>Mn>As>Cd>Pb>Cr>Zn=Cu>Ni. 

Key words:  Heavy metals, Rice, Soil, Water, Kyonpyaw 

 
INTRODUCTION 

 
Rice is the staple food of Southeast Asia 
including Myanmar whose population 
consumes about 197 kg per capita per year.1 
Heavy metals can pose serious health 
problems when present in rice. Rice is the 
seed of the monocot plants (Oryza sativa), 
and the uptake of heavy metals depends on 
the plant species and bioavailability of the 
metal in the soil.2 In Ayeyawady delta 
region of Myanmar, Kyonpyaw Township 
plays a dominant role in the cultivation of 
rice in the rich alluvial soil. Rice has been 
identified as one of the major sources of  

Cd and Pb intakes for humans especially in 
Asia.3 Soil contamination with these two 
elements occurs mainly through pesticide, 
fertilizer, herbicide application, mining, or 
irrigation with contaminated groundwater.4 

Heavy metals enter the body system through 
food, air, water and bio-accumulate over a 
period which can cause serious health 
disorders. Over 110 million people living in 
south and southeast Asia have serious health 
hazards due to their dependence on As- 
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contaminated water for drinking and irrigation 
purposes. Also, a high concentration of 
arsenic enters the food chain via absorption 
by crops from roots to straw and grain 
contaminated from irrigated water.5 Arsenic 
detection in drinking water sources of 
Ayeyawady Region has been reported 
earlier.2 In Bangladesh, rice consumed in 
large quantities, its contamination with 
arsenic could potentially aggravate As-
polluted drinking water.5 Other metals such 
as Cd, Pb, Cr and Ni are also considered as 
adverse effect to human and environment6 
thus receiving global attention for environ-
mental contamination.4 Further evidences in 
Ayeyawady delta region are essential to 
provoke adequate responses from multiple 
sectors including the health sector. 

Therefore, the objectives of the present 
study were to determine the content of nine 
heavy metals (As, Cd, Pb, Cr, Zn, Cu, Ni, Fe 
and Mn) in rice grains, respective paddy soil 
and tube well water from Kyonpyaw 
Township by using Inductively Coupled 
Plasma-Optical Emission Spectrometry 
(ICP-OES) and to compare with WHO 
acceptable limits for these metals in rice 
grains, soil, and water, respectively.  
 

MATERIALS AND METHODS 
 

Collection of samples 
A total of 51 samples consisting of 14 rice 
samples, 14 rice cultivated soils and  
23 water samples were collected from  
8 villages of Kyonpyaw Township in 
Ayeyawady Region from January to April in 
2015.  

The samples were collected randomly from 
the sites near the rice fields where the water 
source of shallow tube wells were known to 
have arsenic contamination and from the 
rice fields which were grown using rain 
water. In order to have the representative 
samples for both water sources with potential 
arsenic contamination (i.e. shallow tube 
wells) and without arsenic contamination 
(i.e. rain water) were investigated. 

Reagents and chemicals 
ICP-multi-element-standard-solution, nitric 
acid (69%), hydrochloric acid and de-
ionized water were used. 

Instruments 

ICP-OES (Perkin Elmer) Optima 8000 was 
used for measurement applying the standard 
operating condition. 

Digestion of rice samples 
For digestion with wet ashing, 30 ml of 
concentrated nitric acid were mixed with 5 g 
of rice sample and was gently boiled until  
3-6 ml of digest remained. Then, 25 ml 
concentrated hydrochloric acid were added 
and heated gradually until 10-15 ml of 
volume remained. After cooling, the residue 
was filtered with 45 µm size Whatman filter 
paper. The sample was diluted to 50 ml with 
deionized water. The blank digestion was 
carried out in the same way.6   

Digestion of soil samples 

The soil sample was homogenized and  
dried at room temperature followed by 
pulverization using mortar and pestle, and 
sieved to obtain <63 µm size. One gram of 
soil samples was digested with 10 ml of 
aqua-regia nitric acid and hydrochloric acid 
solution 3:1 ratio and then heated on a hot 
plate with 70C for 4 hours. After cooling, 
the soil sample was diluted with 50 ml of 
deionized water and filtered through 45 µm 
size Whatman filter paper. Filtered samples 
were kept in the refrigerator at 4C until 
metal analysis was done.7  

Digestion of water samples 
The pre-cleaned bottles were rinsed with 
local water for 3 times. The final sample 
was collected and 0.5 ml of nitric acid was 
added to prevent the loss of metals. All 
collected water samples were preserved at 
4C by using thermo-coal box.8  
Statistical analysis 
Data were analyzed by using Microsoft 
Excel version, 2007. Results were presented 
as mean±SD. 
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RESULTS AND DISCUSSION 
 

Toxic elements 

All 14 rice samples tested showed 
concentration of As in two samples, Cd in 
six, and Cr in five were lower than the 
maximum allowable concentration (MAC) 
(Cd & As=0.2 µg/g, Cr=1 µg/g, CODEX 
standards) (Table 1).9 These low levels 
confirmed that the rice growing areas, as 
well as the groundwater employed for 
irrigation were situated in non-contaminated 
sites. Growing rice with less irrigation or 
under rain-fed conditions may lead to less 
As concentration.10 

 

Table  1. Distribution of mean  concentrations of  
heavy metals in rice grains (n=14) 

     ppb ppm 
As Cd Pb Cr Zn Cu Ni Fe Mn 

2.98 
±0.61 

0.10 
±0.01 

0.14 
±0.01 

ND 61.16 
±0.81 

5.90 
±0.19 

2.01 
±0.02 

8.44 
±0.27 

6.85 
±0.23 

0.47 
±0.09 

0.02 
±0.00 

0.11 
±0.01 

ND 55.07 
±1.55 

6.36 
±0.21 

0.93 
±0.01 

7.81 
±0.22 

9.23 
±0.12 

ND 0.01 
±0.00 

0.49 
±0.01 

ND 69.59 
±0.48 

13.59 
±0.05 

1.25 
±0.03 

10.02 
±0.40 

6.93 
±0.17 

ND 0.004 
±0.00 

6.898 
±0.02 

ND 306.2 
±5.61 

253.0 
±1.48 

15.09 
±0.27 

0.880 
±0.16 

9.181 
±0.13 

ND ND 6.144 
±0.05 

ND 279.9 
±8.38 

164.2 
±1.42 

1.981 
±0.02 

9.295 
±0.24 

8.305 
±0.16 

ND 0.049 
±0.00 

5.558 
±0.03 

ND 266.2 
±5.19 

195.1 
±2.93 

9.546 
±0.04 

1.626 
±0.17 

10.93 
±0.17 

ND ND 1.420 
±0.03 

0.123  
±0.01 

98.25 
±2.68 

38.77 
±0.15 

0.563 
±0.01 

4.288 
±0.33 

7.191 
±0.02 

ND ND ND 0.098 
±0.012 

ND ND ND ND ND 

ND ND ND ND ND ND ND ND 3.027 
±0.30 

ND ND ND ND ND ND ND ND ND 
ND 0.024 

±0.07 
ND 0.555 

 ±0.01 
ND ND 0.308 

±0.03 
5.270 
±0.76 

5.640 
±0.20 

ND ND ND ND ND ND ND ND ND 
ND ND ND 0.305  

±0.04 
ND ND ND 2.998 

±0.30 
0.670 
±0.06 

ND ND 0.335 
±0.13 

0.012  
±0.02 

12.10 
±7.5 

3.102 
±1.63 

0.006 
±0.00 

0.097 
±0.10 

0.416 
±0.11 

Reference value (µg/g) 
0.2  0.2  0.2  1  50  10  1.5  5  5  

ppb=Parts per billion, ppm=Parts per million, 
ND=Not detected  

Since rice is a staple food in Bangladesh, 
which is consumed in large quantities, its 
contamination with arsenic could potentially 
aggravate As-polluted drinking water.5 In 
general, Cd in plants reduces the growth 
both in roots and stems. This effect is partly 
due to the suppression of the elongation 
growth rate of cells, especially in the stem.11 

Although humans can absorb Cr by 
inhalation or dermal contact, Cr intake 
through diet is the primary route of entry 
into humans.12 Pb concentration in eight 
samples were from 0.11±0.01 to 6.898± 
0.02 µg/g but six samples of these were 
above MAC (Pb=0.3 µg/g, CODEX 
standards).9 Chronic poisoning of rice 
contaminated with Pb may lead to blood 
anemia and brain damage.2  

Microelements  
Among microelements, Zn, Cu, Fe, Ni and 
Mn were outstanding for rice. In 14 rice 
samples investigated, Zn ranged from 
12.10±7.5 to 306.2±5.61 µg/g and Cu 
ranged from 3.102±1.63 to 253.0±1.48 µg/g 
in 8 samples were detected. But 7 samples 
of Zn and 5 samples of Cu were above  
MAC (Zn=50 µg/g, Cu=10 µg/g).13 Fe 
concentration ranged from 0.097±0.10 to 
10.02±0.40 µg/g was present in 10 samples 
but 5 were higher than MAC (Fe=5 µg/g, 
CODEX standards). Ni ranged from 
0.006±0.00 to 15.09±0.27 µg/g was detected 
in 9 samples but 4 samples were found  
to be higher than MAC (Ni=1.5 µg/g).14  
Mn ranged from 0.416±0.11 to 10.93± 
0.17 µg/g was detected in 11 samples  
and 8 showed above MAC (Mn=5 µg/g, 
USEPA 2007).15 Zn was found to be the 
most abundant microelement and followed  
by Pb, Mn, Cu, Fe, Ni, Cd, Cr and As. Any 
increase in microelement concentration  
in rice as a staple food might have  
a significant effect on human nutrition and 
health.12  

In 14 paddy soil samples As and Cd were 
not detected. Pb was detected in only  
4 samples but Cr, Zn, Cu, Fe and Mn were 
detected in all samples whereas all these 
concentrations were within MAC. However, 
the mean concentration of Ni ranged from 
26.77±0.72 to 62.40±0.56 µg/g was found in 
all soil samples but 8 were above MAC 
(Ni=40 µg/g) (Table 2). The mean soil pH 
value in study area had 6.3. Solubility of 
metals is known to increase with a decrease 
in soil pH and hence plant metal uptake is 
higher in acidic soils.8 
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Table  2. Distribution of mean concentrations  of 
heavy metals in paddy soil (n=14) 

    ppb  ppm 
 As Cd Pb Cr Zn Cu Ni Fe Mn 
ND ND 0.32 

±0.03 
40.46 
±1.14 

125.4 
±1.48 

16.25 
±0.38 

51.55 
±0.54 

2163 
±25.9 

334.2 
±3.11 

ND ND ND 35.70 
±0.12 

112.2 
±1.38 

8.087 
±0.27 

46.44 
±0.43 

1828 
±39.48 

207.5 
±2.74 

ND ND ND 47.05 
±1.71 

70.76 
±0.29 

10.64 
±0.41 

59.47 
±0.87 

659.5 
±14.99 

491.0 
±1.25 

ND ND ND 34.96 
±0.42 

80.80 
±2.08 

4.722 
±0.04 

49.52 
±0.37 

4309 
±5.97 

352.5 
±2.93 

ND ND ND 38.85 
±1.11 

79.82 
±1.11 

6.913 
±0.25 

44.55 
±0.79 

2366 
±4.32 

225.1 
±1.27 

ND ND ND 48.55 
±1.05 

142.4 
±2.37 

13.41 
±0.48 

62.40 
±0.56 

712.0 
±5.46 

423.1 
±2.39 

ND ND ND 48.93 
±0.72 

131.8 
±1.02 

12.09 
±0.04 

60.89 
±0.13 

2702 
± 3.65 

500.0 
±3.65 

ND ND ND 30.54 
±0.45 

110.6 
±0.27 

7.861 
±0.13 

33.19 
±0.52 

1308 
±11.81 

151.0 
±2.25 

ND ND ND 27.68 
±0.33 

72.49 
±1.53 

2.358 
±0.06 

26.77 
±0.72 

1437 
±41.19 

135.6 
±0.35 

ND ND ND 32.86 
±0.94 

131.0 
±1.42 

3.590 
±0.06 

37.94 
±0.36 

1509±
10.46 

201.0 
±2.53 

ND ND ND 34.79 
±0.88 

122.1 
±1.75 

6.158 
±0.17 

44.63 
±0.86 

4019 
±27.5 

309.2 
±2.35 

ND ND 0.41 
±0.06 

27.38 
±0.63 

108.1 
±0.95 

0.084 
±0.14 

37.84 
±0.36 

963.0 
±15.13 

312.6 
±0.74 

ND ND 0.84 
±0.03 

28.06 
±0.47 

54.36 
±0.86 

1.335 
±0.18 

37.13 
±0.61 

1216 
±21.33 

168.9 
±1.56 

ND ND 0.09 
±0.08 

23.11 
±0.43 

42.80 
±1.01 

ND 27.5 
± .08 

1016 
±11.6 

196.2 
±0.87 

Reference value (µg/g) 
30 3 100 100 300 100 40 50000 2000 
ppb=Parts per billion, ppm=Parts per million 
ND=Not detected  

Therefore, all of the heavy metal concen-
trations measured except Ni were very low 
and much lower than critical levels in the 
present study. Arsenic (As) was detected  
in 22 out of 23 water samples ranging  
from 0.16±2.32 to 242.6±2.63 µg/l. Among 
them, 65.21% (15/23) of the Shallow Tube 
(SWTs) exceeded 0.01 mg/l, WHO standard 
whereas 52.17% (12/23) of the samples 
exceeded 0.05 mg/l, Myanmar Drinking 
Water Quality Standard (Table 3) (Pyincha 
Sate=8.7% (2/23), Kyarkwingyi=8.7% (2/23), 
Thaung Village=4.35% (1/23), Zinpyone- 
kone=13.04% (3/23), Moekyopyit=8.7% 
(2/23),  Myochaung=4.35%  (1/23),  Ahkalgyi 
=4.35% (1/23). Overall, 4.34% (1/23) of the 
samples showed no measurable level of 
arsenic. All the STWs investigated were 
constructed by the traditional sludger 
drilling technique to the depth of up to  
200 ft. The majority of arsenic affected  
tube wells lie within the depth range of  
120-200 ft. The relationship between iron 
and arsenic was also examined (Table 3). 

Table 3. Distribution  of  heavy metals in Kyon- 
pyaw shallow tube wells water (n=23) 

     ppb                                  ppm 
  As Cd Pb Cr Zn Cu Ni Fe Mn 
2.54 
±0.92 

ND 0.001 
±0.00 

0.001 
±0.00 

0.089 
±0.00 

0.052 
±0.00 

0.018 
±0.00 

0.093 
±0.00 

0.839 
±0.02 

7.11 
±0.97 

0.09 
±0.05 

ND 0.1 
±0.00 

0.102 
±0.00 

0.031 
±0.00 

0.056 
±0.00 

0.391 
±0.00 

0.433 
±0.00 

2.11 
±0.03 

0.14 
±0.02 

0.007 
±0.00 

0.002 
±0.00 

0.083 
±0.00 

0.018 
±0.00 

ND 0.612 
±0.06 

1.403 
±0.03 

3.80 
±0.89 

0.22 
±0.09 

ND ND 0.042 
±0.00 

0.023 
±0.00 

ND 2.028 
±0.04 

0.552 
±0.00 

77.99 
±1.23 

2.04 
±0.03 

ND ND 0.040 
±0.00 

0.012 
±0.00 

ND 4.355 
±0.09 

0.497 
±0.01 

110.70 
±0.59 

2.22 
±0.03 

ND 0.002 
±0.00 

0.086 
±0.00 

0.009 
±0.00 

ND 8.658 
±0.12 

0.226 
±0.00 

ND 0.59 
±0.04 

0.022
±0.00 

0.001 
±0.00 

0.044 
±0.00 

0.005 
±0.00 

ND 0.315 
±0.01 

1.976 
±0.01 

0.16 
±2.32 

1.22 
±0.12 

ND 0.001 
±0.00 

0.031 
±0.00 

0.036 
±0.00 

ND 0.228 
±0.00 

1.649 
±0.02 

0.48 
±1.02 

1.32 
±0.03 

0.001
±0.00 

0.001 
±0.00 

0.084 
±0.00 

0.022 
±0.00 

ND 0.071 
±0.00 

1.349 
±0.04 

88.51 
±1.84 

ND                                                                                                                              0.001 
±0.00 

0.038 
±0.00 

0.011 
±0.00 

ND 11.90 
±0.15 

0.159 
±0.01 

88.22 
±1.76 

ND ND 0.001 
±0.00 

0.110 
±0.00 

0.015 
±0.00 

ND 11.17 
±0.12 

0.158 
±0.00 

3.59 
±3.24 

0.82 
±0.03 

ND 0.002 
±0.00 

0.139 
±0.00 

0.020 
±0.00 

ND 1.856 
±0.02 

1.969 
±0.04 

50.45 
±1.45 

3.24 
±0.09 

0.015
±0.00 

0.002 
±0.00 

0.058 
±0.00 

0.011 
±0.00 

ND 0.960 
±0.02 

1.137 
±0.03 

157.4 
±1.57 

6.38 
±0.08 

ND 0.001 
±0.00 

0.055 
±0.00 

0.012 
±0.00 

ND 3.546 
±0.06 

0.265 
±0.00 

158.2 
±1.93 

5.9 
±0.05 

ND ND 0.054 
±0.00 

0.010 
±0.00 

ND 5.372 
±0.11 

0.208 
±0.00 

60.3 
±0.81 

3.70 
±0.08 

ND 0.001 
±0.00 

0.049 
±0.00 

0.010 
±0.00 

ND 2.488 
±0.03 

0.630 
±0.01 

34.56 
±1.51 

ND 0.004
±0.00 

0.003 
±0.00 

0.702 
±0.01 

0.045 
±0.00 

ND 1.848 
±0.02 

0.434 
±0.00 

132.4 
±0.84 

ND ND 0.001 
±0.00 

0.011 
±0.00 

0.021 
±0.00 

ND 5.355 
±0.03 

0.525 
±0.00 

69.09 
±1.32 

ND ND 0.001 
±0.00 

0.037 
±0.00 

0.016 
±0.00 

ND 8.585 
±0.06 

0.901 
±0.01 

46.8 
±3.10 

ND ND ND 0.130 
±0.00 

0.016 
±0.00 

ND 7.451 
±0.08 

0.237 
±0.00 

74.75 
±3.89 

ND ND 0.001 
±0.00 

0.054 
±0.00 

0.018 
±0.00 

ND 8.925 
±0.16 

0.205 
±0.00 

13.19 
±1.23 

ND ND 0.001 
±0.00 

0.086 
±0.00 

0.025 
±0.00 

ND 0.103 
±0.00 

0.976 
±0.02 

242.6 
±2.63 

2 
±0.04 

ND ND 0.049 
±0.00 

0.017 
±0.00 

ND 4.268 
±0.09 

0.950 
±0.03 

Reference value  
50 3 0.01 0.05 3 2 0.07 0.3 0.4 
ppb=Parts per billion, ppm=Parts per million,  
ND=Not detected  

Fe was detected in all water samples ranged 
from 0.071±0.00 to 11.90±0.15 µg/l but  
19 samples were higher than MAC (Fe= 
0.3 mg/l) WHO, 2006.16 STWs with arsenic 
contamination level exceeding 0.05 mg/l, 
82.61% (19/23) had iron detected. The same 
result was also found in arsenic contami-
nation of water sources in rural Myanmar, 
2003.17 Mn was found in all 23 water 
samples tested and 16 were higher than 
MAC (Mn=0.4 mg/l) WHO, 2006. 
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Cd was detected in 14 samples ranging from 
0.09±0.05 to 6.38±0.08 µg/l but 4 samples 
were higher than MAC (Cd=3 µg/l=3 ppb) 
WHO, 2006. The concentration of Cr ranging 
from 0.001±0.00 to 0.1±0.00 mg/l was 
detected in 18 samples and Pb ranging from 
0.001±0.00 to 0.022±0.00 mg/l was detected 
in 6 samples. However, Cr in only one 
sample and Pb in two samples were higher 
than MAC (Cr=0.05 mg/l=0.05 ppm, Pb= 
0.01 mg/l).16 Zn, Cu and Ni were detected 
but within MAC (Zn=3 mg/l =3 ppm, Cu= 
2 ppm, Ni=0.07 ppm). The ranking order of 
occurrence of the heavy metals in the water 
was Fe>Mn>As>Cd>Pb>Cr>Zn=Cu>Ni. 

Conclusion 
Microelements, as well as toxic chemicals, 
were contaminated to a certain extent in rice 
grains, paddy soil and shallow tube wells  
in study sites that required attention for 
mitigation. 
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Hepatitis B virus (HBV) is a well-known agent of acute and chronic 
hepatitis, with an estimated 350 million chronic carriers around the world. 
The presence of HBV DNA in serum is a reliable marker of viral replication 
and infectivity, and Polymerase Chain Reaction (PCR) is becoming the 
preferred method for its detection. The aim of the study was to detect serum 
HBV DNA in chronic hepatitis B surface antigen (HBsAg) carriers using 
the PCR method to differentiate inactive and active chronic HBV infection 
in clinical practice. Fifty HBsAg positive serum samples from chronic 
hepatitis B patients attending Hepatitis Carrier Clinic, Department of 
Medical Research (DMR) and twenty samples of normal persons with 
negative HBV serum markers from DMR were collected. HBV DNA was 
detected by performing PCR with a set of primer pair which was designated 
to core region of HBV genome. The detection limit of this method was  
10-9 ng/ul (102 copies/ml) HBV DNA which was calculated from the serial 
dilution of HBV genome 1.2 mer (100 ng/ul). HBV DNA was detected in 46 
out of 50 (92%) HBsAg positive samples in which HBV DNA level above 
105 copies/ml were found in 90% of HBeAg positive and 7% of HBeAg 
negative samples. All normal samples (100%) were negative for HBV DNA. 
Four HBsAg positive (8%) showing negative HBV DNA may have low 
copies number below 102 copies/ml. In these cases, more sensitive methods 
like nested PCR or real time PCR should be used. As a conclusion, PCR 
method is a reliable method which can detect HBV DNA in patient’s serum 
simply and differentiate between inactive and active chronic HBV infection 
which could be widely used in clinical practice. 

Key words: Serum hepatitis B virus DNA, Deoxyribonucleic acid, Hepatitis B surface antigen,  
Hepatitis Be antigen, Hepatitis B core antigen, Polymerase chain reaction 

 
INTRODUCTION 

 
According to the World Health Organi-
zation (WHO), 2 billion people have been 
infected with the hepatitis B virus (HBV), 
and more than 350 million have chronic 
HBV infection.1 It may further progress to 
cirrhosis and/or hepatocellular carcinoma 
(HCC) in 15% to 40% of cases.2 Worldwide, 
HBV accounts for 30% of cirrhotic and 50% 
of HCC cases.3 Hepatitis B is caused by 
infection with HBV, a member of the 
Hepadnaviridae family. Infection with  
HBV is the leading cause of significant  
liver damage. Damage can occur silently 
over several decades before infection is 

diagnosed.3 Viral transmission is through 
blood and other body fluids. Parenteral  
and sexual exposure seem to be the major 
routes of viral dissemination, and vertical 
transmission may occur from chronic HBV 
carrier mothers to their children either in 
utero or around the time of delivery.4 

The evaluation of patients with HBV 
infection has evolved from serological to 
molecular diagnostic assays. Serology will 
undoubtedly continue to be widely used in 
the diagnosis of HBV infection. However, 
___________________________________ 
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serological markers are indispensable in 
diagnosis and HBsAg, in spite of being  
a common diagnostic marker of HBV 
infection, does not provide information 
about active virus replication. Significant 
advances have been made in the diagnosis 
and treatment of chronic HBV infection and 
the HBV DNA amplification assays serve  
as valuable tools to monitor all these 
modalities. 

Advances in molecular biology techniques 
in the early 1980s led to the development of 
hybridization assays for serum HBV DNA 
with detection limits of 106-107 copies/ml. 
The introduction of polymerase chain 
reaction (PCR) assays in the late 1980s 
decreased the limit of HBV DNA detection 
to 102-103 copies/ml. The availability of 
molecular diagnostic assays has improved 
our understanding of the pathogenesis and 
natural history of HBV infection and 
facilitated the monitoring of response to 
treatment.5-7 

Recent studies using more sensitive PCR 
assays found that low levels of HBV DNA, 
generally, 103 copies/ml5, 6 may persist for 
many years after recovery from acute HBV 
infection. Studies using PCR assays also 
found that the vast majority of patients with 
chronic HBV infection including those who 
are hepatitis Be antigen (HBeAg) negative, 
hepatitis Be antibody (anti-HBe) positive 
have detectable HBV DNA in serum.8-14 

Moreover, the presence of serum HBV 
DNA in chronic hepatitis patients indicates 
active viral replication. For that reason, 
HBsAg-positive individuals may require 
additional testing to determine HBV status. 
If testing suggests an acute infection, the 
patient should be retested in 6 months. 
Patients who have not seroconverted to 
become HBsAg-negative by 6 months after 
primary infection are considered chronic. 
HBeAg and anti-HBe are also used to assess 
viral replication.1, 15, 16 

Nowadays, chronic hepatitis B infection 
continues to challenge public health  
efforts worldwide. Addressing the disease 
burden associated with chronic infection  

is complicated by the lack of a generally 
effective cure. Disease management is often 
lifelong, with many cases leading to liver 
disease, liver failure, or cancer. Screening 
and patient care can benefit from a range of 
testing modalities that utilize both serologic 
and molecular tests.17 

Therefore, with the aim of supporting to use 
in clinical practice for managing HBV 
infection, detection of serum HBV DNA in 
chronic hepatitis B surface antigen (HBsAg) 
carriers using PCR was established. 

 
MATERIALS AND METHODS 

 
This study was a cross-sectional, laboratory-
based descriptive study in which the sera  
of patients with chronic hepatitis B virus 
infection, collected during their visit to the 
Hepatitis Carrier Clinic, Department of 
Medical Research from November 2013 to 
April 2014 were analyzed. 

Fifty study patients were regularly followed 
up at the Clinic at 3 monthly intervals. Viral 
serology including hepatitis B surface anti-
gen (HBsAg), hepatitis Be antigen (HBeAg) 
and antibodies to hepatitis Be antigen (anti-
HBeAg) and antibodies to HBc antigen 
were also performed at first visit and 
clinically diagnosed as chronic hepatitis B 
infection. Twenty samples from normal 
persons with negative HBV serum markers 
were collected as normal control. Both 
normal and chronic hepatitis B patients who 
had been screened as negative for HCV 
infection and HIV infection were included. 

Serological assays 
Serological assays for HBV markers 
(HBsAg, anti-HBs, anti-HBc, HBeAg, and 
anti-HBe) were performed by using comer-
cially available rapid immunoassay kits 
(AssayCare Multi-Panel HBV (Cassettes), 
Cambridge, UK). The tests were performed 
according to the manufacturer’s instructions. 
Screening for HCV and HIV infection were 
also done using commercial rapid assay kits 
(AssayCare HCV and AssayCare HIV 1, 2, 
O Tri-line (Cassettes), Cambridge, UK). 
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PCR assay 
Sample collection and storage 

After obtaining informed consent, two 
milliliters of venous blood were collected 
from each patient and sera were separated 
by centrifugation. Serum samples were then 
stored at -80ºC before further processing.  
Processing of DNA samples  

DNA Extraction was done by the following 
method. Serum samples was rapidly thawed 
and stored in ice. Each sample (40 ul)  
was transferred to new eppendorf tube. 
Phosphate Buffer saline (PBS) (160 ul) was 
added and mixed with serum sample by 
pipetting. Then the mixtures were subjected 
to a short spin down and heated at 95ºC for 
3 minutes. After that, the mixtures were 
incubated in ice for 5 minutes. Finally, the 
tubes were centrifuged at 12,000 rpm, 4ºC 
for 20 minutes and the supernatant was 
transferred into a new eppendorf tube. The 
eppendorf tubes were stored at -20ºC. 

PCR amplification of serum DNA 
Oligonucleotide primers, specific for HBV 
core gene sequences, were designed from 
HBV full genome. 
F’ :5'-ATG CAA CTT TTT CAC CTC TGC-3',  
R’ :5'-CTG AAG GAA AGA AGT CAG AAG-3' 
Semi-quantitative HBV DNA load was 
measured using the core PCR developed at 
own laboratory. A PCR reaction was set up 
with designed HBV core primers as below. 
Reaction mixture for PCR 
Sr. No. Reagent For 1 reaction (ul) 

1. Template DNA 5 
2. nTaq polymerase 0.3 
3. 10X buffer 2 
4. dNTP 2 
5. Core primer(F’+R’) 5 pM 2 
6. Distilled water 8.7 
 Total 20 

PCR condition for PCR 

Step 
No. Cycle Temperature 

(ºC) 
Time 

(min:sec) 
No. of 
cycle 

1. Initial denaturation 95 5:00 1 
2. Denaturation 95 0:30 

35 3. Annealing 55 0:30 
4. Extension 72 0:30 
5. Final extension 72 5:00 1 
6. Hold 4  Store 

To determine the lower limit of detection  
of HBV DNA in the experiments, 10-fold 
serial dilutions of HBV genome 1.2 mer 
(100 ng/ul) (1.4x1010 copies/ul) were 
analyzed by core PCR and used as standard 
controls. After running PCR for standard 
controls, the detection limit was calculated. 
The sera samples were subjected to a similar 
PCR reaction as the standards. Negative, 
positive and standard controls were included 
in each run. 

Analysis of amplified DNA 

Amplified DNA reaction mixture was 
fractionated by 1% agarose gel electro-
phoresis at 100 volts for 30 minutes and 
DNA was visualized by UV fluorescence 
after staining with ethidium bromide (PCR-
EB). Each unknown sample was quantitated 
by comparing intensity of its PCR product 
seen as a positive band at 166 bp size in  
gel electrophoresis against two standard 
positive controls. 

 
RESULTS 

 
Fifty HBsAg-positive chronic hepatitis B 
patients enrolled in this study were repro-
ductive aged women. Serological analysis 
showed that 21 (42%) patients were HBeAg 
positive and 29 (58%) were HBeAg negative 
in which anti-HBe positive and negative 
patients were 48% and 10%, respectively 
(Table 1). 

Table 1. Serological status of HBV in chronic  
hepatitis B patients 

 
The results of HBV DNA amplified by core 
PCR for fifty sera of chronic hepatitis B 
patients were shown in Table 2. HBV DNA 
was detected in 46/50 (92%) HBsAg 
positive samples while 4/50 (8%) of HBsAg 
positive samples showed negative result for 
HBV DNA (Table 2).  

No.of patients 
(%) HBsAg Anti-HBs HBeAg Anti-HBe Anti-HBc 

24(48) + - - + + 
5(10) + - - - + 
21(42) + - + - + 

   Total=50(100) 
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166 bp 

Table  2. Detection of serum HBV DNA by 
PCR analysis 

 
In this study, the detection limits of the PCR 
technique with HBV genome 1.2 mer was 
established by performing PCR targeted 
core region of HBV genome with serial  
10-fold dilutions, ranging from 1 ng/ul to 
10-11 ng/ul. The detection limit of HBV 
DNA in the experiment was 10-9 ng/ul  
(102 copies/ml). (Fig.1) 

 

 

 

 

 

 
Fig. 1. Establishing the detection limits of the    

PCR technique with HBV genome 1.2 mer 

Detection of HBV DNA in the serum of 
patients with chronic hepatitis positive for 
HBsAg, anti-HBc and negative for HBeAg 

In this study, sera samples of 29 chronic 
hepatitis patients positive for HBsAg,  
anti-HBc and negative for HBeAg were 
assayed for the presence of HBV DNA by 
core PCR analysis. Although only 4/29 
(14%) sera tested negative for virus DNA, 
25/29 (86%) tested positive for HBV DNA. 
When the PCR products of samples seen as 
positive bands in gel electrophoresis were 
compared to that of standard controls of 
HBV 1.2 mer, it could be predicted that  
2/29 (7%) of HBeAg negative samples had 
HBV DNA level above 105 copies/ml.  
The rest samples were positive for HBV 
DNA but lower than 105 copies/ml  
(Fig. 2). 

 

 

 
 
 
 
 
 
 
 
 

Fig.  2. HBV core PCR results of patients with 
chronic hepatitis positive for HBsAg, 
anti-HBc and negative for HBeAg 

 
 
 

 
 

 
 

 
Fig.  3. HBV core PCR results of patients with 

chronic hepatitis positive for HBsAg, 
anti-HBc and HBeAg 

 
 

 
 

 
 

 
 

 

Fig.  4. HBV core PCR results of normal  
serum samples with negative HBV 
serum markers 

Detection of HBV DNA in the serum of 
patients with chronic hepatitis positive for 
HBsAg, anti-HBc and HBeAg 
The sera of 21 chronic hepatitis patients 
positive for HBsAg, anti-HBc and HBeAg 
were tested for the presence of HBV DNA 
by core PCR analysis. All sera 21/21 
(100%) were positive for HBV DNA.  

Serological 
status 

HBV DNA (n) Total 
n(%) Positive (%)   Negative (%) 

HBeAg (-ve) 
Anti-HBe(-ve) 5(10) 0(0) 5(10) 
Anti-HBe (+ve) 20(40) 4(8) 24(48) 
HBeAg (+ve) 
Anti-HBe (-ve) 21(42) 0(0) 21(42) 
Total 46(92) 4(8) 50(100) 

166 bp 

 100 bp               
 molecular 
 marker 

  10-11 10-1010-9 10-8 10-7 10-6 10-5 10-4 10-3 10-2   10-1  1   10(ng/ul) 
 

  Test sera             
 

166 bp 

       -ve  +ve  +ve 
  (102 copies/ml) (105 copies/ml) 

 

 Test sera             
 

 Test sera             
 

  166 bp 

       -ve +ve +ve 
  (102 copies/ml) (105 copies/ml) 

 

      -ve  +ve  +ve 
  (102 copies/ml) (105 copies/ml) 
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When the PCR products of samples seen as  
positive bands in gel electrophoresis were 
compared to that of standard controls of 
HBV 1.2 mer, it could be predicted that 
19/21 (90%) of HBeAg positive sera had 
HBV DNA level above 105 copies/ml (Fig. 3). 

Detection of HBV DNA in the normal serum 
samples with negative HBV serum markers 
For the specificity of this method, 20 normal 
serum samples were performed HBV core 
PCR. All sera 20/20 (100%) tested negative 
for HBV DNA (Fig. 4). 
  

DISCUSSION 
 

Advances in molecular biology techniques 
in the early 1980s led to the development of 
hybridization assays for serum HBV DNA 
with detection limits of 106-107 copies/ml. 
The introduction of polymerase chain 
reaction (PCR) assays in the late 1980s 
decreased the limit of HBV DNA detection 
to 102-103 copies/ml. Currently, the PCR-
based assays for HBV DNA detection have 
the best range of quantification.5-7 

The detection limit of HBV DNA in this 
experiment was 10-9 ng/ul (102 copies/ml). 
Therefore, it could be proven that the HBV 
core PCR was a well-established molecular 
diagnostic method for HBV infection.  

Detection of minute amounts of HBV DNA 
in the serum using PCR-based assay 
involves extracting the viral DNA from the 
viral particle in the serum, performing the 
PCR and detecting the PCR product. PCR is 
an extremely sensitive assay, and preventing 
cross contamination is an important part  
of the assay. High levels of HBV-DNA 
particles or “copies,” ranging from 100,000 
to a billion viral copies/ml, indicate rapid 
viral replication in the liver. Low or 
undetectable levels (300 copies/ml) indicate 
an “inactive” infection. The National 
Institutes of Health have suggested that viral 
loads that exceed 100,000 copies/ml be 
considered as “clinically significant.”18 

In this study, HBV DNA was detected in 
92% of chronic hepatitis B patients with or 

without HBeAg from the lowest range of 
HBV DNA (102 copies/ml). This finding 
was in agreement with the most of the 
previous studies which showed that nearly 
90% or more of the chronic hepatitis 
patients possessed serum HBV DNA 
detected by PCR analysis.19, 20 
Furthermore, several studies have attempted 
to examine the range of serum HBV DNA 
levels in HBeAg positive as well as in 
HBeAg negative patients and to determine if 
there is a relation between serum HBV 
DNA levels and liver disease.5, 6 
In accordance with the previous studies 
based on a single time point found that 
serum HBV DNA levels generally exceed 
105 copies/ml among patients with HBeAg-
positive chronic hepatitis and may be as 
high as 1010 copies/ml.5, 6, 9-13 In the present 
study, HBV DNA was detected in 100% of 
HBeAg positive chronic hepatitis out of 
which 90% had HBV DNA level above  
105 copies/ml. Rodrigues C, et al.20 and 
Shuichi, et al.21 also found that chronic 
hepatitis patients positive for HBeAg and 
HBsAg were assayed for the presence of 
HBV DNA by PCR was 93%. HBV DNA 
levels above 105 copies/ml were observed in 
96% of the samples. None of the patients in 
this group had HBV DNA levels below  
105 copies/ml. 
Serum HBV DNA levels tended to be lower 
(104-108 copies/ml) among patients with 
HBeAg negative chronic hepatitis B 
(HBeAg negative, anti-HBe positive, 
elevated ALT and may at times be 
undetectable in non-PCR based assays.14, 22  

In the current study, 86% of HBeAg 
negative chronic hepatitis patients tested 
positive and only 7% had detectable HBV 
DNA levels of more than 105 copies/ml.  
In a study by Baker, et al.19 and Martinot-
Peignoux, et al.23 HBV DNA were detected 
in 93% and 84%, respectively and only less 
than 5% showed higher viral load i.e.  
>105 copies/ml. 

Lindh, et al.12 showed that HBeAg negative 
patients with high serum HBV DNA levels 
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(107 copies/ml) were more likely to have 
increased histologic activity and fibrosis 
scores, but only six patients had high HBV 
DNA levels in that study. 

The present study also found that 4 out of 
29 (8%) HBsAg positive, HBeAg negative 
CHB had no detectable HBV DNA levels 
which may be due to low number of copies           
(≤102 copies/ml). For these cases, more 
sensitive methods like nested PCR or real 
time PCR should be used.  
In conclusion, HBV core PCR which was 
successfully established at the Experimental 
Medicine Research laboratory could detect 
HBV DNA in HBsAg positive serum simply 
and differentiate between inactive and 
active chronic HBV infection. Thus, it can 
be widely used in clinical practice, not only 
to diagnose HBV but also to make an early 
diagnosis of reactivation and help in the 
management by predicting the disease 
progression. 
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This study aimed to determine the Mycobacterium tuberculosis (MTB) 
in HIV seropositive patients with cervical lymphadenopathy using  
different diagnostic tools. A hospital- and laboratory-based, cross-sectional 
descriptive study was conducted in 2014-2015. A total of  60 cervical lymph 
node aspirates from the Thaketa Specialist Hospital were tested for MTB 
using different diagnostic tools which include the conventional methods; 
Ziehl-Neelsen staining for acid-fast bacilli (AFB) smear and culture on 
Lowenstein-Jensen medium and the molecular methods; polymerase chain 
reaction (PCR) and loop-mediated isothermal amplification (LAMP). On 
macroscopic examination of lymph node aspirate, 55 cases (92%) had 
caseation and 5 cases (8%) had clear fluid. In microscopic examination, 
29(48.3%) cases were positive for AFB and 31(51.7%) were negative.  
In culture, MTB were identified in 31(51.7%) cases but 29(48.3%) were 
negative. In PCR, 45(75%) cases were detected for MTB although 15(25%) 
were negative. In LAMP, 45(75%) cases were positive for MTB but 
15(25%) were negative. Regarding culture as a gold standard, sensitivity 
and specificity of AFB-smear, PCR and LAMP were 84% (95%CI=66-95%) 
and 90% (95%CI=73-98%), 90% (95%CI=74-98%) and 41% (95%CI=24-
61%), and 81% (95%CI=63-93%) and 31% (95%CI=15-51%), respectively. 
Although molecular methods i.e. PCR and LAMP are useful with high 
sensitivity (90% vs. 81%),  respectively and they can identify scanty amount 
of TB-DNA, AFB-smear (sensitivity 84%) with macroscopic visible 
caseation is the most reliable diagnostic method which is simple, cheap and 
generally available at district hospitals in resource limited settings.  

Key words: TB, HIV, Lymphadenopathy, Diagnostic methods 
 

INTRODUCTION 
 

Globally, there were 36.9 million people 
infected with human immunodeficiency 
virus (HIV) in 2014.1 People living with 
HIV (PLHIV) are 26-31 times more likely to 
develop tuberculosis (TB) than persons 
without HIV and TB is the major cause of 
HIV-related death. At least one-third of 
PLHIV worldwide are infected with latent 
TB. Sub-Saharan Africa bears the brunt  
of the dual epidemic,  accounting  for appro- 
ximately 78% of the estimated burden in 
2013.2  In  WHO  annual  TB  report  (2015), 

3.4 million persons were estimated to be 
living with HIV/AIDS (PLHIV) in South 
East Asia Region (SEAR), constituting 
nearly 10% of PLHIV globally in 2013.  
In Myanmar, there were 190,000 cases  
of PLHIV in 2013. Incidence and mortality 
of HIV positive TB cases were 33% and  
8% per 100,000 population, respectively.3 
While the rate of extra-pulmonary TB is 
rising in HIV patients in endemic countries, 
____________________________________ 
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the mortality of HIV patients is high in 
those co-infected with TB. Probably, delay 
diagnosis is one of the factors that impacts 
HIV mortality. 

Lymphadenopathy is one of the earliest 
manifestations of HIV infection. TB lymp-
hadenitis is a common form of extra-
pulmonary TB (EPTB) among other 
differential diagnosis in HIV patients with 
granulomatous lymphadenopathy such as 
persistent granulomatous lymphadenopathy 
due to HIV infection itself, sarcoidosis, 
lymphoma or sarcoma, bacterial or fungal 
infection, toxoplasmosis and cat-scratch 
fever, most of which mimics the diagnosis 
of TB by cytology and/or histopathology.4  
It is also hard to distinguish TB lympha-
denitis from atypical mycobacterium 
infection which needs surgical removal.5 

According to World Health Organization 
(WHO), the diagnosis of EPTB, especially 
in HIV prevalent setting, depends on smear 
positive for acid-fast bacilli (AFB) or culture 
positive for Mycobacterium tuberculosis 
(MTB) or histopathological examination by 
Haematoxylin and Eosin stain consistent 
with TB.6 WHO also recommended fine 
needle aspiration cytology (FNAC) as an 
essential investigation for all patients with 
lymphadenopathy suspected of tuberculous 
origin.7 However, the background architecture 
of lymph node cannot be seen in cytology  
and other conditions like diseases of the 
reticuloendothelial system can present the 
same cytological features.  

Unfortunately, those conventional methods 
have their own limitations. ZN-staining has 
low sensitivity ranging from 20 to 43%.8-11 
Culture is a gold standard for definitive 
diagnosis of tuberculosis not only in isolation 
of organisms but also in determination of 
drug sensitivity, even in smear negative 
specimens. However, because of slow 
growing characteristics of mycobacteria, it 
takes about 6-8 weeks to get the diagnosis. 
By liquid-based culture method, it takes  
42 days to interpret culture negative. 
Histopathology of lymph node biopsy lacks 

specificity because of other causes of 
granulomatous lesions in lymphadenitis and 
it is an invasive procedure on vulnerable 
person. 

Nowadays, polymerase chain reaction 
(PCR), a novel nucleic acid amplification 
method, has been the most widely applied 
rapid diagnostic technique for the detection 
of fragments of microbial DNA in small 
clinical specimens. It has been found to be 
the most sensitive technique for rapid 
diagnosis of MTB and the detection time 
was also reduced.12-15 However, it requires 
expensive equipment and trained personnel 
as well as an extensive supply of materials. 
In order to overcome these drawbacks, 
another commercial kit, the loop-mediated 
isothermal amplification (LAMP) test, was 
recently developed to detect MTB.16 The 
major advantages of the LAMP test include a 
room temperature reaction mode, obviating 
the need for thermocycler and electro-
phoresis steps and visual reading of the 
results. As delays in diagnosis of EPTB  
and initiation of antimicrobial therapy  
are associated with increased mortality 
especially in HIV seropositive patients, early 
diagnosis is very important. This study aimed 
to determine Mycobacterium tuberculosis 
(MTB) in HIV seropositive patients with 
cervical lymphadenopathy using different 
diagnostic tools. 
 

MATERIALS AND METHODS 
 

A hospital- and laboratory-based, cross-
sectional descriptive study was conducted at 
the Thaketa Specialist Hospital (TSH) in 
2014-2015. After obtaining the written-
informed consent, HIV seropositive patient 
with cervical lymphadenopathy was inter-
viewed and examined, and fine needle 
aspirate (FNA) sample of an enlarged 
cervical lymph node was performed.  
A total of 60 lymph node aspirates  
were tested for MTB using conventional 
methods i.e. ZN staining of AFB smear 
and culture and molecular methods i.e. 
PCR and LAMP.  
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Decontamination of the FNA samples 

About 1-3 ml of specimen was added to  
10 ml falcon tubes. If specimen was too 
mucoid, sterile buffer was added and mixed 
and then added to tubes. Then, an equal 
amount of sodium hydroxide (NAOH)/ 
N- acetyl - L - cysteine - sodium hydroxide 
(NALC) was added to each tube and mixed 
for 20 seconds at moderate speed. If the 
specimen was too mucous, NALC powder 
was added and mixed until it was digested. 
Then, the specimens were left at room 
temperature for 15 minutes and were  
shaken intermittently during incubation. The 
decontaminated solution was diluted by 
adding 45-50 mls buffer to each tube. 

Then, the tubes were closed and inverted for 
several times to mix and placed in centri-
fuge cups in the Biosafety Cabinet (BSC). 
The tubes were balanced in centrifuge cups. 
The buckets were transported on cart to 
centrifuge. Then, they were centrifuged for 
15-20 minutes at 3000 g. After centri-
fugation, the buckets were removed and 
taken on cart to BSC and opened in BSC 
and the tubes were removed. The tubes  
were handled gently so as not to break 
pellet. The supernatants were decanted in 
waste container using a splash proof funnel. 
Using a sterile pipette, about 1-2 ml of 
buffer was added to sediment and mixed to 
reconstitute. Sediment was used to inoculate 
Lowenstein Jenson (LJs) and slides were 
prepared for microscopy.17 

ZN staining of AFB smear  

In ZN staining, 1% carbol fuchsin solution 
(ZN I), 3% acid alcohol (ZN II) and 0.1% 
methylene blue (ZN III) were used. 
Firstly, the sediment was placed on the 
glass slide. Then, the whole slide was 
covered with (ZN I) solution. Gentle heat 
was applied under the slide with spirit 
lamp until steam came out from the stain 
and waited for 5 minutes. Then, the slide 
was gently washed with clean water and 
decolorized  with  3%  acid  alcohol  (ZN II)  
 

until the solution was cleared or pale pink. 
And, the slides were washed with running  
water again for 2-3 times. They were 
counterstained with 0.1% methylene blue 
(ZN III) and were washed with running 
water and then air-dried was done. Finally, 
microscopic examination of acid-fast bacilli 
was performed.17 

Mycobacterial culture 
The sediment was incubated at room 
temperature for 5 minutes. Using a new 
pipette for each specimen, 3-4 drops of the 
sediment (without further mixing) was 
inoculated onto the slopes of the LJ media. 
The smear was prepared on a labeled slide 
for microscopy. Inoculated LJ slants were 
read daily for first 5 days, then weekly for 
up to 8 weeks and each reading was 
recorded on worksheet. Growth of the 
mycobacteria was confirmed by visual 
inspection of colony morphology and 
microscopic examination of the colonies for 
acid-fast bacilli (AFB). Inoculated LJ slants 
were read daily for first 5 days then weekly 
for up to 8 weeks. Each reading was 
recorded on the worksheet.17  

DNA extraction  

DNA extraction was performed by TB-Beads 
technology according to the manufacturer 
instruction as follows: 60 µl of FNA samples 
were added to the tube containing 120 µl of 
NALC-NAOH solution. Then, they were 
mixed by vortexing for 3 times at 5 minutes 
apart and left at room temperature (RT) for 
15 minutes. Then, 180 µl of TB- Beads were 
added and mixed by inverting and left at RT 
for 2 minutes. TB-Beads were collected by 
magnet and supernatant was removed by 
disposable pipette and then the tube was 
taken out from the magnet holder. 180 µl of 
wash solution were added and mixed by 
inverting and then TB-Beads were collected 
by magnet and supernatant was removed. 
Finally, 80 µl of 1/10 TE were added to the 
tube and mixed by inverting and heated at 
95ºC for 10 minutes. Supernatant was used 
for DNA amplification.18 
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Polymerase chain reaction 

PCR was performed using IS6110 primers. 
Reaction mixture was prepared in a volume 
of 20 µl using Taq polymerase, 10Xbuffer, 
dNTPs, forward and reverse primers, 
distilled water and DNA. They were 
subjected to 35 cycles of amplification using 
Astec Thermalcycler. The PCR products 
were electrophoresed in 2% agarose gel and 
stained with ethidium bromide and detected 
by Gel documentation.18 

Loop-mediated isothermal amplification 

Dry TB LAMP reaction mixture were pre-
pared using 25xLAMP buffer, 100 mM 
MgSO4, 25 mM dNTPs, primer mix, 
Enzyme stabilizer, Bst Warm Start and 
Color solution. By adding DNA to the dry 
form of LAMP reaction mixture, they were 
incubated at 65ºC for 45 minutes and 
stopped at 95ºC for 5 minutes. LAMP 
amplicons were directly detected with the 
naked eye and UV/LED trans illuminator.  
A positive and a negative controls were 
included in each run.18 All data were 
analyzed by Statistical Package for social 
sciences (SPSS-16) and Stata-software.  

RESULTS 

A total of 60 HIV seropositive patients  
with cervical lymphadenopathy from the 
Thaketa Specialist Hospital were studied. 
Among them, 48 cases (80%) were males 
and 12(20%) were females. Mean age of  
the patients was 39 years (SD=10.1). Most 
of the cases were in the age group of 41- 
50 years (38.3%), followed by 31-40 years 
of age (28.3%), 21-30 years (18.3%), 51- 
60 years (10%) and ≤20 years (5%).  

Twenty-nine cases (48.3%) had previous 
history of pulmonary TB and thirty-one 
cases (51.7%) had no previous history of 
pulmonary TB. Thirty-six  cases (60%) had 
history of TB contact and twenty-four  
cases (40%) had no history of TB contact. 
On macroscopic examination of lymph 
node, 55 cases (92%) had caseation and  
5 cases (8%) had clear fluid.  

Table 1. Identification   of  MTB   in   HIV sero- 
positive patients  with cervical lympha-
denopathy by different diagnostic tools 

Result 
Conventional methods Molecular methods 

AFB Smear (%) Culture (%) PCR (%) LAMP (%) 
Positive 29(48.3) 31(51.7) 45(75) 45(75) 
Negative 31(51.7) 29(48.3) 15(25) 15(25) 
Total 60(100) 60(100) 60(100) 60(100) 

 

 

 
Fig. 1.  Amplification of MTB by PCR 
 
Regarding the conventional methods  
(Table 1), in detection of AFB in direct 
smear of lymph node aspirate, 29(48.3%) 
cases were positive for MTB and 31(51.7%) 
were negative. In culture, MTB were identi-
fied in 31(51.7%) cases but 29 (48.3%) were 
not determined. Regarding the molecular 
methods (Table 1), 45(75%) cases were 
detected for MTB by PCR (Fig. 1). Forty-
five (75%) cases were positive by LAMP 
(Fig. 2). Among the 31 culture-positive 
samples, 26 cases (83.9%) were AFB 
positive, 28(90.3%) were PCR positive and 
25(80.6%) were LAMP positive. Among 29 
culture- negative samples, 3 cases (11.3%) 

    1    2   3   4   5   6   7   8   9  10 11 12 13 14 15  16 17 
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were AFB positive, 17(58.6%) were PCR 
positive and 20(69%) were LAMP positive 
(Table 2).  
 
 
 
 
 
 
 
 
 

 
Fig. 2. Amplification of  MTB by  LAMP reaction 

(a)  under  naked eye  observation (b) under 
UV/LED illuminator 

Table 2.  Results  of  AFB-smear, PCR and AMP 
in comparison with  culture in detection 
of MTB 

Table 3. Diagnostic accuracy of AFB-smear, PCR 
and  LAMP in comparison with culture  
for detection of MTB 

Diagnostic 
accuracy 

AFB-Smear 
(%) 

PCR 
(%) 

LAMP 
(%) 

Sensitivity 84 
(95%CI=66 to 95) 

90 
 (95%CI=74 to 98) 

81 
(95%CI=63 to 93) 

Specificity 90 
(95%CI=73 to 98) 

41 
(95%CI=24 to 61) 

31 
(95%CI=15 to 51) 

PPV* 90 
(95%CI=73 to 98) 

62 
(95%CI=47 to 76) 

56 
(95%CI=40 to 70) 

NPV** 84 
(95%CI=66 to 95) 

80 
(95%CI=52 to 96) 

60 
(95%CI=32 to 84) 

Diagnostic accuracy of AFB smear, PCR 
and LAMP in comparison with culture for 
detection of MTB was shown in Table 3. 
Regarding culture as a gold standard, sensi-
tivity and specificity of AFB smear, PCR  
and LAMP were 84% (95%CI=66-95%)  
and 90% (95%CI=73-98%), 90% (95%CI= 
74-98%) and 41% (95%CI=24-61%)  
and 81% (95%CI=63-93%) and 31% 
(95%CI=15-51%), respectively. Positive 
predictive value (PPV) of AFB smear, PCR 
and LAMP for the detection MTB were 

90% (95%CI=73-98%), 62% (95%CI= 
47-76%) and 56% (95%CI=40-70%), 
respectively. Negative predictive value 
(NPV) of AFB smear, PCR and LAMP for 
the detection MTB were 84% (95%CI=66-
95%), 80% (95%CI=52-96%) and 60% 
(95%CI=32-84%), respectively. 
 

DISCUSSION 
 

Many forms of EPTB are paucibacillary, 
and the diagnosis of EPTB is, therefore, 
challenging. The firm diagnosis of TB 
requires culturing of MTB and is important 
for drug-susceptibility testing. Although 
culture remains the diagnostic standard, it can 
take up to 8 to 10 weeks using a solid media, 
and in 10% to 15% of patients, the diagnosis 
of TB is based on clinical grounds. Among 
the nucleic acid amplification (NAA) tests,  
the PCR  has  been most widely used for the 
detection of MTB in clinical specimens. 
However, LAMP has several advantages in 
comparison with PCR. Although both PCR 
and LAMP can amplify scanty amount of 
TBDNA, LAMP amplifies DNA under iso-
thermal conditions, requiring only a regular 
water bath or heating block for maintaining 
the temperature at 65ºC, and make it more 
economical and practical than PCR.  

In this study, MTB was identified in 
aspirated lymph node samples by AFB-
smear (48.3%), culture (51.7%), PCR (75%) 
and LAMP (75%). The present study 
explored the diagnostic accuracy of AFB-
smear, PCR and LAMP in comparison  
with culture for detection of MTB. The 
sensitivity of PCR (90%) for diagnosis of 
TB was the highest although the sensitivity 
of AFB-Smear (84%) and LAMP (81%) 
were not so different. The specificity was 
the highest in AFB-Smear (90%) followed 
by PCR (41%) and LAMP (31%). In Sarma, 
et al.19 study, ZN staining was positive for 
AFB in 33.3% of HIV-related lymphaden-
opathy cases. AFB was commonly found in 
necrotic aspirates with or without granulomas. 
They recommended that ZN staining for 
AFB should be performed in all aspirates 

Culture 

AFB-Smear  
(%) 

PCR 
 (%) 

LAMP 
 (%) Total  

(%) Posi-
tive 

Nega- 
tive 

Posi- 
tive 

Nega-
tive 

Posi- 
tive 

Nega- 
tive 

Positive 26 
(83.9) 

5 
(16.1) 

28 
(90.3) 

3 
(9.7) 

25 
(80.6) 

6 
(19.4) 

31 
(100) 

Negative 3 
(11.3) 

26 
(89.7) 

17 
(58.6) 

12 
(41.4) 

20 
(69) 

9 
(31) 

29 
(100) 

Total 29 31 45 15 45 15 60 

(b)(a)

MTB-
Positive 

MTB-
Positive 
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from HIV-related lymphadenopathy including 
reactive hyperplasia. In Houlden C study, the 
diagnostic sensitivity based on macroscopic 
appearance of the lymph node in the 
diagnosis of TB was 81% and the specificity 
was 97%.20 About one-fourth (25.5%) of 
tuberculous lymphadenitis patients were  
co-infected with HIV.21 

In this study, FNA was performed in soft 
consistency of enlarged cervical lymph 
nodes but it could not be done in hard 
consistency of enlarged cervical lymph 
nodes with HIV seropositive patients. 
Therefore, macroscopic caseation (92%) 
was seen in our clinical samples. Also, more 
than half of the cases had history of TB 
contact and nearly half of the cases had 
previous history of TB. That is why AFB 
i.e. active MTB lesion was commonly 
detected in both smear and culture.  

In this study, among culture-negative 
samples, TB-DNA was detected by PCR 
(59%) and LAMP (69%). Goel, et al.22 
reported that out of the 33 cases of TB 
lymphadenitis, 45.4% were AFB positive 
and 64.5% AFB negative. MTB PCR was 
positive in 73.3% in the freshly aspirated 
material. Among AFB-negative cases, MTB 
PCR positivity was 72.2%.22 

In another study, sensitivity of PCR test in 
pulmonary and extra-pulmonary clinical 
samples were 74.3% and 71.5%, respectively, 
being significantly higher (p<0.05) when 
compared with sensitivity of other tests.23  
In Kumar, et al.24 study, LAMP showed  
the highest MTB detection rate (52.5%) as 
compared to mPCR (44%) and culture 
(30.5%). In assuming culture is gold 
standard, molecular tests may have false 
positive result. Actually, as molecular tests 
like PCR and LAMP can amplify minute 
amount of TB-DNA, MTB were found out 
in culture-negative samples. Although PPV 
and NPV of AFB-smear was 90% and 84%, 
due to PPV and NPV were 62% and 80% in 
PCR and 56% and 60% in LAMP, those 
molecular tests were useful. In this study, 
ZN staining of AFB-smear from the lymph 
node aspirate of the enlarged soft cervical 

lymph nodes with macroscopic caseation in 
HIV seropositive patients was the highest 
PPV and NPV to diagnose MTB.  
This study highlighted the diagnostic 
accuracy of AFB-smear, PCR and LAMP  
in comparison with culture for detection  
of MTB. Although culture remains the 
diagnostic standard, it needs 8 to 10 weeks 
using conventional solid culture-based 
method. Delays in diagnosis and initiation 
of therapy are associated with increased 
mortality. Molecular tests which can be 
performed within 1-3 hours are useful to get 
early diagnosis. Our data suggest that most 
of the TB lymphadenitis in HIV seropositive 
patients can be diagnosed by ZN staining  
of AFB-smear (PPV 90%, NPV 84%)  
which is simple and cheap method generally 
available at district hospitals.  
Conclusion 

This study highlighted that both molecular 
methods i.e. PCR and LAMP can amplify 
the minute amount of MTB DNA and can 
diagnose MTB within 1-3 hours among not 
only culture-positive samples but also 
culture-negative samples. However, in low 
resource settings, ZN staining of AFB-
smear with macroscopic visible caseation is 
the most reliable diagnostic method which is 
simple, cheap and generally available at 
district hospitals.  
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Hepatitis B infection is an important public health problem all over  
the world. Vaccination is undoubtedly the method of choice to prevent 
hepatitis B. The aim of the study was to assess the safety and immuno-
genicity of the recombinant hepatitis B vaccine produced by Beijing  
Tiantan Biological Products Co. Ltd, China. Forty-five healthy volunteers, 
aged 18 to 38 years, whose laboratory investigations were within normal 
limits, were enrolled in the trial. They included 8 males (17.8%) and  
37 females (82.2%). They were given 20 µg of trial vaccine in a 3-dose 
vaccine series at 0, 1 and 2 months. Only 3/45 subjects (6.7%) reported 
local/systemic reactions such as pain at the injection site and headache on 
the day of first vaccination. They were mild and self limited. Both ECG and 
laboratory abnormalities were not detected at one week after the first 
vaccination. Sera to determine antibody titers were evaluated at one and  
a half month after the third dose to determine immunogenicity/protective 
antibody response (≥10 mIU/ml). Immunogenicity was found in 44/45 
subjects (97.8%). Therefore, the yeast derived recombinant hepatitis B 
vaccine produced by Beijing Tiantan Biological Products Co. Ltd,  
China using 20 µg in 0, 1 and 2 months rapid schedule was proven to  
be totally safe and highly immunogenic. This vaccine can be used safely  
in young adults and adults. 

Key words: Safety, Immunogenicity, Hepatitis B vaccine

INTRODUCTION 

Hepatitis B (HB) virus causes acute and 
chronic infection in humans and is 
responsible for substantial morbidity and 
mortality.1 Chronically HB virus infected 
individuals are at increased risk of sub-
sequent development of cirrhosis and 
hepatocellular carcinoma.2 Worldwide, it is 
estimated that 5% of the world’s population 
has chronic Hepatitis B virus infection  
and that 500,000 to 1 million people die 
annually from Hepatitis B virus-related  
liver disease.3 Myanmar is hyper-endemic 
for Hepatitis B infection with HBsAg 
prevalence rate of 8-15%.4-9 

Hepatitis B is preventable with a safe and 
effective vaccine. Indeed, HB vaccine is 
considered the first vaccine against cancer. 

Since the discovery of the HB virus  
45 years ago, vaccination remains to  
be the key preventive measure against 
Hepatitis B infection. A comprehensive 
strategy to prevent HB infection and  
its sequelae must include elimination of 
transmission that occurs at birth and during 
childhood as well as during adolescence  
and adulthood. According to the World  
Health Organization (WHO), the priorities 
for HB immunization strategies in order  
of importance include routine infant vacci-
nation, prevention of perinatal HB virus 
transmission and catch-up vaccination for 
older age groups.10 In countries of high 
endemicity (HBsAg  prevalence 8% or more), 
_____________________________________________________ 
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which includes Myanmar, WHO recom-
mended the integration of the hepatitis B 
vaccine in its national immunization  
program. In 2003, the vaccine was in-
corporated in the Expanded Program of 
Immunization (EPI) in Myanmar. HB vaccine 
if given prior to infection can prevent  
disease and the carrier state from  
developing in almost all individuals.11 

At present, there are two types of hepatitis 
vaccine which are commercially available. 
HB vaccines are either plasma derived or 
synthesized using recombinant technology. 
However, the use of plasma-derived 
vaccines has decreased and more developed 
countries use the recombinant vaccine.  
The recombinant or genetically engineered 
vaccines are made using HBsAg synthesized 
in yeast (saccharomyces cerevisae) or in 
mammalian cells into which the HBsAg 
gene has been inserted.  

In the present study, the trial vaccine which 
was a donation of the government of  
People’s Republic of China to Myanmar  
is a yeast-derived recombinant vaccine 
manufactured by Beijing Tiantan Biological 
Products Co. Ltd, China. Although it has  
been widely used in other countries including 
China, it is not a WHO prequalified vaccine. 
So this study (Phase I trial) was conducted to 
have the own local experience in the country 
regarding its safety and immunogenicity 
before it could be widely used for mass 
vaccinations in Myanmar.  

MATERIALS AND METHODS 

The study product was a recombinant 
hepatitis B vaccine manufactured by Beijing 
Tiantan Biological Products Ltd, China.  
It is a preparation of purified hepatitis B  
surface antigen (HBsAg), expressed by the 
Saccharomyces cerevisae. The preparation 
is 0.5 ml/vial containing 10 ug of HBsAg. 
Batch number 201308093 with expiry date 
of 27 August 2016 was used for this  
clinical trial. The study included forty- 
five healthy adult volunteers of both sexes  
with age ranging from 18-38 years,  

whose laboratory investigations were within 
normal limits, and negative for HBsAg  
and anti-HBs. Persons suffering from acute 
or chronic illnesses, pregnant and lactating 
females were excluded. 

Study design and procedure 

The study was a single arm Phase I trial. All 
the volunteers underwent general physical 
examination by the medical officers.  Blood 
and urine samples were collected from each 
subject whose general physical examination 
appeared normal to do tests for HBsAg, 
anti-HBs antibody, Blood for CP, ALT, 
AST, urea, creatinine, Urine RE and Urine 
pregnancy test for women. ECG was also 
recorded. A total of 65 healthy volunteers 
(staff from Ni Ni Clinic and Zaykabar 
Company Ltd, Yangon) were screened  
for the clinical trial. Among them,  
20 were excluded (16 for positive HBsAg  
or anti-HBs, 4 for abnormal biochemical  
test results) and 45 volunteers were enrolled 
in the trial.  
The vaccine was given intramuscularly in 
the deltoid muscle at 20 µg (1.0 ml) dose 
according to 0, 1 and 2 months rapid 
schedule. The vaccine injections were given 
at Ni Ni Clinic in Ahlone Township and 
Myat Myintmo Clinic in Yankin Township, 
Yangon which were well-equipped with 
emergency treatment facilities.  
Assessment of safety 

The subjects were observed closely for  
4 hours after each vaccination. The 
reactogenicity and safety of the vaccines 
were assessed by taking note of local (pain, 
redness, swelling) and systemic (fatigue, 
fever, headache, rashes, gastrointestinal 
symptoms) adverse events (AE) during  
a 4-day, follow-up period after each 
vaccination. Systemic and local reactions 
were categorized as mild (easily tolerated), 
moderate (interfered with daily activity) or 
severe (prevented normal daily activity).  
In addition, one week after the first dose  
of vaccination, same laboratory tests (as in 
screening) and ECG were repeated to see 
any abnormal changes. 
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Assessment of immunogenicity 

At one month after the second dose, just  
before the third vaccination, anti-HBs  
was tested by rapid test (ICT kits, SD 
BIOLINE, Korea). Sera to determine 
antibody titers were evaluated by ECLIA 
(Electro Chemi Luminiscence Assay) 
(Cobas 6000 Analyzer, Roche Diagnostics, 
Germany) at one and a half month after the 
third dose to determine immunogenicity/ 
protective antibody response (≥10 mIU/ml). 

Schedule of laboratory investigations and 
immunization 
Day -7 Blood tests,  ECG and physical examination 
Day 0 First dose of vaccination  
Day 7 Blood tests and ECG 
Day 30 Second dose of vaccination 
Day 60 Anti-HBs antibody  (Rapid test),  third  dose  

  of vaccination 
Day 105 ELISA test for Anti-HBs  

Ethical consideration  
The study protocol was approved by the 
Ethics Review Committee, Department of 
Medical Research under letter No. 15/ 
Ethics 2015 on 11 March 2015. Written 
informed consents were obtained from all 
participants.  

RESULTS 

A total of 45 subjects were enrolled in the 
trial. They included 8 males (17.8%) and  
37 females (82.2%). Their mean age was 
25.9±5.9 years (range; 18 to 38 years).  

Out of 45, only 2 subjects reported local 
reactions such as pain (19-year and 22-year 
old females) and only one subject (28-year 
old female) reported headache on the day  
of first vaccination. They were mild in 
intensity and self limited. No other local and 
systemic reactions were observed from the 
other subjects. Moreover, both ECG and 
laboratory abnormalities were not detected 
in study subjects at one week after the first 
vaccine dose.  

All 45 volunteers completed their second 
and third dose of vaccination. No local and 
systemic reactions were observed from 

these vaccine recipients. There were no 
reports of serious adverse events (SAE) in 
this study.  

Table 1. Antibody response after the third 
vaccination among participants 

Anti-HBs titer (mIU/ml) Number Percent 
10-100  9 20 
101-500  8 17.8 
501-1000  11 24.4 
>1000  16 35.6 

At one month after the second dose, 31/45 
(68.9%) were found to be positive for anti-
HBs antibody by rapid test. One and a half 
month after the third dose, 44/45 subjects 
(97.8%) achieved seroprotection (Anti-HBs 
titer ≥10 mIU/ml). Among them, 16 subjects 
(35.6%) showed antibody titers more than 
1000 mIU/ml (Table 1). 

DISCUSSION 

In general, Phase 1 clinical studies carry out 
initial testing of a vaccine in small numbers 
(e.g. 20) of healthy adults, to test the 
properties of a vaccine, its tolerability,  
and if appropriate, clinical laboratory  
and pharmacological parameters. Phase  
1 studies are primarily concerned with 
safety. All phase 1 studies should be  
very carefully monitored and conducted  
in research environments with adequate 
laboratory support. Where appropriate, 
laboratory testing (e.g. CBC, LFTs) should 
be undertaken to establish baseline database. 
Immunogenicity studies are considered 
sufficient to demonstrate clinical efficacy 
for vaccines containing a known antigen  
for which the level of protective antibody  
is well established.12 According to the 
WHO, the presence of 10 mIU/ml anti-HBs 
in the blood is considered sufficient for 
protection against hepatitis B infection.13  
There are several commercially available 
anti-hepatitis B vaccines from plasma or of 
recombinant origin, extensively documented 
in the scientific literature, which have  
been administered to children and adults  
and are totally safe.14-16 In this trial, the 
frequency of AE following vaccination was  
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apparently low: only 6.6% (3/45) of the 
subjects reported adverse symptoms after 
vaccination, while more than 90% of  
the vaccine recipients did not report any 
adverse event (AE). 

The most frequently described AE after the 
administrations of hepatitis B vaccines 
were: pain at the injection site (3-29%) and 
fever (1-6%) from slight to moderate 
intensity.17 Some studies showed that these 
effects are not reported more frequently 
among vaccinated individuals than among 
those receiving placebo.18, 19 The incidence 
of pain at the injection site (2/45, 4.4%) in 
this study was consistent with previous 
studies, since it was described as the one of 
the most frequent local symptoms. 

Headache was the second most frequent 
general symptom, reported in previous 
studies with recombinant hepatitis B 
vaccines, mainly in adolescents and 
adults.20-21 It was reported in 2.2% (1/45)  
of the recipients in this study.  

Other authors have reported the progressive 
decrease of adverse events from the first  
to the third dose.22, 23 In agreement with 
that, no adverse events were reported 
following the second and the third injections 
in the study. 

Both plasma-derived and recombinant 
vaccines have been shown to provide 
seroprotection in more than 90% of  
healthy adult recipients.16, 23-26 There are 
some variations in seroprotection rates 
between studies and they may be due to 
different vaccine characteristics and 
formulation, vaccine schedules, timing of 
blood sampling and sensitivity of laboratory 
methods. In the present study, with the  
use of the 20 µg dose in 0, 1 and 2 months  
vaccine schedule, immunogenicity was 
demonstrated with seroconversion in 97.8% 
of study subjects after the third dose. After 
the second injection, seropositive rate was 
only 68.9%. This data shows that protective 
levels of antibody are only achieved in a 
greater proportion of the subjects after 
completion of the 3-dose vaccine series.  

Predictors of non-response to HB vaccine 
include increasing age, male gender, obesity, 
tobacco  smoking  and immunocompromising 
chronic disease.27-29 Some of these factors 
such as obesity and tobacco smoking were  
not assessed in this study population and 
subjects were limited to immunocompetent 
individuals. As there was only a non-
responder (32-year old female) in the present 
study, relation of age and gender to non-
response could not be studied as well. 
Conclusion 

In the present trial, the yeast derived 
recombinant hepatitis B vaccine produced 
by Beijing Tiantan Biological Products Co. 
Ltd, China using 20 ug in a 3-dose vaccine 
series at 0, 1 and 2 months is proven to be 
totally safe and highly immunogenic.  This 
recombinant vaccine can be used safely in 
young adults and adults. 

ACKNOWLEDGEMENT 

The authors would like to thank the 
volunteers (vaccinees), without whom this 
study could not have been successfully 
undertaken. The study was supported by the 
Liver Foundation (Myanmar). 

REFERENCES 

1. Lee WM. Hepatitis B virus infection. The  
New England Journal of Medicine 1997; 337: 
1733-43. 

2. Beasley RP & Hwang LY. Overview on the 
epidemiology of hepatocellular carcinoma. In: 
Viral hepatitis and liver disease, Hollinger FB, 
Lemon SB, Margolis HS, editors. Baltimore: 
Williams & Wilkins, 1991; 532-5. 

3. Maynard JE, Kane MA, Alter MJ & Halder SC. 
Control of hepatitis B by immunization: Global 
perspectives. In: Viral hepatitis and liver disease, 
Vyas GN, Dienstag JL, Hoofnagle JH, editors, 
New York: Grune & Stratton, 1988; 967-9. 

4. Khin Maung Tin, Tin Htut, Hla Myint & Tun 
Khin. Prevalence of hepatitis A and B  
in Myanmar. Proceedings of the First  
Conference of Medical Specialities, Burma 
Medical Association; 1981 Sept 24; Yangon, 
Myanmar. p. 26-31. 

5. Khin Pyone Kyi, Khin Mya Lwin, Khin Yi Oo 
& Than Swe. Prevalence of hepatitis B markers 



 

150 

in health-care personnel, 35th Myanmar Medical 
Conference, 1988. 

6. Khin Pyone Kyi, Khin May Oo, Myo Aye, Yi Yi 
Htwe, Moh Moh Tun, Win Maw Tun, et al. 
DMR hepatitis B vaccine: Human trials in 
different aspects. Myanmar Medical Specialities 
Conference; 1999 Dec 3-6; Yangon, Myanmar. 

7. Khin May Oo, Ohnmar Lwin, Sandar Nyunt, 
Aye Aye Yee, San San Oo, Khine Win, et al. 
Hepatitis B surface antigen seroprevalence in a 
township in the north-eastern border region of 
Myanmar. Myanmar Health Sciences Research 
Journal 2007; 19(3): 161-165. 

8. Khin May Oo, Ohnmar Lwin, Sandar Nyunt, 
Aye Aye Yee, San San Oo & Khine Win. 
Hepatitis B surface antigen prevalence in Tamu 
Township in the north-western border region of 
Myanmar. Myanmar Journal of Current Medical 
Practice 2009; 13(3): 15-19. 

9. Khin May Oo, Yi Yi Kyaw, Ohnmar Lwin, Aye 
Aye Yee, San San Oo, Khine Win, et al. 
Hepatitis B surface antigen seroprevalence in 
two border towns near Thailand. Myanmar 
Health Sciences Research Journal 2009; 21(2): 
83-87. 

10. World Health Organization. Fact Sheet on 
Hepatitis B. Revised October 2004. 

11. Kane MA, Ghendon Y & Lambert PH. Hepatitis 
B in 1990. Where are we and where are we 
going? The WHO Programme for control of 
viral hepatitis. In: Viral hepatitis and liver 
disease, Hollinger FB, Lemon SM, Margolis HS, 
eds. Baltimore: Williams & Wilkins, 1991; 706. 

12. World Health Organization. Guidelines on 
clinical evaluation of vaccines: Regulatory 
expectations. WHO Technical Report Series  
No. 294. 2004; 35-61. 

13. Hepatitis: Global Alert and Response (GAR). 
World Health Organization, 2015. 

14. Andre´ FE. Overview of a five-year clinical 
experience with a yeast derived hepatitis B 
vaccine. Vaccine 1990; 8(6): 574-8. 

15. Greenberg DP. Pediatric experience with 
recombinant hepatitis B vaccines and relevant 
safety and immunization studies. The Pediatric 
Infectious Disease Journal 1993; 12: 438-45. 

16. Zajac BA, West DJ, McAleer WJ & Scolnick 
EM. Overview of clinical studies with hepatitis 
B vaccine made by recombinant DNA. Journal 
of Infection 1986; 13(Suppl. A): 39-45.  

17. Desgrandchamps D & Siegrist CA. Vaccination 
against hepatitis B. Soz Praventivmed 1998; 
43(Suppl. 1): S37-40, S111-4. 

18. Francis DP, Halder SC, Thompson SE, Maynard 
JE,  Ostrow  DG, Altman  N, et al. Prevention of  
 

hepatitis B vaccine: Report from the centers for 
Disease Control multicenter efficacy trial among 
homosexual men. Annals of Internal Medicine 
1982; 97: 362-6. 

19. Dienstag JL, Werner BG, Polk BF, Snydman 
DR, Craven DE, Platt R, et al. Hepatitis B 
vaccine in health care personnel: Safety, 
immunogenicity, and indicators of efficacy. 
Annals of Internal Medicine 1984 July;  
101(1): 34-40. 

20. Heron LG, Chant KG & Jalaludin BB. A novel 
hepatitis B vaccination regimen for adolescents: 
Two doses 12 months apart. Vaccine 2002; 
20(29-30): 3472-6. 

21. Young MD, Gooch WM 3rd, Zuckerman AJ,  
Du W, Dickson B & Maddrey WC. Comparison  
of a triple antigen and a single antigen 
recombinant vaccine for adult hepatitis B 
vaccination. Journal of Medical Virology 2001; 
64(3): 290-8. 

22. Zajac BA, West DJ, McAleer WJ & Scolnick 
EM. Overview of clinical studies with hepatitis 
B vaccine made by recombinant DNA. Journal 
of Infection 1986; 13(Suppl. A): 39-45. 

23. Szmuness W, Stevens CE, Harley EJ, et al. 
Hepatitis B vaccine: Demonstration of efficacy 
in a controlled clinical trial in a high-risk 
population in the United States. The New 
England Journal of Medicine 1980; 303: 833-41. 

24. Coates T, Wilson R, Patrick G, Andre F & 
Watson V. Hepatitis B vaccines: Assessment of 
the seroprotective efficacy of two recombinant 
DNA vaccines. Clinical Therapeutics 2001; 
23(3): 392-403. 

25. Andre FE. Summary of safety and efficacy data 
on a yeast-derived hepatitis B vaccine. The 
American Journal of Medicine 1989; 87(Suppl 
3A): 14s-20s. 

26. Jain A, Mathur US, Jandwani P, Gupta RK, 
Kumar V & Kar P. A multicenter evaluation  
of recombinant DNA hepatitis B vaccine of  
Cuban origin. Tropical Gastroenterology 2000; 
21(1): 14-7. 

27. Weber DJ, Rutala WA, Samsa GP, Santimaw JE 
& Lemon SM. Obesity as a predictor of poor 
antibody response to hepatitis B plasma vaccine. 
The Journal of American Medical Association 
1985; 254: 3187-9. 

28. Shaw Jr FE, Guess HA, Roets JM, et al. Effect 
of anatomic injection site, age, and smoking on 
the immune response to hepatitis B vaccination. 
Vaccine 1989; 7: 425-30. 

29. Yu AS, Cheung RC & Keeffe EB. Hepatitis B 
Vaccines. Liver Transplant Program, Stanford 
University Medical Center. Clinical Liver 
Disease 2004; 8(2): 283-300. 



 

151 

Myanmar Health Sciences Research Journal, Vol. 29, No. 2, 2017 
 
 

Study of Multidrug-resistant Gram-negative Bacteria Isolates  
Obtained from Hospitalized Patients in Yangon, Myanmar 

 
Mon Mon1*, Angelo J Mendes2, Daniela Silva2,  

Khwar Nyo Zin3, Wah Win Htike1 & Paulo Martins Da Costa2 
 

1University of Medicine 1 (Yangon) 
2University of Porto, Porto (Portugal) 

3Yangon General Hospital  
 

A total of 106 gram negative bacteria isolates obtained from culture  
of various specimens of patients hospitalized in YGH in March and April 
2015 were studied. Sixty-two gram-negative bacteria isolates resistant  
to broad spectrum cephalosporins consisting of 51 Enterobacteriaceae and  
11 nonfermenting β lactamase producing gram-negative bacteria isolates 
were confirmed by conventional methods, RapID Systems for Entero-
bacteriaceae and nonfermenting bacteria and fluorescence in situ 
hybridization (FISH) for one isolate of nonfermenting E. coli and 
Acinetobacter species were carried out. Antimicrobial susceptibility pattern 
were confirmed with disk diffusion method, according to the CLSI 
guidelines. The ESBL phenotype was confirmed on a culture plate, using the 
disk approximation test. Extensively drug-resistant (XDR) isolates were 
10.5% (n=4) of Escherichia coli and 30% (n=3) of Klebsiella  pneumoniae. 
ESBL-producing isolates represented 68% (n=26) of E. coli and 60% (n=6) 
of K. pneumoniae. A Pseudomonas aeruginosa isolate was found to be  
pan drug-resistant (PDR) to all tested antimicrobials. All Acinetobacter  
species isolates (n=4, 100%) were found to be resistant to ampicillin,  
aztreonam, cephalothin, cefotaxime, cloramphenicol, cefoxitin, and 
streptomycin. All P. aeruginosa isolates were found to be resistant to 
tobramycin, ciprofloxacin, levofloxacin, ceftazidime, cefepime, meropenem, 
and ticarcillin and (83%) were resistant to aztreonam and piperacillin-
tazobactam, three (50%) were resistant to imipenem and piperacillin. 
Imipenem resistance was 10.5% (n=4) in Escherichia coli, 30% (n=3) in  
Klebsiella pneumoniae, 33.3% (n=1) in Enterobacter cloacae, 50% (n=2) in 
Acinetobacter spp., 50% (n=3) in Pseudomonas aeruginosa. 

Key words: MDR, XDR, PDR-ESBL, CLSI standard, Double disk diffusion method, Portugal

INTRODUCTION 

Incidence of antibiotic-resistant gram-
negative infections is increasing worldwide, 
and treatment options for these infections 
are becoming increasingly limited.1 Due  
to massive use of broad-spectrum cephalos-
porins in hospital settings, as well as  
by hand-borne cross transmission, there  
is ongoing spread of extended-spectrum  
β-lactamase (ESBL) producers both in 
hospital and in community settings. 
Unregulated over-the-counter sale of 
antimicrobials   in    the    community,   sub-

optimal antibiotic management, and not-
fully implemented antibiotic stewardship 
programs in hospital settings are the  
main contributing factors for this situation 
in developing countries.2 Most institutions 
do not follow antibiotic prescription guide-
lines, leading to excessively long treatments 
and use of multiple and often inappropriate 
or unnecessary agents in clinical practice, 
thereby enhancing the emergence of (XDR) 
and  pandrug  resistance (PDR) gram-negative 
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bacteria in hospitals, which may con-
sequently  act  as  reservoirs. Carbapenems 
were widely used as last resort anti- 
biotics for treating life-threatening in-
fections associated with healthcare and 
community settings and carbapenemase-
producing gram-negative bacteria have been 
increasingly isolated.3  

K. pneumoniae, Acinetobacter baumannii, 
and P. aeruginosa are the most common 
antibiotic-resistant gram-negative bacteria 
causing nosocomial infections around the 
world, and have been reported as the  
main causes of morbidity and mortality  
in hospitalized patients4 and their resistance 
pattern is changing from multidrug-resistant 
(MDR) to pan drug resistant PDR.5 History 
of antibiotic usage, duration of hospital  
stay, history of major surgery, immuno-
suppression, parenteral nutrition, and diabetes 
have been identified as predisposing factors 
for these infections. As most of these factors 
are irreversible, efforts should be focused  
on providing appropriate therapy, which 
involves infection-control policies and 
antibiotic stewardship - two major well-
proven strategies for the prevention of 
antibiotic resistance in hospitals. Differen-
tiation between true causative pathogens  
and colonization is another important  
issue in clinical settings, especially for 
Pseudomonas and Acinetobacter baumanni.4  
Unfortunately, appropriate sampling and use 
of rapid and accurate detection techniques 
for identifying pathogenic microorganisms 
are not possible in many hospitals, 
especially in developing countries.2 
To combat the potential threat of pandrug 
resistance in gram-negative bacteria, imple-
mentation of effective surveillance and 
infection-control programs are urgently 
required. Although there is no international 
consensus on defining degree of multidrug 
resistance of gram-negative bacteria for 
surveillance, the EUCAST definition is 
currently considered clinically relevant 
proposed classifications for the degrees  
of   drug-resistant   bacteria   is:   multidrug-
resistant (MDR), extensively drug-resistant 

(XDR), and pandrug-resistant (PDR). It for-
mulated few definitions, including the 
following: XDR bacterial isolates are not 
susceptible to at least one agent in all but 
two or fewer of the antimicrobial categories 
listed in the (CLSI) guidelines, and PDR 
bacterial isolates are not susceptible to  
all agents in all antimicrobial categories  
for each bacterium.6 

Antimicrobial susceptibility status was 
evaluated among 106 gram-negative 
bacterial isolates obtained from patients 
attending in March and April 2015  
in Yangon General Hospital (YGH), 
Myanmar. The aim was to determine the 
proportion of XDR and PDR isolates and 
the frequency of ESBL production strains 
among the studied clinical specimens.  

MATERIALS AND METHODS 

Study design 

This study was conducted according to  
a descriptive cross-sectional design and 
involved non-probability purposive sampling. 

Bacterial isolates 

From various specimens of patients 
hospitalized in YGH collected between 
March and April 2015, 106 gram-negative 
bacteria isolates were firstly selected after 
identification and screened for multidrug 
resistance by standard disk diffusion test 
according to their reduced susceptibility to 
broad-spectrum cephalosporins and second 
line antibiotics used in the Laboratory of 
Microbiology Section, YGH. A total of  
62 multidrug resistant isolates consisting  
of 51 Enterobacteriaceae isolates and 11  
nonfermenters were obtained.  

Confirmation of the MDR gram-negative  
62 isolates, identification and drug 
sensitivity  was  done  at  the  Abel  Salazar  
Institute for the Biomedical Sciences, Porto  
University (UP), Portugal. All selected 
Enterobacteriaceae and nonfermenting 
gram-negative bacteria were subcultured  
on TBX Agar (Biokar Diagnostics, France), 
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Hektoen Enteric Agar (Liofilchem Dia-
gnostics, Italy) and CFC Agar (Biokar 
Diagnostics). Biochemical properties were 
also tested using tests and media were 
confirmed with standard biochemical identi-
fication methods such as Motility Indole 
Urea Agar, Lysine Decarboxylase Broth and 
Ornithine Decarboxylase Broth (all from 
Liofilchem Diagnostics). The RapID ONE 
System was used for confirming Entero-
bacteriaceae and the RapID NF for 
nonfermenting bacteria (Thermo Fisher 
Scientific, US). Finally, one isolate of 
nonfermenting E. coli and Acinetobacter 
species were also confirmed by fluorescence 
in situ hybridization (FISH)7 at UP. 

Then, susceptibility to antimicrobial agents 
was tested and confirmed with the disk 
diffusion method using appropriate anti-
biotics (Oxoid) discs, for Enterobacteriaceae 
and Acinetobacter and Ps. aeruginosa species 
according to the CLSI, 2014.8 

Isolates resistant to at least one agent in 
three or more antimicrobial categories  
were considered MDR, and the ones 
resistant to at least one agent in all but  
two or fewer antimicrobial categories  
were considered XDR.6 

The ESBL phenotype was confirmed on  
a culture plate, according to the disk 
approximation test.9 

 
RESULTS 

 
Distribution of isolates in relation to source 
of specimens collected from patients  

The 62 MDR gram-negative isolates were 
found to be isolates from urine (n=36), 
sputum (n=13), wound (n=12), and blood 
(n=1) specimen. The 36 MDR gram-
negative isolates from urine consisted of  
34 Enterobacteriaceae isolates and two 
nonfermenting isolates. The 13 sputum 
isolates included ten Enterobacteriaceae 
isolates and three nonfermenting isolates, 
including a Burkholderia cepacia isolate. 
The 12 wound isolates consisted of six 
Enterobacteriaceae isolates and six non-

fermenting isolates. The remaining one was 
an E. coli isolate obtained from blood. 

The MDR Enterobacteriaceae 51 isolates, 
of which 74.5% (n=38) corresponded to  
E. coli, 19.6% (n=10) to K. pneumoniae, 
and 5.9% (n=3) to Ent. cloacae. Regarding 
the origin of the obtained specimens,  
E. coli was found mainly in urine samples 
85.3% (n=29), while K. pneumoniae was 
found mainly in sputum samples 60%  
(n=6). E. coli was also isolated from  
a blood specimen. A total of 11 non-
fermenting MDR gram-negative isolates 
were found, consisting of 6 (54.6%) isolates 
of P. aeruginosa and one (9.1%) of  
B. cepacia (Fig. 1). Finally, four (36.4%) 
Acinetobacter species isolates were con-
firmed with the FISH test. 
 

 
 

 
Fig. 1.  Distribution    of   multidrug-resistant   iso- 

lates   of  various  gram-negative   bacilli, 
obtained from specimens of YGH 

 

Antibiotic susceptibility patterns 

Antimicrobial resistance patterns of all  
MDR isolates obtained at the Yangon  
General Hospital, indicated a considerable 
diversity of strain types (data not shown). 
Overall resistance rates of the 51 drug-
resistant Enterobacteriaceae isolates are 
presented in Table 1. In relation to the  
MDR E. coli isolates (n=38), 100% was 
resistant to ampicillin, ciprofloxacin and 
nalidixic acid. Furthermore, a large number 
exhibited resistance to cefotaxime, cephalotin, 
tetracycline, trimethoprim-sulfamethoxazole, 
aztreonam and ceftazidime (>80%).  

Esch. coli Ps.aeruginosa 
Kleb. pneumoniae Burk. cepacia 
Ent. cloacae Acinetobacter spp. 
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Table 1. Percentage  of  antimicrobial  resistance 
in  51 MDR  Enterobacteriaceae  isolates 
obtained at YGH 

Antimicrobial 
agent 

Esch. 
coli 

(n=38) 

K. pneu-
moniae 
(n=10) 

Ent.  
cloacae 
(n=3) 

Total re-
sistance to 
each drug 

No.(%) No.(%) No.(%) No.(%) 
Amikacin 8(21) 0 1(33.3) 9(17.6) 
Amoxicillin-   
  clavulanic acid 

15(39.5) 8(80) 2(66.7) 25(49) 

Ampicillin 38(100) 10(100) 3(100) 51(100) 
Aztreonam 34(89.5) 10(100) 1(33.3) 40(78.4) 
Cefotaxime 37(97.4) 10(100) 3(100) 49(96.1) 
Cefoxitin 13(34.2) 3(30) 3(100) 18(35.3) 
Ceftazidime 31(81.6) 10(100) 1(33.3) 36(70.6) 
Cephalothin 36(94.7) 10(100) 3(100) 49(96) 
Chloramphenicol 6(15.8) 7(70) 0(0) 13(25.5) 
Ciprofloxacin 38(100) 10(100) 2(66.7) 50(98) 
Gentamicin 25(65.8) 9(90) 2(66.7) 36(70.6) 
Imipenem 4(10.5) 3(30) 1(33.3) 8(15.7) 
Kanamycin 25(65.8) 10(100) 1(33.3) 36(70.6) 
Nalidixic acid 38(100) 10(100) 2(66.7) 50(98) 
Nitrofurantoin 4(10.5) 7(70) 1(33.3) 12(23.5) 
Streptomycin 28(73.7) 9(90) 1(33.3) 38(74.5) 
Tetracycline 36(94.7) 10(100) 1(33.3) 47(92.2) 
Tobramycin 28(73.7) 9(90) 1(33.3) 38(74.5) 
Trimethoprim-   
  sulfamethoxazole 

34(89.5) 10(100) 2(66.7) 46(90.2) 

Table 2.  Percentage  of antimicrobial  resistance 
in  nonfermenting  gram-negative  iso- 
lates obtained  at YGH 

Antimicrobial 
agent 

Acinetobacter 
spp. (n=4) 

P. aeru- 
ginosa (n=6) 

B. cepacia 
(n=1) 

No.(%) No.(%) No.(%) 
Amikacin 2(50) 2(33.3) 1(100) 
Amoxicillin-  
  clavulanic acid 

3(75) - - 

Ampicillin 4(100) - - 
Aztreonam 4(100) 5(83) 1(100) 
Cefepime - 6(100) 1(100) 
Cefotaxime 4(100) - - 
Cefoxitin 4(100) - - 
Ceftazidime 2(50) 6(100) 0 
Cephalothin 4(100) - - 
Chloramphenicol 4(100) - - 
Ciprofloxacin 2(50) 6(100) 1(100) 
Gentamicin 2(50) 2(33.3) 1(100) 
Imipenem 2(50) 3(50) 1(100) 
Kanamycin 2(50) - - 
Levofloxacin - 6(100) 1(100) 
Meropenem - 6(100) 1(100) 
Nalidixic acid 2(50) - - 
Nitrofurantoin 2(50) - - 
Piperacillin - 3(50) 1(100) 
Piperacillin-  
  tazobactam 

- 5(83) 1(100) 

Streptomycin 4(100) - - 
Tetracycline 2(50) - - 
Ticarcillin - 6(100) 1(100) 
Tobramycin 0 6(100) 0 
Trimethoprim- 
  sulfamethoxazole 

0 - - 

With regards to K. pneumoniae, all iso- 
lates obtained from clinical samples  
were susceptible to amikacin, whereas no  

isolate showed susceptibility to ampicillin, 
aztreonam, cefotaxime, ceftazidime, cep-
halothin, ciprofloxacin, kanamycin, nali- 
dixic acid, tetracycline and trimethoprim-
sulfamethoxazole. 
Regarding nonfermenting isolates, all of 
the Acinetobacter species isolates (n=4, 
100%) were found to be resistant to 
ampicillin, aztreonam, cephalothin, cefota-
xime, cloramphenicol, cefoxitin, and 
streptomycin. 
Also, 100% of P. aeruginosa isolates were 
found to be resistant to tobramycin, 
ciprofloxacin, levofloxacin, ceftazidime, 
cefepime, meropenem, and ticarcillin. 
Moreover, five of those six isolates (83%) 
were resistant to aztreonam and piperacillin-
tazobactam, three (50%) were resistant to 
imipenem and piperacillin, and two (33.3%) 
were resistant to gentamicin and amikacin 
(Table 2). 
Proportion of PDR, MDR, XDR and ESBL 
isolates in different gram-negative bacteria 
obtained at YGH 
All of the gram-negative isolates were 
confirmed to be MDR (isolates with 
resistance to at least one agent in three or 
more antimicrobial categories).  
 
 
 
 
 
 
 
 
 
 

 

Fig. 2. Proportion  of   PDR,  MDR,   XDR,  and 
ESBL  isolates  in  different  gram-negative 
bacteria obtained  at  YGH 
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of E. coli and 30% (n=3) of K. pneumoniae. 
ESBL-producing isolates represented 68% 
(n=26) of E. coli and 60% (n=6) of  
K. pneumoniae, and consisted of one  
isolate each of P. aeruginosa (16.7%) and  
B. cepacia, respectively. A pan-resistant 
isolate of P. aeruginosa was found to be 
isolated from burn wound. Imipenem 
resistance was 10.5% (n=4) in E. coli, 30% 
(n=3) in K. pneumoniae, 33.3% (n=1) in  
E. cloacae, 50% (n=2) in Acinetobacter 
spp., 50% (n=3) in P. aeruginosa, and 100% 
(n=1) in B. cepacia (Fig. 2). 

DISCUSSION 

This study was conducted to evaluate the 
antibiotic resistance patterns of gram-
negative bacterial isolates obtained from 
various specimens of patients hospitalized  
at the Yangon General Hospital (YGH).  
YGH was selected based on its importance  
and relevance, since most of the patient 
population from different parts of Myanmar 
attend this largest public hospital, which  
has approximately 2000 beds and many 
clinical specialist wards, including intensive  
care units (ICUs), critical care units, and 
burn units. 
Source of MDR gram-negative bacteria 
isolates 
A total of 62 MDR gram-negative isolates 
were firstly screened by their resistant  
to second-line antibiotics and resistant to 
broad spectrum antibiotics currently used  
in Myanmar. Among the finally confirmed 
51 MDR Enterobacteriaceae isolates,  
E. coli antimicrobial-resistant isolates were 
mostly found in urine specimens, causing 
urinary tract infections (UTI) (85.3%), 
whereas K. pneumoniae (60%) isolates were 
mainly found in sputum of patients with 
respiratory infections.  
These findings are identical to those 
observed in China.10 All of these isolates 
were resistant to at least five anti- 
biotics, thus representing a significant 
public health threat.  

Antibiotic susceptibility patterns and distri-
bution of PDR, XDR, MDR and ESBL 
producing strains among isolates 

ESBL producers were confirmed to be 
38.8% (n=26) among the MDR Entero-
bacteriaceae. This is a significant finding 
since it represents an increase of more  
than twice of the ESBL-producing E. coli 
reported by Sabai Myint11 at 2013 - 15% 
between the period of 2011-2013, in  
YGH. Comparing the proportion of ESBL 
producers among the isolates included in 
this study, it is noteworthy that 68% (n=26) 
of E.coli drug-resistant isolates and 60% 
(n=6) of K. pneumoniae drug-resistant 
isolates were ESBL producers (Fig. 2). In 
India, a high prevalence of ESBL producers 
has been reported, ranging from 41% to 
63.6% in E. coli isolates and from 40% to 
83.3% in K. pneumoniae isolates.12 

In the present study, the isolated K. pneu-
moniae was found to be 40% (n=4) resistant 
to imipenem. K. pneumoniae strains are 
becoming resistant to carbapenem in 
healthcare settings, and are also becoming 
resistant to all or almost all antibiotics.13 In 
2015 in India,5 it was reported that extensive 
drug resistance and pandrug resistance were 
more prevalent in K. pneumoniae (11.9%) 
than in E. coli (2.9%). Akcay, et al.14 in 
2014 reported the same finding in a study 
conducted at the ICU unit of a tertiary care 
hospital in Turkey. This situation seemed to 
be similar in our hospital settings, as 
empirical therapy prescribed by clinicians 
for severe infections leads to higher costs 
for patients and boosting expansion of 
carbapenem resistant strains in both private 
and public hospitals in Myanmar. 

Half of the MDR P. aeruginosa isolates 
were found to be imipenem resistant. 
Rosenthal, et al.15 in 2012 reported that 
multidrug resistance including carbapenem 
and extensive drug resistance in P. aeru- 
ginosa isolates were found to be of 13 and 
4%, respectively. In the present study, the 
four P. aeruginosa isolates were confirmed 
to be MDR, with one isolate being XDR  
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and the others resistant to all tested drugs. 
Acinetobacter spp., 50% (n=2) were also 
found to be XDR and imipenem resistant. 
According to REA- Raisin Network 2012 
reports16 resistance rates are equally in-
creasing in A. baumannii, as 40 to 70% of 
isolates responsible for ICU-acquired 
infections are carbapenem resistant. 

In this study, after confirmation of the 
isolates’ identity by additional tests,  
10 specimens were found to be poly-
microbial. As half of these isolates were 
obtained from severely and chronically  
ill patients, these may have been acquired  
in the hospital or by contamination  
during specimen collection. Therefore, sys-
tematic specimen collection and processing 
for correct interpretation of pathogenic 
organisms is of utmost importance to 
establish whether this was contaminated 
bacteria or a genuine polymicrobial sepsis 
which can influence in treatment decisions 
changes.17 In the present study, these 
polymicrobial pathogenic isolates were 
found to have different antimicrobial 
susceptibility patterns. 

As this study was mainly based on studying 
isolates resistance to second-line anti-
microbial agents, and thus the data may be 
skewed. Nevertheless, MDR, XDR and even 
PDR gram-negative isolates reflected the 
overuse, misuse of antibiotics which are 
sold without strict legislature as well as no 
well established antibiotic policy and anti-
biotic stewardship program in hospitals of 
Myanmar which is important to control the 
emergence of antibiotics resistance by 
guiding the empirical treatment strategies 
for infections. 
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Good results have been achieved consistently with compression hip screw 
fixation for stable intertrochanteric femur fractures by conventional method. 
Thus, this present study was conducted to find out the outcomes for such hip 
fracture fixation with minimal invasive technique. This retrospective study 
was carried out by collecting the records of 66 adult patients with stable 
intertrochanteric femur fracture managed by Dynamic Hip Screw (DHS) 
fixation with minimal invasive technique under Spinal Anaesthesia and 
Epidural Analgesia in Universal College of Medical Sciences and Teaching 
Hospital (UCMSTH) over a period of 3 years. The patients were in follow- 
up visits for one year postoperatively. Operating time, blood loss, decrease 
in haemoglobin level, analgesic demand, length of hospital stay, fracture 
union time, early and delayed complications and functional outcome were 
recorded. This study showed less operative time, less blood loss and less 
reduction in mean haemoglobin value postoperatively by only 1.53 gm/dl 
when compared with baseline values. Though complications like pain, stitch 
infection at surgical site and UTI were seen in few patients, all patients were 
mobilized within 2nd postoperative day with less rescue analgesic demand 
and shorter duration of hospital stay of only 8.23 days. However, plate 
breakage, nonunion, implant cut out, joint infection, delayed union and 
varus deformity were not observed in any of these patients. Moreover, 
Harris Hip Score showed good functional outcome. Fixation of DHS with 
minimal invasive technique for stable hip fracture has good functional 
outcome in cost effective way with fewer incidences of complications. 
 

Key words: Intertrochanteric fracture, Dynamic hip screw, Minimal invasive technique for fixation of DHS 

 
INTRODUCTION 

Hip fractures are leading cause of death  
and disability among the elderly. Proximal 
femoral fracture accounts 30% of all 
hospital admissions with mortality of 15-
20% worldwide. Among these, trochanteric 
fractures are around four times more with 
female predominance. Treatment goals for 
these populations include early rehabili-
tation, restoration of the anatomic alignment 
of the proximal part of femur and mainte- 
nance of fracture reduction.1- 4 

Though resistance augmented Baixauli plates, 
Medroff plates, trochanteric stabilizing plates,  

percutaneous compression plates and intra 
medullary devices are focused on unstable 
intertrochantric fracture, it is now almost 
universally accepted that internal fixation is 
the best method in which fixation with 
Dynamic Hip Screw (DHS) is considered as 
the standard one.5-9  

In the last decade, minimal invasive DHS 
(MIDHS) technique offered a better 
outcome compared to conventional 
approach, while maintaining equal fixation 
stability. The experimental basis of minimal 
________________________________ 
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invasive surgery is based on the fact that 
nutrient artery gives 2/3rd of the blood supply 
to the bone, and 1/3rd comes from the 
periosteum inflow.3 So, this study was 
conducted to ascertain the short-term safety 
and effectiveness of a standardized DHS 
device inserted using minimally invasive 
technique in Nepalese patients. 
 

MATERIALS AND METHODS 
 

This is a retrospective randomized study  
of 66 patients who underwent MIDHS 
technique for intertrochanteric fracture from 
1st December 2012 to 31st January 2015 in 
Universal College of Medical Science & 
Teaching Hospital, Bhairahawa, Nepal with 
at least one year of follow-up. All closed 
intertrochanteric fractures with BOYD & 
GRIFFIN classification, American Society 
of Anesthesiologist (ASA) physical status I 
and II were included in this study whereas 
patients with poly-trauma, pathological 
fracture, compound fracture, failed closed 
reduction on fracture table and ASA more 
than II were excluded. 

After taking written informed consent from 
patient and fitness given for anesthesia, all 
patients were pre-medicated with Tablet 
Lorazepam 1 mg a night before surgery and 
then Nil per Oral. All patients were operated 
upon under spinal anesthesia in a supine 
position on a radiolucent traction table. 
After sensitivity test, a single prophylactic 
antibiotic cefuroxime 1 gram intravenously 
was given 15 minutes before skin incision.  

The skin over the hip was properly painted 
and draped by placing the towel clips away 
to prevent superimpose on the fracture on 
subsequent imaging. The C-arm was also 
draped separately. A guide-wire mounted in 
135-degree guide plate was placed over 
anterior aspect of hip and checked in image 
intensifier in AP view [Fig. 1(a)].  

Plate was made aligned with the lateral 
border of femur and guide-wire was aligned 
in lower half of femoral neck and head. 
Entry point of guide-wire was marked in 
lateral aspect of thigh. Skin incision about 

4-5 cm was made. Fascia Lata and Vastus 
Lateralis were incised by diathermy to 
minimize blood loss. Guide-wire was 
inserted from lateral border of femur below 
2.5 cm from trochanteric flair [Fig. 1(b)]. 
Correct placement of guide-wire was 
checked with image intensifier in AP and 
lateral views [Fig. 1(c) & (d)]. Another 
parallel guide pin was inserted to provide 
temporary stability for unstable fractures, in 
which the reduction can be lost if the guide 
pin backs out after reaming. 

After insertion of guide pin, it was measured 
and advanced 5 mm more into the sub-
chondral bone, reamed adequately and a lag 
screw was chosen. Hip screw was then 
inserted [Fig. 1(e), (f) & (g)]. After removal 
of guide-wire, three-hole barrel plate was 
inserted facing it laterally through the wound 
and turned 180 degree introducing over hip 
screw [Fig. 1(h)]. Plate was then fixed with 
femur shaft with three cortical screws. 
Compression screw was inserted [Fig. 1(i)]. 
Fascia and subcutaneous tissues were sutured 
with absorbable suture and skin was closed 
with non-absorbable suture [Fig. 1(j)]. 

Duration of surgery was noted. Intra- 
operative blood loss was measured. Hemo-
globin level was checked on the first post-
operative day. Epidural analgesia with 
mixture of 1 mg preservative free morphine 
and 0.125% bupivacaine diluted with 
normal saline to make total volume of 10 ml 
was given for postoperative pain 12 hourly 
through Lumber Epidural Catheter by 
anesthesia team till 3rd postoperative day. 
First dose of epidural analgesia was given  
at the time of skin closure. Injection 
Paracetamol 1 gram intravenously over half 
an hour was given for rescue analgesia on 
patient’s demand. Total days of hospital 
stay and any complication recorded in  
the patient’s file was noted. Postoperative 
radiography was reviewed for evaluation  
of fracture reduction and screw position 
[Fig. 1(k) & (l)].  

All patients were reviewed on 6th, 12th, 24th 

& 48th week. Both clinical and radiological 
evaluation  were  done.  Functional outcome 
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of  the  operated  hip   joint   was   evaluated  
by calculating Harris Hip Score during 
follow  up  visits.  Pain, function, deformity,  

range of motion and limb length 
discrepancy were noted and scored 
accordingly.10 

 

 

   

    

    
 

    

    
 

    

 
 

RESULTS 

Records of 66 patients underwent  
MIDHS fixation for intertrochanteric 
fracture with one year follow-up were 
studied, among which 38 patients were 
males and 28 were females with mean age 
69.17 years ranging from 40 to 92 years. 
Forty-two fractures were in right side and 
24 in left. The highest rate of fracture was 
seen in age group between 70-80 years, 
accounted for 33.33%.  

The incidence of the injury was high  
among farmers which was 47% and 

housewife which was also 31.8%. The 
records also showed 65.2% (43 cases) 
patients sustained fractures due to slippage 
on ground, 21.2% (14 cases) patients 
sustained fractures due to road traffic 
accident (RTA) and only 13.6% (9 cases) 
sustained fracture due to fall from 
height.  

Mean operating time was 42.88 minutes 
ranging from 30-60 minutes. Mean wound 
size, perioperative blood loss and reduction 
in postoperative haemoglobin as compared 
to baseline value were 4 cm, 122.12 ml and 
1.53 gm/dl, respectively. 

Fig. 1(a). Incision site Fig. 1(b). Guide-wire entry 
point 

Fig. 1(c). Guide-wire placement 
(AP view) 

Fig. 1(d). Guide-wire placement 
(lateral)   

Fig. 1(e). Reaming with 
Reamer length 

Fig. 1(f). Reaming with desire Fig. 1(g). Insertion of hip screw Fig. 1(h). Insertion of barrel  

Fig. 1(i). Insertion of com- Fig. 1(j). Skin closer Fig. 1(k). Preoperative X-ray 
of pelvis  

Fig. 1(l). Postoperative X-ray  
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All patients were ambulated within 2nd 
postoperative day. Rescue analgesic was 
demanded by 8 patients especially after 4th 
postoperative period. The mean duration of 
hospital stay was 8.23 days (5-14 days). 
Stitch infection and urinary tract infection 
was seen in 4 and 2 patients, respectively. 

None of these patients showed nausea and 
vomiting, pruritus, constipation, dizziness 
and respiratory depression in postoperative 
period.  There were no any records of 
complications like bed sores, plate 
breakage, implant cut out, joint infection, 
delayed union, varus deformity and stiffness 
in any of these patients. The functional 
status measured according to Harris Hip 
Score system at 6th & 12th postoperative 
month was 80 and 90, respectively. 

 
DISCUSSION 

 
Hip fractures are leading cause of death  
and disability among the elderly. Incidence 
of trochanteric fracture increases with  
age because of increased average life expec-
tancy. The fractures of the proximal part of 
femur have been marked as one of the 
biggest problems of the society and 
trochanteric fractures are around four times 
more frequent than the fractures of the 
proximal part of the femur. Treatment goals 
for this patients population include early 
rehabilitation, restoration of the anatomic 
alignment of the proximal part of femur and 
maintenance of fracture reduction.  

In our study, the mean age of the patients 
was 69.17 years and the highest incidence 
(33.33%) of injury was seen among the age 
group of 70 to 80 due to poor vision, 
osteoporotic bone quality, menopausal 
ladies, slippery mud and negligence by  
the family members as noted by history. 
Various studies also showed mean age more 
than 60 years.11-14 Around 58% patients  
were males and 42% were females. Male 
preponderance might be due to more 
activity and mobility as compared to 
females who mostly confined to household 

activities in our country and thus are less 
prone to sustain an extra capsular fracture of 
hip. In contrast, few studies showed female 
predominance. Also, Melton JL, et al. 
mentioned that the annual rate of intertro-
chanteric fractures in elderly female was 
about 63 per 100,000 while in male was 34 
per 100,000 in United States.15 

Slightly longer mean operating time of  
43 minutes for MIDHS in this study can  
be explained by difficulty in barrel plate 
manipulation to fit the inserted lag screw 
through smaller incision when compared 
to study done by Michael, et al. which 
showed mean operating time of 39 minutes 
whereas other studies showed mean 
operating time of more than 55 minutes.16-18 
Similarly, mean intraoperative blood loss 
was only 122 ml in the study but it  
ranges from 225 ml to 495 ml in various 
studies.19-23  
Angiographic study of the proximal femur 
revealed that the distance from the Vastus 
Lateralis ridge to the first branch is from  
8 to 9.3 cm and thus, is considered as safe 
vascular zone for the minimally invasive 
DHS technique where a 3-5 cm incision  
is made and the proximal site of the incision 
is approximately 3 to 4 cm below this ridge. 
Therefore, blood loss in our study is 
minimal as compared to other studies  
with less tissue dissection for fracture 
exposure.17, 24, 25 Reduction in postoperative 
haemoglobin was also insignificant when 
compared preoperative haemoglobin value 
with the haemoglobin value of 1st post-
operative day.  
Out of 66 patients, 59 patients were 
operated by DHS with 3 holes barrel plate 
and 7 patients were operated with DHS with 
4 holes barrel plate. Previous biomechanical 
studies have shown no advantage of four 
screws over three. Study done by Yian, et al. 
also concluded that three bone screws 
provide an optimal distribution of tensile 
force.26 Several authors have reported the 
use of two-hole side plate and produce 
satisfactory healing.26, 27 Also, mean days of 
hospital stay in this study was much lesser 
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when compared with study done by Michael 
Ho (8 days vs. 13.5 days).16  

This study did not show any significant 
early complications except mild to moderate  
pain, stitch and urinary tract infections 
which is almost similar to the study 
conducted by Islam KM, et al.28 Only  
8 patients required rescue analgesia on  
their demand mainly after 4th postoperative 
day. Analgesic demands might be because  
of removal of epidural catheter on 3rd post-
operative day. 

Fracture that occurs through highly vascular 
cancellous bone usually heals within 8 to  
12 weeks regardless of method of treatment, 
in almost all cases.4 In the study conducted 
by Leung W, et al. mean bone healing time 
was 9 weeks whereas another study showed 
complete fracture union occurred in average 
4.2 months.14, 29  

In this study, mean union time was 14 weeks 
and it might be due to decrease drainage of 
fracture haematoma through small incision 
(<5cm) during surgery supporting biological 
process of fracture healing. Hence, early 
fracture healing and enhanced union rates. 
Union of fracture was associated with  
early mobilization by toe movement and 
quadriceps exercises which begun on  
1st postoperative day. Sitting and knee  
range of motion exercises begun on 2nd 
postoperative day which increased micro 
movements at the fracture site and enhances 
the union rate. Partial weight bearing was 
started on mean 5.7 weeks and full weight 
bearing was started on mean duration of 
11.02 weeks, which further enhanced rate of 
union. Sliding of the lag screw in the barrel 
allows the fracture to collapse impacting the 
stable position.  

It provides controlled compression at the 
fracture which further enhances the union 
rate. Also, the functional status of our 
patient according to Harris Hip Score 
system at 6th and 12th postoperative month 
was found to be “Good” which is almost 
similar to various other studies.30-32  

Conclusion 

Minimal invasive DHS fixation technique 
for intertrochanteric fracture under epidural 
analgesia results in decrease hospital stay 
and cost, less incidence of complications 
with good functional outcome. 
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Malaria has been a priority health problem 
in Myanmar. Morbidity and mortality  
rates were 6.44/1000 population and 0.48/ 
1000,000 populations, respectively, in 2013.1 
An. dirus and An. minimus are major vectors 
of malaria in forested and forested foot-hill 
areas of the country and An. annularis is  
a local vector of malaria in Rakhine State. 
An. sundaigus and An. subpictus are 
abundantly found in coastal areas of 
Rakhine, Mon and Taninthayi Regions. 

Anopheles maculipennis in Europe,  
An. culicifacies in the Indian sub-continent, 
An. dirus, An. annularis, An. leucosphyrus, 
An. fluviatilis, An. maculatus, An. minimus, 
An. subpictus, An. philippnensis-nivipes in 
South-east Asia are important vectors of 
malaria in different parts of the world.2  

Anopheles culicifacies Giles has wide 
distribution in India and have five sibling 
species and extends up to Ethiopia, Yemen, 
Iran, Afghanistan and Pakistan in the west. 
An. minimus and An. dirus sibling species 
also distributed in Bangladesh, Myanmar, 
Thailand, Cambodia, China and Vietnam in 
the east. The transmission of malaria is 
largely influenced by the abundance, survival 
and bionomics of the mosquito vectors. It is 
essential to detect efficacy of currently used 
insecticides in the country to complement the 
control programme. Therefore, updating and 
better understanding of the bionomics of 
vector mosquitoes and sibling species are 
required together with monitoring of the 

insecticide susceptibility status. The study 
was conducted in two malaria endemic areas 
as Katinehtit and Kinetaw villages of 
Kamamaung Township, Kayin State, from 
May 2014 to April 2015. The Kayin State is 
a malaria endemic area in Myanmar and 
malaria transmission is high in border areas, 
hard-to-reach and forested hilly areas. Both 
villages are situated beside the Younsalin 
creek.  

Anopheles mosquitoes were collected from 
fixed mosquito catching stations of both 
field areas by different collection methods 
with WHO sucking tubes and larval surveys 
were done in and around three kilometers of 
study sites seasonally. Head and thorax of 
mosquitoes were dissected to find out 
Plasmodium sporozoites in salivary gland  
by ELISA test for conforming potential 
vectors. Sibling species identification of  
An. minimus, An. culicifacies and An. dirus 
were done by polytene chromosome method. 
Susceptibility test was done by WHO test kit. 
Table 1 shows that a total of 9 Anopheles 
mosquitos’ species were collected in both 
areas. An. minimus, An. maculatus, An. vagus, 
An. culicifacies and An. annularis  
were collected in all seasons although  
An. tessellatus, An. Jamesii, An. aconitus  
and An. dirus were collected in rainy  
and cold seasons in both villages except 
____________________________________ 
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Table 1.  Seasonal collection of mosquitoes, sibling species and sporozoite positivity in villages  

Collected 
mosquitoes 

Katinehtit village Kinetaw village 
Rainy Cold Dry TMC & SS Sporozoite (%) Rainy  Cold  Dry  TMC & SS Sporozoite (%) 

An. minimus 12 49 32 93(A) 1(1.07) 17 51 24 92(A) 0 
An. maculatus 39 31 18 88 0 22 30 12 64 0 
An. vagus 30 6 27 63 0 8 10 6 24 0 
An. culicifacies 24 47 32 103(B) 0 26 39 34 99(B) 0 
An. annularis 29 11 15 55 0 20 12 20 52 0 
An. tessellatus 22 10 0 32 0 3 5 0 8 0 
An. jamesii 20 5 0 25 0 27 0 0 27 0 
An. aconitus 23 11 0 34 0 27 9 0 36 0 
An. dirus 16 15 0 31(D) 0 14 13 0 27(D) 1(3.7) 
Total 215 185 124 524 1(0.19) 164 169 96 429 1(0.23) 
TMC & SS=Total mosquito collected & sibling species 

An. jamesii  was collected only in rainy 
season in Kinetaw village. The main vector 
An. minimus was collected in highest 
number of 49 in Katinehtit and 51 in 
Kinetaw in cold season. The main vector 
An. dirus was collected in high number in 
rainy than cold season in both areas. The 
peak biting time of main vectors An. dirus 
was found at 10:00 pm and An. minimus was 
found at 11:00 pm in both Katinehtit and 
Kinetaw villages. Tun Lin, et al.3 revealed 
that An. minimus was mostly collected 
between 10 and 11 pm in indoor in Thabwewa 
Village, Oktwin Township, Bago Region.  

Anopheles minimus larvae were collected in 
high number in sand pool and slowly 
running water. The positivity rates were 
found 71.42% and 64% in sand pools and 
68.75% and 41.03% in slowly running  
water in Katinehtit and Kinetaw villages. 
Anopheles minimus was bred together with 
An. culicifacies larvae in sand pools water. 
An. dirus larvae was found in 4.17% and 
3.85% of the wells in Katinehtit and  
Kinetaw villages. All collected An. dirus 
were found to be sibling species D. 
Anopheles minimus A and An. culicifacies  
B species were observed by polytene chro-
mosome method. An. dirus D and A are 
main vectors of malaria in Myanmar, China 
and Thailand, and D and E are main vectors 
in India.4  

Anopheles minimus A was found in India, 
Laos and Cambodia, A and C are main 
vectors in Thailand, China, Vietnam5 and 
An. culicifacies A, C, D and E are main 
vectors although B is a poor vector of 

malaria in India but B is main vector in  
Sri Lanka.4 An. minimus was found (1.07%)Pf 
circumsporozoite positive in Katinehtit and 
An. dirus was found (3.7%)Pv210  circum-
sporozoite positive in Kinetaw villages. All 
collected Anopheles mosquitoes were found 
susceptible to deltamethrin, permethrin, 
cyfluthrin and DDT4% insecticides. Malaria 
transmission occurred in year round except 
April although the transmission was high in 
July and August in the study period. Main 
vectors An. dirus and An. minimus are 
available in Kamamaung Township and  
Pf and Pv210 circumsporozoite antigen were 
positive in both species by using ELISA 
test. Therefore, this study suggested that 
there was an active (local) malaria trans-
mission in the study areas and recommended 
proper care of malaria control and preventive 
measure in both areas. 
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