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EDITORIAL 

 
  

The year 2015 is the great milestone of our Department of 

Medical Research (DMR) because DMR (Lower Myanmar) established 

in 1963 at Yangon and DMR (Upper Myanmar) established in 1999        

at PyinOoLwin were combined to form as one Department under the 

Ministry of Health on 1st April, 2015. Accordingly, it is time to 

undertake research more “streamlined” with concerted effort of 

researchers ever than before symbolizing health sector reform wave of 

Myanmar.  

At the 43rd Myanmar Health Research Congress held in January, 

2015, the Editorial Committee performed the best possible mean for 

regular publication of MHSR Journal. The presenters were asked for 

respective research papers presented at the Congress for publication in the 

MHSR Journal after peer reviews. It made the researchers get the great 

chance to be more practical in disseminating their research findings to the 

public as soon as they had presented at the Congress. Among the total of 

138 research papers presented, we received 61 papers for MHSR Journal. 

For this issue, there are 13 long articles which are of wide range of 

findings through operation research, implementation research, health 

policy and system research targeting prioritized health problems. They are 

about Japanese Encephalitis (JE), high school students’ attitudes to 

adolescent pregnancy, type 2 diabetes mellitus, children with acute 

diarrhoea/ dengue haemorrhagic fever, bioefficacy of bed-net treated with 

insecticide, bioequivalence study of  generic and innovator metronidazole 
tablets in Myanmar healthy volunteers, PCR in diagnosis of tuberculous 

pleural effusion, bone mineral density in adult women, predictive model of 

birth weight using simple anthropometric measurements, injury due to 

road traffic accidents and knowledge and practice on MDR-TB among 

MDR-TB patients.  
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The leading article of this issue concerns about the Japanese 

Encephalitis (JE), a vector-borne zoonotic disease caused by the bite of 

Culex mosquitoes with nearly 68,000 clinical cases every year. It occurs in 

24 countries in the WHO South-East Asia and Western Pacific regions that 

have endemic JE transmission, exposing more than 3 billion people to 

risks of infection. Although symptomatic JE is rare, the case-fatality rate 

among those with encephalitis can be as high as 30%. Permanent 

neurologic or psychiatric sequelae in 30%-50% of those with encephalitis 

can occur due to the infection. In fact, treatment is only focused only on 

relieving severe clinical signs and symptoms, supporting the patient to 

overcome the infection as there is no specific treatment for the disease.  

Despite the WHO recommends safe and effective JE vaccination as 

the disease is a recognized public health problem, JE vaccination has been 

started in Rakhine State where many cases were found in 2015 in 

Myanmar. Therefore, the present study is emphasized on getting the 

baseline data through prevalence and genotypic studies in Myanmar. 

However, it is critical to have strong data of JE prevalence, natural 

immune status among the normal population, and mortality among the 

confirmed JE cases. In the near future, depending on these data, 

widespread implementation of JE vaccine through Expanded Program on 

Immunization will be carried out successfully.  

Finally, we sincerely congratulate to all the scientists; both authors 

and co-authors for outstanding contributions of their research findings to 

our MHSR Journal. 
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Isolation and Identification of Japanese Encephalitis Virus 
 from Piglets in Thakayta Township, Yangon 
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Khin Khin Oo1, Hla Myo Thu1, Mo Mo Win1, Hlaing Myat Thu1 & Sutee Yoksan2 
  

 1Department of Medical Research (Lower Myanmar) 
2Center for Vaccine Development, Mahidol University, Thailand 

 
Japanese encephalitis is a vector-borne zoonotic disease caused by the bite 
of Culex mosquitoes. Japanese encephalitis virus circulates among the wild 
birds, and transmitted to porcine, equine and human. In 2010, there were 
two reported cases of Japanese encephalitis infection in Thakayta Township, 
Yangon and the study was initiated within a month to get the JE virus isolate.  
A small pig farm was selected which was close (<2 km) to the home of      
JE cases. Blood samples were collected from five piglets in a selected       
pig farm, weekly for 14 times. JE virus was isolated in C6/36 mosquito    
cells, identified by Immunofluorescent Assay and Reverse Transcriptase- 
Polymerase Chain Reaction, and then sequenced by DNA sequencer. The 
isolate was found to be genotype I. In 2009, the first JE virus isolate in 
Myanmar was genotype III. This study was the second isolation of JE virus 
from piglets in Myanmar. 

Key words: Japanese encephalitis, Virus isolation, Gene sequencing, Phylogenetic tree 

 
INTRODUCTION 

 
Japanese encephalitis virus (JEV) is the 
most important cause of epidemic ence-
phalitis worldwide, with an estimated 
35,000 to 50,000 cases and 10,000 deaths 
annually.1 The case fatality rate of JE virus 
infections is approximately 25%, with 50% 
of survivors developing permanent neuro-
logical and psychiatric sequelae.2 JEV is 
transmitted between vertebrate hosts by 
Culex mosquitoes, principally of the Culex 
tritaeniorhynchus.3, 4 In  Asia, pigs  as  well  
as birds are important natural hosts for 
Japanese encephalitis virus because these 
animals are often kept close to human 
dwellings, they serve as amplifying or 
bridging hosts that transmit the virus to 
humans.5, 6  

It is an RNA virus of the genus Flavivirus, 
family Flaviviridae. It has a genome of      
11 kb which encodes for three structural  
and seven nonstructural proteins. The 
envelope (E) protein is the most important 

among the structural proteins because it   
has neutralizing properties to the virus. 
According to phylogenetic analysis, there 
are five known genotypes of JEV world-
wide according to the envelope (E) gene 
sequence.7, 8 
In Myanmar, in 1982, a study on vector, 
amplifier, and human infection with JEV 
was done in a Yangon community (Dawbon 
Township). JEV infection was detected in 
52.1% of pigs. The known JEV vector 
mosquito species, especially Culex tritae-
niorhynchus, were found in the study area 
but no concurrent human JEV infections 
were elicited.9 An investigation on JEV 
infection in Bogalay Township, Myanmar 
was done in 1999. Findings showed that  
JEV antibodies were detected in 33% of the 
pigs. They also found the Culex vector 
mosquitoes especially C. vishnui followed 
by C. tritaeniorhynchus.  
___________________________________ 
*To whom correspondence should be addressed. 
Tel: +95-973075415 
E-mail: dr.aungzawlatt@gmail.com 
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JE virus antibodies were not detected among 
the villagers during the study.10 Non-
epidemic investigation was done in Yangon, 
1968. Two hundred and thirty-eight human 
sera were tested at Virus Research Centre   
in Poona, India. Sixteen percent of the    
sera had detectable neutralizing antibody 
against JE virus.11 Attempts to isolate    
virus from the blood of patients with 
flavivirus encephalitis are usually un-
successful because of transient viraemia and 
low titers. But, it is occasionally isolated 
from cerebrospinal fluid of patients who do 
not yet have antibody, particularly those 
who subsequently die,12, 13 and from post-
mortem brain tissue.13- 15 

In the 2006 JE outbreak in China, isolation 
and sequencing of JE virus was attempted 
from CSF and mosquitoes. Eleven sequences 
were obtained and further analysis showed 
genotypes I and III.16 JE virus was isolated 
from human and human brain in Chiang 
Mai (Northern Thailand) in 1964 and     
1982, respectively. They were found to be 
genotype III. But in 1984 and 3-year    
survey (2003-2005) in pigs changes in       
JE virus genotype pattern showed geno- 
type I.17 

JE is a vaccine preventable disease and 
currently used vaccines are derived from 
JEV strain representative of genotype III. 
Clinical trials with genotype III vaccines 
have demonstrated effectiveness in areas 
where heterologous JEV genotypes cause 
human disease, supporting the hypothesis 
that immunity induced by genotype III 
vaccines protects against infection with JEV 
belonging to other genotypes.18 In Myanmar, 
isolation of JE virus from pigs in DikeOo 
pig farm was done in 2009 and the isolate 
was identified as genotype III.19 

 
MATERIALS AND METHODS 

 
Study site  
A small pig farm within a 2 km radius from 
houses of confirmed human cases of JE 
virus infection was targeted for sample 
collection (Fig. 1).  

 
Fig. 1.  A Google map showing the location of 

pig  farm where the JEV was isolated, 
and houses of confirmed human JE cases 

 
Sample collection  
Blood samples were collected weekly from 
five piglets starting from 8 weeks of age    
to 22 weeks. Two to three milliliters of 
blood sample were collected from anterior 
vena cava of each piglet. A total of 70 blood 
samples were collected during 14 weeks. 

Antibody testing by JE ELISA  
Antibody was checked by Dengue-JE IgM 
Combo ELISA kit, Panbio Australia.  
Virus isolation and identification 
Each pig serum (50 µl) was diluted in     
1,000 µl of serum free Modified Eagle’s 
Medium, and 200 µl of diluted serum was 
inoculated onto 3 day old C6/36 mosquito 
cell line in a 25 cm2 culture flask and 
incubated at 32ºC for 90 minutes. During 
incubation, culture flasks were kept on 
gentle rocking by a rocking machine. Then, 
5 ml of MEM media was added to the flask 
and incubated in an incubator at 32ºC for     
7 days. On day 7 of incubation, media was 
aspirated and one side of the flask was 
tapped gently to detach some cells.  
Then, the loosened cells were fixed onto 
glass slide by using acetone for 10 minutes. 
Virus detection was carried out by indirect 
immunofluorescent staining using anti-
flavivirus monoclonal antibody (4G2) and 
anti-JE monoclonal antibody as the first 
antibodies and, FITC conjugated goat anti-

Houses of confirmed  
human JE cases 

Small pig farm 
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mouse IgG as the second antibody. Then, 
the flasks were replenished with MEM 5 ml 
and incubation was continued, then the 
above steps were repeated for the next two 
consecutive weeks. 

Gene sequencing 
RNA extraction was done, by using QIA 
amp Viral RNA extraction kit (QIAGEN, 
Germany) according to the manufacturer’s 
protocol, from a supernatant of JEV- 
positive cell culture, after the first passage, 
according to manufacturer’s protocol as 
well as RNA reverse transcription-PCR 
(RT-PCR) [TPersonal (Biometra)]. RT-PCR 
was performed on 4 µl of cDNA template 
by using 2.5 units of Ampli-Taq Gold DNA 
Polymerase [RobusTTTMII RT-PCR Kit 
(Finnzymes)]. Overlapping of JEV E gene 
fragments was amplified with 2 sets of 
primers: Ea forward primer, Ea reverse 
primer; and Eb forward primer and Eb 
reverse primer, respectively. The 1,500 
nucleotides generated partial sequences of 
the JEV E gene that were compiled by using 
Sequence-Alignment Editor software version 
5.0.9; pair-wise genetic distances were 
calculated with MEGA software version 4.0. 

 
RESULTS AND DISCUSSION 

  
After ELSA testing, two out of five serum 
samples collected at 14th week were JE 
antibody positive. The OD value of one 
sample was higher among the two. After 
virus isolation, one sample from 13th week 
showed cytopathic effect (CPE). This 
sample is also the one which was ELISA 
positive and with the higher OD value. After 
IFA testing, the sample that shown CPE was 
Flaviviral polyclonal antibody positive and 
dengue polyclonal antibody negative. After 
confirmation with JE monoclonal antibody 
and RT-PCR, the isolate was Japanese 
encephalitis virus.  
After sequencing, the new Myanmar JEV 
sequence was analyzed with a group of 27 
previously published JEV strain sequences 
which include 11 from Thailand, 5 from 
Japan, 6 from Indonesia, 2 from Malaysia, 

and one each from Korea, Australia and 
China. A phylogenetic tree was generated, 
and the new Myanmar JE virus isolate fits 
into the same GI cluster (Fig. 2).  

This strain was associated with another 
subcluster (GIb) strain isolated in 2005 from 
Southern Thailand. But, eight Thai strains 
also isolated in 2005 formed a subcluster to 
Myanmar JE virus. In Myanmar 2009, the 
first JE virus sequenced was genotype III 
which is 99.58% identical with Beijing, 
China strain. Isolate was obtained from a 
pig farm about 70 miles from Yangon.19   

But, in this (2012) study, the isolate was 
genotype I. In these two isolation studies, 
most of the techniques were similar except 
sample collection pattern. In 2009 study, the 
serum samples were randomly collected, but 
in this study more systematic collection was 
made because the chance of getting JEV 
isolation was very low. A study found that 
the viraemia to primary JEV infection lasted 
for one to three days, and was detected from 
day 2 to day 5 post infection.20  

In Myanmar, there have been a lot of sero-
prevalence studies regarding JE virus, but 
there is no genotypic identification study 
within the last three decades. The first 
isolation of JE virus from the brain of          
a dead horse was done in 1977 and the 
isolate was confirmed as JEV by the WHO 
reference center in Poona, India.21 In this 
study, the isolate was genotype I. Regarding  
preventive measures, Japanese encephalitis 
disease is a vaccine preventable disease and 
currently used vaccines are derived from 
JEV strain representative of genotype III, 
and this vaccine is still effective against four 
genotypes (I, II, III and IV).18  

To date, the Muar strain, which was the first 
isolated genotype V JEV from specimens  
of brain tissues of patients with viral 
encephalitis  in  Malaya  in 1952,22, 23 the 
second finding of genotype V  was from  
Cx. tritaeniorhynchus collected in Tibet, 
China (2009),24 and the third report of JEV 
genotype V was from Republic of Korea 
(2010).25  
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Fig. 2.  Phylogenetic relationship of Japanese encephalitis viruses done by E gene (1,500 nt) analysis 

by MEGA version 4 software, using the neighbor-joining (p-distance) method. The length of 
the tree branches indicates the percentage of divergence; the percentage of successful 
bootstrap replicates is specified at the nodes (1,000 replicates). West Nile and Kunjin virus 
prototype sequences were included to root the tree. 

Therefore, the genotype V is reemerged 
within the last three years, however, the 
protective efficacy of current vaccine 
against JEV genotype V has not been 
studied yet. In Myanmar, two strains of      
JE virus genotype I and III had been 
identified but it could not be concluded 
whether there is co-circulation or changes in 
genotype because of small sample size. 
Conclusion 
In Myanmar, there are cases of JE infection 
which are still reporting and, in 2008 there 
were 8 cases of JE ELISA confirmed 
patients in Yangon Children’s Hospital. 

Among 8, 2 patients were expired, 1 suffered 
deafness and 1 had undergone blindness.26 

However, fever develops in only a small 
proportion (about 1:300) of those exposed.27 
On the other hand, the ratio of cases to 
undetected is 1:300.  

Thus, in Myanmar, there must be a lot of 
undiagnosed cases and thousands of sub-
clinical infections. In comparing to the 
dengue infection, the mortality rate is low 
but the neurological sequelae may be a 
burden to their family. Like other infectious 
diseases, vaccination is the most effective 
preventive measure against JE. In Thailand, 
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introduction of JE vaccine into children 
immunization started in 1990.28 But, imple-
mentation of JE vaccine into Expanded 
Program on Immunization necessitates 
strong data of JE prevalence, natural 
immune status among the normal popu-
lation, and mortality among the confirmed 
JE cases.  
It was concluded that as long as there is     
no JE vaccination program in Myanmar, 
prevalence and genotypic studies should be 
continued to get the baseline data. And,       
to know the changes in genotype is also 
important because the new emerging JE 
virus strain may not be protected by the 
current JE vaccine. 
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The causes and consequences of adolescent pregnancy impact everyone 
from family members to entire communities. This study investigated the 
attitudes and responses of high school students, who studied in a bilingual 
school in Bangkok, to the issue of adolescent pregnancy. Responses were 
assessed on three key aspects with 21 items measuring their attitudes based 
on a five Likert scale namely: causes, consequences and the use of school-
based adolescent pregnancy awareness education programs. Data collection 
required students (n=63) to complete a self-administered questionnaire     
and the responses were analyzed by grade level and gender using both 
descriptive and inferential statistics. Independent sample ‘t’ tests revealed 
that G-11 students perceived a drop in moral values, and teenagers’ sexual 
behavior as leading causes of adolescent pregnancy while school drop-out 
and early parenthood were the most serious consequences of adolescent 
pregnancy. However, female students perceived school drop-out as the most 
serious consequence. Moreover, G-11 students were more likely than G-12 
students to respond positively to a school-based adolescent pregnancy 
awareness education program. A one-way ANOVA test indicated that 
students aged 16 years were more likely to perceive a drop in moral values 
and teenagers’ sexual behavior as the most common causes of adolescent 
pregnancy than those aged 17 and 18 years. This independent study can be 
applied to designing prevention programs in order to reduce the incidence of 
adolescent pregnancy among high school students in every country.  

 
Key words: Adolescent pregnancy, Prevention programs, Bangkok High School students 

 
INTRODUCTION 

 
Adolescent pregnancy is defined as preg-
nancy that occurs in young females aged   
10-19 years old.1 Unplanned and unwanted 
pregnancy among adolescents is a common 
public health problem worldwide2 as about 
16 million girls aged 15-19 years and          
2 million girls under age 15 give birth every 
year. Moreover, one in five girls has given 
birth by the age of 18 worldwide.3  

Adolescent pregnancy occurs in all soci-
eties but the level of teenage pregnancy    
and childbearing varies from country to 
country.4  In developing countries, about 19% 
of young women aged under 18 become 
pregnant5, and about 95% or almost all 
pregnant adolescent are from low or  middle  
income countries.6  Several causes contribute  

to adolescent pregnancy. For example, in 
2000, the total number of teen pregnancies 
was 38,600 (38 in 1000) in Canada while 
compared to the United States, it was 
821,810 (84 in 1000). And, among exami-
nation teenage pregnancy is definitely 
linked with teenagers’ poor relationships 
with their parents or parenting styles that 
include lack of love or concern or single 
parent families or absent parents or the 
permissiveness of such parents.7  
A study also pointed the cultural value 
placed on fertility is believed to encourage 
teenage pregnancy.8 Moreover, one study 
indicated that lack of opportunity and socio- 
economic  disadvantage significantly contri- 
___________________________________ 
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butes to teen pregnancy.9 Teens living in 
poverty were more likely to get pregnant 
than teens who do not and teen parents often 
had lower lifetime earnings, as well as more 
social problems throughout their lives.10, 11  

Many young people engage in risky sexual 
behavior which can result in unintended 
health outcomes including pregnancy, HIV 
infection and other sexually transmitted 
diseases.12 Another study stated that though 
not always, the increase in sexual activity    
is often associated with an increase in       
the incidence of teen pregnancy.13 Today, 
unwanted pregnancies, venereal disease and 
the feeling of emptiness are common among 
young people who considered living a life 
of immorality as normal behavior.14 

There are many consequences of teen preg-
nancy that impact not only on the adolescent 
but also everyone else from family members 
to entire communities. Teen pregnancy is a 
major contributor to high school drop-out.15 
Previous studies also found educational 
failure and school drop-out are negative 
results of teenage pregnancy.16 It reduces 
the chances of high school completion and 
attending college.17 Therefore, researchers 
conclude that many such adolescent mothers 
are unable to obtain any form of higher 
education and so are at a disadvantage.18  

Moreover, in many cases, teenage mothers 
are not in a position to go back to school as 
they have to look after their children after 
delivery and in some cases, their physical 
condition is not  conducive for them to go to 
school.19 Also, in comparing to their non-
pregnant peers, pregnant secondary students 
are less likely to get a job or attend college 
and as a result, adolescent mothers often 
experience the lack of meaningful or equal 
career opportunities leading to the high rate 
of teen unemployment.18  

Teen childbearing has also serious con-
sequences for teen mothers, their children, 
and society as a whole. For example, 
mothers aged younger than 17 faced an 
increased risk of maternal mortality because 
their bodies are not yet mature enough to 

bear children. Most teenagers showed high 
levels of parenting stress and are less 
responsive and sensitive in interaction with 
their infants than adult mothers that caused 
lack of parental skills.20 Therefore, early 
childbearing may be life-threatening to both 
the mother and the child.21  
Today, there are hundreds of adolescent 
pregnancy programs available. However, it 
is difficult to know which programs can be 
served as the best practice for educators and 
practitioners.22 Although sexual education  
is part of the national school curriculum, 
teaching is clearly insufficient in Thailand. 
The Education Ministry limits the instruc-
tion on sex education to eight hours a year 
despite changing attitudes towards sex 
among the young and the consequences of 
unplanned pregnancy are often left out of 
them leave the classroom teaching too 
despite the lack of legal option.23 Moreover, 
many researchers and advocates argue that 
teenage pregnancy prevention should target 
attitudes towards pregnancy.24, 25 

Considering the above, the purpose of this 
study was to investigate the attitudes and 
responses of high school students, who study 
in a bilingual school in Bangkok, and no pre-
vious studies have been identified on the 
issue of adolescent pregnancy at this school. 
The questions to be answered in this study 
were: What are the leading causes of adoles-
cent pregnancy? ; What are the most serious 
consequences  of  adolescent   pregnancy? ; 
What efforts can help to address this issue? 
The findings from this study will be helpful 
to broaden our understanding of the issue 
before implementing school adolescent preg-
nancy prevention programs. By exploring 
students’ attitudes on this matter, the 
information can be used to determine       
how best to incorporate such attitudes into 
the overall goal of developing school teen 
pregnancy prevention programs. Bene-
ficially, this independent study can assist    
in designing targeted future prevention 
programs to be applied by community 
organizations or by schools in Thailand or 
elsewhere. 
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MATERIALS AND METHODS 
 
A cross-sectional study was conducted       
to examine the attitudes and responses        
of high school students. Approximately    
300 students of G-11 and G-12 classes were 
enrolled in the semester 2 of 2013. Per-
mission to sample the high school students 
was obtained from the school director    
prior to the study. Protecting the students’ 
privacy, confidentiality and anonymity were 
ensured by not indicating their names and 
school identity code on questionnaires. 

A total number of 100 students from both 
classes were selected by random sampling 
technique according to their school identity 
code which was assigned by the school 
registration office. The students who were 
selected from simple random table for each 
class were given self-reported questionnaire 
by their teachers. When they received the 
questionnaire, they were asked to complete 
the questionnaire that related to adolescent 
pregnancy in order to describe their atti-
tudes. Sixty-three randomly selected students 
sent completed questionnaires back to their 
teachers’ office. 

Students’ responses were assessed on three 
key aspects with 21 items measuring their 
attitudes based on a five Likert scale namely: 
causes, consequences and the use of school-
based adolescent pregnancy awareness 
education programs as the initial assess-
ment. Responses based on the scale were 
coded as 1=strongly disagree, 2=disagree, 
3=neutral, 4=agree, 5=strongly agree.  
The data collected was analyzed by using 
both descriptive and inferential statistics. 
The descriptive statistics showed the charac-
teristic of the data (e.g., frequency, per-
centage, average, etc.). The inferential 
statistics was done by using an independent 
sample ‘t’ test and a one-way ANOVA test 
that measured significant mean differences 
among the above-stated three key aspects of 
adolescent pregnancy classified by gender, 
student’s level of schooling and age. 
Criteria of class interval are shown in this 
study (Table 1).  

Table 1.  Criteria of class  interval  mean  range 
for this study 

1.00-1.49 1 Strongly disagree 
1.50-2.49 2 Disagree 
2.50-3.49 3 Neutral 
3.50-4.49 4 Agree 
4.50-5.00 5 Strongly agree 

In order to avoid the absence of responses in 
this study, the following options were 
included: 7=do not know; 8=refuse to 
answer; 9=question does not apply and  
were assigned as missing data.  
 

RESULT 
 

Table 2 shows the overall mean for the  
three different key aspects of adolescent 
pregnancy stating the range of the mean 
score. Among them, the last key aspect 
showed a high mean score of (3.5-4.49) 
while the first two key aspects showed a 
mean score range of (2.50-3.49). However, 
it indicated that the higher the mean, the 
more likely students are to think about 
adolescent pregnancy and their openness to 
school-based prevention programs. 
 
Table  2.  Overall descriptive statistics on 

adolescent pregnancy 
Key aspects of 

adolescent pregnancy Mean Standard 
deviation Conclusion 

Causes  3.2952 0.66513 Neutral 
(2.5-3.49) 

Consequences 3.4802 075709 Neutral 
(2.5-3.49) 

School-based      
 prevention program 

3.8794 0.76836 Agree 
(3.5-4.49) 

 
Table 3 shows the mean differences 
between causes for adolescent pregnancy 
and level of school (grade). The highest 
mean score was related to teenager’s sexual 
behavior while the lowest mean score was 
related to low socio-economic status for 
both G-11 and G-12 students. It also showed 
that both G-11 and G-12 students had the 
highest mean score for teenagers’ sexual 
behavior. However, the independent sample 
‘t’ test indicated that G-11 students were 
more likely to perceive a drop in moral 
values, and teenagers’ sexual behavior as 
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leading causes of adolescent pregnancy than 
the other (p<0.05).  
 
Table 3.   Independent samples ‘t’ test for causes 

of adolescent pregnancy by grade 

      Causes Grade Mean Standard 
deviation 

‘t’ statistic 
(p value) 

Low socio- 
  economic status 

11 3.2400 0.92556 1.954 
(0.055) 12 2.7895 0.87481 

Cultural factors 
 

11 3.1600 1.10604 1.332 
(0.188) 12 2.8421 0.78933 

Permissiveness of   
  parents 

11 3.2400 1.09087 -.608 
(0.546) 12 3.3947 0.91650 

Drop in moral 
  values 

11 4.2000 0.64550 5.340 
(0.000) 12 2.9211 1.07506 

Teenagers’  
  sexual behavior 

11 4.3200 0.69041 3.558 
(0.001) 12  3.4211   1.13021 

      
Table  4.  Independent  samples ‘t’ test for  con- 
 sequences   of   adolescent  pregnancy  
 by grade 

 Consequences Grade Mean 
Standard 
deviation 

‘t’ statistic 
(p value) 

School drop-out 
 

11 4.0400 1.01980 2.326 
(0.023) 12 3.3158 1.31735 

Low self-esteem 
 

11 3.7600 1.01160 1.701 
(0.094) 12 3.2895 1.11277 

Unemployment 
 

11 3.0000 0.81650 -0.845 
(0.401) 12 3.1842 0.86541 

Early parenthood 
 

11 4.2000 0.76376 3.069 
(0.003) 12 3.4211 1.10604 

 
Table 4 shows the mean differences 
between four different consequences and 
level of school (grade). It indicated that      
G-11 students had higher mean score than 
G-12 students for almost all consequences. 
The independent sample ‘t’ test also indicated 
that two kinds of consequences, school drop- 
out and early parenthood are meaningful 
difference regarding consequences of ado-
lescent pregnancy and grade. Mean com-
parisons revealed that G-11 students are 
more likely to perceive school drop-out and 
early parenthood as the most serious con-
sequences  of adolescent pregnancy compared  
to G-12 students (p<0.05). 

In gender differences of consequences, it 
was found that the result of Independent 
sample ‘t’ test was only significant for      
one consequence (school drop-out) which 
indicated female students perceived school 
drop-out as the most serious consequence 

(p<0.05). However, mean comparisons 
revealed that female students were more 
likely to perceive all four consequences      
of adolescent pregnancy as serious conse-
quences compared to male students (Table 
not shown).   
Table 5 shows the different age groups and 
their responses to the causes of adolescent 
pregnancy. It was found that students aged 
16 years had the highest mean score for       
the four different causes of adolescent preg-
nancy. When comparing age groups, using  
a one-way ANOVA test, the results showed 
that there was a significant relationship 
between age and the two different causes    
of adolescent pregnancy. This suggests that 
students aged 16 years were more likely to 
perceive a drop in moral values and teen-
agers’ sexual behavior as the most common 
causes of adolescent pregnancy compared to 
others (p<0.05).  
 
Table 5. ANOVA test  for causes  of  adolescent  

pregnancy by age 

   Causes Age Mean Standard  
deviation 

‘F’ statistic  
(p value) 

Low socio- 
   economic status 

16 3.1364 0.88884 0.660 
(0.52) 17 2.9091 0.87905 

18 2.7500 1.16496 
Cultural factors 
 

16 3.0000 1.06904 0.032 
(0.968) 17 2.9394 0.86384 

18 3.0000 0.92582 
Permissiveness 
   of parents 
 

16 3.1364 1.20694 1.691 
(0.193) 17 3.3333 0.81650 

18 3.8750 0.83452 
Drop in moral     
   values 
 

16 4.0909 0.81118 8.213 
(0.001) 17 2.9697 1.07485 

18 3.5000 1.19523 
Teenagers sexual 
   behavior 
 

16 4.2273 0.75162 4.343 
(0.017) 17 3.4242 1.19975 

18 4.0000 0.75593 

 
Regarding the differences of means in 
school-based prevention program by level 
of school (grade), the Independent sample 
‘t’ test was significant for only one variable 
which indicated G-11 students perceived 
that every individual in a school community 
needed to be knowledgeable about adoles-
cent pregnancy (p<0.05). However, the 
majority of mean comparisons revealed that 
G-11 students were more likely than G-12 
to respond positively to a school-based 
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suicide awareness education program (Table 
not shown). 
  

DISCUSSION 
  
This study investigated how high school 
students, who study in a bilingual school in 
Bangkok, perceive and respond to the issue 
of adolescent pregnancy. The three key 
aspects of adolescent pregnancy, namely: 
causes, consequences and the use of school-
based adolescent pregnancy awareness 
education programs were measured as an 
initial assessment. Comparing the causes    
of adolescent pregnancy by school level 
(grade), the highest mean score was related 
to teenagers’ sexual behavior while the 
lowest mean score was related to low socio-
economic status for both G-11 and G-12 
students. However, the independent sample 
‘t’ test showed a significant mean difference 
between G-11 and G-12 students and 
suggested that G-11 students are more likely 
to perceive a drop in moral values and 
teenagers’ sexual behavior as the leading 
cause of adolescent pregnancy compared to 
the others (p<0.05).  
For the different responses for the con-
sequences of adolescent pregnancy with 
respect to the school grade level and gender, 
an independent sample ‘t’ test was used. 
The results again indicated G-11 students 
were more likely to perceive school drop-
out and early parenthood as the most serious 
consequences of adolescent pregnancy 
(p<0.05). It may be because most adoles-
cents with unexpected pregnancy postpone 
their education and are likely to lack 
sufficient skills and training.  

As a result, this may lead to inadequate 
parental care to support their children with 
miscarriage. The independent ‘t’ test results 
also  confirmed  a  significant  difference  in 
the mean score by gender with female 
students perceiving school drop-out as the 
most serious consequence of adolescent 
pregnancy. Pregnant adolescents might feel 
excluded from school activities and feel 
discouraged and experience disapproval 

from their school community as well as 
society at large.  

Moreover, G-11 students are more likely 
than G-12 students to respond positively    
to a school-based adolescent pregnancy 
awareness education program. They may 
believe that a pregnancy prevention program 
can influence adolescents’ perception of 
sexually risky behavior and also it can 
encourage precautions to reduce pregnancy 
and sexually transmitted infections in the 
future.  

To examine the different responses to the 
above mentioned four key aspects with 
respect to age group, a one-way ANOVA 
test was used. It indicated that students aged 
16 years are more likely to perceive a drop 
in moral values and teenagers’ sexual 
behavior as the most common causes of 
adolescent pregnancy compared to those 
aged 17 and 18 years. The pregnant teenager 
can be socially isolated with little notion of 
morality from family or their environment 
which increases the risk of becoming 
pregnant. 

In addition, the results of this research cer-
tainly suggests the benefits of implementing 
pregnancy prevention programs in the 
surveyed school as adolescent pregnancy 
has become an issue of national concern in 
Thailand.26 
Conclusion & Recommendation 
In Thai society, generally the issue of 
adolescent pregnancy is taboo and not 
discussed openly in public. Currently, sex 
education in schools is limited. Therefore,  
an important public health issue is mostly 
shielded from discussion. This study 
revealed that G-11 students are more likely 
than G-12 students to respond positively     
to a school-based adolescent pregnancy 
awareness education program. It also 
suggests that G-12 students need to 
understand how adolescent pregnancy 
prevention programs are important and 
necessary in all schools. In addition, schools 
need to implement effective school-based 
adolescent pregnancy awareness education 
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programs to reduce the risk of pregnancy 
among students and as part of promoting 
healthy sexual behavior and life skills 
generally not only in Bangkok but in 
schools everywhere.  
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Diabetes mellitus is a chronic disease that causes serious health compli-
cations including renal failure, heart disease, stroke and blindness. In 
Myanmar, the overall prevalence of diabetes mellitus was 12.6% of females 
and 11.5% of males. Type 2 diabetes mellitus patients had been known to 
have a hypercoagulable state and hypofibrinolysis. The coagulation profile,  
glycosylated hemoglobin (HbA1c) were determined in 187 patients with 
type 2 diabetes mellitus (44 males, 143 females, mean age 55±11 years) 
attending the diabetic clinic of Outpatient Department of Yangon General 
Hospital. In these patients, prothrombin time (PT) (12.2±1.4 sec), activated 
partial thromboplastin time (APTT) (32.2±4.7 sec), thrombin time (TT) 
(18.1±2.6 sec) were within normal ranges. One hundred and two (55%) 
patients have increased in fibrinogen concentration (4.2±1.3 g/l) just exceeded 
the upper limit (2-4 g/l). Fibrinogen concentration was significantly higher 
in female (4.4±1.2 g/l) than in male (4.0±1.3 g/l) (p<0.001). In diabetic 
patients with HbA1c levels more than 6.4%, mean fibrinogen concentration 
and TT were significantly increased ie., 4.4±1.3 g/l and 18.9±2.7 sec, 
respectively. Plasminogen activator inhibitor-1 (PAI-1) was measured in    
77 diabetic patients with increased fibrinogen levels by using Human PAI-1 
ELISA Kit. Forty-nine (64%) had PAI-1 level more than 50 ng/ml (refer-
ences). PAI-1 level had positive correlation (r=0.29) with fibrinogen 
concentration in type 2 diabetes mellitus patients. The findings on 
coagulation status and fibrinolytic activity of type 2 diabetes mellitus 
patients would be beneficial for management of diabetic patients with 
thrombotic complications. 

Key words: Coagulation profile, Plasminogen activator inhibitor-1, HbA1c, Type 2 diabetes mellitus 
 
 

INTRODUCTION 
 

Diabetes is a metabolic disorder of multiple 
causes characterized by chronic hyper-
glycemia and disorders of carbohydrate,     
fat and protein metabolism. It is caused                 
by defects in insulin secretion (type 1), 
insulin actions (type 2) or combination of 
these causes.1 Diabetes mellitus occurs 
throughout the world, but is more common 
(especially type 2) in the more developed 
countries. The greatest increase in pre-
valence rate is expected to occur in Asia and 

Africa.2 In Myanmar, the prevalences of 
diabetes were 12.6% of females and 11.5% 
of males among the sample population in 
rural and urban areas of Yangon Region, 
2003-2004 according to the diabetes project 
of Ministry of Health.3  
Eighty percent of diabetic patients die with 
thrombotic disease and 75% of deaths are 
due to cardiovascular complications and 
___________________________________ 
*To whom correspondence should be addressed. 
Tel: +95-9420133877 
E-mail: myatmonoodmr@gmail.com 



14 

remainder due to cerebrovascular events  
and peripheral vascular complications. 
Diabetes is associated with increased risk  
of atherosclerosis and thromboembolic 
disease. Hypercoagulability as evidenced  
by increased fibrinogen levels and hypo-
frinolysis as evidenced by increased    
Plasminogen activator inhibitor-1 (PAI-1) 
levels contribute to procoagulant state 
observed in diabetes.4 Patients with diabetes 
mellitus have a high risk of atherothrom-
botic events.  

Many studies have shown a variety of 
diabetes mellitus-related abnormalities in 
hemostasis and thrombosis. Venous throm-
bosis has also been found to occur more 
frequently in diabetic patients.5 Coagulation 
begins almost instantly after an injury to the 
blood vessel has damaged the endothelium 
(lining of the vessel). Exposure of the blood 
to proteins such as tissue factor initiates 
changes to blood platelets and the plasma 
protein fibrinogen, a clotting factor.6  
Prothrombin time (PT) was originally 
thought to measure prothrombin, but is 
known to depend on reactions with factor V, 
VII and X and the fibrinogen concentration. 
Activated partial thromboplastin time 
(APTT) clotting assay, like PT, failed to 
detect the hypercoagulable state of diabetes 
because this test depends on the reactions 
with factor V, VIII, IX, X, prothrombin and 
fibrinogen. TT clotting assay depends upon 
the concentration reaction of fibrinogen.7 
Thrombin has a large array of functions.    
Its primary role is the conversion of fibri-
nogen to fibrin.6 TT reveals the deficiency 
or abnormality of fibrinogen. Fibrinogen 
concentration is the determinant of plasma 
viscosity.8  

The fibrinolytic system is natural defense 
against thrombosis. Plasminogen activator 
inhibitor-1 (PAI-1) is a serine protease 
inhibitor and evidence suggests that it is   
the major regulator of the fibrinolytic 
system.9 An important protein that inhibits 
fibrinolysis is PAI-1, which blocks the 
conversion of plasminogen into active 
plasmin.10 There is evidence in the literature 

indicating that hyperglycemia can affect 
PAI-1. Furthermore, it has been shown that 
hyperglycemia stimulates activation of the 
PAI-1 gene promoter in vascular smooth 
muscle cells. A positive linear correlation 
has been demonstrated between hemo-
globin A1c and PAI-1 activity in type 2 
diabetic patients.11  

Glycosylated hemoglobin (HbA1c) provides 
a practical assessment of long-term gly-
cemic control in patients with diabetes 
(normal range is 3.3-6.4%). HbA1c is 
hemoglobin which has combined per-
manently with the glucose present in the 
blood. This result is stable for 3 months as 
for the life of red blood cells and it is a 
measure of the risk for the development of 
diabetes complication (micro and macro-
vascular complications).12 

The aim of this study was to determine the 
coagulation profile, PAI-1 and HbA1c in 
type 2 diabetes mellitus patients and to 
compare the results of HbA1c, coagulation 
tests and PAI-1 of type 2 diabetic patients.  
 

MATERIALS AND METHODS 
 
A cross-sectional descriptive study was 
carried out in 187 type 2 diabetic patients 
including 44 males and 143 females       
with age ranged 23-79 years in Diabetic 
Outpatient Clinic of Yangon General 
Hospital (YGH). After getting approval 
from the Ethical Review Committee of 
Department of Medical Research (Lower 
Myanmar), medical and drug history of 
these cases were recorded according to the 
proforma.  

And then, total 6 ml of blood were collected 
from antecubital vein of all subjects. Among 
them, 3.6 ml of blood were put into plastic 
test tube containing 0.4 ml of 3.13% tri-
sodium citrate dehydrate salt (1:10 dilution) 
for coagulation profile. One milliliter of 
clotted blood was added to vacutainer tube 
for PAI-1 and other 1.4 ml of blood was 
added to a glass test tube containing 
ethylenediaminetetraacetic acid, tripotas-
sium salt (K3EDTA) tube for hemolysate 
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preparation of HbA1c test. These samples 
were kept on crushed ice and transported to 
the laboratory within 2 hours.  

Platelet-poor plasma (PPP) was prepared by 
centrifugation at 3000 rpm for 10 minutes  
at 4°C. The plasma and serum of all samples 
were put into microcentrifuge tube to 
perform PAI-1 and coagulation profile by 
PT, APTT, TT, fibrinogen concentration. 
PT, APTT, TT were estimated by standard 
methods as described by Dacie and Lewis. 
PT test measured the clotting time of plasma 
in the presence of an optimal concentration 
of tissue extract (thromboplastin) and 
indicates the overall efficiency of the 
extrinsic clotting system.  

After mixing 0.1 ml citrated plasma and    
0.1 ml in-house brain thromboplastin 
reagent13 in a glass tube, it was placed in 
37°C waterbath for 1 minute. Then, 0.1 ml 
of pre-warmed 25 mmol CaCl2 was added to 
the mixture and the end-point of clotting 
was recorded. APTT test measured the 
clotting time of plasma after the activation 
of contact factors but without added tissue 
thromboplastin, and so indicates the overall 
efficiency of the intrinsic pathway. Equal 
volumes 0.1 ml of citrated plasma and the 
kaolin 5 g/l were mixed in a glass tube and 
kept in the waterbath at 37°C for 9 minutes. 
Then, 0.1 ml of the phospholipid reagent 
was added to this glass tube and waited     
for 1 minute. Pre-warmed 25 mmol CaCl2  
0.1 ml was put into the mixture and the 
clotting time was recorded.7  

Thrombin is added to plasma and the 
clotting time was measured. TT is affected 
by the concentration and reaction of 
fibrinogen. At 37°C, 0.1 ml of barbitone 
buffered saline, pH 7.4 and 0.1 ml of 
citrated plasma were placed in a glass     
tube. Then, 0.1 ml thrombin was added    
and the clotting time was recorded with     
the stopwatch. Fibrinogen concentration 
was measured by dry clot weight method    
in all subjects. Fibrinogen in plasma is 
converted into fibrin by clotting with 
thrombin and calcium. The resulting clot is 
weighted.7  

PAI-1 was measured by using the 
OmniKineTM Human PAI-1 Enzyme-Linked 
Immunosorbent Assay (ELISA) Kit. This 
PAI-1 ELISA Kit allows for the detection 
and quantification of endogenous levels     
of natural and recombinant human PAI-1 
proteins within the range of 23-3000 pg/ml. 
This particular immunoassay was utilized 
the quantitative technique of a "Sandwich″ 
ELISA where the target protein (antigen) 
was bound in a "sandwich″ format by 
primary capture antibodies coated to each 
well-bottom. The serial dilution of protein 
standard and 100 ul serum of each sample 
was put into the well and incubated for         
2 hours. After incubating, this plate was 
washed. The diluted Biotin-Conjugated 
Detection Antibody was added to this plate 
and incubated for 2 hours and then, washed. 
The Streptavidin-HRP was added to each 
well and incubated at room temperature for     
30 minutes and washed. The substrate was  
added for color development and measured 
by a spectrophotometer at 450 nm.14  

HbA1c was measured by high performance 
liquid chromatography (HPLC) analyzer. 
Whole blood 20 ul was mixed with 1000 ul 
of distilled water for at least 3 hours            
at   room   temperature   before  determining     
with HbA1c analyzer.15 In analysis, the 
results of coagulation tests were sum-
marized in mean and SD. Mean values were 
compared by gender and HbA1c level.  
Probability values were computed using 
Student ‘t’ test or Mann-Whitney U test.  
 

RESULTS 
 

In this study, the mean age of 187 type 2 
diabetes mellitus patients was 55±11 years 
ranging between 23 and 79 years. Of 187 
diabetic patients studied, 44 males (24%) 
and 143 females (76%) were included.    
The commonest age group was 40-59 years 
(106 patients, 57%) among the three age 
groups, ie., 20-39, 40-59, 60-79 years for 
analytical purpose. The PT, APTT, TT, 
fibrinogen concentration and PAI-1 were 
not significantly different between three  
age groups of these patients. According       
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to proforma of these patients, 46% had 
hypertension, 19% heart diseases, 42% renal 
complication and 8% eyes complication. 
The commonest complications were hyper-
tension and renal complication in this study.  

Table 1. Coagulation   profile  in type 2  diabetes  
 mellitus patients  

Coagulation 
tests 

Normal 
range 

 Patient    Mean±SD      Positive 
     (n)                             No. (%) 

PT (sec)   11-16  187 12.2±1.4    0(0) 
APTT (sec)   30-40  187 32.2±4.7 8(4) 
TT (sec)   15-19 187 18.1±2.6 55(29) 
Fibrinogen (g/l)  2-4 187 4.2±1.3 102(55) 

PT=Prothrombin time 
APTT=Activated partial thromboplastin time 
TT=Thrombin time 
Fibrinogen=Fibrinogen concentration 
 
Table 1 shows the coagulation profile of the 
diabetic patients compared to the reference 
normal ranges. The mean results of PT, 
APTT, TT were within normal ranges.     
The mean fibrinogen concentration was 
increased in these patients just exceeded the 
upper limit of normal (2-4 g/l). High level 
of fibrinogen concentration was found in 
102 type 2 diabetes mellitus patients (55%) 
in this study.  
 
Table 2. Sex distribution of coagulation  profile  

in  type 2 diabetes mellitus patients  
   Coagulation 
          tests 

Female            Male 
      (n=143)           (n=44) 

P  
value 

HbA1c (%)   7.2±2.0 7.2±2.5 0.558 
PT(sec) 12.1±1.4 12.3±1.4 0.37 
APTT(sec) 31.9±4.8 33.2±4.2 0.046 
TT(sec) 18.1±2.6 18.0±2.7 0.91 
Fibrinogen (g/l) 4.4±1.2 4.0±1.3 0.001 
PAI-1(ng/ml) 84.7±81.9 70.9±45.1 0.78 

PT=Prothrombin time 
APTT=Activated partial thromboplastin time 
TT=Thrombin time 
PAI-1=Plasminogen activator inhibitor-1  

Table 2 shows that fibrinogen concentration 
was significantly higher in females than      
in males (p=0.001). Seventy-seven diabetic 
patients with increased fibrinogen levels 
were measured PAI-1 level by using Human 
PAI-1 ELISA Kit.  PAI-1 level was higher 
than normal reference unit (50 ng/ml) in 
49(64%) of these diabetic patients (Table 2).  

 
Fig.  1.  Correlation between  PAI-1  level  and 
 fibrinogen    concentration   in   type 2 

diabetes mellitus patients 

Figure 1 shows that type 2 diabetes mellitus 
patients had positive correlation (r=0.29) 
between fibrinogen concentration and PAI-1 
level in this study.  

Table 3. Coagulation profile in  type 2 diabetes  
 mellitus patients groups according to 

HbA1c levels 

Coagulation 
tests 

                HbA1c 
P  

value    Group I 
(≤6.4%) 

   Group II 
(>6.4%) 

PT(sec) 12.1±1.2 12.2±1.5    0.88 
APTT(sec) 32.9±5.0 31.7±4.5   0.124 
TT(sec)  17.5±2.5 18.9±2.7   0.001 
Fibrinogen(g/l)  3.9±1.2 4.4±1.3   0.047 
PAI-1(ng/ml)  58.9±40.8 93.6±87.3   0.843 

 
Table 3 shows the value of coagulation tests 
and PAI-1 for two groups of type 2 diabetes 
mellitus patients according to HbA1c level. 
The results of PT, APTT and PAI-1 showed 
no significant differences between two 
groups. Fibrinogen concentration and TT 
values were significantly different in     
group II diabetic patients with higher 
HbA1c (>6.4%) in this study. 

DISCUSSION 
 
In our study, the commonest age group      
of type 2 diabetic patients was 40-59 years 
(57%) in all patients. In developing 
countries, the majority of people with 
diabetes are in the 45-64 year age range.16 

Type 2 diabetic patients were 76% female 

Fibrinogen concentration (gm/L) 

P
AI

 1
(n

g/
m

l) 
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and 24% male in this study. The prevalence 
of type 2 diabetes mellitus was higher in 
female than in male (78% vs. 22%) in all 
age groups in previous study.15 

The commonest complications were the 
hypertension (46%) and renal complication 
(42%) according to clinical history in this 
study. One study described that commonest 
complications of type 2 diabetes mellitus 
patients were hypertension (46.6%) and 
nephropathy (20%).17 Diabetes mellitus is 
the most common cause of adult kidney 
failure worldwide.2  
In this study, the mean PT, APTT and      
TT were not significantly different but 
fibrinogen concentration and PAI-1 level 
were increased in these diabetic patients. 
Other study described that fibrinogen values 
above the reference range (fibrinogen      
>4.0 g/l) were more frequent in the diabetic 
group5 and PT, APTT, TT did not show 
significant difference with control. There is 
general agreement that fibrinogen concen-
trations in diabetic patients are significantly 
increased as compared to the normal 
controls.18 Increased plasma fibrinogen  
may contribute to a hypercoagulable state in   
non-insulin dependent diabetes mellitus.8 

Patients are considered to have a hyper-
coagulable state if they have laboratory 
abnormalities or clinical conditions that are 
associated with increased risk of thrombosis; 
diabetic patients meet these criteria.5 

Moreover, plasminogen activator inhibitor 
may increase the risk of thrombotic 
complications.9 In the study, the fibrinogen 
concentration was significantly higher 
(p=0.001) in female than in male (female 
4.4±1.2 g/l vs. male 4.0±1.3 g/l). Fibrinogen 
levels were correlated with sex and HbA1c. 
Other study showed that female and male 
had mean fibrinogen (6.6±1.4 g/l vs. 6.5± 
1.3 g/l) which were higher but was not 
statistically significant.19  

Our study showed high levels of fibrinogen 
and PAI-1 in type 2 diabetic patients  
compared to normal ranges. There was a 
positive correlation (r=0.29) between PAI-1 
and fibrinogen level in these diabetic 

patients. Evolving evidence of the central 
role of PAI-1 in fibrosis and thrombosis 
increasingly supports the theory that it is     
a significant risk factor for macrovascular 
complications and cardiovascular disease, 
particularly in patients with diabetes.20  

Patients with type 2 diabetes mellitus had    
a high prevalence of hyperfibrinogenemia. 
There is an increase in a number of coagu-
lation factors such as PAI-1, fibrinogen, 
factor VII and thrombin antithrombin 
complexes particularly in association with 
macrovascular and microvascular disease 
and glycemic control.19 PAI-1 showed a 
strong and consistent relation to incident 
diabetes.21 PAI-1 levels (but not fibrinogen) 
further increase with the rising glucose 
levels and the development of diabetes. 
These findings extend the current 
knowledge on the relation of fibrinolysis 
and coagulation abnormalities to the 
development of type 2 diabetes mellitus.22  

In this study, fibrinogen levels and TT value 
were significantly increased in type 2 
diabetic patients with HbA1c more than    
6.4% group. The coagulation abnormalities 
observed in diabetic patients seem to be 
caused by the hyperglycemia, which also 
contributes the distinguishing feature of this 
disease. In a hyperglycemic environment, 
fibrinogen can become hyperglycosylated.5  

Fibrinogen level was independently asso-
ciated with HbA1c values, which suggests 
that fibrinogen may be involved in the 
increased cardiovascular risk of patients 
with type 2 diabetes mellitus.19 Evidence 
shows that in diabetic patient fibrinogen 
may be a cardiovascular risk factor because 
it is correlated to increased thrombin 
formation. Both fibrinogen levels and 
thrombin formation suggest a possible link 
between coagulation derangement and 
atherosclerosis in diabetes.  

Another important issue is the relationship 
between fibrinogen levels and hyper-
glycaemia. A significant correlation between 
fibrinogen and HbA1c has been frequently 
found. This suggests that a high level of 
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fibrinogen in plasma might be a risk marker 
for cardiovascular disease because it reflects 
increased thrombin formation and therefore 
a greater probability that a thrombotic event 
will occur.23 Patients with type 2 diabetes 
mellitus had hypercoagulable state and  
hypofibrinolysis thereby indicating that the 
activation of coagulation and reduced 
fibrinolytic activity may contribute to the 
increased risk of vascular disease in type 2 
diabetic patients.24  
Conclusion 
This study provides to assess coagulation 
status and fibrinolytic activity of type 2 
diabetes mellitus patients. It reveals the 
association of the coagulation profile,    
PAI-1, HbA1c clinical data of type 2 
diabetes mellitus patients in this study. 
Fibrinogen level may be useful hemostatic 
markers in diabetic patients especially in 
those at high-risk for thrombotic compli-
cation. It is very important indicator for 
prevention of micro- and macrovascular 
thrombotic diseases. It helps to more 
effective treatment for these patients with 
thrombotic complication. The findings on 
coagulation status and fibrinolytic activity 
of type 2 diabetes mellitus patients would   
be beneficial for management of diabetic 
patients with thrombotic complication. 
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Diarrhoeal diseases constitute a leading cause of morbidity and mortality    
in children particularly in developing countries. Cholera, caused by Vibrio 
cholerae, is one of the major epidemic diarrhoeal diseases. A cross-sectional 
descriptive study was carried out on 250 children under 12 years of age with 
acute diarrhoea attending Yangon Children’s Hospital, Yankin Children’s 
Hospital, Thingangyun Sanpya Hospital, Insein General Hospital and North 
Okkalapa General Hospital during the period of January to September 2013. 
The rectal swab samples were collected and isolation of V. cholerae was 
carried out by standard culture methods at Bacteriology Research Division, 
Department of Medical Research (Lower Myanmar). Suspected colonies 
were confirmed by biochemical tests and slide agglutination tests using 
specific antisera. Antibiotic sensitivity was determined by disc diffusion 
method and E test. Of 250 samples, V. cholerae was isolated from 14% 
(35/250).  All isolates were V. cholerae O1 ogawa serotype and El Tor biotype. 
V. cholerae isolates were resistant to cotrimoxazole and naildixic acid 
(100% each), doxycycline (20%) and amikacin (14.3%). They were 
sensitive to chloramphenicol and cefotaxime (100% each), norfloxacin 
(94.3%), ciprofloxacin (85.7%), azithromycin (82.8%), and doxycycline and 
Amakacin (62.8%, each). Thirteen multiple drug-resistant V. cholerae 
isolates were detected. Minimum inhibitory concentration (MIC) of 
susceptible strains to ciprofloxacin revealed 0.125 to 0.5 g/ml. High level 
azithromycin resistance (MIC≥32 g/ml) was seen in one case. The present 
study highlighted the occurrence of cholera among the pediatric population 
and determined the drug sensitivity profile of common antibiotics which are 
currently used for treatment of childhood cholera.  

Key words:  Vibrio cholerae, Drug sensitivity, Childhood diarrhoea 
 

INTRODUCTION 
 

In developing countries, cholera is one        
of the most common causes of acute   
watery diarrhoea in young children 
especially in endemic areas. The global 
burden of cholera is large, particularly in 
developing countries. Every year, estimated 
2.8 million cases of cholera and about 
91,000 deaths occur in endemic countries 
and another 87,000 cases and 2,500      
deaths occur in non-endemic countries. The 
burden  of  cholera  is greatest  in Africa and 

southern Asia.1 Cholera caused by either 
Vibrio cholerae O1 or O139 is a major 
global health problem of children in cholera 
endemic areas in the developing world. 
Only V. cholerae serogroups O1 and O139 
produce enterotoxin, cholera toxin (CT) and 
that have the potential to cause epidemics 
and global pandemics of cholera. The first   
6 pandemics were caused by toxigenic strain 
___________________________________   
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of Classical serogroup O1 biotype, whereas 
7th pandemic was caused by the El Tor 
biotype.2 

Diarrhoea and cholera are prioritized 
diseases in the National Health Plan in 
Myanmar. Diarrhoea morbidity rate is 400 
to 500/100,000 populations and mortality rate 
is 4 to 13/100,000 population in Myanmar.3 
The reported cholera cases among diarrhoea 
cases in Yangon Division were: 49 cases 
and 191 cases in 2008 and 2009, respec-
tively.4  In 2004, 138 V. cholerae O1 El Tor 
Ogawa were identified from among 339 
rectal swab specimens in Mandalay 
Division.5 According to the laboratory data 
of the National Health Laboratory (Yangon),  
there were 103 culture-confirmed cholera 
cases in 2011.6 

Cholera kills more than 100,000 people 
worldwide every year, mainly infecting 
children between 1 and 5 years old.7 One 
study observed that cholera is not un-
common in infants and young children and 
like children in the older age group, acute 
onset diarrhoea arouse suspicion of cholera 
in young children also.8 In a study of India 
in 2010, the prevalence of cholera was 
24.6% in children with acute diarrhoea.9     
A research carried out at Yankin Children’s 
Hospital reported that culture-confirmed 
childhood cholera cases were found to be 
21% (21/100) in children presenting with 
acute diarrhoea in 2012.10 

For cholera, antibiotics play a major role in 
reducing the shedding of bacillus, thereby 
preventing the spread of diseases. But, due 
to rampant and haphazard use of the 
antibiotics in treatment of V. cholerae  
(O1 and O139) infection, there were rapid 
emergence of multidrug resistance (MDR) 
strains.11 The antibiotics susceptibility 
pattern of local endemic strain is important 
not only in treatment of V. cholerae in 
children but also emergence of multidrug 
resistance strains. Information about the 
pattern of antibiotic sensitivity and 
minimum inhibitory concentrations (MICs) 
of frequently used antibiotics can improve 
patient care and save money by selecting the 

most suitable antibiotics. Knowledge of 
sensitivity pattern to V. cholerae is critical 
to antibiotic selection. 
The present study was carried out to detect 
the proportion of culture-confirmed child-
hood cholera cases among children with 
acute diarrhoea and to determine the 
phenotypic characteristics of currently 
circulating V. cholerae strains. In addition, 
this study also revealed the antibiotic 
susceptibility profile of V. cholerae isolated 
from children.  

 
MATERIALS AND METHODS 

 
This study was a cross-sectional descriptive 
one. From February to October 2013, a total 
of 250 children (both sexes) who were      
less than 12 years with duration of illness 
not more than 14 days and with or without 
use of antibiotics, presenting with acute 
diarrhoea attending at Yangon Children’s 
Hospital, Yankin Children’s Hospital, North 
Okkalapa General Hospital, Insein General 
Hospital and Thingangyun Sanpya Hospital 
were studied.  
Inclusion criteria were both sexes of 
children less than 12 years with duration of 
illness not more than 14 days and with or 
without use of antibiotics were included in 
this study. 
Collection of specimens and transportation  
The purpose of the study and procedure 
were explained to the parents and a written 
informed consent was obtained. Information 
on demographic data and current clinical 
symptoms were collected. Then, rectal 
swabs were collected by sterile swab sticks. 
The swabs were put into Cary Blair trans-
port media and were transported to Bacterio-
logy Research Division, Department of 
Medical Research (Lower Myanmar) and 
culture inoculations were performed within 
six hours of sample collection. 

Isolation and identification of V. cholerae 
The rectal swab specimens were cultured 
directly on Thiosulphate Citrate Bile Salt 
Sucrose (TCBS) agar and incubated at 37oC 



 

22 

for 16-20 hours. Pre-enrichment of rectal 
swab samples in alkaline peptone broth was 
also carried out with subsequent subcultured 
on thiosulphate citrate bile salt sucrose 
(TCBS) agar and alkaline nutrient agar 
(ANA). Sucrose fermenting yellow colored 
colonies from TCBS were suspected as       
V. cholerae and the typical translucent 
colonies from ANA were confirmed by bio-
chemical tests such as triple sugar iron test, 
lysin iron agar test, urease test, sulphide 
indole motility, citrate utilization test, salt 
tolerance test, string test, methyl red test and 
oxidase test.12 

Serologic identification of V. cholerae O1 
and O139 
Serogroups was determined using a slide 
agglutination test with specific antisera 
against V. cholerae O1 and O139 (Denka 
Seiken, Tokyo, Japan). Serotype identi-
fication was also performed by Inaba and 
Ogawa antisera by slide agglutination test if 
the isolated V. cholerae was O1 serogroup 
and biotype identification was also done by 
Polymyxin B sensitivity test and Voges-
Proskauer test to differentiate Classical or  
El Tor biotype.12 

Antimicrobial susceptibility testing  
The antimicrobial susceptibility testing of 
Vibrio cholerae was performed by modified 
Kirby Bauer's disc diffusion method on 
Mueller Hinton agar (Beckton-Dickinson, 
USA) and E test for minimum inhibitory 
concentration.13, 14 For   disc  diffusion   test, 
commercially available discs (Oxoid Limi-
ted, England)  such as doxycycline (30 µg), 
nalidixic acid (30 µg), ciprofloxacin (5 µg), 
cotrimoxazole (25 µg), amikacin (30 µg), 
cefotaxime (10 µg), norfloxacin (5 µg), 
chloramphenicol (30 µg) and azithromycin 
(15 µg) were used and for E test, E test 
strips (AB Biodisk, Sweden)  of ciprofloxa-
cin and azithromycin with the range of 0.16-
256 µg/ml and 0.002-32 µg/ml were used, 
respectively. Eschericia coli ATCC 25922 
strain was used as quality control strain.  

Based on the zone size diameter according 
to the guidelines of Clinical Laboratory and 

Standard Institute (CLSI) and MIC values 
described by the manufacturer (AB Biodisk, 
Sweden), the isolate was interpreted as 
susceptible, intermediate and resistant.15       

In   this  study,  the   defining   criterion   for 
multiple drug resistance (MDR) was resis-
tance to ≥3 of the antimicrobial agents 
belonging to different structural classes.16 

Statistical analysis 
Data entry was done in Excel spread sheet 
and data analysis was carried out by SPSS 
version 19.0.  

Ethical consideration 
Ethical approval was obtained from 
Research and Ethical Committee, University 
of Medicine 1 (Yangon). 
 

RESULTS 
 
Proportion of cholera cases among study 
population  
Out of 250 children with acute diarrhoea 
cases, V. cholerae were isolated from 35 
(14%) cases. 

Age and sex distribution of cholera cases 
among study population 
A total of 250 rectal swabs were tested for 
V. cholerae isolation. The age distribution 
of acute diarrhoea cases in this study 
showed that 28.4% were less than one year 
of age, 60% were between 1 to 5 years of 
age and 12% of total were between 6 to 12 
years. Among them, V. cholerae was 
isolated from 8.6% (3/35) in the age group 
of less than one year, 57.1% (20/35) in the 
age group of 1 to 5 years and 34.3% (12/35) 
in the age group of six to twelve years. The 
sex distribution of cholera cases in this 
study revealed that 57.1% were males and 
42.9% were females (Table 1). 
Clinical presentations according to Vibrio 
cholerae culture-positive cases 
Stool frequency during 24 hours prior to 
admission in relation to V. cholerae culture 
positivity was noted and most of the      
cases (62.9%, 22 cases) passed 6-10 times. 
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Most of the cases (71%, 20 cases) vomited 
3-5 times and (8%, 2 cases) were associated 
with no vomiting. Other clinical presen-
tations are shown in Table 2. 
 
Table 1. Age and sex distribution of V. cholerae 

in study population 
 

Variables 
Cases 

Acute diarrhoea 
n=250 (%) 

V. cholerae culture-positive 
(n=35) (%) 

Age (year)   
  <1                                  71(28.4) 3(8.6) 
  1-5  149( 59.6) 20(57.1) 
  6-12  30(12) 12(34.3) 
Sex    
  Male 158(63.2) 20(57.1) 
  Female  92(36.8) 15(42.9) 

 
Table  2.  Clinical    presentation   according   to  

Vibrio cholerae culture-positive cases 
 

    Clinical presentations 
V. cholerae 

culture-positive 
(n=35), No.(%) 

Dehydration status  
  No dehydration                                                                    2(5.7) 
  Some dehydration 20(57.2) 
  Severe dehydration                                                           13(37.1) 
Frequency of stool (times/ 24 hours) 
  3-5 11(31.5) 
  6-10                                                                                    22(62.9) 
  11-15                                                                                    1(2.8) 
  16-20                                                                                    1(2.8) 
Frequency of vomiting (times/ 24 hours) 
  No vomiting                                                                         2(5.7) 
  3-5                                                                                      23(65.8) 
  6-10                                                                                    10(28.5) 
  11-15                                                                                    0(0) 
Other clinical presentations 
  Fever   12(34.3) 
  Shock 13(37.1) 
  Convulsion    2(5.7) 
  Abdominal pain                                                                    6(17.2) 
  Sunken eyes                                                                        33(94.3) 
  Loss of skin turgor                                                              33(94.3) 

 
Serogroups and serotype of isolated            
V. cholerae 
All isolated V. cholerae in this study were 
identified as serogroup O1 of Ogawa sero-
type and biotype El Tor.  
Antibiotics susceptibility pattern of isolated 
V. cholerae by disc diffusion method  
The antibiotic susceptibility pattern deter-
mined by using disc diffusion method is 
shown in Fig. 1. Vibrio cholerae isolates 

were resistant to nalidixic acid and cotri-
moxazole (100% each), doxycycline (20%) 
and amikacin (14.3%). They showed 
moderate resistance to antibiotics such as 
amikacin (22.9%) and doxycline (17.2%). 
  
 

 

 

 

 
 

Fig. 1.  Antibiotics     susceptibility   pattern   of  
isolated  V.  cholerae  by  disc  diffusion 
method 

 
The isolates were sensitive to choram-
phenicol and cefotaxime (100% each), nor-
floxacin (94.3%), ciprofloxacin (85.7%) and, 
doxycycline and amikacin (62.8%, each). It 
was found that most of the isolates showed 
high resistance to drugs commonly used for 
children with acute diarrhoea such as nail-
dixic acid and cotrimoxazole. Among the 
antibiotics that are prescribed for children, 
norfloxacin and ciprofloxacin were found to 
be highly effective against cholera and azi-
thromycin was found to be (82.8%) sensitive. 
 
Table  3. Range of MIC values (µg/ml) of cipro-

floxacin and azithromycin by E test in 
V. cholerae culture-positive cases 

A= Choramphenicol F= Norfioxacin 
B= Doxycycline G= Azithromycin 
C= Nalidixic acid H= Cefotaxime 
D= Amikican I  = Cotrimaxazoie 
E= Ciprofloxacin   

Antibiotic 
(MIC range on 

E test strip) 

Sensitivity 
pattern 

No. of 
strains 

MIC values of 
tested V. cholerae  

(µg/ml) 
Azithromycin 
  (0.016-256 µg/ml) 

Susceptible 29 0.125-0.50 
Intermediate 5 0.75-1.0 

Resistant 1 32 
Ciprofloxacin 
  (0.002-32 µg/ml) 

Susceptible 35 0.25-0.50 
Intermediate 0 0 

Resistant 0 0 
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Range of MIC values (µg/ml) of ciprofloxa-
cin and azithromycin by E test in V. cholerae 
culture-positive cases 
Antibacterial activities of azithromycin and 
ciprofloxacin to cholera were tested by        
E test and expressed in range of minimum 
inhibitory concentrations as shown in    
Table 3. High level azithromycin resistance 
(MIC=32 µg/ml) was seen in one V. cholerae 
isolate. 

V. cholerae strains with multiple resistance 
to antibiotics  
V. cholerae strains that were resistant to     
at least 3 or more antibiotics prescribed in 
current use for children were also analyzed. 
A total of 13 multiple drug resistant            
V. cholerae strains were detected among the 
drug resistant isolates. Seven isolates were 
resistant to nalidixic acid, cotrimoxazole 
and doxycycline. Five isolates were resistant 
to nalidixic acid, cotrimoxazole and ami-
kacin and another one isolate was resistant 
to nalidixic acid, cotrimoxazole and azi-
thromycin.  
 

DISCUSSION 
 

In the present study, among 250 rectal    
swab samples from children presenting with   
acute diarrhoea, 35(14%) were found to be 
V. cholerae culture positive. In a hospital-
based study of India in 2006, the detection 
rate of V. cholerae in children with acute 
diarrhoea was 24.6%.9 Their detection rate 
was higher than that of the present study. 
The detection rate of V. cholerae from 
children with acute diarrhoea was reported 
varying from 5-20% in Yangon between 
1999 and 2012, which was found to be 
similar to the detection rate of the present 
study.10, 17-19  

According to this study, proportion of 
cholera from children with acute diarrhoea 
may still constitute as one of the causes of 
acute diarrhoea among childhood popu-
lation. In the present study, despite a    
target age of 0-12 years, 88% of patient with 
acute diarrhoea were between 0-5 years.  

The majority of the V. cholerae encountered 
were from children aged 1-5 years among 
culture-positive cases. This is in agreement 
with another report from children with acute 
diarrhoea in Myanmar in 2012, which found 
the most common age group to be 1-5 years, 
followed by age 6-12 years.10  The youngest 
and the oldest age of patients affected in the 
present study were 3 months and 11 years, 
respectively. The sex distribution of cholera 
cases in this study revealed that male was 
57.2% with female comprising of 42.9% as 
were in report of other countries.20, 21 This 
finding is also similar with that of previous 
study of children with acute diarrhoea in 
Yankin Children’s Hospital during 2012    
in which 11(55%) cases were males and 9 
(45%) cases were females among Vibrio 
cholerae culture-positive cases.10 
According to this study, the majority of     
V. cholerae (94.3%, 13/35) was found in 
children presenting with moderate and 
severe dehydration and it is similar to other 
studies in Myanmar.10,  21 Almost all isolated 
cholera cases in this study presented with 
vomiting but two cases were associated  
with no vomiting. Most patients (65.8%) 
presented with 3-5 times of vomiting. 
Regarding the frequency of diarrhoea, 65% 
had 6-12 times on 24 hours prior to 
admission. Fever was noted in 12 cases 
(43%), sunken eyes and loss of skin turgor 
were present in 82.5% of V. cholerae 
culture-positive cases. Other presentations 
include convulsion (7%) and abdominal 
cramps (21%), respectively. Another study 
of children with acute diarrhoea in India 
also reported that V. cholerae infection in 
children also presented with these clinical 
presentations.21 

Isolated V. cholerae in this study were 
identified as serogroup O1 of Ogawa 
serotype and El Tor Biotype and in 
agreement with the earlier observations by 
other researchers.22, 23 Although the finding 
of this study reflects the predominant of     
V. cholerae O1, particular attention should 
be done to detect that strain in children.     
ElTor biotype showed mild cholera 
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symptoms than Classical biotype. There is 
no mortality reported in cholera cases 
isolate. This finding consider into the      
fact that El Tor biotype had  mild  clinical 
symptoms.   

All V. cholerae isolates were 100%  suscep- 
tible to chloramphenicol and cefotaxime. 
Although findings of the present study 
showed 85.7% susceptibility to ciproflo-
xacin, there were reports of emergence of 
ciprofloxacin resistance in other parts of the 
world.24, 25 Other drugs with high suscep-
tibility were norfloxacin (94.3%), azithro-
mycin (82.8%), doxycycline and amikacin 
(62.8%, each). The isolated strains were fully 
resistant to cotrimoxazole and naildixic acid.  
These findings pointed out the changing 
pattern of sensitivity to cotrimoxazole and 
nalidixic which are commonly used in 
children with acute diarrhoea.10 Class of 
antibiotics commonly used for V. cholerae 
included aminoglycoside, macrolide, tetra-
cycline and quinolone. Reports from 
Myanmar and other countries such as   
India, Bangladesh, Nepal and Haiti showed 
that there were still highly resistance to 
cotrimoxazole and nalidixic acid and they 
were still sensitive to ciprofloxacin and 
azithromycin.20-24 

Data from the National Health Laboratory, 
Yangon, in 2012 also revealed that             
V. cholerae isolated in laboratory were fully 
sensitive to chloramphenicol and norfloxa-
cin, and resistant to cotrimoxazole. A study 
carried out in Yankin Children’s Hospital in 
2012 reported that isolated V. cholerae in 
children were sensitive to norfloxacin, chlo-
ramphenicol, ciprofloxacin and cefotaxime.10  

These findings are in agreement with the 
present study. Thus, the finding of this study 
can also validate their use in cholera 
treatment and prophylaxis in children with 
cholera. 

In the present study, the MICs of cipro-
floxacin and azithromycin on 35 V. cholerae 
isolates were determined by E test. All        
V. cholerae O1  isolates  in  this study  were 
susceptible to ciprofloxacin not only an 

according to the MIC but also the disk 
diffusion method. Although, there was no 
ciprofloxacin resistance detected, by E test    
in the present study, the MIC level of 
ciprofloxacin was found to be high 
compared to other studies.26,  27 

In most developing countries, there were 
uncontrolled uses of broad-spectrum anti-
biotics and inappropriate prescribing of 
these by unskilled health workers or by 
traditionally healers. In addition to these, as 
a public health measure, antibiotics were 
often prescribed on a large scale for prophy-
laxis during epidemics and thus the benefit 
to individual was usually offset by the rapid 
emergence of resistance. 
Although cotrimoxazole was recommended 
as the first-line drug for children by WHO 
(2001), finding of resistance to this drug    
in this study highlighted the ineffectiveness 
of this drug in treatment of cholera for 
children in our locality. Since the specimens 
taken in this study were from children    
with acute diarrhoea attended to limited 
hospitals, further studies that encompass 
more children in wide areas of the countries 
will be necessary for more applicable 
information.   
Multiple drug-resistant cholera is being 
reporting from India and elsewhere in the 
neighbourhood.28-30 V. choleare can become 
multiple antibiotic resistant via the 
acquisition of plasmid and have repeatedly 
caused epidemics. In the present study, 
multiple antibiotics resistance was isolated 
from 37.1% (13/35) among drug resistant 
strains and it indicates the possibility of 
mobilization of resistance markers among 
isolates and calls for further studies. 

The finding of antibiotic susceptibility 
pattern in this study is only on phenotype, 
so that genotyping  profile of V. cholerae 
strains in children is necessary so as to 
detect the strains which passed a class 1 
integron, a necessary vehicle for the acqui-
sition of antibiotic  resistance genes, thus 
suggesting that these strains may acquire 
resistance in the near future. Since 
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antimicrobial susceptibility of V. cholerae 
strains varies with geographical regions and 
testing method used, MIC determination   
by a standardized method is needed to 
describe reliable susceptibility patterns for 
both epidemiological surveillance and 
patient's management. Longitudinal surveil-
lance and antimicrobial susceptibility of     
V. cholerae using MIC method can provide 
early detection of emergence of resistant 
strains. Up to our knowledge, there are no 
published reports on MIC of antibiotics    
for V. cholerae infection of children in 
Myanmar, these results could provide 
valuable baseline information for the infection 
control programs regarding management   
and transmission of V. cholerae infection in 
children. 

Conclusion 
The present study revealed the occurrence 
of childhood cholera in Yangon and 
determined the antibiotic susceptibility 
profile including minimum inhibitory con-
centration of ciprofloxacin and azithromy-
cin which are common antibiotics currently 
used for treatment of childhood cholera in 
endemic areas. These findings may contri-
bute to effective management and control 
strategies for cholera among pediatric 
population. The phenotypic characteristics 
such as serotypes and biotypes will     
provide information on currently circulating 
V. cholerae strains in Myanmar and choice 
of effective cholera vaccine program for 
children in Myanmar. 
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Bio-efficacy of unwashed PermaNet 2.0 in relation to the period of long- 
lasting insecticide nets (LLINs) against  laboratory reared F1 generation  of 
3-5 days old Anopheles dirus, Culex quinquefasciatus and Aedes aegypti 
mosquitoes were investigated in the laboratory of Medical Entomology 
Research Division, Department of Medical Research (Lower Myanmar) 
from February 2013 to January 2014. The bioefficacy of unwashed brand-
new,  1-, 3- and 5-year duration of used PermaNet 2.0 was evaluated  with 
the standard bioassay cone test method following WHO guidelines. It was 
found that the efficacy of unwashed brand-new, 1-, 3-, and 5- year old 
PermaNet 2.0 was fully recovered by 24 hours against An. dirus,  i.e., 100% 
knockdown and 86-100% mortality. Culex quinquefasciatus and Aedes 
aegypti mosquitoes were found to have 100% knockdown and mortality 
against brand new PermaNet 2.0 and 90-96% knockdown and 80-84% 
mortality against one-year duration of unwashed PermaNet 2.0. Effective 
bio-efficacy was reduced after 3- and 5-year duration of unwashed 
PermaNet 2.0 when tested with Cx. quinquefasciatus and Ae. aegypti 
mosquitoes. Dose effect analysis of these three mosquitoes revealed that   
An. dirus was the most susceptible mosquito to deltamethrin insecticide 
followed by Ae. aegypti and  Cx. quinquefasciatus. This study concluded 
that unwashed PermaNet 2.0 is suitable for long-term use against An. dirus 
in remote malaria endemic areas although it can protect for only one year 
from Ae. aegypti and Cx. quinquefasciatus mosquitoes.    

        Key words: PermaNet 2.0, An. dirus, Ae. aegypti, Cx. quinquefasciatus, Knockdown, Mortality  

 
INTRODUCTION 

 
Malaria is one of the priority diseases in 
Myanmar. It is a re-emerging public health 
problem due to climatic and ecological 
changes, population migration, development 
of multidrug-resistant Plasmodium falci-
parum parasite, development of insecticide-
resistant vectors and changes in behavior of 
malaria vectors. Long-term trend shows 
decreasing malaria morbidity and mortality 
in Myanmar. The two major vectors for 
malaria transmission are Anopheles dirus 
and An. minimus. Anopheles dirus is mostly 
found in deep forest areas and also found    
in  well  breeding  in  coastal  areas  of  Mon      

 
State and Thaninthayi Region. Anopheles 
minimus is mostly found in forest fringe  
and plain areas. Anopheles annularis is 
responsible for local malaria transmission in 
Rakhine State and it is highly resistant to 
DDT. Anopheles sandaicus is a main vector 
for malaria transmission in coastal regions. 
Scaling up the Long Lasting Insecticidal 
Nets (LLIN) and Insecticide Treated Net 
(ITN) programme throughout the country 
has been a part of the approaches to control 
malaria in Myanmar. 
____________________________________ 
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Selective and sustainable preventive 
measures are carried out emphasizing on 
personal protection and environmental 
management. With limited resources, areas 
were prioritized for ITN programme either 
distribution of LLINs or impregnation of 
existing nets. In 2010, 78,960 LLINs were 
distributed and 515,200 existing nets were 
impregnated in 2,574 villages of 36 endemic 
townships particularly in hard-to-reach 
areas.1  
Total population covered by ITN 
programme was 1,485,400. Numbers of epi-
demics were reduced during last five years 
due to early case detection, management 
and preventive measures like indoor 
residual spray (IRS) and impregnation        
of existing bed nets in epidemic areas.1 
Nowadays, different brands of LLINs     
were distributed in malaria prone areas    
and hard-to-reach areas by vector-borne   
diseases control programme (VBDC) MOH, 
Government societies, NGOs and INGOs in 
different parts of the country.   

Malaria is one of the main mosquito-borne 
diseases transmitted by Anopheles mos-
quitoes. The mosquito Culex quinque-
fasciatus (Diptera: Culicidae) is the vector 
of filarial parasite Wuchereria bancrofti 
which causes bancroftion filariasis in 
humans.2 Cx. quinquefasciatus is also a 
vector of West Nile virus3 and Japanese 
encephalitis virus.4 The mosquito Aedes 
aegypti (Diptera: Culicidae) transmits viral 
pathogens of humans, including yellow 
fever5 and dengue6 both of which can cause 
severe human morbidity and mortality. 
Long-lasting insecticide treated nets (LLINs) 
have emerged as a potent tool in lowering 
morbidity and mortality of mosquito-borne 
diseases. In Myanmar, different brands of 
LLINs and WHO recommended Olyset  net 
and especially PermaNet 2.0 (LLINs) have 
been widely distributed to reduce malaria 
transmission in endemic areas. PermaNet 2.0 
with deltamethrin concentration at 55 mg/m2 
incorporated into a resin coating in the 
fibers at the factory  were evaluated for   
bio-efficacy in Pakistan, Tanzania, India, 

Uganda, and a few other countries and 
reported to be functioning well even after 
repeated washing.7-9  
Insecticide treated nets (ITNs) and LLINs 
led to a reduction of human-vector contact 
and diminish mosquito population10 and 
also provided a physical barrier with high 
coverage levels that benefit the whole 
community.11 However, efficacy of long-
term insecticidal action of LLINs depends 
on the washing frequencies of the nets 
during the recommended period and 
duration of the time of unwashed used 
LLINs nets within or after the recommended 
period. Based on previous studies, it has 
been shown that exposure of climate, 
repeated washing and long-term use of 
LLINs can result in reduction of insecticidal 
efficacy.12, 13  
Moreover, there is a lack of information 
about the impact of long-term use of 
unwashed LLINs nets on insecticidal action 
in Myanmar. Therefore, bio-efficacy of 
unwashed PermaNet 2.0 in relation to the 
period of nets against Anopheles, Culex   
and Aedes mosquitoes were investigated to 
provide information concerning retention 
capability of LLINs. 

 
MATERIALS AND METHODS 

 
Study place and study period 

The study was conducted in the laboratory 
of Medical Entomology Research Division, 
Department of Medical Research (Lower 
Myanmar) from February 2013 to January 
2014 (one year study). A laboratory-based 
descriptive study was done with laboratory-
reared Anopheles, Aedes and Culex mos-
quitoes against brand-new and three different 
durations of unwashed PermaNet 2.0. 

Mosquito collection 

Anopheles mosquitoes from Mudon 
Township, Mon State and Aedes and Culex 
mosquitoes from north Dagon Township, 
Yangon Region were collected and identi-
fied by morphological methods according   
to standard procedure.14-16 Collected mos-
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quitoes were reared to F1 generation at 
insectary of Medical Entomology Research 
Division in order to test the susceptibility 
status of mosquitoes against different 
durations of unwashed PermaNet 2.0 LLINs.  
Preparation of mosquito net samples 
(i) Two numbers each of brand-new 
and three different durations of unwashed 
PermaNet 2.0 long-lasting insecticidal nets 
(M/S Vestergaard Frandsen, Denmark, 
made of polyester netting material, Delta-
methrin 55 mg/m2, Factory product 2011) 
were used to test for bioefficacy against 
laboratory-reared three different species of 
mosquitoes.  

(ii) Brand-new PermaNet 2.0 net was 
obtained from Vector Borne Diseases 
Control, Ministry of Health. Five years old 
unwashed used nets were collected from 
Magway and Bago Regions with the help of 
PhD students who did their work there      
for five years. Three years old nets were 
collected from Parasitology Research 
Division and one year old nets were 
collected from Medical Entomology 
Research Division, those utilized the 
mosquito nets in the malaria field surveys. 
After survey, the nets were folded in plastic 
bags and kept in the cardboard box in the 
laboratory. All collected nets were kept in 
individual black plastic bags in cardboard 
box at laboratory condition in Medical 
Entomology Research Laboratory till test.  
(iii) Untreated standard polyester net 
purchased from local market was used as  
control.  
Bioassay test 
Bioassay test was conducted with net 
samples in three different durations of 
unwashed PermaNet 2.0 nets and untreated 
nets (as control) using WHO contact cone 
test method.10 Plastic cones were fixed      
on five sites of each PermaNet 2.0 and 
untreated nets horizontally. After that, 
laboratory-reared 3-5 days old 5 mosquitoes 
of F1 generation of Anopheles, Aedes        
and Culex mosquitoes, respectively, were 
exposed in attached cones for 3 minutes.  

After 3 minutes exposure, tested mosquitoes 
were transferred into holding paper cups 
with a net cover. Ten percent glucose cotton 
wool was supplied as food. Temperature 
and moisture were maintained by covering 
with water soaked damp towel. Knockdown 
effect was recorded after 60 minutes re-
covery period and subsequently, overall 
mortality rate was recorded after 24-hour 
post exposure period. Duplicate tests were 
done with remaining LLIN nets.  
Insecticide impregnated paper for dose 
effect analysis testing  
Deltamethrin (2.5 EC), was diluted from  
0.1 g/l to 0.000000381469 g/l concentration 
by using serial dilution method and each 
individual dilution was impregnated on 
individual Whatman filter paper (3 mmx    
15 cmx 11.6 cm) and dried in a shady and 
ventilated place. Dried insecticide treated 
papers were stored in black plastic bags in a 
cool and dry room till the susceptibility test. 
Five F1 generations of Aedes, Culex and 
Anopheles mosquitoes were exposed to     
the treated filter papers for one  hour. After 
one hour exposure period, tested mosquitoes 
were transferred into holding tubes.  
Ten percent glucose cotton wool was 
supplied as food and temperature and 
moisture were maintained by covering with 
water soaked damp towel. Overall mortality 
rate was recorded after 24-hour post 
exposure period.17 Duplicate tests were done 
for dose effect analysis test.  

Data analysis     
The data were analyzed with SPSS software 
applying Student ‘t’ test and ANOVA (Ana-
lysis of variance) test. Dose effect analysis 
was calculated according to Finney.12 

RESULTS 

Knockdown and mortality effect 
All tested laboratory-reared 3-5 days old F1 
generation of An. dirus, Ae. aegypti and    
Cx. quinquefasciatus mosquitoes were found 
to have 100% knockdown against brand 
new PermaNet 2.0. An. dirus was found to 
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have 100% knockdown against one, three 
and five years duration of PermaNet 2.0. 
Next line Ae. aegypti and  Cx. quinquef-
asciatus were found to have 96% and 90% 
knockdown against one year PermaNet 2.0 
although bio-efficacy had declined after 
three to five years used nets without 
washing (Table 1). 
 
Table  1.  Percent   knockdown    of   Anopheles,  

Aedes and Culex  mosquitoes  against  
different    durations    of    unwashed 
PermaNet 2.0    

    Mosquitoes  
       species 

(Percent Knockdown)  
Different durations of unwashed 

PermaNet 2.0, No. (%)  
Brand 
new 

One  
year 

Three 
 years 

Five  
years 

Control*  
 

An. dirus 50 
(100) 

50 
(100) 

50 
(100) 

50 
(100) 

0 
Ae. aegypti 50 

(100) 
48 

(96) 
38 

(76) 
32 

(64) 
0 

Cx. quinquefasciatus 50 
(100) 

45 
(90) 

35 
(70) 

30 
(60) 

0 

*=Untreated net 

Mortality rate  
The bio-efficacy of brand-new, one- and 
three-year used unwashed PermaNet 2.0 
nets were found to be 100% mortality and 
86% mortality with five years duration of 
net against An. dirus (Fig. 1).   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.  1.  Percentage  knockdown   and  mortality  

of   An. dirus   within  24 hours  against  
  different  duration of  unwashed Perma- 

Net 2.0 long-lasting  insecticide nets 

Effective mortality of Aedes and Culex 
mosquitoes were found to be 100% for 
brand-new and 80-84% for one-year 

PermaNet 2.0. Three and five years Perma-
Net 2.0 showed reduced bio-efficacy of      
both nets, i.e., 72% and 60% mortality for          
Ae. aegypti and 64% and 52% mortality for 
Cx. quinquefasciatus, respectively (Table 2).  
 
Table  2.  Percent mortality of Anopheles, Aedes 

and Culex mosquitoes against 
different  durations of  unwashed 
PermaNet 2.0    

   Mosquitoes  
       species 

Different durations of unwashed  
PermaNet 2.0  

Mortality [No. (%)] 
Brand 
 new 

One  
year 

Three 
years 

 Five  
years Control* 

An. dirus 50 
(100) 

50 
(100) 

50 
(100) 

43 
(86) 

0 
Ae. aegypti 50 

(100) 
42 

(96) 
36 

(76) 
30 

(60) 
0 

Cx. quinquefasciatus 50 
(100) 

40 
(90) 

32 
(70) 

26 
(52) 

0 

*=Untreated net 
 
Dose effect analysis 
The results were analyzed by using probit 
regression analysis curve18 to obtain the 
LC50 and LC90 values. The susceptibility     
of F1 generation of 3-5 days old laboratory-
reared adult mosquitoes to deltamethrin is 
presented in Table 3.  
 
Table  3.   Toxicity  effect  of  95% confidential 

limits  of  corrected   LC50   and  LC90 
values   of   the   deltamethrin against 
Ae. aegypti, Cx. quniquefasciatus and 
An. dirus mosquitoes  

Mosquitoes  
species 

  Corrected deltamethrin value 
           LC50               LC90 
g/liter  Folds* g/liter  Folds*  X2 

Ae. aegypti 0.000118 14.75 0.000435 11.87 1.2563 
Cx. quinque- 
fasciatus 

0.000256 32.00 0.000905 24.66 3.1480 

An. dirus 0.000008 1 0.000037 1 0.7846 
*=Against  An. dirus 

The study revealed that An. dirus was  
found to be the most susceptible mosquito 
to deltamethrin insecticide and their        
95% confidence interval corrected LC50 
value was 0.000008 g/l. Highest LC50   
value 0.000256 g/l was observed against  
Cx. quinquefasciatus mosquito followed by 
Ae. aegypti 0.000118 g/l, respectively. Same 
trends of LC90 values were observed  
against all tested mosquitoes and An. dirus 
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was found to have lowest LC90 value 
(0.000037 g/l) and Cx. quinquefasciatus had 
highest LC90 value (0.000905 g/l). Culex 
quinquefasciatus was also found to have   
the highest tolerance rate, with corrected 
LC50 and LC90 values 32 fold and 24.66 
folds higher when compared with those of        
An. dirus, followed by Ae. aegypti 14.75 
fold and 11.87 fold, respectively (Table 3).  

 
DISCUSSION 

 
Anopheles dirus and An. minimus are main 
vectors for human malaria in Myanmar and 
Thailand,19-21 although Anopheles quadri-
cmaculatus is a vector of malaria in      
North America, and An. culicifacies and  
An. stephinsii in India.22 Synthetic pesti-
cides have been extensively used for 
mosquito control by either killing, pre-
venting adult mosquitoes biting human 
beings or by killing mosquito larvae at the 
breeding sites of the vectors.23 Nowadays, 
WHO recommended synthetic pesticides are 
deltamethrin, permethrin, alpha cyperme-
thrin and lambda cyhalothrin and those have 
been extensively used for treatment to the 
net fibers in factory-made long-lasting 
insecticide nets (LLINs) or impregnation of 
mosquito nets in the field to prevent from 
mosquito bite.     
The present study found high bio-efficacy  
of different durations of unwashed 
PermaNet 2.0 against An. dirus, Ae. aegypti 
and  Cx. quinquefasciatus. The brand-new 
and one-year duration used PermaNet 2.0 
were very effective to destroy all tested 
laboratory-reared 3-5 days old mosquitoes. 
An. dirus was found to have 100% 
knockdown against brand-new, one-, three- 
and five-year duration of unwashed 
PermaNet 2.0.  

Regarding mortality, it was found 100% 
against brand-new, one-, three-year and 
86% mortality against five-year duration of 
unwashed PermaNet 2.0 nets. The results 
agreed with those of Indian researchers 
working on unwashed PermaNet in India 
which   found    100%    mortality    in   both          

An. minimus and An. dirus.24 In Western 
Kenya, 82.2% mortality of An. gambia      
was recorded after 2 years of field-used 
PermaNet.25 A study found 80% mortality 
of An. nunentovari and An. rangeli after 
three years of field-use of PermaNet in 
Columbia.11  
Pyrethroid insecticides are neurotoxins     
and share many characteristics with DDT 
including a negative temperature coefficient, 
a rapid knockdown effect followed by a 
lethal effect.26 The knockdown effect is 
caused by effect on the peripheral nerves 27 
and the lethal effect is due to an irreversible 
damage to both the peripheral and central 
neurons which occurs when poisoning is 
prolonged.28  

Culex quinquefasciatus and Ae. aegypti 
mosquitoes were found to have 90-100% 
knockdown and 80-100% mortality against 
brand-new and one-year old PermaNet 2.0. 
There was no significant difference in 
knockdown and mortalities between species 
indicating that brand-new and one-year old 
PermaNet 2.0. are highly effective against 
all tested vector mosquitoes. A study in 
Vietnam reported that adulticidal activity  
of Olyset nets remained 100% up to  
8 months on Ae. Aegypti.29  
The bio-efficacy of 3- and 5-year old 
PermaNet 2.0 showed low mortality against 
Culex and Aedes mosquitoes, gradually 
declining to 60% knockdown and 52% 
mortality for Cx. quinquefasciatus and     
64% knockdown and 60% mortality for   
Ae. aegypti mosquitoes. It may be due to   
the fact that Cx. quinquefasciatus and        
Ae. aegypti have some level of tolerability 
to pyrethroid insecticides than  An. dirus.    
In 1991, there was a reduction in permethrin 
susceptibility in An. gambiae one year   
after introduction of small-scale pyrethroid 
treated nets in Kenya.12 The resistance is 
mainly associated with target site in 
sensitivity arising from a single point 
mutation in the sodium channel gene,     
often referred to as knockdown resistance 
(kdr) characterized by leucine-phenylalanine 
mutation.30  
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In Myanmar, long-lasting insecticide treated 
nets (LLINs) and insecticide treated nets 
(ITNs) are widely distributed in malaria 
endemic areas as PermaNet 2.0 in Thanbyu-
zayet Township by IOM and VBDC, 
PermaNet 2.0 in Kamamaung Sub-township 
by three diseases fund (3DF), and delta-
methrin treated nets in PyinOoLwin 
Township by NGOs.  
The main reason for insecticide treated nets 
acceptability was effectiveness in killing 
mosquitoes and other insects.31 The first 
time ITN and IRS intervention measures 
were undertaken in 10 villages which are 
remote, underserved, forested, hilly areas   
of Bago Yoma in 1995 and morbidity and 
mortality of malaria was significantly 
reduced in the study villages, more so with 
the insecticide treated bednet intervention.32  

In malaria endemic area of Padaung 
Township, Bago Region, PermaNet nets are 
effective against the Anopheles vectors only 
for less than 6 months after distributing. 
Bioassay results indicated high knockdown 
rates within 60 minutes.33 PermaNet were 
excellent as more than 90% of families in 
Zayethla area, Padaung Township used 
LLINs (PermaNet) throughout the year and 
significant reductions in parasite positive 
rate and the spleen rate of children high-
lighted the effectiveness of LLINs.34         

The LC50 and LC90 values for An. dirus   
was lowest to deltamethrin compared to           
Cx. quinquefasciatus. It was found to have 
32 and 24.66 fold higher tolerability to 
deltamethrin and Ae. aegypti was found      
to have 14.75 and 11.87 fold higher  tolera-
bility to deltamethrin than An. dirus. The 
development of resistance to various types 
of insecticides such as organochlorines, 
organophosphates and carbamates poses       
a serious threat to the conventional      
control measures for vectors, especially the 
mosquitoes.35 At the same time many of 
these insecticides are egarded as environ-
mental pollutants and create health hazards. 
Currently, synthetic pyrethroids (such as 
permethrin, deltamethrin and lambda cyha-
lothrin) are being used to control insect 

vectors because of their biodegradable 
nature, low mammalian toxicity without any 
harmful residual effect and higher efficacy 
against the target species and resistant  
vector population.36 WHO gives full recom-
mendation for Olyset Net (permethrin 
treated net) and an interim recommendation 
of PermaNet 2.0, Duranet, Net Protect and 
Interceptor for Anopheles mosquitoes to 
prevent mosquito bite and man-vector 
contact.37  
This study concluded that brand-new       
and 1-, 3- and 5-year unwashed PermaNet 
2.0 have best bio-efficacy against An. dirus 
and also brand-new and one-year PermaNet 
2.0 have good bio-efficacy (effective 
mortality) against Ae. aegypti and Cx. 
quinquefasciatus mosquitoes.  An. dirus, Ae. 
aegypti and Cx. quinquefasciatus are 
important vectors of vector-borne diseases 
in Myanmar. Generally An. dirus and       
Cx. quinquefasciatus are night biters and   
Ae. aegypti is a day biter. Therefore, the 
present study suggests to sleep in LLIN or 
ITN nets in day or   night time. Bio-efficacy 
of long-term used PermaNet 2.0 declined 
from maximum to minimum after 3 years of 
using when tested with Ae. aegypti and    
Cx. quinquefasciatus mosquitoes. This 
period is over the WHO recommended 
period of 2 years for unwashed LLINs and 
insecticides persist for 20 washes. Aedes 
and Culex mosquitoes may have developed 
pyrethroid tolerability or bio-efficacy of 
pyrethroid insecticides may have reduced in 
long-term using the LLINs.  

Therefore, follow-up studies are needed     
to investigate the level of tolerability to 
pyrethroid in the mosquito population and  
to determine the residual properties of 
LLINs to support the mosquito-borne 
diseases control programme in Myanmar.   
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Diagnosis of tuberculous pleural effusion (TPE) is based on the 
demonstration of tubercle bacilli in the pleural fluid or that of caseous 
tubercle by histopathological examination. However, to reach a definitive 
diagnosis of tuberculous pleural effusion is still a challenge because of       
its nonspecific clinical presentations and inefficiency of conventional 
laboratory methods due to its paucibacillary nature. The aim of this       
study was to identify the role of polymerase chain reaction (PCR) method    
in the diagnosis of TPE. A total of 47 patients with clinically suspected TPE 
were subjected for pleural aspiration and closed pleural biopsy. Routine 
examination, cytological and PCR analysis of mycobacterium in pleural 
fluid were performed. Histopathological examination of pleural biopsy 
tissue was also done. Pleural fluid AFB staining and cytology showed        
no definitive diagnosis of TPE in all cases. Twenty-four cases (51.5%) 
reached the definitive diagnosis of tuberculosis by histopathology of pleural 
tissue while the remaining 23 cases (48.9%) were diagnosed as chronic 
nonspecific pleuritis. PCR analysis of pleural fluid revealed that 33 cases 
(70.2%) were positive and 14 cases (29.8%) were negative for tuberculosis. 
According to Receiver Operating Characteristic (ROC) curve, protein 
concentration and lymphocyte count at the levels of ≥5100 mg/dl and 85% 
were the best cut-off values where the sensitivities and specificities of TPE 
were 81.8%, 71.4% and 75.8%, 71.4%, respectively. Association and 95% 
confident interval between histopathology and PCR analysis showed 
sensitivity 69.7%, specificity 92.9%, positive predictive value 95.8% and 
negative predictive value 56.5%. PCR analysis of pleural fluid has a gain 
over conventional methods. This study pointed out that pleural tissue 
histopathology in combination with total protein concentration and lympho-
cyte count can be a useful tool in diagnosis of TPE. 

Key words: PCR, Tuberculous pleural effusion 

 
                   INTRODUCTION 
 
Tuberculosis is a major alarming health 
problem in developing countries. In 2012, 
there were estimated 8.6 million incident 
cases and about 1.3 million people died       
of tuberculosis.1 Myanmar is one of the                
22 TB high burden countries and 27 MDR-
TB high burden countries in the world and it      
is estimated that 1.5% of population become 

infected with tuberculosis every year, out    
of which about 130,000 people progress to 
develop tuberculosis. Also, TB is the third 
most leading cause of mortality in Myanmar.2 
Tuberculous pleural effusion is a common 
complication of primary tuberculosis and 
____________________________________ 
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occurs in about 30% of pleural effusions.3 
Usually, patients present with constitutional 
symptoms, pleuritic chest pain, dyspnoea, 
and non-productive cough. 

According to World Health Organization 
(WHO), diagnosis of extrapulmonary tuber-
culosis should be based on at least one 
specimen with confirmed Mycobacterium 
tuberculosis or histological or clinical 
evidence consistent with tuberculosis.4 So, 
diagnosis of tuberculous pleural effusion 
depends on the demonstration of the 
presence of tubercle bacilli in the pleural 
fluid or the demonstration of caseous 
tubercle in the pleura by histopathological 
examination.  

The main barrier to direct microscopy of 
tuberculous pleural effusion is due to the 
paucibacillary nature of pleural fluid. So, 
stained acid fast bacilli by Ziehl-Neelsen 
method is rarely positive and can be found 
only in 5-10% of cases.5 Culture is the gold 
standard for definitive diagnosis of tuber-
culosis 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 
reach the diagnosis. 

Regarding the cytopathology, direct involv-
ment of the pleural cavities may result in      
a major diagnostic dilemma because of        
a marked proliferation of mesothelial cells in 
sheets and clusters, features commonly 
observed in malignant mesothelioma and in 
metastatic cancer. In general, the specific 
diagnosis of tuberculosis cannot be made on 
the basis of fluid cytology.6 

Histopathological examination of pleural 
tissue gives definitive diagnosis of tuber-
culous pleuritis. However, the biopsy 
samples are taken from such a minute 
portion of the vast area of pleural surface 
and many of the lesions affecting the pleura 
tend to be focally disturbed so the chance of 
missing diagnostic tissue is great. Because 
of the shortcomings of conventional methods, 
polymerase chain reaction analysis is 

becoming widely used as a rapid diagnostic 
technique for diagnosis of tuberculosis. It 
can detect fragments of microbial DNA, 
even killed bacilli, in small clinical speci-
mens and the detection time is also reduced. 
It is expected that PCR method on pleural 
fluid specimens will be a useful tool in dia-
gnosis of TPE and can be used as an alter-
native when other conventional procedures 
fail to give a definitive diagnosis.  
 

MATERIALS AND METHODS 
 

This cross-sectional, descriptive study 
comprised 47 patients with clinically 
suspected tuberculous pleural effusion, who 
had been admitted to Medical Wards of 
North Okkalapa General Hospital, Thingan-
gyun Sanpya Hospital and Yangon General 
Hospital, Yangon Division, Myanmar 
between August 2011 and October 2012.  

Informed consent was received from each 
patient. This study was approved by           
the Ethics and Research Committee of 
University of Medicine 2. All pleural fluid 
and pleural biopsies from patients with 
clinically suspected tuberculous pleural 
effusion were included. Those patients with 
(i) transudative effusion according to pleural 
fluid routine examination (as tuberculous 
pleural fluid is exudative in nature),           
(ii) pleural effusion who had already been 
receiving antituberculous therapy, including 
treatment failure and defaulter, and (iii) 
known cases of pleural effusion due to pneu-
monia, heart failure, nephrotic syndrome 
and malignant disease were excluded.  

Method 

This study was carried out on the pleural 
fluid and tissue biopsies taken from clini-
cally suspected tuberculous pleural effusion 
already submitted to the histopathology 
laboratories of respective hospitals. Pleural 
tissue biopsy was processed and stained with 
routine haematoxyline and eosin (H&E).  
Five milliliters of pleural fluid sample were 
used for pleural fluid routine examination 
and Ziehl-Neelsen staining of acid-fast 
bacilli. Another 5 ml of pleural fluid were 
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used for cytology. And then, 5 ml of pleural 
fluid were stored at -20°C in an eppendorf 
tube to proceed to PCR at Immunology 
Research Division, Department of Medical 
Research (Lower Myanmar).  

DNA extraction was performed according  
to manufacturer’s instruction by Qiagen 
DNA extraction mini kit. The primers used 
for the amplification of a conserved repe-
titive sequence in the M. tuberculosis DNA 
(IS 6110) were Forward (5’ CCT GCG AGC 
GTA GGC GTC GG3’) and Reverse (5’ 
CTC GTC CAG CGC CGC TTC GG3’) 
which amplified a specific 123-base pair 
(bp) product in the PCR. 

A typical PCR reaction contained a mixture 
of 10 x buffer 2 µl, 2.5 mM dNTP 2 µl,       
10 µM primer 1(IS6110-F) 1 µl, 10 µM 
primer 2  (IS6110–R) 1 µl, Taq polymerase   
(5 U/1 µl) 0.2 µl, distilled water 12.8 µl   
and DNA sample 1 µl. Each set of the PCR 
reaction contained a positive control con-
taining DNA extracted from TB bacilli that 
had been isolated in the laboratory and a 
negative control, containing the same amount 
of distilled water. The thermal cycle was 
programmed for 35 cycles with initial denatur-
ation for 1 minute at 98°C for 1 cycles, de-
naturation at 98°C for 5 seconds, annealing 
at 55°C for 5 seconds, and extension at 72°C 
for 20 seconds and then, 72°C for 2 minutes 
for final extension. The amplified PCR 
products were detected by gel electrophoresis 
using 2% agarose gel with ethidium bromide, 
and a 123-bp amplified band was visualized 
on an ultraviolet transilluminator and photo-
graphed by polaroid camera. 

 
RESULTS 

 
Age and gender 
Among the 47 patients, the age of the study 
population ranged from 18-70 years with the 
mean age of 41.79±13.19 years. The most 
common age group was 31-40 years, i.e,    
15 cases (31.9%) of study population 
followed by 21-30 years 10 cases (21.3%). 
Males accounted for 32 cases (68%) and  
15 cases (32%) were females.  

Clinical manifestation 
Common clinical presentations were dyspnoea 
38 cases (80.9%), cough 37 cases (78.7%), 
fever 35 cases (74.5%), weight loss 30 cases 
(63.8%), night sweat 28 cases (59.6%) and 
chest pain 23 cases (48.9%). Haemoptysis 
was present in only 5 cases (10.6%). 

Biochemical, cytological examination and 
Ziehl-Neelsen staining 

There were 31 cases (65.95%) with protein 
concentration more than 5000 mg/dl and    
16 cases (34.04%) had less than ≤5000 mg/dl 
of protein. Forty-two cases (89.36%) had 
lymphocyte count more than 50% and           
5 cases (10.64%) had less than 50% lympho-
cyte count in pleural fluid. In the present 
study, Ziehl-Neelsen stain method of pleural 
fluid was used to detect the presence of acid 
fast bacilli. There were no positive findings 
in all cases. Also, cytological features 
showed only chronic non-specific pleuritis. 
 
 
 
 
 
 
 

 
Fig.  1.  Histological   feature    of    tubercle    of 
 pleural biopsy tissue (H and E staining) 

Histological features of pleural biopsy in 
clinically suspected tuberculous pleural 
effusion 
Among 47 patients, 24 cases (51.5%) were 
diagnosed as tuberculous pleuritis by histo-
logical method while 23 cases (48.9%) were 
chronic non-specific pleuritis (Fig. 1).  
Polymerase chain reaction (PCR) analysis 
of pleural fluid in cases with clinically 
suspected tuberculous pleural effusion 

Thirty-three cases (70.21%) were confirmed 
as tuberculous pleural effusion by PCR after 
detection compared with known positive 
control and 14 cases (29.79%) were PCR 
negative compared with known negative 
control (Fig. 2). 
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Fig.  2.  Interpretation of PCR results by agarose 
gel electrophoresis 

 
Prediction of TPE by total protein and 
lymphocyte count as risk factors 
According to ROC curve analyses, the 
curves lie significantly above the 45 degree 
line of unity. The areas under the ROC 
curve were 0.81 and 0.788 denoting good 
accuracy of the test. The best diagnostic  
cut-off point for total protein level was        
≥5100 mg/dl with the sensitivity of 81.8% 
and specificity of 71.4% (Fig. 3) and that for 
lymphocyte count was 85% with the sensi-
tivity of 75.8% and specificity of 71.4% 
(Fig. 4). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3. Total protein level in diagnosis of 
tuberculous pleural effusion 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 4. Lymphocyte count  in diagnosis of 
tuberculous pleural effusion 

Association between histopathology of 
pleural tissue and PCR analysis  

Out of 24 cases of histologically confirmed 
cases, 23 cases (95.83%) were PCR positive. 
Among 23 cases of histologically proven 
chronic non-specific pleuritis, 10 cases 
(43.47%) showed positive tuberculous 
pleuritis by PCR. The sensitivity, specificity, 
positive predictive value and negative 
predictive value were 69.7%, 92.9%, 95.8% 
and 56.5%, respectively. 

DISCUSSION 

Regarding age factor, the commonest age 
group belonged to 31-40 years which 
represented 15 cases (31.9%) of study 
population which was consistent with a 
three-year study at Chest Medical Ward, 
Yangon General Hospital, Myanmar, that 
included 108 patients with tuberculous 
pleural effusion which showed that the 
commonest age was 31-40 years.7  

So, tuberculosis still prevails in the      
young and productive population. Clinical 
presentations in the study cases were    
mostly non-specific and did not positively 
contribute to the definitive diagnosis of 
tuberculous pleural effusion. 

Lane 1 = 100 bp ladder 
Lane 2 = positive control 
Lane 3-8 = positive tests (123 bp) 
Lane 9 = negative test 
Lane 10 = negative control 
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In the present study, among the 33 tuber-
culous pleuritis patients confirmed by PCR, 
total protein concentration >5000 mg/dl was 
found in 27 cases (81.8%) and 5000 mg/dl 
in 6 cases (18.2%). This is also consistent 
with a study of 254 patients at Spanish 
University Hospital with tuberculous pleu-
ritis in which showed 98.8% of patients had 
high total protein concentration of more than 
5000 mg/dl.8  

In another study of 237 patients in Spain 
with tuberculous pleurisy, more than 50%  
of leucocytes were lymphocytes and the 
mean value was 77±19.9% (mean±SD).9 
This finding was not much different from 
the present study in which pleural fluid 
having lymphocyte count of more than 50% 
was found in 42 cases (89.36%), where the 
mean value was 81.55±1.52% (mean±SD). 
Although pleural fluid smear for acid        
fast bacilli were done with Ziehl-Neelson 
stain, none were positive in this study.          
It may be due to the paucibacillary nature 
and low sensitivity of AFB, i.e, only 5-10% 
according to literature5 and may also be 
attributed to the small sample size. The 
researchers did not have the chance to do 
pleural fluid AFB culture in this study. This 
procedure takes about 6-8 weeks to reach 
the diagnosis and has limited sensitivity.  

In the present study, the cytological features 
of pleural fluid revealed predominance       
of lymphocytes and few mesothelial cells. 
These findings are representatives of a 
variety of other inflammatory or reactive 
processes and were reported as chronic non-
specific inflammatory cytology of pleural 
fluid. Pleura fluid cytology is usually        
not specific for diagnosis of tuberculous 
pleurisy. Cytology is more useful for the 
diagnosis of malignancy than tuberculosis. 
Pleural biopsy can give the definitive 
diagnosis of tuberculous pleural effusion by 
the presence of caseating tubercles replete 
with epithelioid cells, mature lymphocytes, 
Langhan’s giant cells and fibroblasts.10  

However, biopsy samples are taken from 
such a minute portion of the vast area of 
pleural surface. So, the chance of missing 

diagnostic tissue is great. In this study, 
histology of pleural tissue gave definitive 
diagnosis of TB in 24 cases (72.7%) out of 
the 33 cases which were later confirmed     
by PCR as tuberculous pleural effusion. The 
rest were diagnosed as chronic non-specific 
pleuritis on biopsy.  

The sensitivity and specificity of PCR         
in diagnosis of TPE varies, depending on      
the genomic sequence amplified and the 
procedure used during the extraction of the 
DNA. In this study, IS 6110 sequence was 
targeted to confirm the diagnosis of tuber-
culous pleurisy by PCR on pleural fluid    
and 33 cases (70.2%) were confirmed and 
14 cases (29.8%) were PCR negative. So, 
the positivity rate of PCR in pleural fluid did 
not much differ from previous studies in 
other countries.11-13  

Out of the 24 cases of histologically 
confirmed cases, 23 cases (95.83%) were 
PCR positive. Among the 23 cases of histo-
logically diagnosed as chronic non-specific 
pleuritis, 10 cases (43.47%) showed positive 
as tuberculous pleuritis by PCR which 
showed an advantage over the conventional 
diagnostic method. Sensitivity, specificity, 
positive predictive value and negative 
predictive value of pleural tissue histology 
were 69.7%, 92.9%, 95.8% and 56.5%, 
respectively.  

Therefore, reliable sensitivity and good 
positive predictive value in this method for 
diagnosis of tuberculous pleural effusion 
recommends that it can be used in areas 
where prevalence for the disease is high. 
However, the sensitivity of pleural biopsy 
varies from study to study.  
Conclusion 
In Myanmar, tuberculosis and malignancy 
are the two most common etiologies of 
pleural effusion. This study introduced and 
applied the PCR assay targeted against 
insertion sequence IS6110 of Mycobac-
terium tuberculosis in pleural fluid and 
70.2% lead to a confirmed diagnosis of 
tuberculous pleural effusion. The use of 
PCR assay has an advantage over conven-
tional methods such as AFB staining of 
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pleural fluid and histopathology of pleural 
biopsy tissue. Regarding age factor, young 
ages with pleural effusion are more likely to 
have tuberculosis.  
Pleural fluid characteristics may help diagnose 
the tuberculous etiology. According to this 
study, protein concentration ≥5100 mg/dl 
and lymphocyte count >85%, when used in 
combination, may be used as an indicator of 
tuberculous pleural effusion. 
Pleural tissue histopathology, which can 
give definitive diagnosis, may be useful as 
an ultimate procedure where facility and 
patient condition are favourable. PCR assay 
of pleural fluid can be employed for a more 
rapid, specific and reliable diagnosis. It 
should be considered in a setting where 
other conventional methods fail to diagnose 
a highly suspected tuberculous pleural 
effusion patient. 
On the other hand, the use of PCR assays  
for every clinically suspected tuberculous 
pleuritis case may not be feasible as it is 
expensive and, also technical procedure may 
be demanding. Therefore, in areas where 
PCR assay is unavailable, pleural fluid 
protein concentration (≥5100 mg/dl) and 
lymphocyte count (>85%) can be used as an 
alternative tool in combination with or supple-
mentary to pleural tissue histopathology. 
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The use of generic drugs, which are safe, effective and lower cost 
alternatives to innovator, has been steadily increasing internationally. 
Metronidazole, one of the essential medicines, is widely used as an anti-
protozoal and antibacterial drug. This study was performed to compare the 
bioavailability of generic metronidazole with that of innovator by using 
serum concentration for determining bioequivalence between them. 
Bioequivalence of generic and innovator metronidazole were assessed by 
single dose pharmacokinetic study in fourteen healthy human volunteers by 
using bioavailability parameters, such as peak serum drug concentration 
(Cmax), time to reach peak concentration (Tmax) and area under the serum 
drug concentration curve (AUC). A cross-over design with one-week wash-
out period under fasting conditions was performed. Blood samples were 
taken up to 24 hours after drug administration and serum concentrations 
were determined by UV-Vis spectrophotometer. Bioavailability parameters 
were analyzed by WinNonlin version 6.3. AUC(0-24 hr) were 92.966.41 vs. 
89.435.08 µg hr/ml, Cmax were 11.461.72 vs. 9.880.93 µg/mL and Tmax 
were 2.0 vs. 1.5 hours for generic and innovator metronidazole, respectively. 
The 90% confidence intervals for the generic to innovator ratio of mean 
AUC(0-24 hr) and Cmax were 0.96(0.92-1.01) and 0.87(0.82-0.92), respectively, 
and they were within the accepted bioequivalent range of 0.8-1.25 described 
in ASEAN guideline. Therefore, generic metronidazole was bioequivalent to 
that of innovator and can be used cost effectively and interchangeably 
because it has similar efficacy and is considerably less expensive. 

Key words: Metronidazole, Bioavailability, Bioequivalence 
 
 

INTRODUCTION 
 

Over the years, the prescription of generic 
drugs has increased from 19% in 1984 to 
60-70% in 2009 and they are cost effective 
alternatives for the brand name drugs.1 

Generic pharmaceutical products need to 
conform to the same standards of quality, 
efficacy and safety as required of the 
innovator product and they must have 
demonstrated bioequivalence with the 
innovator brand.2 Bioavailability and 
bioequivalence studies provide important 
information that ensures the availability of 
safe and effective medicines to patients and 
practitioners. Bioavailability is defined as 
the rate and extent by which the active 

moiety becomes available at the site of 
action.3 The area under the concentration 
versus time curve (AUC) serves as the 
extent of absorption, the time to reach the 
peak concentration (Tmax) reflects the rate of 
absorption, while the peak concentration 
(Cmax) reflects both the extent and the rate of 
absorption.4  

Metronidazole is an antimicrobial drug that 
is used to treat protozoal and anaerobic 
bacterial infections. It is one of the essential 
medicines and still the cornerstone for the 
management of anaerobic infections world-
___________________________________
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wide. Metronidazole is clinically effective 
in trichomoniasis, amoebiasis, and giar-
diasis, as well as in a variety of infections 
caused by obligate anaerobic bacteria.5      

The aim of certain antibiotic therapies 
should be not only clinical success but     
also the prevention of antimicrobial resis-
tance in future. Since the susceptibility       
of Helicobacter pylori, and certain other 
anaerobic organisms to the metronidazole is 
decreasing,6, 7 the use of generic metroni-
dazole in Myanmar must be assured good 
efficacy and safety.  
Therefore, the bioequivalence study of 
locally available generic metronidazole was 
compared with that of innovator to assure 
for clinicians and patients whether two 
brands of the same drug (between generic 
and innovator brands) would result in 
similar efficacy or not.  

 
MATERIALS AND METHODS 

 
Study design was a cross-over, comparative 
study with one-week washout period under 
fasting condition. Two drugs (reference  and 
test) were used. They are -  

 Reference drug: Flagyl 400 mg tablet, 
each film-coated tablet containing 
metronidazole BP 400 mg, manufac-
tured by Sanofi Aventis, France.  

 Test drug: Nidazyl 400 mg tablet, each 
film-coated tablet containing metroni-
dazole BP 400 mg, manufactured by 
Orion Pharma Ltd, Dhaka, Bangladesh.  

Study sites were Department of Pharma-
cology, Department of Biochemistry, and 
Common Research Laboratory, University 
of Medicine (Mandalay). 
Subjects 
Fourteen subjects of both sexes (8 males 
and 6 females) were recruited in this bio-
equivalence study. Their mean age was 
25.71±5.13 years (range, 19-35). The 
average body weight was 58.47±8.58 kg 
(range, 48-72.6), the average height was 
1.64±0.1 m (range, 1.52-1.8) and BMI was 

19.1-23 kgm-2. The subjects were non-
smoker, non-alcoholic. The volunteers were 
asked not to take any medication (including 
indigenous medicine) for at least one week 
prior to, and through-out the study.  

Normal healthy persons were generally 
determined by history taking, clinical 
examination, and laboratory investigation 
including random blood sugar, urea, crea-
tinine, alanine aminotransferase, asparate 
aminotransferase, and alkaline phosphatase 
levels. Subjects with allergic reaction to 
metronidazole as well as those with preg-
nancy were excluded. Blood pressure, pulse 
rate and respiratory rate were measured 
before the drug administration and at the 
end of study day. Metronidazole was well 
tolerated by all subjects. No subject was 
dropped out before the completion of the 
study period.  
Randomization of the subjects and drug 
administration  
On the study day, each subject received a 
single oral dose of metronidazole either 
generic (test) or innovator (reference) brand 
as shown in Table 1 with a glass (200 ml) of 
drinking water after overnight fasting. Hot 
drink or juice was provided 2 hrs after drug 
administration. A standardized lunch (fried 
noodle with chicken egg) was provided to 
all the subjects 4 hrs after drug admini-
stration. It was done identically for two 
periods of the study. 
 
Table 1. Schematic table for cross-over design 

Blood sampling  
A cannula was inserted into a peripheral 
vein of forearm under the aseptic condition. 
Blood 5 ml was drawn just before (0.0 hr) 
and at 0.25, 0.5, 1, 1.5, 2, 4, 6 and 24 hrs 
after administration of the drugs. The 
collected blood samples were stood for     
30-60 minutes and then centrifuged at    
2000 rpm for 5 minutes. The separated 

Sequence 1st period  Washout period 2nd period 

Sequence  1  Reference  
      One week 

      Test 

Sequence  2      Test   Reference 
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serum samples were labeled and stored 
carefully at minus 20 degree Celsius (-20°C) 
until analyzed. 
Metronidazole level determination by UV-
Visible spectrophotometer  
The concentrations of metronidazole in the 
serum samples were determined with UV-
Visible spectrophotometer according to the 
modified method of Wearley & Anthony.8 
The method was validated as the recom-
mendations of ASEAN for the parameters 
like linearity, recovery, precision, accuracy, 
and stability of the analyte.9 Standard 
solution of metronidazole was prepared     
by mixing 10 mg metronidazole standard 
powder in 10 ml of methanol to obtain      
10 ml solution to get 1 mg/ml.  
From that stock solution, 1, 5, 10, 20, 40, 80 
and 100 µg/ml of metronidazole standard 
solutions were prepared by diluting with 
pooled serum. Extraction of metronidazole 
from the blood samples was carried out by 
mixing serum sample of 0.5 ml with 5 ml   
of 0.1 N sulphuric acid in methanol and 
vortexed for 30 seconds. And then, it was 
centrifuged for 15 minutes at 6000 rpm.  
The supernatants were separated and 
analyzed spectrophotometrically at 323 nm 
for metronidazole against serum blank 
containing no drug. Each serum concen-
tration was determined in duplicate and 
calculated from the standard curve obtained 
from the same day. Quantitative serum 
metronidazole determination was done by 
using UV-Visible spectrophotometer within 
two weeks after collection of the sample.  
Pharmacokinetics data analysis 
Serum concentration time curves were 
drawn for each individual. Comparison 
between the absorption rates was carried out 
regarding both Cmax, Tmax and AUC(0- 24 hr). 
The Phoenix 64/WinNonlin version 6.3 
(Pharsight-a Certara™ Company, USA) was 
used for noncompartmental pharmaco-
kinetic analysis. Tmax and Cmax were directly 
obtained from the serum concentration time 
data. The AUC(0- 24 hr) was calculated using 
trapezoidal rule. The elimination rate constant 

(Kel) was estimated by linear regression 
from the points describing the elimination 
phase in a log-linear plot. Half-life (T1/2) 
was derived from this rate constant 
(T1/2=0.693/Kel). 

Statistical analysis  
Bioequivalence of two brands was assessed 
by means of an analysis of variance 
(ANOVA) and calculating 90% confidence 
interval (CI) of the ratio of test and 
reference. ANOVA for cross-over design 
was used to assess the effect of treatment, 
period, sequence, and subject nested in 
sequence.  

For maximum of serum concentration Cmax 
and area under the serum concentration   
time curve from time zero to last time 
AUC(0-24 hr), natural logarithms transformed 
values were used, however, time to reach 
maximum serum concentration Tmax was 
carried out on untransformed data. The 90% 
confidence interval of the ratio of the        
test and reference (T/R) was calculated. The 
statistical significance of pharmacokinetic 
parameters and bioequivalence limits  were 
determined by using SPSS statistical 
software version 20.   
Ethical consideration 
The volunteers were informed about the aims 
of the study, risks, benefits, procedures, and 
as well as their rights. Each volunteer signed 
an informed consent document before 
entering the study. The volunteers were 
allowed to withdraw from participation in 
the study at any time as they wish. The 
study protocol and the consent form were 
approved by the Postgraduate Board of 
University of Medicine (Mandalay). 

 
RESULTS 

 
Both brands of metronidazole (generic and 
innovator) were readily absorbed from 
gastrointestinal tract and it was measurable 
at the first sampling time (0.25 hr). The 
mean serum concentration-time curve of 
generic and innovator to the fourteen 
volunteers are shown in Fig. 1.  
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*=p<0.05 between generic and innovator metro-
nidazole for Cmax 

 
Fig. 1. The mean serum concentration-time curve 

with  SD  bar  after  400 mg  single  dose  
administration  of  generic (test) and inno-  
vator (reference) metronidazole (n=14)  

 
Comparison of pharmacokinetic parameters 
of generic and innovator metronidazole are 
shown in Table 2. 
 
Table  2.  Comparison  of   pharmacokinetic para-  
 meters of generic and innovator 

metronidazole (n=14)  

Pharmaco- 
kinetic 

parameter 

Test 
(T) 

Reference 
(R) 

P 
values 

Mean 
ratio 
(T/R) 

90% 
confidence 

interval 
Cmax (µg/ml) 11.46 

1.65 
9.88 
0.90 

0.006 0.87 0.82-0.92 

AUC(0-24 hr)  
 (hr. µg/mL) 

92.96 
6.17 

89.43 
4.90 

0.117 0.96 0.92-1.01 

Tmax (hr) 1.75 
±0.31 

1.68 
±0.24 

0.519  
 

Kel (hr) 0.07 
±0.01 

0.08 
±0.01 

0.08 
  

T1/2 (hr) 8.65 
±0.71 

9.78 
±2.10 

0.07 
  

 
MeanSD values of Tmax were 1.75±0.33 
and 1.68±0.25 hr for generic and innovator, 
respectively. Mean Tmax of the generic was 
slightly longer than that of the innovator but 
it did not reach the statistically significant 
level (p=0.52).  

MeanSD values of AUC(0-24 hr) of generic 
and innovator were 92.966.41 and 89.43 
5.08 hr. µg/ml, respectively. Mean AUC(0-24 hr)   
of generic metronidazole was slightly higher 
than that of innovator but it did not reveal 
significant difference (p=0.12). MeanSD 
values of Cmax were 11.461.72 and 9.88 

0.93 µg/ml for the generic and the inno-
vator, respectively. Mean Cmax of generic 
metronidazole was higher than that of 
innovator and significantly different 
(p=0.006). 
The 90% confidence interval for logarithm 
transformation data of the ratio of mean of 
Cmax was 0.87 (0.82-0.92) and AUC(0-24 hr)  
was 0.96 (0.92-1.00), respectively. It indi-
cated that these values are entirely within 
the bioequivalence acceptance criteria of 
0.80-1.25.10-12  

 

DISCUSSION 
 

In this study, bioequivalence of two  brands 
of metronidazole was performed in 
Myanmar healthy volunteers of both sexes. 
The drugs used in this study were generic as 
a test and innovator as a reference. The 
modified method of Wearley & Anthony 
was used for determination of serum 
concentration of metronidazole. The calibra-
tion curves were linear over the range        
of 1-100 µg/ml (r2=0.998) by using linear 
regression analysis. Recovery was between 
88% and 108.4% at low (1 µg/ml), medium 
(10 µg/ml) and high (100 µg/ml) concen-
trations.   

Precision of method was in acceptable limit 
with coefficient of variation not exceeding 
15% for both intra-day and inter-day 
precision. The stability of metronidazole 
serum samples storage at -20°C was 6 weeks.  
The serum sample of 0.5 ml was needed   
and it is economical, technically suitable  
for routine analysis by using UV-Visible 
spectrophotometer. Therefore, this method 
is appropriate for the analysis of metro-
nidazole in serum samples. 
A bioequivalence study is basically a 
comparative bioavailability study designed 
to establish equivalence between test and 
reference products.10 The main objective     
of bioequivalence study is to assure the 
efficacy and safety of generic formulations. 
Tmax, AUC(0-24 hr) and Cmax were the main 
target parameters in order to assess possible 
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bioequivalence between the two brands.  
Tmax value of metronidazole tablet was 
described within the range of 0.25-4 hrs.4, 5  

In this study, Tmax of generic metronidazole 
was within the range of 1-2 hr, while that of 
innovator was 1.5 to 2 hrs. Therefore, Tmax 
of these two brands was not different and 
consistent with the accepted range. Since 
Tmax reflects the rate of absorption of drugs, 
those of the two brands of metronidazole 
would be the same.  

The area under the concentration versus 
time curve (AUC) is an important parameter 
that can be considered as a representative of 
the total amount of drug absorbed following 
administration of a single dose of a drug. 
AUC ascertains the calculated dose that 
actually delivers the serum drug level 
required for its therapeutic effect. The 
fraction of the administered dose reaching 
the systemic circulation is termed bio-
availability and AUC is commonly used to 
measure the extent of bioavailability.  

In this study, AUC(0-24 hr) of these two 
brands was not significantly different       
and comparable to the reported values of         
70-110 hr. µg/ml in healthy volunteers.13-15  

Since AUC(0-24 hr) of generic and innovator 
were similar, their concentration at the site          
of action and their effectiveness would      
be the same. The 90% confidence interval 
for natural logarithms (Ln) transformation 
data of the ratio of mean of AUC(0-24 hr)     
was 0.96(0.92-1.01) and it reaches within  
the acceptable bioequivalence criteria of 
0.80-1.25. 
The peak serum concentration (Cmax) 
indicates that drug is sufficiently absorbed 
to provide therapeutic response. Cmax is 
directly proportionate to the dose of the 
drug administered and the fraction of drug 
being absorbed. Change in Cmax holds for 
the potential for change in clinical effect. It 
also provides more persistent information 
about efficacious or toxic blood levels since 
it is the highest blood concentration that 
would be encountered in a given dose. 
Single concentrations, especially highest 

concentrations like Cmax, generally have 
larger variation than AUC because Cmax        
is usually determined by only one time 
point.16 The absorption of drug may be 
altered by physicochemical nature of drug 
factors e.g., particle size, salt form, crystal 
polymorphism, coatings, used of dis-
integrants and the presence of excipients  
can influence the case of disintegration, 
dissolution and, therefore, alter the rate of 
absorption.17  

In this study, Cmax of generic and innovator 
was significantly different and it may be due 
to the differences in physicochemical nature 
of drug factors. Since Cmax of the generic 
was high enough to fulfill the primary    
goal of antibiotic therapy with sufficient 
concentration, it had good efficacy. The 
previous studies reported that Cmax of metro-
nidazole was ranging from 7 to 12 g/ml in 
healthy volunteers.13-15   

Therefore, Cmax of the present study was     
in agreement with the previous ones and          
it might be assured the safety as them.      
The 90% confidence interval for natural 
logarithms (Ln) transformation data of the 
ratio of mean of Cmax was 0.87 (0.82-0.92) 
and it also reaches within the acceptable 
bioequivalence criteria of 0.80-1.25. 

The 90% confidence interval for the ratio of 
mean of Cmax, and AUC(0-24 hr) were 0.87 
(0.82-0.92), and 0.96 (0.91-1.01), respec-
tively, and these values are within the 
acceptable bioequivalence criteria of 0.80-
1.25. Therefore, the generic metronidazole 
is bioequivalent to that of innovator.  

Conclusion 

Based on this study, it can be concluded  
that generic metronidazole is bioequivalent 
to that of the innovator. Since they are 
bioequivalent, their effectiveness will also 
be the same and can be interchangeable in 
clinical practice. Therefore, generic metro-
nidazole can be used cost effectively 
because it is considerably less expensive 
than that of innovator and has similar 
efficacy.  
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Tropical acute febrile illnesses including dengue fever are a common cause 
of acute kidney injury (AKI) in developing countries. This study aimed to 
evaluate the proportion and to categorize the severity of AKI using pRIFLE 
(paediatric Risk, Injury, Failure, Loss of kidney function, End stage renal 
disease) criteria, and to identify the risk factors for development of          
AKI in children with dengue haemorrhagic fever. It was a cross-sectional 
descriptive study conducted at medical wards of Yangon Children’s 
Hospital (YCH). Urine output was observed and serum creatinine was tested 
within 24 hours after admission and daily before hospital discharge. Ninety-
four children, 46 boys (48.9%) and 48 girls (51.1%) were recruited. Their 
age ranged from 2 to 14 years and mean age was 7.34±2.88 years. Twelve 
out of 94 patients (12.76%) were classified as having AKI, in which            
10 patients were in risk group and 2 patients were in injury group according 
to pRIFLE criteria. Mean of the lowest GFR was 59.27±9.32 ml/min/1.73 m2 

in children with AKI and 119.85±35.21 ml/min/1.73m2 in children with 
non-AKI (p<0.0001). AKI was more common in children ≤5 years age 
group (p=0.001). Bleeding manifestation was found significantly in AKI 
group (p=0.04). Children with AKI had longer hospital stay than those with 
non-AKI (3.50±0.67 days vs. 2.77±0.77 days) (p=0.01). All the cases had 
returned to normal renal function within one day by conservative treatment. 
This study highlighted that risk of AKI should be considered in paediatric 
dengue patients especially in younger children.  

Key words: Acute kidney injury, AKI, Dengue, Dengue haemorrhagic fever, Children 
 

INTRODUCTION 
 

Acute kidney injury (AKI), previously 
known as acute renal failure, represents a 
significant and devastating problem in 
clinical practice.1 It is defined as an abrupt or 
rapid decline in glomerular filtration rate 
(GFR) usually accompanied by a rise in 
serum creatinine and blood urea nitrogen.2 

Tropical acute febrile illnesses including 
dengue fever are a common cause of acute 
kidney injury in developing countries.3 
WHO currently estimates that 2.5 billion 
people (two fifths of the world's population) 
are now at risk from dengue and there may 
be 50 million dengue infections worldwide 
every year. Today dengue affects most Asian 

countries and has become a leading cause of 
hospitalization and death among children in 
the region.4 

Dengue is a day-biting mosquito-borne 
(Aedes aegypti) infection caused by various 
strains of dengue virus. On the basis of 
climatic factors, Myanmar is included in 
Tropical monsoon and Equatorial Climatic 
Zone where Aedes aegypti is widespread     
in both urban and rural areas. Therefore, 
transmission is extended and dengue epi-
demics occur in 3-5 year cycles, associated  
with  high  morbidity in children. 
___________________________________ 
*To whom correspondence should be addressed. 
Tel: +95-1294155 
E-mail: khinwin28@gmail.com 
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In 2006, Myanmar reported 6% of total 
dengue cases in the South East Asia region.5 

Dengue illness covers a broad spectrum of 
clinical manifestations as undifferentiated 
fever, dengue fever, dengue haemorrhagic 
fever (DHF) or dengue shock syndrome 
(DSS).6 DHF is a severe form of the disease 
characterized by fever, haemorrhagic pheno-
mena, thrombocytopenia and evidence of 
plasma leakage.7 Multifactorial causes can 
lead to AKI in DHF.8, 9  
A study in adults using RIFLE criteria to 
detect AKI in tropical acute febrile illnesses 
found more than a third of cases with 
dengue infection have AKI.3 Patients with 
AKI in DHF were found out to have high 
mortality in both adult and paediatric 
population.10, 11 However, incidence of AKI 
with DHF in children has been unclear 
because pediatric AKI studies are limited 
and most studies in dengue infection with 
AKI were only case reports or retrospective 
review of medical records.  
The previous studies used variable 
definition of AKI in dengue virus infection. 
Pediatric modified RIFLE criteria (pRIFLE) 
have been validated in children and appear 
to be quite promising for better charac-
terization of AKI and can potentially pick 
up from mild to severe cases. It standardizes 
the definition of AKI based on the estimated 
creatinine clearance or on the urinary output 
reduction, in a body weight per hour basis.12 
This study aimed to assess the proportion 
and severity of AKI in children with DHF 
by using pRIFLE criteria.  

 
MATERIALS AND METHODS 

 
This study was a cross-sectional descriptive 
study conducted at medical wards of 
Yangon Children’s Hospital. Children aged 
2-12 years hospitalized with suspected 
dengue viral infection were included in the 
study. Those with chronic renal disease or 
critically ill conditions were excluded from 
the study. Diagnosis of DHF was made          
in cases with 3 to 7 days of fever by SD 
BIOLINE Duo (Standard Diagnostic Inc.) 

strip within the first 24 hours of hospi-
talization. Patients with positive IgM or NS1 
with negative IgG was considered as primary 
dengue and patient with positive IgG with     
or without IgM or NS1 positivity was con-   
sidered as secondary dengue infection 
according to the manufacturer’s instruction. 
The severity of DHF (Grade I-IV) was in 
accordance with WHO criteria (1997). 
The included patients were monitored during 
their stay in hospital. Daily urine output was 
observed and serum creatinine was tested 
within 24 hrs after admission and daily before 
hospital discharge. Serum creatinine was 
measured at Clinical Research Division, 
DMR (LM) using the modified Jaffe’s kinetic 
alkaline picrate method. The estimated 
creatinine clearance (GFR) was calculated 
according to Schwartz formula.11 The 
baseline GFR was assumed as the normal 
clearance value of 100 ml/min/1.73 m2 as 
reference.10 The pRIFLE class was deter-
mined based on the lowest level of either the 
Glomerular Filtration Rate (GFR) criteria or 
urine output criteria. 
Categorization of AKI according to Paediatric-
modified RIFLE (pRIFLE) criteria10  

         Estimated CCI Urine output 
Risk eCCI decrease by 25%  <0.5 ml/kg/hr 

    for 8 hr 
Injury eCCI decrease by 50%  <0.5 ml/kg/hr  

    for 16 hr 
Failure eCCI decrease by 75%  

 eCCI<35 ml/min/1.73 m2 
 <0.3 ml/kg/hr  
    for 24 hr or    
    Anuric for 12 hr 

Loss Persistent failure  >4 weeks 
End stage End-stage renal disease 

(persistent failure  >3 months) 
eCCI=Estimated creatinine clearance 
 
Statistical analysis 
The data were subjected to statistical 
analysis using the SPSS 16.0 software 
package. Chi-square test, Fisher’s exact test 
or Student ‘t’ test were used as appropriate 
to compare the distributions of data between 
AKI and non-AKI groups. Statistical signi-
ficance was considered if p values <0.05. 

Ethical consideration 
This study was approved by the Institutional 
Ethical Review Committee of DMR (LM).  
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RESULTS 
 

Ninety-four children, 46 boys (48.9%) and 
48 girls (51.1%) were recruited. Their age 
ranged from 2 to 14 years and mean age was 
7.34±2.88 years. Twelve out of 94 patients 
(12.7%) were classified as having AKI,      
in which 10(10.6%) were in risk group and 
2(2.1%) was in injury group according to 
pRIFLE criteria (Fig. 1).  
 

 
 

 

Fig. 1.  Proportion and  severity of  AKI accor- 
ding to pRIFLE criteria 

 
Children with AKI were significantly 
younger than those without AKI (p=0.001). 
Mean of the lowest GFR was 59.27±       
9.32 ml/min/1.73 m2 in children with      
AKI and 119.85±35.21 ml/min/1.73 m2 in 
children with non-AKI (p<0.0001). Children 
with AKI had longer hospital stay than 
those with non-AKI (3.50±0.67 days vs. 
2.77±0.77 days) (p=0.01) (Table 1). 
 
Table 1. Characteristics of children with  dengue    
 haemorrhagic fever 

   Characteristics 
AKI 

(n=82) 
(mean±SD) 

Non-AKI 
(n=12) 

(mean± SD) 
P value 

Age (year) 
 

Lowest pulse  
    pressure (mmHg ) 
Lowest platelet  
    count (/µl) 
 

Highest 
   haematocrit (%) 
 

Lowest glomeruloar    
    filtration rate    
    (ml/min/1.73 m2) 
 

Length of hospital  
   stay (days)  

4.7±1.5 
 

22.5±11.3 
 

 
62.5±23.9 

 
43.1±3.7 

 

 
59.3±9.3 

 

 
 

3.5±0.6 
 

7.7±2.8 
 

25.8±6.0 
 

 
57.5±26.2 

 
42.5±5.4 

 

 
119.8±35.2 

 

 
 

2.7±0.7 
 

0.001* 
 

0.12 
 

 
0.53 

 
0.72 

 

 
<0.0001* 

 

 
 

0.001* 
 

*=Statistically significant 

All 12 cases of AKI were children with 
secondary dengue infection. AKI is more 
common in children ≤5 years compared to 
>5 years age group (p=0.001) (Table 2). 
 
Table 2.  Characteristics of AKI and non-AKI in  
 univariate analysis 
 

  Characteristics 
       AKI 

(n=12) 
No. (%) 

Non-AKI 
(n=82) 
No. (%) 

P value 

Age (year)   0.001* 
   2-5  8(66.7) 18(22.0)  
   >5  4(33.3) 64(78.0)  
Sex   0.6 
   Male 5(41.7) 41(50)  
   Female 7(58.3) 41(50)  
Final diagnosis   0.7 
   DHF 7(58.7) 52(64.2)  
   DSS 5(41.3) 29(35.8)  
Type of DHF   0.3 
   Primary 0(0) 12(14.6)  
   Secondary 12(100) 70(85.4)  

AKI=Acute kidney injury, DHF=Dengue haemor-
hagic  fever, DSS=Dengue  shock  syndrome,  *=Sta-
tistically significant 
 
There is no significant difference in clinical 
presentations between AKI and non-AKI 
except bleeding manifestations which was 
found significantly in children with AKI   
(p=0.04) (Table 3). 
 
Table  3.  Clinical presentations of children with 

dengue haemorrhagic fever  

    Presentations 
AKI 

(n=12) 
No. (%) 

Non-AKI 
(n=82) 
No. (%) 

P value 

Headache 
 

Retro-orbital pain 
 

Nausea/ vomiting 
 

Rash 
 

Abdominal pain 
 

Sore throat 
 

Lethargy 
 

Myalgia 
 

Arthragia 
 

Red eyes 
 

Bleeding manifestations 

2(16.7) 
 

0(0) 
 

7(58.3) 
 

1(8.3) 
 

8(66.7) 
 

0(0) 
 

10(83.3) 
 

3(25.0) 
 

1(8.3) 
 

1(8.3) 
 

6(50.0) 

23(28.0) 
 

4(4.9) 
 

49(59.8) 
 

9(11.0) 
 

50(61.0) 
 

8(9.8) 
 

52(62.2) 
 

23(28.0) 
 

9(11.0) 
 

5(6.1) 
 

19(23.2) 

0.5 
 

1.0 
 

0.9 
 

1.0 
 

0.7 
 

0.6 
 

0.1 
 

1.0 
 

1.0 
 

0.5 
 

0.04* 

*=Statistically significant 

Among DHF with AKI, 3(25.0%),              
8(66.7%) and 1(8.3%) of children 
developed AKI in 5, 6 and 7 days of       
fever, respectively. Nine children (75%) 
developed AKI in the first 24 hours and      
3 children (25%) developed AKI within    
48 hours after admission to hospital. 
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DISCUSSION 
 

Myanmar is a country having frequent 
endemics of dengue viral infection.5 Since 
Dengue fever is a leading cause of 
hospitalization in children, a lot of research 
on clinical and laboratory features have 
been conducted in this country. However, 
occurrence of AKI in dengue infection has 
not been studied much and was neglected as 
it was considered as a rare complication. 
The proportion of AKI in this study  
(12.7%) was comparable with some adult 
studies. By using Acute Kidney Injury 
Network (AKIN) criteria, AKI was present 
in 13.3% in Pakistani people14 and 10.8% in 
Indian adults with dengue viral infection.15  

Incidence of renal failure in dengue fever 
was 16% on the basis of estimated GFR.16  
A study using RIFLE criteria to detect AKI 
in adults with tropical acute febrile illnesses 
found more than a third of cases with 
dengue infection have AKI.3  
AKI studies are rare in children with dengue 
fever and most are retrospective in nature by 
assessing increase serum creatinine level. 
One study found 1.6% of ARF among 617 
children with DHF in Cambodia.17 A retro-
spective study of medical records reported 
0.9% of AKI   in  Thai children.9 That study 
defined AKI as a rapid elevation of serum 
creatinine >2 mg/dl. The variable incidence 
and severity of AKI in dengue viral 
infection might be due to the use of different 
selection criteria for defining AKI. In 
children, serum creatinine changes with age, 
gender, and muscle mass and it does not 
reflect the renal function alone.18  

In this study, paediatric patients-modified 
RIFLE version (pRIFLE) which based on 
the estimated creatinine clearance was used 
to provide a more relevant description of 
renal function. AKI definition should be 
standardized so that results can be compared 
across studies. When increase in serum 
creatinine level was used, it might have 
under-recognized the stage 1 of RIFLE 
which accounted for most of the patients in 
this study. Serial measurement of estimated 

GFR during the illness is also needed          
to ascertain the renal function in DHF.      
All children with DHF or DSS at the time   
of diagnosis had normal GFR calculated     
by Schwartz formula.9 In our study,      
serial GFR was done and 75% of AKI    
were detected within 24 hours and 25% of 
AKI were detected within 48 hours of 
hospitalization in children with DHF. In this 
study, all cases of AKI were diagnosed 
between 5 to 7 days of fever and most of 
them developed in the 6th day of fever. 
These days are the critical period in dengue 
hemorrhagic fever and proper medical care 
is needed to avoid complications. 
More than 80% of children with AKI had 
the mildest category in risk group of 
pRIFLE and all the patients in this study 
returned to have normal GFR after 1 day. In 
a study, serum creatinine returned to normal 
between 1 to 48 days in survived DHF 
patients with acute renal failure.9 Among 
multifactorial causes, hypovolemia, which is 
assumed as the main cause of AKI in DHF, 
decreases cardiac output which in turn will 
reduce renal blood flow and affect GFR. 19,  20  

In our study setting, careful fluid therapy 
was given to hospitalized children with 
DHF by oral or intravenous route and all 
patients with AKI recovered fully and 
returned their normal GFR after 1 day. It 
was in concordance with a study in which 
all the adult dengue cases with acute renal 
failure recovered fully by conservative 
treatment only.16 Therefore, physician’s 
awareness and early initiation of careful 
supportive management for DHF is 
important to avoid further morbidity 
associated with AKI.  
Paediatric AKI studies of hospitalized 
children demonstrated that children with 
AKI were significantly younger than those 
without AKI.21 Children with DHF were 
also in line with that finding in this study. 
Contrast to children, AKI was more 
common in older age group in adults with 
dengue infection with the higher percentage 
of the underlying comorbid diseases like 
hypertension, diabetes, etc.22 Gastrointestinal 
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bleeding was a significant variable found    
in adult DHF patients with acute renal 
failure.11 Similar to this, bleeding mani-
festations were significantly higher in 
children with AKI compared to those with 
non-AKI in our study. This finding was     
not strange because bleeding was already 
identified as one of the severe manifes-
tations that complicates the outcome of 
dengue.23 

Dengue can cause an enormous economic 
burden in many countries. In our study, 
patients with AKI was found out to have 
longer hospital stay. It was in concordance 
with a study in which AKI was an              
independent predictor for length of hospi-
talization.14 

The high mortality rate was reported in 
patients with AKI and DHF in previous 
studies. As the highest mortality rates, the 
retrospective studies of Thai children and 
Taiwan adults with DHF and AKI reported 
as 64% and 60%, respectively.9, 12 In our 
study, there was no fatal case. This may be 
due to the difference between the charac-
teristics of the study participants. About 
70% of DHF with AKI had oliguric AKI 
and had higher mortality rate than non-
oliguric AKI.9 

In this study, there were no oliguric AKI 
cases and respond well to fluid replacement 
therapy. Oliguric AKI can precipitate to 
respiratory failure and may lead to death 
after fluid resuscitation due to fluid over-
load. Studies also described that the high 
mortality was primarily caused by the 
profound shock leading not only to acute 
renal failure but also to other major 
complications. Our data were based only   
on DHF and DSS patients who respond       
to standard therapy in medical wards, 
therefore, severely ill patients with deterio-
ration who required Intensive Unit care 
were not included in the study. The 
exclusion of critically ill children with DHF 
in ICU can underestimate the incidence of 
AKI and its severity and this fact was the 
limitation of our study. 

Conclusion 
This study highlighted that risk of AKI 
should be considered in paediatric dengue 
patients especially in younger children. 
Further studies should also be conducted     
in critically ill children with DHF not 
responding to standard therapies and 
requiring Intensive Unit care. 
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Vitamin D is important for bone health. Nowadays, there is a high incidence 
of low bone mineral density (BMD) in Myanmar postmenopausal women; 
therefore, its association with vitamin D status among Myanmar women 
needs to elucidate. This study was aimed to determine the serum 25(OH)D3, 
calcium, phosphorus levels and BMD in adult women and the association 
between biochemical markers and BMD T score. A total of 120 women 
between 31-60 years of age were studied for their BMD T score and 
concentration of serum 25(OH)D3, calcium and phosphorus. The subjects 
were categorized according to three age groups (31-40, 41-50 and 51-60 
years) and by menstrual status (premenopausal and postmenopausal 
women). Among the three age groups, mean serum 25(OH)D3 level 
(108.52±40.77, 113.48±46.57, 54.57±12.66 nmol/L) and BMD T score  (-1.67 
±0.69, -1.93±0.64, -2.74±0.76) were found to be significantly decreased in 
the oldest group (p<0.0001) whereas serum phosphorus level was signifi-
cantly increased in this group (3.81±0.47, 4.00±0.49, 4.27±0.65 mg/dl, 
p<0.001). Premenopausal women were found to have significantly higher 
level of serum 25(OH)D3 (113.41±43.08 vs. 56.81±15 nmol/L,  p<0.0001)  
and  BMD T  score  (-1.73±0.67  vs. -2.76±0.66, p<0.0001) than those of 
postmenopausal women. But serum phosphorus level was significantly 
higher in postmenopausal women than in premenopausal women (3.89±0.49 
vs. 4.26±0.62 mg/dl, p<0.0001). Serum calcium level was not statistically 
different (p=0.062) among three different age groups as well as between 
pre- and postmenopausal women (p=0.245). There was significant positive 
correlation between BMD T score and serum 25(OH)D3 level (r=0.645, 
p<0.05) in the whole group. Thus, it can be concluded that vitamin D status 
of adult women is positively associated with their BMD. 

Key words: Serum 25(OH)D3, Calcium, Phosphorus, Bone mineral density, Adult women 

INTRODUCTION 
 

Bone is a dynamic structure made up of micro-
scopic hydroxyapatite [Ca10(PO4)6(OH)2] 
crystals of phosphates and calcium within a 
matrix of collagen. Old bone is constantly 
resorbed and new bone is formed. During 
aging, the rate of bone formation falls 
behind the rate of resorption, and there is 
generally a net loss of bone. Decreasing      
in bone mass may lead to increased 
vulnerability to fractures. The most common 
bone disease in women is osteoporosis. 
Women  have  a lifetime risk of osteoporotic  

fracture as high as one in three. World 
Health Organization estimated that the 
number of hip fracture worldwide increase to 
6.3 million per year at the year 2050.1 

In Myanmar, it was reported that 6.6% of 
subjects gave a history of bone fracture in 
their postmenopausal life in a community- 
based  study.2  In  North Okkalarpa  General 
Hospital (Orthopedic ward), 42.57% of 
admission  cases  of postmenopausal women 
___________________________________ 
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were suffered osteoporotic-related fractures.3 
Osteoporotic-related fracture is also still 
high in Myanmar.  
Vitamin D metabolites promote the 
absorption of calcium and phosphate from 
gastrointestinal tract (GIT) and retention of 
calcium and phosphate in the body, which 
enables normal mineralization of bone. In 
vitamin D deficiency state, calcium absorp-
tion from GIT is decreased. Low serum 
calcium stimulates the production of para-
thyroid hormone (PTH) which regulates 
calcium homeostasis by increasing the 
conversion of vitamin D to its active form in 
the kidney. Vitamin D in turn increases 
intestinal calcium absorption. Thus, in a 
state of vitamin D deficiency, calcium 
absorption from GIT is decreased.4 Many 
researches over last decades reported that 
serum 25(OH)D3 is associated with bone 
mineral density (BMD).5-7 

Since Myanmar is a tropical country, it 
could be assumed that Myanmar population 
would get enough sunlight for vitamin D 
synthesis. However, osteoporotic-related 
fracture is not uncommon in Myanmar 
women. Even so, there was limited infor-
mation about vitamin D status of Myanmar 
women. Therefore, the present study was 
aimed to examine whether there is an 
association among the serum 25(OH)D3, 
serum calcium and serum phosphorus levels 
and bone mineral density in adult women.  
The study was conducted to compare the 
serum 25(OH)D3, serum calcium, serum 
phosphorus levels and bone mineral density 
among adult women with different age and 
menstrual status, and to correlate the serum 
25(OH)D3 level, serum calcium level, serum 
phosphorus level with bone mineral density 
of them. 

 
MATERIALS AND METHODS 

 
Subject 
Type of study was cross-sectional analytical 
design. Sampling method is random 
sampling   method.  A total  of  120  women  

between 31-60 years were selected. Eligible 
subjects were women aged between 31 to     
60 years, had no history of renal disease and 
liver disease, and were not taking vitamin D 
supplementation, calcium supplementation, 
anticonvulsant, diuretics and steroid drugs. 
These subjects were asked about their      
age, menstrual status, and past history of 
fractures. Absence of menstrual period for 
12 months was defined as menopause.  

Bone mineral density measurement 
Bone mineral density of heel bone was 
measured by ultrasonic bone densitometer 
(SONOST 3000, Osteosys, Korea). The 
result is reported in T score which is 
comparison between the bone density of the 
participant and that of a normal healthy 
young adult of the same sex. 

Laboratory method 

For the serum analysis, 5 cc of venous blood 
were taken without applying tourniquet to 
prevent haemolysis which could make error 
in serum phosphours level determination. 
Serum was separated and stored at -20°C for 
two months. Serum calcium and phosphorus 
were analyzed by spectrophotometer using 
reagent kits (Human, Germany). Serum 
calcium and phosphorus were determined at 
Laboratory of Department of Biochemistry, 
University of Medicine (Mandalay). Esti-
mation of serum 25(OH)D3 was done by 
ELISA method using a kit purchased from 
Euroimmune, Germany and performed in 
Public Health Laboratory, Mandalay. 
Statistical analysis 

The subjects were categorized into three 
groups by age (31-40, 41-50, and 51-60 
years age groups) and also two groups by 
menstrual status (premenopausal and 
postmenopausal women). Serum calcium, 
phosphorus, vitamin D level and BMD T 
score were mentioned as mean±standard 
deviation. The mean values of them among 
different age groups were analyzed by 
ANOVA.  Differences in serum calcium, 
phosphorus, 25(OH)D3 and BMD T score 
between premenopausal women and 
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postmenopausal women were analyzed 
using unpaired ‘t’ test. A value of p≤0.05 
was considered as a significance.  Pearson 
correlation coefficient was used to evaluate          
a correlation between serum calcium, phos-
phorus, 25(OH)D3 and BMD T score in all 
participants.  

Ethical approval 

The study was approved by Post-graduate 
Academic Board Studies of University of 
Medicine (Mandalay). 
 

RESULTS 
 

Table 1 shows the mean±SD of the serum 
calcium, serum phosphorus, serum 25(OH)D3 
levels and BMD T score in the three 
different age groups (31-40 years, 41-50 years 
and 51-60 years).  

Table 1. Comparison  of  serum  calcium, serum  
phosphorus, serum 25(OH)D3 levels 
and BMD T score among different  age 
groups of women (mean±SD) 

Parameters 
Age (years) (n=40) ANOVA 

(p) 31-40 41-50   51-60 
Serum calcium    
  (mmol/L) 

  2.23 
±0.19 

 2.23 
±0.18 

  2.12 
±0.26 

0.062 

Serum phosphorus   
  (mg/dl) 

 3.81 
±0.47 

 4.00 
±0.49 

  4.27 
±0.65 

<0.001* 

Serum 25(OH)D3    
  (nmol/L) 

108.52 
±40.77 

113.48 
±46.57 

   54.57 
±12.66 

<0.0001* 

BMD (T score) -1.67 
±0.69 

-1.93 
±0.64 

-2.74 
  ±0.76 

<0.0001* 

*=Significant differences among groups 

Both mean serum calcium and phosphorus 
levels were within normal range. In this 
study, mean serum calcium level between 
the three different age groups was not 
statistically different (p=0.062). Serum 
phosphorus level between three age groups 
was significantly different (p<0.001). Serum  
25(OH)D3 was  not  significantly different 
between 31-40 years and 41-50 years age 
groups but it was lower in 51-60 years age 
group comparing with the other two groups 
(p<0.0001). BMD T score between three 
different age group  was also significantly 
different, 51-60 years age group showed the 
lowest (p<0.0001) BMD T score. 

The mean age of premenopausal and 
postmenopausal women were found to be 
40.1±6.19 years and 54.28±3.65 years, 
respectively. Biochemical data are shown in 
Table 2.  
 
Table 2.  Comparison  of  age,  serum  calcium,  

serum phosphorus, serum 25(OH)D3 
levels and BMD T score in pre-
menopausal and postmenopausal 
women (mean±SD) 

   Parameters 
Menopausal women 

p value 
Pre (n=75)  Post (n=45) 

Age (years) 40.1±6.19 54.28±3.65 <0.001* 
Serum calcium  
  (mmol/L) 

2.21±0.19 2.17±0.26 < 0.245 
 

Serum   
  phosphorus  
  (mg/dl) 

3.89±0.49 4.26±0.62 <0.0001* 
 

Serum 25(OH)D3  

  (nmol/L) 
113.41±43.08 56.81±15 <0.0001* 

BMD (T score) -1.73±0.67 -2.76±0.66 <0.0001* 

*=Significant differences among groups 

The mean serum calcium levels were not 
different between the two groups (p<0.245). 
Mean serum phosphorus level of 
premenopausal women was found to be 
significantly lower than that of post-
menopausal women (p<0.000l). But pre-
menopausal women have significantly 
higher level of mean serum 25(OH)D3 and 
greater BMD T score as compared to those 
of postmenopausal women. 
 
Table  3. Correlation   of   various  blood   para- 

meters with bone mineral density 

Blood parameters 
Bone mineral density 

(T score ) 
r p  

Serum 25(OH)D3 (nmol/L)   
Whole group 0.645 <0.01* 
Premenopausal women 0.42 <0.0001* 
Postmenopausal women 0.7 <0.0001* 

Serum calcium (mmol/L)   

Whole group 0.21 <0.05* 
Premenopausal women 0.18 <0.06 
Postmenopausal women 0.19 <0.1 

Serum phosphorus (mg/dl)   

Whole group  -0.25 <0.01* 
Premenopausal women -0.11 <0.1 
Postmenopausal women -0.03 <0.4 

*=Significant differences among groups 

There was positive correlation (r=0.645, 
p<0.01) between BMD T score and serum 
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25(OH)D3 level in all subjects and the 
finding was statistically significant. Signi-
ficant positive correlation between serum 
25(OH)D3 level and BMD T score was 
found (r=0.42, p=0.0001) in premenopausal 
women but the correlation was stronger in 
postmenopausal women (r=0.7, p=0.0001). 
There was weak positive correlation between 
serum calcium level and BMD T score 
(r=0.21, p<0.05) and weak negative 
correlation between serum phosphorus level 
and  BMD T score (r= -0.25, p<0.01) in the 
whole study group but both correlations 
were significant (Table 3). 

 
DISCUSSION 

 
Bone is a dynamic tissue with constant 
resorption and formation, permitting the 
maintenance of bone tissue, repairing 
damaged tissue and the homeostasis of the 
phosphocalcaemic metabolism. Approxi-
mately 5-10% of bone is renewed per year.  
Bone remodeling occurs throughout life.  
Up to the third decade, the balance is 
positive and the bone mass is at maximum 
during the third decade. However, age-
related bone loss occurs around the fourth 
decade, resulting in a gradual decline of 
BMD.8 This process is accelerated in 
females, especially during and up to 10 years 
postmenopausal period owing to possible 
oestrogen deficiency deriving the bone 
loss.9 The development of bone disease in 
later life is related to the attainment of 
maximum peak bone mass and the 
maintenance of bone mass in adulthood.10 

In the present study, BMD T score was 
found to be significantly decreased in 
accordance with increasing age (-1.67±0.68, 
-1.9±0.64  and -2.7±0.76 for 31-40 years, 
41-50 years and 51-60 years, respectively) 
(p<0.0001, ANOVA). A study found that 
BMD measures in black women increased 
with increasing age up to 44 years, and then 
decline with advancing age. But in women 
of mixed race, increasing BMD was found 
up to 39 years and beyond this age group 
BMD decreased with advancing age.11 

Similarly, a study in Vietnamese adult 

women showed an increase of BMD up to 
fourth decade followed by a significant 
decrease after 45 years.12 Therefore, it is 
evident that starting age of BMD declining 
might be influenced by genetic, environ-
mental, physical activity and nutritional 
status. 
In the present study, BMD was significantly 
lower in postmenopausal women than those 
of premenopausal women (p<0.001).  Mean 
T-score of BMD in postmenopausal women 
was observed to be -2.7±0.66 and premeno-
pausal women was -1.7±0.67. One study 
also reported that mean T score of BMD of 
postmenopausal women was significantly 
lower than that of premenopausal women   
(-3.0±0.54 and -1.42±1.11, respectively).13 
Therefore, these findings were consistent 
among studies of Myanmar population.       
A similar finding was also reported in 
Turkish population where T score of 
postmenopausal women is -2.8.14 In 
conclusion, fall in oestrogen secretion after 
menopause might be one of the factors 
which can deteriorate BMD. 

In the present study, the lowest mean serum 
25(OH)D3 level was found in 51-60 years 
age group and postmenopausal women  
have significantly lower level of serum 
25(OH)D3 than that of premenopausal 
women (p<0.0001). Therefore, it would be 
suggested that age profoundly influence the 
vitamin D status among adult women. The 
possible explanation for this finding is that 
precursor of 25(OH)D3 exists as 7 dehydro-
cholesterol in epidermal layer of skin and 
amount of this precursor decreases with 
increasing age and reduces as much as 70% 
at the age of 70.15  

The other factors responsible for lower 
vitamin D status include poor dietary 
vitamin D intake, decreased exposure to 
sunlight due to latitude, season, time of day, 
atmospheric components, clothing, sun-
screen use and skin pigmentation, obesity 
and several chronic illnesses.16  In the study, 
participants were asked for their chronic 
illness, and measured BMI. However, the 
current study could not study about dietary 
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vitamin D intake, which is one of the 
reasons of vitamin D insufficiency. Further 
studies are required to understand the reason 
of lower serum vitamin D level in old age, 
particularly in Myanmar people. 
Lower level of serum vitamin D level 
observed in older age group has further con-
sequence in BMD.  Normal serum 25(OH)D3 
levels are important for calcium absorption 
efficiency in the gut.17 An alteration in 
vitamin D status and/or a reduced synthesis 
of 1, 25-dihydroxyvitamin D predispose to 
decrease intestinal calcium absorption. Low 
serum calcium stimulates the production     
of parathyroid hormone which regulates 
calcium homeostasis by increasing the 
conversion of vitamin D to its active form.  
Vitamin D, then, acts directly upon entero-
cytes to increase active transcellular trans-
port of calcium. The impact of low serum 
calcium is reduced by release of calcium 
from bone in response to parathyroid 
hormone and 1, 25(OH)D3. As a result of 
homeostatic responses, vitamin D-deprived 
people maintain near normal serum calcium 
but display increased intestinal calcium 
absorption, increased bone resorption and 
progressive osteopenia.18 

This is evident in the present study. The 
strength of correlation of serum vitamin D 
and BMD T score was strong (r=0.42, 
p=0.0001) for premenopausal women and it 
was stronger in postmenopausal women 
(r=0.7, p=0.0001). This data indicates that 
the vitamin D status is one of the important 
contributory factors in lower BMD of 
Myanmar women. A study showed that 
25(OH)D3 insufficiency was a common risk 
factor for osteoporosis, associated with 
increased bone remodeling and low bone 
mass.6 
In the study, mean serum calcium and 
phosphorus levels were within normal 
range. Moreover, serum calcium levels 
between three different age groups were    
not different. However, serum phosphorus   
level of older age group (51-60 years) was 
higher than those of other two groups.      

By comparison between premenopausal and 
postmenopausal women, serum phos- 
phorus levels were found to be significantly  
lower in premenopausal women. Mean-
while, serum calcium levels were not 
different between two groups.  

The findings were consistent with previous 
study of Myanmar female in which mean 
serum phosphorus level of menopausal 
women (4.27±0.21 mg/dl) was significantly 
different (p<0.05) from that of pre-       
menopausal women (3.77±0.11 mg/dl).19 

The change in serum calcium and phos-
phorus levels at older age group may be   
due to hormonal derangement at postmeno-
pausal age. 

When the correlation between BMD and 
serum calcium or phosphorus was deter-
mined, it was observed that there were weak 
positive correlation between serum calcium 
(r=0.21, p<0.05) but weak negative cor-
relation between serum phosphorus with 
BMD T score (r=-0.25, p<0.01), respec-
tively. This indicates that changes in BMD 
T score would be explained weakly by the 
observed serum levels of calcium and 
phosphorus. Similar finding is also observed 
in other study in which serum calcium and 
phosphorus levels did not have significant 
correlation with BMD in Iran postmen-
pausal women.20 Serum calcium and phos-
phorus levels show the current calcium and 
phosphorus levels of an individual while 
BMD denotes bone mineral status over a 
period of time depending upon a variety of 
other factors. 

There would be other factors contributing to 
the lower BMD in older age group or in the 
postmenopausal women of the present 
study. The amount of peak bone mass that  
is gained during childhood and adolescence 
is also an important preventive strategy    
for further bone loss and resistance to 
fracture.10 Another important factor would 
be the effect of estrogens.  Estrogen defi-
ciency in postmenopausal groups poten-
tiated the effect of PTH excess with lower 
vitamin D level.21 
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There are some limitations in the present 
study: the type of study is cross-sectional; 
the study did not analyze serum estrogen 
and serum parathyroid levels which play 
important contributions to low BMD. In 
addition, there is limited information for    
the participants’ dietary intake of calcium, 
vitamin D and physical activity. Moreover, 
Dual energy X-ray absorptiometry (DEXA) 
is the gold standard diagnostic tool for 
osteoporosis but high cost and lack of 
portability restrict its uses. The current 
study used ultrasonic bone densitometer, 
which measures bone loss and predict risk 
for fracture, to measure the bone mineral 
density. 

Conclusion 
The present study explored the status         
of serum calcium, phosphorus, 25(OH)D3 
level and BMD T score in adult women. 
Although mean serum calcium and phos-
phorus levels were within normal range,   
low BMD was seen in older women or 
postmenopausal women. Serum calcium and 
phosphorus levels were weak correlation 
with BMD in whole study group.  In the 
present study, serum 25(OH)D3 showed 
positive correlation with BMD in all 
participants especially in postmenopausal 
women.  
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This cross-sectional analytic study was conducted to develop a statistical 
model to predict birth weight based on anthropometric measurements of 
baby namely, thigh circumference (TC), calf circumference (CC), midupper 
arm circumference (MUAC) and head circumference (HC), and selected 
maternal characteristics such as age, gravida, height and inter-pregnancy 
interval in Central Women’s Hospital (Mandalay) during 2008 and 2009. 
The subjects were 991 babies delivered during study period and their 
mothers. The anthropometric measurements were taken within 24 hours 
after delivery. Mean birth weight was 3.12±0.48 kg. The anthropometric 
measurements of babies were strongly correlated to his/her birth weight. The 
present study found out that maternal height and baby’s sex, gestational  
age, TC, CC, MUAC and HC were significant predictors of birth weight.         
The final model containing these variables can explain about 84% of 
variation of baby’s birth weight. The separate predictive models were also 
developed using each anthropometric measurement of a baby as a predictor.                  
A predictive model using TC along with gestational age, sex and maternal 
height explains about 77% of baby’s birth weight. A similar model 
containing CC, gestational age, sex and maternal height explains about 72% 
of birth weight of a baby. The MUAC along with gestational age, sex and 
maternal height can also explain about 71% of birth weight of a baby.          
A model containing HC, gestational age and maternal height can explain 
about 60% of baby’s birth weight. These models can be used to predict birth 
weight of a baby in areas where there is no facility to measure birth weight. 

Key words: Predictive model, Birth weight, Anthropometric measurements 
 

INTRODUCTION 
 

Birth weight means weight of a baby at 
birth. It is a reliable indicator of not only 
health status of a mother, but also a baby’s 
chance of survival and future health.1 
Therefore, birth weight of every newborn 
baby should be measured. However, it is 
estimated that more than half (58%) of 
children in developing countries are not 
weighed at birth.2  

In Myanmar, only 40% of deliveries were 
attended by skilled persons, mainly mid-
wives (MWs), 12.5% by auxiliary midwives 
(AMWs) and 7.5% by traditional birth-
attendants (TBAs). Just over 20% of 

pregnant mothers delivered in a hospital or 
health centre. It was, therefore, uncertain 
whether birth weights of remaining babies 
were measured. The number of facilities 
with functioning basic essential obstetric 
care and comprehensive essential obstetric 
care was 8 per 500,000 population and 4 per 
500,000 population, respectively.3 In India, 
about 90% of deliveries were conducted by 
TBAs at home.4 Therefore, weighing babies 
immediately after birth poses a considerable 
challenge and it was necessary to train and 
use  the  health  workers for measurement of 
___________________________________ 
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birth weight of newborn babies in the field 
situation. Simple anthropometric measure-
ments of baby were used to predict birth 
weight in some studies done in various 
countries.5-8  

So, this study was carried out to develop a 
predictive model for birth weight, based on 
simple anthropometric measurements of 
baby (TC, CC, MUAC & HC) and selected 
maternal characteristics such as age, 
gravida, height and inter-pregnancy interval 
that can be used by any person whether 
trained or untrained, in any part of 
Myanmar.  
  

MATERIALS AND METHODS 
 
A hospital-based, cross-sectional analytic 
design was used in this study. Altogether 
991 babies delivered in Central Women’s 
Hospital, Mandalay (CWH) during 2008 
and 2009 and their mothers were recruited 
into this study after getting informed 
consent. The sample size requirement was 
calculated by using following formula:9 
n = [(zα + zβ)/C]2+3  

(Where; zβ=The standard normal deviate         
for  β, C =0.5* ln [(1 + r)/(1 - r)], r=Correlation 
coefficient) 

The estimated correlation coefficients 
between birth weight, and thigh circum-
ference, calf circumference, MUAC and 
head circumference were set at 0.6, 0.8, 0.7 
and 0.6, respectively,5-8 and a significant 
level at 95%, and power at 90%. 
Observation and interview methods were 
utilized for data collection. Flexible, but 
non-stretchable measuring tape was used     
to get the thigh circumference, calf circum-
ference, MUAC and head circumference     
of the babies. Pre-tested and pre-coded 
proforma was used to achieve the data on 
characteristics of mothers and their babies. 

All newborns were measured their res-
pective thigh circumferences (TC) at the 
juncture between right thigh and buttock, 
calf circumferences (CC) at maximum 

horizontal circumference of right leg, mid-
upper arm circumferences (MUAC) at mid-
point between tip of right shoulder and tip 
of right elbow and head circumferences 
(HC) at maximum transverse circumference 
within 24 hours of birth. All were measured 
in centimeter. Birth weight of these babies 
was measured in kilogram using Seca digital 
baby weighing scale (model 835). Normal 
birth weight was defined as birth weight 
between 2.5 kg and 4 kg.10  
The data on general characteristics of 
mothers and their babies were collected by 
interviewing (to mothers) and reviewing 
their hospital records. Maternal height was 
measured in centimeter, at standing position 
on admission (or) just before discharged 
from hospital if it was not feasible to 
measure on admission because of being      
in labor. The mother was asked to remove 
shoes, heavy outer garments and hair 
ornaments before measuring height. She 
was also asked to stand straight with her 
back to the height rule and to look straight. 
The head piece of the stadiometer was 
lowered so that the hair was pressed flat in 
measuring her height. To avoid or lessen the 
measurement errors (i.e., instrumental bias 
and interviewer bias), only one (and well-
trained) data collector who is a medical 
doctor and the same measuring tape were 
used. The length of the measuring tape was 
checked with the calibrated length rod at 
least once per month. To avoid the spread   
of infection among newborns through the 
measuring tape, it was disinfected according 
to the existing protocol of CWH.  
The data were analyzed by using STATA 9 
software. Pearson correlation was done to 
determine the relationship between anthro-
pometric measurements and birth weight. 
Receiver Operating Characteristic (ROC) 
analysis was used to determine the optimal 
cut-off points of these measurements to 
predict normal birth weight. Multiple linear 
regression analysis was also utilized to 
develop a reliable and parsimonious predic-
tive model for birth weight. During the 
process of building a model, forward step-
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wise strategy and regression diagnostic 
procedures were applied, and outliers and 
influential subjects were identified and 
excluded. Then, the model was built again 
and so on. After getting the best fitted 
regression model to predict birth weight, 
validation process (i.e., reliability analysis) 
was done to ensure that the results are 
generalizable to the population and not 
specific to the sample used in estimation. 

The study protocol was approved by the 
Ethical Committee of the University of 
Medicine (Mandalay). Written informed-
consent was also obtained from mothers for 
participation in the study. 
 

RESULTS 
 

General and obstetric characteristics of 
mothers 
Ages and heights of the mothers ranged 
from 15 to 47 years and 132.1 to 170 cm, 
respectively. Mean±SD values of age and 
height were 29±6.1 years and 153.6±6.1 cm, 
respectively. Most of them had passed 
primary school (34%), middle school (26%) 
and high school (17%). Only 3% were 
illiterate. Almost all (99.9%) were non-
smokers. About half (44.9%) were primi-
gravidae and 10% delivered within 2 years 
after delivering last child. Mean±SD birth 
interval was 56±32.1 months. 

General characteristics and anthropometric 
measurements of babies 
More than half (52.1%) were males. 
Mean±SD gestational age was 277±16.4 
days. Pre-term, term and post-term deli-
veries were 9.8%, 78.5% and 11.7%, res-
pectively. Their birth weight and anthro-
pometric measurements are shown in Table 1. 
  
Table  1.  Birth    weight    and    anthropometric  

measurements of babies 

     Variables Lowest Highest Mean (SD) 
Birth weight (kg) 
Thigh*  
Calf*  
Mid upper arm* 
Head* 

0.9 
10 
6.8 
5.7 
23.7 

5.0 
21.7 
13.6 
13.5 
37.5 

3.1(0.5) 
16.5(1.6) 
10.8(0.9) 
10.1(1) 

33.4(1.5) 

*=Circumference (cm) 

There was strong correlation between birth 
weight and anthropometric measurements   
of baby. Receiver Operating Curve analysis 
also revealed that these measurements were 
very useful in predicting normal birth 
weight (Table 2). 
 
Table  2.   Correlation   between   birth   weight, 

anthropometric measurements and 
Area Under the Curve (AUC) in 
predicting normal birth weight 

Anthropometric 
measurements 
(Circumference) 

Correlation 
coefficients 

(p value) 

AUC 
(95%CI) 

Thigh  
Calf  
Mid upper arm  
Head  

0.82(<0.001) 
0.81(<0.001) 
0.80(<0.001) 
0.71(<0.001) 

0.96(0.94, 0.97) 
0.96(0.94, 0.98) 
0.96(0.94, 0.98) 
0.92(0.89, 0.95) 

 
Proper cut-off values and diagnostic 
accuracy of anthropometric measurement in 
predicting “normal birth weight” are sum-
marized in Table 3. Final predictive model 
for birth weight of a baby is shown in Table 4. 
 
Table 3.  Cut-off  values  and  diagnostic  accu- 
 racy of  anthropometric measurements  
 in predicting normal birth weight 

Anthropometric 
measurements 

(Circumference) 

Cut-off 
(cm) 

Sensi- 
tivity 
(%) 

Speci- 
ficity 
(%) 

PPV 
(%) 

Correctly 
Classified 

(%) 
Thigh  
Calf  
Mid upper arm  
Head  

14.9-18.8 
9.9-11.9 
9.1-11.1 
32- 35 

88.1 
83.3 
83.1 
81.5 

73.3 
83.8 
78.1 
77.1 

96.5 
97.7 
97.0 
96.8 

86.4 
83.2 
82.4 
80.8 

PPV=Positive predictive value 
 
Table  4.  Final   model  to  predict  birth  weight 
  of a baby  

Variables Coefficient ‘t’ 
value 

P 
value 

Thigh circumference 
Calf circumference 
Mid upper arm circumference 
Head circumference 
Gestational age 
Sex 
Maternal height 
Constant 

0.1177881 
0.0452062 
0.1041789 
0.0871093 
0.0017646 
-0.0711183 
0.0053474 

-4.5665160 

10.1 
2.2 
5.8 

12.5 
3.5 
-4.3 
4.1 

-16.2 

<0.001 
 0.030 
<0.001 
<0.001 
 0.001 
<0.001 
<0.001 
<0.001 

R2, Adjusted R2 and MSE were 0.8395, 
0.8376 and 0.1880, respectively. It meant 
that the final model could explain almost   
84% of variance of birth weight. Regression 
equations  to  predict  birth weight of a baby  
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using  all anthropometric measurements and  
single measurement are as follows: 
Y=β0+β1 X1+β2 X2+β3 X3+---------+βk Xk 

Model (1) using all anthropometric measure-
ments of a baby and mother 
Birth weight=0.1177881(TC) +0.0452062(CC)+ 

0.1041789(MUAC) + 0.0871093 
(HC)+0.0017646(GA)-0.07111830 
(S)*+0.0053474(MH)-4.5665160  

Model (2) using mainly thigh circumference 
(TC) of a baby 
Birth weight=0.2392766(TC)+0.0034745(GA)- 

0.1591719(S)*+ 0.0065968(MH)-
2.746721  

Model (3) using mainly calf circumference 
(CC) of a baby 
Birth weight=0.3884975(CC) + 0.0043067(GA)  

-0.0790642(S)*+0.0068385(MH)- 
3.286707 

Model (4) using mainly mid-upper arm 
circumference (MUAC) of a baby 
Birth weight=0.3750642(MUAC) + 0.0035274 

(GA) - 0.1144479(S)*+0.0063086 
(MH)-2.585819 

Model (5) using mainly head circumference 
(HC) of a baby 
Birth  weight=0.2121929 (HC) + 0.004295(GA)  

+0.0086685(MH)-6.513948 

(TC=Thigh  circumference, CC=Calf  circumference, 
MUAC=Mid upper arm circumference, HC=Head 
circumference, GA=Gestational age, MH=Maternal 
height, S=Sex, *=0 for male baby and 1 for female 
baby. Adjusted R2 of model 1, 2, 3, 4 and 5 were 
0.8376, 0.7663, 0.7188, 0.7127 and 0.5980, 
respectively.) 
 

DISCUSSION 
 

This study showed that the mean birth 
weight of babies born in CWH (Mandalay) 
was 3.12±0.48 kg. It was slightly larger than 
those reported in similar studies conducted 
in neighboring countries such as India,4 
Nepal,11 Thai8 and Vietnam8 while those 
found in China,8 Pakistan8 and Singapore8 
were larger than that of the present study. 

This may be due to real difference, or 
differences in time period (i.e., year the 
study performed) or place (i.e., urban or 
rural) or socio-demographic characteristics 
of mothers or race. Thigh circumference, 
calf circumference, mid upper arm cir-
cumference and head circumference were 
strongly correlated to birth weight. These 
findings were consistent with those found in 
various similar studies.7, 12, 13  

The present study developed parsimonious 
predictive models for birth weight based on 
anthropometric measurements of newborn. 
Two kinds of predictive models were 
developed; one included all anthropometric 
measurements namely, TC, CC, MUAC and 
HC, and the other contained each (anthro-
pometric) measurement. There are some 
differences in predictors included in the 
predictive models developed by previous 
studies.14, 15 This may be due to the use       
of different objectives or predictors. The 
differences in race or socio-economic 
conditions or nutritional status might also   
be responsible. 

Although the model containing all anthro-
pometric indicators could explain almost 
84% of the variance of birth weight, the 
possible problem of multi-collinearity in  
the model as well as difficulty in routine 
practice should be taken into consideration.  

Therefore, it is better to use predictive 
models that include single anthropometric 
indicator of baby as an explanatory variable. 
Among them, the model involving thigh 
circumference (TC) seems to be the best 
because of its explanatory power in esti-
mating birth weight and the easiness in 
practice (i.e., measuring TC at the juncture 
between thigh and buttock). 

Conclusion 

These anthropometric measurements can    
be regarded as simple and reliable indicators 
that can be used to predict birth weight        
in areas where there is no facility (to 
measure birth weight). Among them,      
thigh circumference seems to be the best 
indicator. 
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The insulin receptor substrate-1 gene (IRS-1) gene has been considered        
a candidate for insulin resistance in type-2 diabetes and coronary artery 
disease. The most common IRS-1 variant, a glycine to arginine change at 
codon 972(G972R) is more prevalent among subjects who have features of 
insulin resistance syndrome associated with type 2 diabetes patients. The 
aim of the present study was to determine the insulin receptor substrate-1 
gene (G972R) polymorphism and insulin resistance in overweight and obese 
type 2 diabetes mellitus patients. The genomic DNA of the subjects was 
amplified by polymerase chain reaction (PCR) and digested by restriction 
fragment length polymorphism (RFLP) with BstN1 used for codon 972.  
Fasting insulin and fasting glucose were determined and insulin resistance 
was evaluated using homeostasis model assessment index for insulin 
resistance (HOMA-IR). The prevalence of IRS-1(G972R) polymorphism 
was 19% in the study population, 18 patients were of heterozygous (A/G) 
genotype and only one patient was of homozygous (A/A) genotype.  
Remaining 81 patients were of wild type, (G/G) genotype. The percentage 
of patients with family history of diabetes mellitus was significantly higher 
in the G972R carrier group than in the non-carrier group. There was a 
significant association between family history of diabetes mellitus and    
IRS-1(G972R) polymorphism in the type 2 diabetic patients (p=0.02). 
Between IRS-1(G972R) carriers and non-carriers, there was no significant 
difference in insulin resistance. It was concluded that IRS-1(G972R) poly-
morphism might have a role in the genetic susceptibility of development     
of type 2 diabetes mellitus in those with family history. But, IRS-1(G972R) 
polymorphism does not significantly increase insulin resistance compared  
to the wild type individuals.   

Key words: IRS-1gene, G972R, Polymorphism, T2DM 

 
INTRODUCTION 

 
Diabetes mellitus is now declared as a 
global epidemic.1 World Health Organi-
zation (WHO) estimates that more than   
180 million people worldwide have 
diabetes, according to 2005 figures.2 This 
number is likely to be more than double by 
2030 without intervention. According to 
WHO estimation, the prevalence of diabetes 
mellitus in Myanmar was 2.4% in 1995 and 
it will be 3.2% in the year 2025.3   

Insulin receptor substrate-1 (IRS-1) occupies 
a key position in the insulin signaling 
pathway.4  As IRS-1 is the first substrate in 
this cascade, an impaired IRS-1 function 
may result in a defect in insulin signaling.5 

Thus, genetic changes in IRS-1 may poten-
tially contribute toward the development of 
insulin resistance, the most common of 
these being a glycine to arginine change 
___________________________________ 
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at codon 972(G972R).6 The prevalence of 
IRS-1(G972R) polymorphism was higher in 
T2DM especially in obese patients, and the 
prevalence of polymorphism is reported      
to be varied in various studies probably    
due to differences in genetics, race and 
ethnicity, etc.   
There are also conflicting reports regarding 
the relationship between the IRS-1(G972R) 
polymorphism and insulin resistance, fasting 
plasma insulin and blood glucose control.  
Since, the prevalence of IRS-1(G972R) 
polymorphism in Myanmar might differ 
from other regions and the effect of 
polymorphism on insulin resistance in 
T2DM subjects is not yet reported, the 
prevalence of polymorphism and the 
association of polymorphism with insulin 
resistance were investigated in the present 
study.   

The findings of the present study would 
highlight the genetic variation of polymor-
phism in T2DM among populations and 
show whether the IRS-1 variant has effect 
on the insulin resistance particularly in obese 
individuals. 
 

MATERIALS AND METHODS 
 

History taking and physical examination 
including anthropometric measurement were 
done and blood samples were collected from 
diabetic patients attending Diabetes Out-
patients Department of YGH.   

Fasting blood sugar, serum insulin were 
measured and polymerase chain reaction 
(PCR) and restriction fragment length 
plymorphism (RFLP) for IRS-1 gene were 
also done at Pathology Research Division, 
Department of Medical Research (Lower 
Myanmar). Data were analyzed by SPSS 
(version 16.0) statistical software. Over-
weight and obesity were defined according 
to WHO guideline (2006), overweight as 
BMI ≥25 kg/m2, obesity as BMI ≥30 kg/m2. 

Data were presented as mean value± 
standard deviation (SD). Comparison between 
two means was done using Student’s ῾t’ test 

(unpaired) and the difference was con-
sidered significant when p value is <0.05. 
The disease association with proportions of 
sample variables was tested by ῾Chi’ square 
test with 95% confidence interval. 
 

RESULTS 
 

Among 100 overweight and obese T2DM, 
81 patients were of homozygous (G/G) 
genotype, 18 patients were of heterozygous 
(G/A) and only one patient of homozygous 
(A/A) genotype. The allele frequencies      
of ῾G’ was 90% and that of ‘A’ was 10% 
(Table 1). 
 
Table 1.   Genotype distributions and allele 

frequencies  for G972R  mutation  in 
IRS-1 gene in patients with over-
weight and obese type 2 diabetes 
mellitus 

NS=Not significant 
 
Family history of diabetes mellitus between 
the G972R carrier and non-carrier groups 
It was found that 10 out of 19 G972R 
carriers and 19 out of 81 non-carriers had 
family history of diabetes mellitus.   
The proportion of patients with family 
history of diabetes was greater in the G972R 
carrier than in the non-carrier group      
(52% vs. 23%). The G972R polymorphism 
is significantly associated with family 
history of diabetes in the study groups 
(p=0.02) (Fig.1). 

Insulin status of the study population 
Mean value of insulin resistance (HOMA-
IR) calculated from fasting blood sugar   
and fasting serum insulin was 6.28 (0.93-
34.59) and β-cell function was 117.78 (7.12- 
540.91)% in the present study (Table 2). 

   Variables Obese Overweight Total (%) Remark 
Genotypes 
G/G 
G/A 
A/A 

 
23 
7 
- 

 
58 
11 
1 

 
81(81) 
18(18) 

1(1) 

NS 

No. of patients 30 70 100  
Allele 
G 
A 

 
53 
7 

 
127 
13 

 
180(90) 
20(10) 

NS 
 

No. of patients 60 140 200  
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Fig. 1.   Family history of diabetes mellitus in 
the study groups 

 
Table  2. Insulin status of the study population  

Table 3. Insulin status of IRS-1 (G972R) 
carriers and non-carriers 

NS=Not significant 

Insulin status of the IRS-1 (G972R) carriers 
and non-carriers  
There was no significant difference in FBS, 
FSI, HOMA-IR and β-cell function between 
IRS-1(G972R) carriers and non-carriers  
(Table 3). 

 
DISCUSSION 

 
Demographic risk factors and IRS-1 gene 
(G972R) polymorphism 
In the present study, the G972R poly-
morphism  was  observed  in 19% of T2DM.   

The prevalence of the G972R polymor-
phism appears to be higher than other 
Western (Danish, Finnish, African, Turkish 
and American) and Asian (Japanese, 
Taiwanese and Indian) studies.7-10   

IRS-1(G972R) polymorphism was detected 
in various age groups in different study 
population. G972R polymorphism was 
reported in younger T2DM cases (age range 
18-32 years) in one study.11  The polymor-
phism was also detected in later ages (54.5± 
8.2 years) in another study.12  In the present 
study, the mean age of G972R carrier was 
56.89±11.4 years which was similar to that 
of two other studies (59±6 years).12, 13  

The prevalence of polymorphism does not 
seem to vary in different age groups.       
One study14 showed that the prevalence was 
12.4% and age of the study population was 
54.81±6 years whereas in another study,15 

the prevalence was 15.8% and age of the 
study population was 37.5±12.2 years.        
The prevalence was 1.8% and age of the 
study population was 31.38±11.7 years in a 
study16 whereas the prevalence (4.2%) and 
age of the study population (53.7±15 years) 
were found in Japanese patients.17   

The prevalence of G972R polymorphism 
does not seem to be related to BMI since the 
prevalence was quite high 15.8% in the  
study15 in which BMI was only 22.14±    
3.98 kg/m2; yet it was only 4.2% in another 
study17 with more or less similar BMI, 
22.9±3.8 kg/m2. In a meta-analysis study,5 
there was no association between BMI and 
G972R was reported among individuals 
with BMI less than 27 kg/m2.  However,  it 
was found that a stronger association 
between the G972R and T2DM was 
reported among participants with BMI less 
than 23.1 kg/m2 than among participants 
with BMI of at least 23.1 kg/m2.18   

The prevalence of G972R polymorphism in 
the present study was much higher than    
that reported in the Asian region. The BMI 
of other studies was found to be much lower 
than the present study (25.1±3.1 kg/m2, 
25.69±5.27 kg/m2 vs. 28.35±4.36 kg/m2).16, 19  

    Clinical characteristics Study group 
(n=100), Mean±SD 

Fasting blood sugar (mmol/L) 
Fasting serum insulin (µU/mL) 
HOMA-IR 
Log HOMA-IR 
β-cell function (%) 
Log β-cell function 

8.25±3.38 
17.45±14.65 
6.28±6.29 
0.64±0.35 

117.78±121.27 
1.83±0.48 

Insulin status Carrier 
(n=19) 

Non-carrier 
(n=81) Remark 

Fasting blood sugar    
  (mmol/L) 

8.27±2.10 8.24±3.63 NS 

Fasting  serum  insulin  
  (µU/mL) 

17.39±11.34 
 

17.47±15.38 NS 

Log fasting serum  
  insulin 

1.15±0.29 1.09±0.34  

HOMA-IR 6.43±4.63 6.25±6.65  
Log HOMA-IR 0.70±0.31 0.62±0.36 NS 
β-cell function (%) 84.9±64.29 125.49±130.2 NS 
Log β-cell function (%) 1.80±0.34 1.83±0.51  

IRS-1(G972R)
 Non-carrier

IRS-1(G972R)
 Carrier
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However, the prevalence of G972R 
polymorphism in those studies was 1.1% 
and 1.8%, respectively and that of the 
present study was many folds higher, 19%. 
Thus, it seems that factors other than 
regional and ethnic difference might have a 
role in the prevalence of polymorphism 
since the percentage of polymorphism 
differs between studies carried out in two 
places on the population with comparable 
BMI range.  

The percentage of G972R polymorphism in 
general population was 13% in a study20   

and 4% in the other.6   In the above studies, 
the prevalence of G972R polymorphism in 
T2DM was 23% and 11%, respectively. In 
one combined analysis, it was reported that 
G972R substitution was present in 15%      
of 117 patients with T2DM and 7% of 94 
normal subjects, indicating that the preva-
lence of G972R polymorphism was twice 
higher in diabetic patients than the normal 
subjects. These observations are consistent 
with the hypothesis that mutations in        
the IRS-1(G972R) gene contribute to the 
pathogenesis of T2DM in 10-20% of the 
population.20 

Moreover, family history of diabetes played 
an important role in T2DM patients. In the 
present study, 29% of T2DM patients had 
family history of diabetes mellitus. Among 
them, 34% of the subjects were G972R 
carrier patients. It was reported that among 
153 non-diabetic offspring with only one 
parent affected by T2DM, 17% of patients 
had G972R polymorphism.21 Comparing 
with this study, the prevalence of G972R 
polymorphism was half less in non-diabetic 
with family history than diabetic with 
family history.   

In the present study, the proportion of 
patients with family history of diabetes was 
greater in the G972R carrier than in the  
non-carrier group (52% vs. 23%) which was 
similar to the Mexican study (36% vs. 
13%).18 These findings suggested that 
diabetes risk might be higher in the G972R 
carrier with family history of diabetes. 

IRS-1 genotypes and insulin status  
In the present study, out of 100 overweight 
and obese individual, 18 patients were 
heterozygous (G/A) carrier and only one 
overweight patient was homozygous (A/A) 
carrier.  In  two  studies,12, 14 it  was  high-
lighted that the majority of the G972R 
polymorphism was of heterozygous (G/A)  
but there was no case of homozygous (A/A) 
carrier in T2DM patient in the Japanese  
study.12  
The insulin and glucose status, and the 
severity of diabetes mellitus was found to be 
higher in the population with higher G972R 
polymorphism prevalence. In this study   
and also in African-Americans study,14 
although the age and BMI are comparable, 
FBS and FSI levels were found to be higher.   
That might also imply to normal subjects 
because it was reported in a study that       
two people who were of homozygous 
G972R(A/A) substitution showed impaired 
glucose tolerance and a moderate degree of 
insulin resistance.12 

However, no significant differences in BMI, 
FBS and FSI level were observed between 
G972R carrier and non-carrier in the   
present study. It thus suggested that G972R 
polymorphism alone may not impair the 
insulin and glucose status but other genetic, 
environmental and life style factors would 
play a role in the development and pro-
gression of the disease. Therefore, analysis 
of polymorphism at site other than 972        
in IRS-1 gene and finding out other genetic 
alterations and consideration of the risk 
factors seem to be required when attempt    
is made to determine the role of genetic 
polymorphism in the disease patho-
physiology. 

The G972R polymorphism has 2 forms: 
heterozygous (G/A) and homozygous (A/A).  
Although it is not known that whether 
genotypic difference has an effect on the 
insulin and glucose status, in the present 
study, one and only homozygous case was 
found to be insulin resistant whereas 13 out 
of 18 heterozygous cases were insulin 
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resistance. The allele frequencies of ῾G’ was 
90% and that of ῾A’ was 10%. Neither  the 
allelic frequency nor the genotypic fre-
quency seems to be significantly different 
between the overweight and obese T2DM 
patients, further disapproving the notion of 
any relationship between BMI and gene 
polymorphism.  

It was reported in a study that among the 
common polymorphisms of the IGF-1R, 
IRS-1 and IRS-2 genes, IRS-1 and IRS-2 
genes did not show the conversion from 
IGT to T2DM, whereas IGF-1R may 
regulate the risk of developing T2DM.22 
Moreover, a study have analyzed the same 
two polymorphisms in diabetes subjects 
participating in the United Kingdom 
Prospective Diabetes Study (UKPDS) and 
found only an association between obesity 
and the beta-3-adrenergic receptor (beta-    
3-AR) polymorphism but not obesity and 
the IRS-1 polymorphism23 but when both 
polymorphisms were present, there was a 
huge increase in the frequency of T2DM in 
Caucasian obese subjects.24 
Conclusion 
The prevalence of IRS-1G972R poly-
morphism was 19% in overweight and 
obese type 2 diabetes mellitus patients in the 
present study. In the presence of family 
history  of  diabetes mellitus, IRS-1(G972R) 
polymorphism is associated with the 
development of type 2 diabetes mellitus. 
It was concluded that IRS-1(G972R) poly-
morphism might have a role in the  genetic 
susceptibility of development of type 2 
diabetes mellitus in those with family 
history. But IRS-1(G972R) polymorphism 
does not significantly increase insulin resis-
tance compared to the wild type individuals. 
Genetic sequencing of IRS-1 and other 
genes in the insulin signaling pathway, and 
finding out the alteration in their genetic 
patterns would provide clues for the 
association of the site-specific polymorphisms 
of these genes with insulin resistance in  
type 2 diabetes mellitus. 
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Road traffic injury is a major public health problem with higher mortality, 
morbidity, and disability. Trauma due to road traffic accidents (RTA) is the 
leading cause of mortality in young people and one of the commonest 
causes of death overall. The paper aimed to study the incidence of injuries 
due to RTA among the patients admitted to Lashio General Hospital. It     
was a cross-sectional descriptive study conducted from August 2012 to July 
2013. Among 3268 injured patients, 1462 cases (44.7%) were caused          
by RTA. Of these cases, 1031(70.5%) were males and 431(29.5%) were 
females. Mean age was 29±14.3 years. Majority of patients (76.7%) were 
motor-cycle users, and 187 patients (12.8%) rode car, 25(1.7%) tricycle, 
6(0.4%) bicycle, 1(0.1%) cart and 1(0.1%) train. One hundred and twenty-
one patients (8.3%) were only pedestrians. Nearly half of the patients, 
(42.5%) were injured at their lower limbs. It was followed by at head among          
509 patients (34.8%), upper limbs 324 patients (22.2%), face 314(21.5%), 
chest 123(8.4%), abdomen 68(4.7%), back 43(2.9%), neck 23(1.6%) and 
perineum 12(0.8%). Blunt injury causing bruise and abrasion were observed 
in 876 patients (59.9%). It was followed by laceration 587 patients (40.2%), 
bone fracture 252(17.2%), crush injury 25(1.7%), penetration 11(0.8%), 
sharp incision 10(0.6%), joint dislocation 7(0.5%), burn 3(0.2%) and 
inhalational injury 1(0.1%). As a conclusion, head injury was second 
commonest injury in this study and deaths from head injury were observed 
in 55(70%) of all 79 deaths due to RTA (p<0.001). Neurosurgical 
management was the important role in care of head injury and Neuro-
surgical specialty was needed for Lashio hospital. 

Key words: Incidence, Injury, Road traffic accident, Vehicles, Outcomes 
 

INTRODUCTION 
 
Population is growing in everywhere and 
correspondingly vehicles are increasing on 
the roads of public areas. However, capacity 
of road is not enough for increasing        
road users and vehicles especially in       
low-income countries. Moreover, quality of    
road is crucial for road safety and injury 
prevention. Thus, road traffic injury 
continues as a major problem in public 
health management in low-income and 
middle-income countries. The health and 
risk transition has directed to noncommu-
nicable diseases (NCDs) because of 
increasing morbidity,  mortality   and  socio-  

economic losses. Injuries of both un-
intentional and intentional types are also 
included under the broader umbrella term of 
NCDs by some member countries.  

Road traffic injury endures a major public 
health problem according to its higher 
mortality, morbidity, and disability. Trauma 
due to road traffic accidents (RTA) is the 
leading cause of mortality in young people 
and one of the commonest causes of death 
overall. Road traffic mortality rate is higher 
in low-income and middle-income countries  
___________________________________ 
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(21.5 and 19.5 per 100,000 populations, 
respectively) than high-income countries 
(10.3 per 100,000). Globally, more than    
1.2 million people died from road traffic 
injury each year and 20 to 50 million people 
are injured or disabled.1  

In Myanmar, according to the WHO report 
by Department of Measurement and Health 
Information, December 2004, morbidity  
due to RTA was 519,000 among 2,274,000 
with unintentional injuries due to all causes. 
Therefore, 23% of injuries were due to road 
accidents. Mortality report also showed 
166,00 numbers of deaths were due to RTA 
among 555,00 who died with unintentional 
injuries in that year.2  

Road traffic accidents mostly occurred in 
the traffic jam areas. Lashio Township has 
many road traffic jams because it has so 
many public interesting places and it 
occupies the Myanmar-China Border Trade 
road. Therefore, many vehicles like trucks, 
express buses and motor bikes are running 
across the township. Morbidity and 
mortality due to injuries caused by road 
traffic accidents are continuing in Lashio 
Township year by year.  
The present study aimed to obtain incidence 
of injuries due to RTA, type of accident, 
pattern of injury, severity of injury, type of 
care, disability, death, possible related risk 
factors and demographic characteristics of 
these patients taking treatment at Lashio 
General Hospital. Hopefully, the study can 
provide great helps in road traffic injury pre-
vention mainly by delivering more needful 
post traumatic care, such as chain of help 
for patients injured in road accidents, pre- 
hospital care, hospital care and rehabilitation. 
 

MATERIALS AND METHODS 
 
Hospital-based, one year cross-sectional 
descriptive study started from 1st Aug 2012 
to 30th July 2013 was conducted at Lashio 
General Hospital. All of road traffic injured 
patients were registered at Out-patient 
Department, and  then  admitted  to  General  
Surgical Unit and Traumatology Unit. 

Any crash or accident of motor vehicles, 
bicycles, train, boat and pedestrians 
occurred on road or off road in Lashio 
Township was defined as road traffic 
accident. Car driver, motorcyclist, pillion, 
passengers, pedestrians and others injured  
in RTA attended or were admitted to Out-
patient Emergency Department, General-
surgical and Traumatology units of Lashio 
General Hospital and they were defined      
as patients of RTA. Any patients died in 
RTA and brought dead to the hospital were 
defined as the brought dead in RTA. The 
patients admitted at Ophthalmology and 
Otolaryngology units were not included into 
the study.  
Clinical conditions of patients were assessed 
by well-trained medical officers. Thorough 
history taking, physical examination, inves-
tigations with X-ray, ultrasound, bio-
chemical laboratory tests and surgical and 
general treatment were done by medical 
officers in charge. Patients with minor 
trauma were treated at Out-patients Emer-
gency Department and severe injured 
patients were admitted to respective units. 
Injury at limbs, bones and external parts of 
body were treated at Traumatology Unit.  
There was no special Neurology Unit in 
Lashio General Hospital. Therefore, head, 
neck, chest, abdomen and internal organ 
injuries were treated at General Surgical 
Unit. General particulars of patient, mode of 
accident, type of vehicle, type of injury and 
site of injury were noted and administered 
to data collection form by trained observers 
who were medical officers. During stay in 
hospital and follow-up care, medical-care 
notes were also recorded and entered into 
the data form. The cases who died at 
accidents and were brought to the hospital 
were also included in the study. Postmortem 
examination and findings were noted at data 
form.  
Data analysis 
Data entry was done using SPSS 20.0 
version. Statistical analysis was done with 
SPSS 20.0 version software and R 12.2.1 
software. General particulars, mode of 
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accidents, type of injury, site of injury, type 
of vehicle used and treatment outcome of 
patients were analyzed with descriptive 
statistics. Odds of risk factors for injury 
were calculated with bi-variate analysis. 
Ethical consideration 
Ethical consideration in data collection 
concerning examination of patients, general 
particulars, findings of injuries and outcome 
of patients were reviewed at Institutional 
Review Board of Department of Medical 
Research (Upper Myanmar) and ethical 
clearance was obtained. 
   

RESULTS 
 

Among total 3268 injury patients admitted 
to Lashio General Hospital, nearly half,    
i.e., 44.7% injured due to RTA and 1806 
(55.3%) injured due to non-RTA causes. 
 
Table 1. Characteristics of the patients (n=1462) 

Variables Frequency (%) 
Age (year) 
  Mean±SD                  29±14.3 
  Mode                              18 
  Range                        2 to 90 

 
 
 

Age group distribution 
  <10 year 
  11-20 year 
  21-30 year 
  31-40 year 
  41-50 year 
  >50 year 

76(5.2) 
446(30.5) 
389(26.6) 
260(17.8) 
165(11.3) 
126(8.6) 

Sex 
  Male  
  Female 

1031(70.5) 
431(29.5) 

Care unit distribution 
  Out-patient  
  Traumatology 
  General surgical 

323(22.1) 
500(34.2) 
639(43.7) 

Road users 
  Motor-cycle 
  Car 
  Pedestrian 
  Tricycle 
  Bicycle   
  Cart 
  Train 

1121(76.7) 
187(12.8) 
121(8.3) 
25(1.7) 
6(0.4) 
1(0.1) 
1(0.1) 

General characteristics of patients 
Of these 1462 road traffic injured patients, 
1031(70.5%) were males and 431(29.5%) 
were females. Mean age of patients was 
29±14.3 years. The youngest was 2 and     
the eldest was 90 years. In age group 

distribution, patients with <10 years were  
76(5.2%), 11-20 were 446(30.5%), 21-30 
were 389(26.6%), 31-40 were 260(17.8%), 
41-50 were 165(11.3%) and 51 and above 
were 126(8.6%) (Table 1). 
Care unit distribution 
Nearly half of the patients (43.7%) were 
treated at General Surgical Unit. One third 
of the patients (34.2%) took treatment at 
Traumatology Unit. The rests (22.1%) were 
cured at Out-patient emergency department.  
Kinds of road users 

Majority of patients (76.7%) were motor-
cycle users. 187 patients (12.8%) rode car, 
25(1.7%) tricycle, 6(0.4%) bicycle, 1(0.1%) 
cart and 1(0.1%) train. One hundred and 
twenty-one patients (8.3%) were only 
pedestrians (Table 1). 
Monthly distribution of patients 
According to monthly distribution, the most 
occurrences (11%) were observed in the 
month of February followed by 144 cases 
(9.8%) in October, 143 cases (9.8%) in May 
and so on (Fig. 1). 

 
 
Fig. 1. Monthly distribution of patients 

Distribution of patients per calendar days 
According to calendar year 2012 and 2013, 
there were 118 numbers of official holidays 
and 247 numbers of non-holidays in a year 
round (from 1st August 2012 to 31st July    
2013). Number of patients presented on 
holidays was 570. Therefore, number of 
patients per day was 4.8(570/118). Number 
of patients presented on non-holidays was    
892 and number of patients per day was    
3.6(892/247).   
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Admission time at hospital 
Nearly half (48.7%, 712) of the patients 
came to the hospital evening time, i.e., 4 pm 
to midnight. Then, it was followed by 
648(44.3%) and 102(7%) patients who 
arrived at the hospital in the daytime (8 am 
to 4 pm) and night time (12 pm to 8 am), 
respectively.  
Parts of body injured 
Nearly half of the patients, 42.5% were 
injured at lower limb in accidents. It was 
followed by head (34.8%), upper limb 
(22.2%) and so on (Table 2). 
Types of injury  
The commonest injury was blunt injury 
causing bruise and abrasion. It was observed 
in 59.9% (876) of patients. It was followed 
by laceration (40.2%), bone fracture (17.2%) 
and so on (Table 2). 
 
Table  2. Parts of body injured and types of 

injury 
  Variables Frequency (%) 
Parts of body 
  Lower limb   
  Head 
  Upper limb  
  Face 
  Chest  
  Abdomen  
  Back  
  Neck  
  Perineum 

 
621(42.5) 
509(34.8) 
324(22.2) 
314(21.5) 
123(8.4) 
68(4.7) 
43(2.9) 
23(1.6)  
12(0.8) 

Types of injury  
  Abrasions/ bruise          
  Lacerations     
  Bone fracture  
  Crushed injuries  
  Penetrations  
  Sharp incisions  
  Joint dislocations 
  Burns 
  Inhalational injuries 

876(59.9) 
587(40.2) 
252(17.2)                                                                                            

25(1.7)                                                                                                    
11(0.8)                                         
10(0.6)                                                       
 7(0.5) 
 3(0.2)                                                   
1(0.1) 

Outcome of patients 
Among total 1462 patients presented at the 
hospital, 1339 patients were cured. Sixteen 
patients (1.1%) absconded from the 
hospital. Twenty-eight patients (1.9%) were 
referred to Mandalay General Hospital for 
further management. Among hospitalized 
patients,  43(2.9%)  died  during  emergency  

intensive care.  Thirty-six cases (2.5%) were 
brought dead. Therefore, total deaths due to 
RTA were 79 and the rests 1383 were alive 
(Table 3). 
 
Table  3. Outcomes of the patients 

Variables Traumato- 
logy unit 

General-
surgical 

Out- 
patient Total 

Cured 475 572 292 1339 
Absconded 11 5 - 16 
Referred 12 15 1 28 
Died at hospital 2 41 - 43 
Brought dead - - 36 36 
Total 500 633 329 1462 

 
Table  4. Bi-variate analysis 

Variables 
Died 

(Brought 
dead/die) (%) 

Alive/ 
cured 
(%) 

Total 
(%) 

OR 
(95%CI) 

P 
value 

Injury      
  Head 55 

(10.8) 
454 

(89.2) 
509 

(100) 
4.7 

(2.9-7.7) 
<0.001 

  Other  24 
(2.5) 

929 
(97.5) 

953 
(100) 

1 
(Ref:) 

 

  Total 79 
(5.4) 

1383 
(94.6) 

1462 
(100) 

  

Vehicle     0.481 
  Motor-cycle  58 

(5.2) 
1063 
(94.8) 

1121 
(100) 

0.8 
(0.5-1.4) 

 

  Others 21 
(6.2) 

320 
(93.8) 

341 
(100) 

  

  Total 79 
(5.4) 

1383 
(94.6) 

1462 
(100) 

1 
(Ref:) 

 

Age (yr), (mean)    34.2 28.7   <0.001 

 
Bi-variate analysis 
Chi squared test was performed by 
analyzing the odd ratio (OR) and 95% 
confident interval for bi-variate analysis. 
Deaths from head injury were observed      
in 10.8% (55/509) and death due to other 
injury were found in 2.5% (24/953) of        
all deaths (OR=4.7, 95% CI=2.86-7.76, 
p<0.001).  

Among the all head injury cases, 79.4% 
(404/509) were motor-cycle user and 20.6% 
(105/509) were other vehicle users. Among 
the all deaths, 73.4% (58/79) were motor-
cycle users and 26.6% (21/79) were other 
vehicle users (OR=0.8, 95% CI=0.52-1.36, 
p=0.481). Mean age of the death cases was 
34.2±14.8 years and that of alive or cured 
cases was 28.7±14.2 years (p<0.001). 
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DISCUSSIONS 
 

In this study, 70.5% were males and mean 
age of patients was 29±14.3 years. The 
commonest age groups were 11 to 20 and  
21 to 30 years comprising 30.5% (446)    
and 26.6% (389) of patients, respectively. 
Similarly, the study done in PyinOoLwin 
revealed that 71.8% were males and mean 
age of patients was 29.8±13.8 years. The 
commonest age groups in that study were   
11 to 20 and 21 to 30 years comprising 
24.7% and 32.8% of patients, respectively.3 
In present study, majority (76.7%) were 
motor-cycle users. The study in western 
Nepal in 2005 showed that 54% were motor- 
cycle users. The study in PyinOoLwin     
also revealed that motor-cycle users were 
observed in 66.1% of the patients.4 
The present study revealed that the 
commonest injuries were found in lower 
limb and head comprising 42.5% and 
34.8%, respectively. Study in Egypt (2004) 
showed that head injury was found in  
60.9% of studied patients. The study of 
PyinOoLwin detected head injury in 48.3% 
of patients.5 Head, face, neck and back 
injuries with possibly neurological involve-
ments were observed in 34.8%, 21.5%, 
2.9% and 1.6% of the patients, respectively. 
Because of no specific Neurology Unit was 
available in Lashio General Hospital, all of 
the neurological injuries were treated at 
General Surgical Unit. Therefore, General 
Surgical Unit was responsible for managing 
in 43.7% of the total patients. Even major 
neurosurgical interventions were done for 
severe head injury cases in General Surgical 
Unit.  
Conclusion 
Injury due to RTA mainly occurred in 
younger age groups. Education program  for 
road traffic injury prevention should go      
to basic education school and university 
students. High rate of motor-cycle use, high 
rate of head injury among motor-cycle users 
and higher risk of death due to head injury 
highlights injury prevention measure like 
proper helmet wearing in motor-cycle users. 

Moreover, head injury was observed in 
34.8% of the patients and it was responsible 
for 70% of all deaths. That’s why, neuro-
surgical management was the important role 
in care of head injury and Neurosurgical 
specialty was needed for Lashio hospital.  
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A cross-sectional study was conducted to assess the knowledge and practice 
on MDR-TB disease among MDR-TB patients attending Aung San      
MDR-TB clinic (Yangon) in 2014. A total of 217 patients were interviewed 
with pre-tested structured questionnaire. Most of respondents were aged    
24-44 years (59.5%), male (72.4%), middle and high school education level 
(60.8%) and employed (56.2%). Only 40% of the MDR-TB patients’ bed 
rooms had proper lighting and cross ventilation and 40.6% got counseling 
and health education sessions at least 3 times before treatment. About 
144(66.4%) had high knowledge score and proper practice. In this study, 
occupational status (p=0.02), number of counseling and health education 
sessions (p=0.012), getting IEC materials (p=0.029) were statistically 
significant association with knowledge level. The dealing of the health staff 
was statistically significant with the proper practice on MDR-TB among 
these patients (p=0.043). Knowledge and practice level were significantly 
associated with each other (p<0.001). Therefore, pre-treatment counseling 
and getting IEC material are essential to impart knowledge and dealing of 
the health staff influences on practice of MDR-TB patients. These could 
also enhance treatment adherence and can prevent transmission of infection 
in community through the patients. 

Key words: Knowledge, Practice, MDR-TB 

 
INTRODUCTION 

 
Myanmar is one of the 27 multi-drug 
resistant tuberculosis (MDR-TB) high 
burden countries. The World Health Organi-
zation (WHO) estimates that 5,500 cases    
of MDR-TB occurred among notified 
pulmonary TB cases in Myanmar in 2011. 
MDR-TB among new and previously 
treated patients was 4% and 15.5%, 
respectively (2002-2003) and 4.2% and 10% 
of new and previously treated TB patients 
were MDR-TB, respectively (2007-2008).1  
In the third drug resistant survey (DRS), 
MDR-TB among new and previously 
treated patients was 5% and 27%, respec-
tively in 2012-2013.2 MDR-TB is a       
man-made problem. It is costly, deadly, 

debilitating and a major threat to the current 
control strategies. Knowledge, attitude and 
practice of MDR-TB in MDR-TB patients 
play an important role in order to stop the 
spread of disease and decrease mortality and 
morbidity of the disease.  

Therefore, it is necessary to explore the 
level of knowledge and practice on MDR-
TB among MDR-TB patients under the 
Programmatic Management of Drug Resis-
tant TB (PMDT). By doing this study, it can 
inform policy makers how to strengthen the 
PMDT in Myanmar, and to be helpful in 
curing the MDR-TB patients and stopping 
the spread of infection. The aim of the 
___________________________________ 
*To whom correspondence should be addressed. 
Tel: +95-973207914 
E-mail: htetmyetwinmaung@gmail.com 
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study was to assess the knowledge and 
practice on MDR-TB disease among MDR-
TB patients at Aung San MDR-TB clinic 
(Yangon). 
 

MATERIALS AND METHODS 
 
Study design  
It was a cross-sectional descriptive study. 
Study population and area 
MDR-TB patients who came to follow-up 
MDR-TB clinic at Aung San (Yangon) were 
included from September 2014 to December 
2014. Inclusion criteria were MDR-TB 
patients under the PMDT, who gave 
informed consent, aged above 18 years and 
had received MDR-TB treatment for at least 
one month. 
Sampling procedure  
Systematic random sampling method was 
applied and sample size determination was 
as follows: 
• Epi info 7  was used  to  calculate  the sample 

size. 
• Study   population=1174  (registered   MDR-

TB patients from 1. 1. 2013 to 30. 9. 2014) 
• Expected frequency=50% (expected propor-

tion of knowledge and practice about MDR-
TB among participants) 

• Confidence limit (d)=6% 
• Sample size (n)=217 
Data collection methods and tools 
Face-to-face interviews with MDR-TB 
patients were conducted by using pre-tested 
structured questionnaire.  
Data management and analysis 
Collected data were checked for consistency 
and completeness. Cleaned data were 
analyzed by using Statistical Software      
for Social Science (SPSS) version 16.0. 
Descriptive analysis was done. 
Ethical consideration 
This study was conducted through the 
permission of Ethical Board of University   
of Public Health (Yangon). In this study, 
researchers followed the principles and 

guidelines of ethical consideration for pri-
vacy, confidentiality and getting informed 
consent.  
 

RESULTS 
 

Socio-demographic characteristics   

The detailed socio-demographic characteris-
tics of MDR-TB patients are shown in   
Table 1.  
 
Table 1.  Socio-demographic  characteristics  of                

MDR-TB patients (n=217) 

Socio-demographic characteristics Number Percent 

Age (years) 
  ≤24 
  25-34 
  35-44 
  45-54 
  55-64 
  ≥65 

 
38 
77 
52 
38 
11 
1 

 
17.5 
35.5 
24.0 
17.5 
5.1 
0.5 

Sex 
  Male 
  Female 

 
157 
60 

 
72.4 
27.6 

Marital status 
  Single 
  Married 
  Divorced 
  Widowed 
  Separated 

 
97 
111 
3 
5 
1 

 
44.7 
51.2 
1.4 
2.3 
0.5 

Education 
  Low (Illiterate, read/write and primary    
    school level) 
  Medium (Middle and high school level) 
  High (University level) 

 
31 

 
132 
54 

 
14.3 

 
60.8 
24.9 

Occupation 
  Dependent 
  Manual/Unskilled laborers 
  Owned business 
  Government staff 
  Private employers 
  Other  

 
51 
42 
50 
24 
48 
2 

 
23.5 
19.4 
23.0 
11.1 
22.1 
0.9 

Monthly family income (kyats) 
  ≤100000 
  100001-200000 
  200001-300000 
  300001-400000 
  >400000 

 
36 
101 
57 
9 

14 

 
16.6 
46.5 
26.3 
4.1 
6.5 

Family size( persons per house) 
  ≤4 
  >4 

 
133 
84 

 
61.3 
38.7 

History of TB in family 
  Yes 
  No 

 
46 
171 

 
21.2 
78.8 

History of MDR-TB in family 
  Yes 
  No 

 
9 

208 

 
4.1 
95.9 

 
Most of respondents were aged 24-44 years 
(59.5%), male (72.4%), middle and high 
school education level (60.8%) and 
employed (56.2%). Among 217, 46(21.1%) 
had history of TB and 9(4.1%) had history 
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of MDR TB in the family. Among 217 
respondents, only 88 MDR-TB patients 
(40.6%) got 3 times and above counseling 
and health education sessions, 102(47%) got 
less than 3 times and 27(12.4%) did not     
get any.  

Most of the respondents (76%) accessed 
Information, Education and Communication 
(IEC) material during diagnosis and the   
rest did not get them. Regarding the dealing 
of the health staff, 116 MDR-TB patients 
(53.5%) responded that the dealing of       
the most of the health staff was good, 
96(44.2%) said it was fair, but only 5(2.3%) 
said, poor. Mean±SD of age was 39.39± 
10.96, mean±SD of monthly family income 
(kyat) was 237,000±171,498 and mean±SD 
of family size (persons per house) was 
4.3±2.13. 
Knowledge on MDR-TB 

Among 217 MDR-TB patients, 183(84.3%) 
answered the meaning of MDR-TB is the 
TB bacilli resistant to some anti-TB drugs 
and 2(0.9%) answered the same as non-drug 
resistant TB. Only 32 patients (14.7%) did 
not know the meaning of MDR-TB. Most of 
the patients 191(88%) answered   the correct 
statement of its cause, resistant TB germ. 
The second most responding answer by the 
patients was strained job and 29 patients 
(13.4%) believed that alcohol drinking was 
the cause. 
Concerning knowledge about different 
modes of transmission, most common 
answer (96%) was transmission through    
the air when TB patient is coughing or 
sneezing. The second most responding 
answer (24%) was the transmission of      
the disease through sharing of dishes. Other 
answers were ‘touching’ (3%), ‘do not 
know’ (3%) and ‘others’ (1%).  
Regarding knowledge about different 
prevention strategies to MDR-TB trans-
mission, 98% stated covering mouth and 
nose when coughing and sneezing and 25% 
used separate dishes. About 32 patients 
(15%) answered the proper disposal of 
sputum and only two patients (1%) and five 

patients (2%) answered the regular taking of 
drugs and the separate living.  

Almost MDR-TB patients (99.5%) believed 
that the second line anti-TB drug could 
completely cure MDR-TB and only one 
patient (0.5%) thought that these drugs could 
not cure the disease. Among 217 patients, 
210(96.8%) knew the correct duration of 
treatment course (20 to 24 months) and 
other patients answered the 6 months 
(0.5%), 12 months (1.4%) and some do not 
know the duration of treatment (1.4%). 

Regarding knowledge of the drug side 
effects, 168 MDR-TB patients (77%) stated 
as the joint pain, 134 patients (64%) as 
deafness/hearing defect and 98(45%) as  the 
nausea/vomiting/dizziness. Other answers 
were psychosis (40%), rash (17%), jaun-
dice/liver disorder (14%), renal diseases 
(11%) and goiter (6%). 

Concerning knowledge on risk person for 
getting MDR-TB, about one fourth of 
MDR-TB patients (27%) answered people 
living with HIV were more vulnerable to 
MDR-TB infection, 55 patients (25%) stated 
as the improper practice on anti-TB drugs 
taken was the risk factor and 43(20%) 
answered that the person with MDR-TB 
contact was the risk person. Other answers 
elicited by MDR-TB patients were heavy 
alcohol drinker (10%) and diabetes patients 
(5%). Nearly one-third of MDR-TB patients 
(30%) did not know the risk person for 
getting MDR-TB. 

Almost all MDR-TB patients (99%) stated 
that the death was the consequence of 
MDR-TB if they did not take MDR-TB 
treatment correctly. Other consequences that 
were mentioned by MDR-TB patients were 
transmission of infection to other person 
(25%) and XDR-TB (2%). Most of the 
MDR-TB patients (96%) had knowledge on 
the monthly follow-up sputum examination 
throughout the treatment course and only 
(4%) did not know how to do sputum 
examination monthly. Nearly all of the 
MDR-TB patients 216(99.5%) answered 
that they would go to the health facility for 
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consultation about transfer form before 
travelling or moving to other township 
during their treatment. 
There was a statistically significant associ-
ation between occupational status, number 
of counseling and health education sessions, 
getting IEC materials and knowledge level. 
Educational level and the knowledge score 
were marginally significant in association. 
Other variables were not statistically asso-
ciated with knowledge level (Table 2). 
 
Table 2. Association between sociodemo-

graphic characteristics and know-
ledge on MDR-TB 

Socio-demographic 
characteristics of 

respondents 

Knowledge (n= 217 )  
p  

value 
High  Low  

No. % No. % 
Age group (years) 
  ≤35 
  >35  

 
84 
60 

 
67.7 
64.5 

 
40 
33 

 
32.3 
35.5 

0.619 
 

Sex    
  Male 
  Female 

 
107 
37 

 
68.2 
61.7 

 
50 
23 

 
31.8 
38.3 

0.366 
 

Marital status 
  Married 
  Others 

 
80 
64 

 
72.1 
60.4 

 
31 
42 

 
27.9 
39.6 

0.068 
 

Education 
  Low (Illiterate, read/write and   
    primary school level) 
  Medium (Middle and high   
    school level) 
  High (University level) 

 
18 
 

83 
 

43 

 
58.1 

 
62.9 

 
79.6 

 
13 
 

49 
 

11 

 
41.9 

 
37.1 

 
20.4 

0.052 
 

Occupation 
  Unemployed 
  Employed 

 
55 
89 

 
57.9 
73.0 

 
40 
33 

 
42.1 
27.0 

0.02* 
 

Monthly family income (Kyat) 
  ≤ 200000 per month 
  >200000 per month 

 
85 
59 

 
62.0 
73.8 

 
52 
21 

 
38.0 
26.2 

0.078 
 

History of TB/ MDR-TB in family  
  Yes 
  No 

 
32 

112 

 
69.6 
65.5 

 
14 
59 

 
30.4 
34.5 

0.604 
 

Getting support during   
  treatment 
  Yes 
  No 

 
81 
63 

 
69.2 
63.0 

 
36 
37 

 
30.8 
37.0 

0.333 
 

Number of counseling & health  
  education sessions  
  ≥3 times 
  <3 times    

 
 

69 
77 

 
 

76.1 
59.7 

 
 

21 
52 

 
 

23.9 
40.3 

0.012* 
 

Getting IEC materials 
  Yes 
  No 

 
116 
28 

 
70.3 
53.8 

 
49 
24 

 
29.7 
46.2 

0.029* 
 

*=Statistically significant at p=0.05 level   

Practice of the MDR-TB patients on MDR-
TB disease 

Regarding time interval between starting TB 
symptom and going to the health facilities, 
48.4% of MDR-TB patients went to the 
health facilities less than 3 weeks after 

suffering from TB symptom. Other 51.6% 
of MDR-TB patients went there only after    
4 weeks. Among 217 MDR-TB patients, 
204(94%) always covered their mouth and 
nose when coughing and sneezing. Only   
13 MDR-TB patients (6%) did not always 
cover them. Out of 217 MDR-TB patients, 
182(84%) used the condensed milk tin/ 
spittoon when they were spitting sputum. 
Other 35 patients (16%) spitted their sputum 
on the ground. Among 182 patients who 
used the condensed milk tin/spittoon,      
173 patients (90%) covered it. Other nine 
patients (10%) did not. out of 182 patients, 
124 (68%) disposed the sputum into latrine 
by using disinfectant. Other 26 patients 
(14%) disposed on the ground, 22(13%) 
buried in earth and 10(5%), to the drain. 

Regarding the practice of sleeping, 209 
patients (96.3%) did not sleep with family 
members under the same net and 100% of 
these patients answered that they would 
sleep separately with their family until 
getting cured treatment outcome. Another    
8 patients (3.7%) slept with family members 
under the same bed net. 

Concerning treatment seeking behavior of 
respondents if they get drugs side effect, 
67.7% would go to the health facility, 
31.8% would consult with their DOT 
provider (health staff) and 0.5% would treat 
by themselves. All of the MDR-TB patients 
(100%) always did monthly follow-up sputum 
examination during MDR-TB treatment. 

Knowledge, practice scores and their 
association 

Score of the respondents’ knowledge and 
practice  on MDR-TB  was  summed  up  by 
transforming it into knowledge and practice 
score. Mean, median and mode of the 
knowledge score were 11, minimum score 
was 5 and maximum score was 16. Low 
level of knowledge was decided as score 
less than 11 marks. The scores greater    
than and equal to 11 marks were regarded   
as high level of knowledge. So, the   finding 
indicated  that  144(66.4%)  respondents got  
high score and 73(33.6%) got low score. 
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Regarding the practice score, mean, median 
and mode of the practice score were 8, 8   
and 9, respectively. The minimum and 
maximum scores of the practice were 3 and 
10, respectively. The practice score level 
more than and equal to 8 marks was marked 
as proper practice and score level less      
than  8 marks would be marked as improper 
practice. One hundred and forty-four MDR-
TB patients (66.4%) did proper practice and 
73(33.6%) did improper practice. 
 
Table 3. Association between sociodemo- 

graphic characteristics  and  practice  
on MDR-TB 

Socio-demographic charac- 
teristics of respondents 

 Practice (n=217 ) p 
value   Proper  Improper 

No. % No. % 
Age group (year) 
  ≤35 
  >35  

 
87 
57 

 
70.2 
61.3 

 
37 
36 

 
29.8 
38.7 

0.171 
 

Sex    
  Male 
  Female 

 
102 
42 

 
65.0 
70.0 

 
55 
18 

 
35.0 
30.0 

0.483 
 

Marital status 
  Married 
  Others 

 
76 
68 

 
68.5 
64.2 

 
35 
38 

 
31.5 
35.8 

0.501 
 

Education 
  Low (Illiterate, read/write and   
    primary school level) 
  Medium (Middle and high   
    school level) 
  High (University level) 

 
24 
 

86 
 

34 

 
77.4 

 
65.2 

 
63.0 

 
7 
 

46 
 

20 

 
22.6 

 
34.8 

 
37.0 

0.356 
 

Occupation 
  Unemployed 
  Employed 

 
61 
83 

 
64.2 
68.0 

 
34 
39 

 
35.8 
32.0 

0.554 
 

Number of counseling & health   
  education sessions  
  ≥3 times 
  <3 times    

 
 

65 
79 

 
 

73.9 
61.2 

 
 

23 
50 

 
 

26.1 
38.8 

0.053 
 

Getting IEC materials 
  Yes 
  No 

 
113 
31 

 
68.5 
59.6 

 
52 
21 

 
31.5 
40.4 

0.238 
 

Getting supports during  
  treatment 
  Yes 
  No 

 
 

77 
67 

 
 

65.8 
67.0 

 
 

40 
33 

 
 

34.2 
33.0 

0.854 
 

Patients’  opinion on the dealing   
  of the most of health staff  
  Good 
  Fair and Poor 

 
 

84 
60 

 
 

72.4 
59.4 

 
 

32 
41 

 
 

27.6 
40.6 

0.043* 
 

*=Statistically significant at p=0.05  

As shown in Table 3, dealing of health   
staff was statistically associated with the 
practice of MDR-TB patients. Getting 
counseling and health education sessions 
was marginally significant with the practice 
of MDR-TB patients. Other variables were 
not statistically significant. There was a 
statistically  significant  association between  

knowledge level of respondents and practice  
on MDR-TB (p<0.001). 

 
DISCUSSION 

 
According to the guideline, MDR-TB 
patients must get counseling and health 
education sessions at least 3 times before 
treatment.3 However, only 88 MDR-TB 
patients (40.6%) got them.  And, most of the 
respondents (76%) accessed IEC materials 
during diagnosis and treatment and the rest 
(24%) could not access them. The findings 
indicated that NTP should give instructions 
to the health staff to deliver the counseling 
and health education sessions at least            
3 times before treatment and deliver the IEC 
materials to every patient. If NTP can 
strengthen in these areas, the higher level of 
patients’ knowledge on MDR-TB can be 
obtained.  

In this study, most of the patients got the 
high knowledge and practice score. 
However, most of them did not know the 
detail information about different ways of 
preventing the transmission of disease to 
others and the consequences of MDR-TB    
if they did not take MDR-TB treatment 
correctly. Concerning the practice of MDR-
TB patients, about 33% of them did not 
have proper practice on the disposal of the 
sputum. Therefore, health care providers 
need to emphasize in these areas during 
their health education sessions. 
Moreover, dealing of the health staff can 
influence in the proper practice on MDR-TB 
among these patients. The patients wanted 
to obey the instructions of the proper 
practice behavior from the health staff 
during their treatment if they were treated 
patiently and friendly. This study revealed 
that there was a statistically significant 
association between knowledge and practice 
levels. Patients with higher knowledge 
expressed more proper practice on MDR-
TB. The similar finding was found in the 
previous study conducted in Hlaingthaya 
among TB patients in 2009.4 
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Conclusion 
Based on the findings from this study, pre-
treatment counseling and getting IEC 
materials are essential to impart knowledge 
and dealing of the health staff influences    
on practice of MDR-TB patients. These 
could also enhance treatment adherence and      
can prevent transmission of infection in 
community through the patients. 
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