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Abstract 

We conducted a serological survey to evaluate the population’s antibody level against three types of polio virus and identify high risk 

groups. We analyzed stored serum samples from a hepatitis immunity study conducted in 2004 on people born between 1928 and 2004. 

These samples were categorized into nine age cohorts and selected by random sampling. Antibody titers were tested by micro-

neutralization. A protective level was defined as greater than 1:8. Protective antibody level against poliovirus and geometric mean titer 

(log2 reciprocal) were described by types of polio virus in the vaccine and birth cohorts. A total of 1,712 samples were tested. Protective 

antibody level against poliovirus type 1 was 90.9% while that of type 2 was 94.7% and type 3 was 83.9%. Means titers were 6.0 for type 1, 

6.7 for type 2 and 4.9 for type 3. In the different birth cohorts, the antibody levels were the lowest against poliovirus type 2 (89.9%) in 

those who were born during 1955-1964. For poliovirus types 1 and 3, percentages in the 1975-1984 birth cohorts were less than 80%. 

Protective antibody level against the three types of poliovirus among the population in Thailand was assumed to be sufficient to generate 

herd immunity. People born during 1975-1984 were at risk and should be targeted for immunization if a polio outbreak occurred. 

Key words: polio, sero-surveillance, immunity, population, Thailand 

 

Introduction 

Polio is a viral disease which can cause muscle 

weakness and paralysis.1 The World Health 

Organization (WHO) concerned about the possible 

spread of poliovirus and supports vaccination 

campaigns to eliminate the disease.2 Oral polio 

vaccine (OPV), also known as trivalent oral polio 

vaccine, is a live-attenuated vaccine that contains 

types 1, 2 and 3 Sabin strain poliovirus.3 There are 

other types of polio vaccine available such as 

monovalent OPV (one type of poliovirus), bivalent 

OPV (two types of poliovirus) or inactivated polio 

vaccine (three types of killed poliovirus). Since 1977, 

three doses of OPV (OPV3) have been given to Thai 

children aged two months, four months and six 

months under the expanded program on 

immunization (EPI).4 During 1991-1999, an 

additional dose of OPV (OPV4) was given to children 

at age two. Since 2000, the fifth dose of OPV (OPV5) 

were introduced to the EPI for children at age four.5 

Additionally, National Immunization Days (NIDs), 

began in 1995,6,7 provided supplementary dose of polio 

vaccine to children under 10 and five in 2001.7 

The last case of wild-type poliovirus (WPV) in 

Thailand was reported in 1998. One case of type 2 

immunodeficiency associated vaccine-derived 

poliovirus (VDPV), a vaccine strain of poliovirus that 

genetically mutates to cause poliomyelitis, was 

identified in Thailand in 2003.8  

In 1980, the first national vaccine coverage survey 

carried out by the Ministry of Public Health found 

that the coverage of OPV3 was 21.2%. In the most 

recent survey completed in 2008, OPV3 coverage was 

98.7% and OPV5 coverage was 79.4%.5 

However, even with the successful EPI and NID 

programs, Thailand needs to continue to monitor the 

polio prevention and control program closely due to 

possible recurrence of the disease. There have been 

several re-emerging and cross-border polio outbreaks 

in the region. In 2005, Indonesia had an outbreak of 

299 polio cases after 10 polio-free years.9 In 2010, 

Myanmar had one imported polio case, as did China 

in 2011.10 Additionally, China, Myanmar, Cambodia, 

and Philippines had experienced VDPV outbreaks 

since 2001.11 Such events put Thailand at risk and 

raised the need to ensure that Thai population had 
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sufficient immunity to prevent reintroduction of 

poliovirus. 

The objectives of our study, using secondary data and 

samples from a serological survey conducted earlier, 

were to evaluate the proportion of Thai population 

who had a protective antibody level against the three 

types of poliovirus, explore the mean titers among the 

population in different age groups and identify 

population at risk. 

Methods 

Serum Specimens 

The serum specimens tested in this study were 

selected from samples of the hepatitis immunity 

study (HIS) conducted by Ministry of Public Health, 

Thailand in 2004. These samples were collected from 

four regions in Thailand, represented by Chiang Rai, 

Udon Thani, Chon Buri and Nakhon Si Thammarat 

Provinces.12 Samples collected from one provincial 

hospital and two randomly selected community 

hospitals in each participating province were used. 

Healthy children attending well-baby clinics and 

every patient were included in the study, except those 

with chronic illnesses, undergoing 

immunosuppressive therapy, having clinical signs or 

symptoms associated with human immunodeficiency 

virus (HIV) or immunodeficiency diseases. Serum 

specimens were taken from the participants, coded 

with a sequential number and stored in a 

temperature-controlled freezer at the Faculty of 

Medicine in Chulalongkorn University. The serum 

specimens were thawed to determine seroprevalence 

of antibodies to measles, mumps and rubella in a 

study by another investigating team in 2009.13  

Serum specimens were categorized into nine birth 

cohorts, spanning the years from 1928 to 2004. 

Estimated proportion of protective antibody for each 

birth cohort, ranging from 0.60-0.85, were used to 

calculate sample size with 10% margin of error. We 

added 20% to the calculated sample size to 

compensate for attrition (Table 1). In each cohort, we 

randomly selected the first serum sorted by order of 

collection, and then selected the next serum at 

regular intervals. Serum with volume less than 0.35 

mL were excluded and replaced by unselected 

samples. 

Antibody Assay   

Polio antibody levels were tested by micro-

neutralization assay conducted at the National 

Institution of Health (NIH).14 Reference strains of 

Sabin types 1, 2 and 3 produced by the National 

Institute for Biological Standard and Control, United 

Kingdom were used. Serial two-fold dilutions of the 

serum were tested up to 1:1,024. The protective levels 

for poliovirus types 1, 2 and 3 were those samples 

with antibody titer greater than 1:8.15  

Data Analysis  

Percentages of protective antibody against three 

types of poliovirus with 95% confidence interval (95% 

CI) were described for each cohort. Geometric mean 

titer (GMT) and 95% CI of GMT were presented as 

log2 reciprocal titers (log2 titer 1: 8 = 3). To obtain the 

average results for the total population, data was 

weighted by age distribution of Thai population in 

2004.16 

Ethical Consideration 

The code from the HIS, the identifier for the serum 

samples, could not be linked to individual person. The 

study was reviewed and approved by the Ethical 

Review Committee for Research in Human Subjects, 

Ministry of Public Health, Thailand (20/2554). 

Results  

Among the 1,717 serum samples, five specimens were 

denatured and a total of 1,712 samples were analyzed 

for antibody level. Among Thai population, protective  

Table 1. Stored and tested serum by birth cohorts from 4 regions in Thailand, 2004 

Birth cohort 
Number of 

stored serum 
Estimated proportion of 

protective immunity 
Calculated 

sample 

20% plus 
calculated 

sample 

Tested 
serum 

1928-1954 840 0.70 165 198 197 
1955-1964 760 0.70 165 198 198 
1965-1974 789 0.60 256 307 308 
1975-1979 407 0.60 256 307 303 
1980-1984 396 0.60 256 307 306 
1985-1989 569 0.75 128 154 154 
1990-1994 649 0.85 68 82 82 
1995-1999 966 0.85 68 82 82 
2000-2004 850 0.85 68 82 82 

Total 6,226 - 1,430 1,717 1,712 
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antibody level against poliovirus was 90.9% for type 1,  

94.7% for type 2 and 83.9% for type 3 (Table 2). Thai 

people born during 2000-2004 had 100% protective 

antibody against all three poliovirus types. 

Percentages for poliovirus types 1 and 3 decreased in 

cohorts born before 2000. The lowest percentages 

were among the 1980-1984 birth cohorts for 

poliovirus types 1 (74.5%) and 3 (66.0%), then 

increased by age. People who were born after 1990 

had 100% protection for poliovirus type 2, which then 

decreased by age. All nine birth cohorts had 

protective antibody against poliovirus type 2, with the 

lowest (89.9%) among the 1955-1964 birth cohort.  

Log2 antibody titers against poliovirus were 6.0 for 

type 1, 6.7 for type 2 and 4.9 for type 3. The titers had 

a similar trend with that of the percentages of 

protective antibody (Table 2 and Figure 1). The 

highest titers were in the 2000-2004 birth cohorts. 

Mean titers decreased to the lowest values in the 

1980-1984 birth cohorts for polio types 1 and 3, and 

the 1955-1964 birth cohorts for type 2. All mean titers 

were higher than three (log2 titer of 1:8). 

Discussion 

The protective antibody level against poliovirus 

among the general Thai population who had access to 

hospital was sufficient to prevent re-introduction of 

polio. However, this conclusion should be used with 

caution for population who lived in remote isolated 

areas or in areas with inadequate vaccine coverage. 

Additionally, this finding should not be assumed to 

apply to foreign migrant workers whom were not 

included in the study design. In other studies, 

protective herd immunity had been estimated 

between 80-86%.15,16 

The protective proportion and mean titers of antibody 

among Thai people was less than those in high 

income countries such as Netherlands and 

Germany17,18 possibly because of the interference from 

concurrent infections with other enterovirus or

Table 2. Protective antibody level and 95% confidence interval (95% CI) against 3 types of poliovirus  

by birth cohorts in Thailand, 2004 

Birth cohort 
Number 
of test 

Type 1 Type 2 Type 3 

Percent 95% CI Percent 95% CI Percent 95% CI 

1928-1954 197 95.9 92.2-98.2 94.9 90.9-97.5 86.8 81.3-91.2 
1955-1964 198 95.0 90.9-97.6 89.9 84.8-93.7 82.8 76.8-87.8 
1965-1974 308 84.4 80.0-88.2 91.9 88.1-94.6 82.1 77.3-86.2 
1975-1979 303 76.2 71.0-80.8 93.1 89.4-95.6 69.3 63.7-74.4 
1980-1984 306 74.5 69.2-79.2 95.8 92.7-97.6 66.0 60.4-71.3 
1985-1989 154 96.8 92.6-99.0 96.1 91.7-98.6 83.1 76.3-88.7 
1990-1994 82 98.8 93.4-100.0 100.0 100.0-100.0 93.9 86.3-98.0 
1995-1999 82 98.8 93.4-100.0 100.0 100.0-100.0 96.3 89.7-99.2 
2000-2004 82 100.0 100.0-100.0 100.0 100.0-100.0 100.0 100.0-100.0 

Total* 1,712 90.9* - 94.7* - 83.9* - 

* Weighted by age distribution of Thai population in 2004 (Bureau of Policy and Strategy, Thailand) 

 

Figure 1. Mean and 95% confidence interval (95% CI) of antibody titers against 3 types of polio virus  

by birth cohorts in Thailand, 2004 
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diarrheal diseases. Moreover, higher levels of 

maternal antibody in low to middle income countries 

could interrupt increasing of immunity during 

childhood.19  

The proportion of persons with protective antibody 

was higher in the earlier birth cohorts, presumably 

because these age groups had been exposed to wild 

poliovirus. People born during 1965-1984 had a lower 

protective immunity than that of other birth cohorts. 

This might be due to the start-up of the EPI in 1977 

when not everyone received the polio vaccine, yet the 

circulation of wild poliovirus decreased, and thus 

lowering the chance of natural infection. This result 

was similar to the Republic of Korea’s seroprevalence 

data which immunity is lower among middle-aged 

population.20 The proportion of the population with 

protective antibody also increased among later birth 

cohorts as polio vaccination coverage increased.  

Among the three types of poliovirus, type 2 had the 

highest percentage of protective antibody at 90-100%. 

This finding was similar to other studies21,22 that 

showed high immunogenicity of type 2 vaccines. The 

high percentage of protective levels of type 2 

antibodies makes infection from type 2 VDPV less 

likely.  

The low percentage of protective antibody against 

poliovirus type 3 was also similar to other studies20-22. 

This might be explained by low sero-conversion rate 

or potency of OPV type 3.23 Other studies had shown 

that the level of protective antibody against poliovirus 

type 3 might be lower than other types of 

poliovirus.24,25  

The protective titer for poliovirus types 1 and 3 for 

people born during 1975-1984 was lower than 80%, 

which put this population at risk of a polio outbreak. 

This underlined the importance of rapid OPV 

immunization in this group if there was a wild or 

VDPV outbreak in the country. The person in this 

birth cohort should also receive OPV or IPV vaccine if 

plan to visit high risk countries. A pre-outbreak OPV 

booster might be considered as a preventive measure. 

However, this would need to be weighed against the 

risk of polio importation, outbreaks and vaccine side 

effects in adults, especially vaccine associated polio 

paralysis (VAPP). The advantage of booster doses was 

supported by a study in Cuba in which eight OPV 

doses generated immunity against poliovirus higher 

than six OPV doses.26  

Following the polio eradication and endgame strategy 

plan 2013-2018, replacing trivalent OPV with 

bivalent OPV (only poliovirus types 1 and 3) in 

routine immunization program of Thailand was likely 

to have no problem from the switch because of 

globally eliminated wild type poliovirus type 227 and 

high immunity against poliovirus type 2 among 

population26,27. Advantages of the bivalent OPV 

include better immunity against poliovirus types 1 

and 3, with at least 35% more effectiveness than 

trivalent OPV, and no VAPP from poliovirus type 228. 

There were some limitations in this study. First, as 

samples were collected from only four provinces, they 

might not be representative of the country. However, 

those provinces were located in four of the Thai 

geographic regions, so they captured a wide range of 

the population. Even though the serum samples were 

collected more than 10 years ago, the immunity 

results could represent the present situation because 

all the subjects would have or have not received OPV 

before 2004 and there has been no report of polio in 

the country since 2003. 

In conclusion, Thailand was not at risk for polio 

outbreak. The protective levels for poliovirus types 1, 

2 and 3 antibodies among Thai population were high 

enough to generate herd immunity. Because of the 

low percentage of antibodies to types 1 and 3, persons 

in 1975-1984 birth cohorts should be targeted for 

immunization if an outbreak occurred in Thailand or 

those persons plan to visit high risk countries.  
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Abstract 

In April 2013, a person was confirmed to have Brucella melitensis in Chombueng District; and Ratchaburi Provincial Health Office notified 

about this patient to Bureau of Epidemiology. As the patient was a goatkeeper in a farm that had animal movement with other goat 

farms, active human case finding was conducted. History of goat movement among the related goat farms was explored to identify key 

persons for disease transmission in the network. Serum samples from 53 goatkeepers in 28 goat farms and two livestock officials who 

investigated the farm with confirmed case were tested for brucellosis. Only one goatkeeper was identified as a probable case, with attack 

rate of 1.8%. Goat serum specimens from 12 out of total 34 goat farms were tested positive for Brucella. In egocentric network, 44 nodes 

were included in the network analysis, including 34 goat farms, four slaughterhouses and six merchant’s goat shelters. Visualization from 

network analysis was useful to identify goat farm networks at risk of disease spreading. Key person in the network with the highest 

degree centrality (26) and betweenness centrality (2455.462) was identified as a merchant’s goat shelter with a goat tested positive for 

brucellosis. Hence, knowledge on brucellosis prevention and control should be disseminated among goatkeepers and merchants in that 

network. The information should also be used for strengthening communication between goat farmers and local livestock officials. 

Key words: outbreak, investigation, brucellosis, Ratchaburi Province, goat farm network 

 

Introduction 

Brucellosis is a disease caused by Brucella spp.1 

which is a facultative intracellular Gram-negative 

cocco-bacillus.2 Brucella melitensis is the most 

important zoonosis among Brucella spp. as it is the 

most common species found in goats and the most 

virulent to humans.1,3 Brucellosis poses severe 

economic losses in affected goat farms.4 The cost for 

controlling brucellosis in a herd of 60 goats in 

Thailand was estimated at 7,000 USD5, and loss of 

work productivity due to prolonged illness can lead to 

socioeconomic problems as well.1  

In April 2013, Ratchaburi Provincial Health Office 

notified Bureau of Epidemiology of a confirmed 

brucellosis case. The case was a 66-year-old male goat 

farmer with diabetes mellitus. He was admitted on 4 

Apr 2013 due to intermittent fever, weight loss about 

five kilograms and myalgia since 2012. On 5 Apr 2013, 

laboratory testing of his specimen reported gram-

negative coccobacilli and he was confirmed to have 

Brucella melitensis by hemoculture on 25 Apr 2013. 

He had a goat farm since 2012 and recently imported 

new goats into his farm from many sources. In 2012, 

one goat in his farm aborted and that goat was sent 

back to the originating farm. He often exposed to 

secretions and placentas while assisting goats giving 

birth. Furthermore, goats in his farm showed positive 

results of Brucella infection during April 2013. Hence, 

in May 2013, Bureau of Epidemiology set up a team 

to conduct an investigation.  

Objectives of the investigation were to verify the 

diagnosis and the outbreak, describe the network of 

goat farms, identify key persons for disease 

transmission in the network, and provide 

recommendations for prevention and control. 

Methods 

Ratchaburi Province locates in the central region of 

Thailand, approximately 100 kilometers south of 

Bangkok. Nine out of total 10 districts have goat 

farms. It is also one of the provinces where 

Department of Livestock Development has set up the 

laboratory surveillance and the monitoring program 

for brucellosis in goats. The farms in Chombeung and 
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Saun Pheung Districts which had live goat movement 

with the confirmed case’s farm (index farm) were 

included in the study. A cross-sectional study was 

conducted with sampling by snowball technique from 

the index farm in Chombeung District.  

Active Case Finding in Humans  

The investigation team reviewed medical records of 

human brucellosis cases who received treatment 

during 1 Jan to 24 Apr 2013 in the hospital where the 

confirmed case admitted. A probable case was defined 

as a goatkeeper in the network who had fever or 

intermittent fever, with at least two out of five 

following symptoms: headache, myalgia, arthralgia, 

night sweat or orchitis, and positive result for 

brucellosis using parallel testing by rose bengal test 

(RBT) and enzyme-linked immunosorbent assay 

(ELISA). A confirmed case was a probable case who 

was tested positive for Brucella spp by hemoculture.  

A questionnaire was used as a tool for face-to-face 

interview about demographic information, date of 

onset, clinical signs and risk activities. Serum 

specimens of goatkeepers from related goat farms 

that had goat movement with the index farm and 

livestock officials who investigated in the index farm 

were collected as well. The specimens were sent to the 

Department of Medical Sciences for IgM and IgG 

antibodies testing by RBT and ELISA.  

Active Case Finding in Animals 

Serum specimens were also collected from goats in 

the related farms and tested with RBT at Central 

Veterinary Research and Development Center. 

Information on herd size and history of brucellosis, 

sharing goats and movement of goats since 2012, was 

retrieved as well. A positive farm was defined as a 

goat farm in the network which had at least one goat 

tested positive by RBT and reported by Provincial 

Livestock Office during August 2012 to May 2013. 

The status of Brucella infected goat farms was 

obtained from database of the routine sero-survey 

conducted by local livestock offices. 

Network Analysis 

Network analysis is a tool that can be used to 

describe linkages between different particular 

members, including directions, locations and 

frequencies of activities.6 Information from network 

analysis is usually presented in nodes (units of 

interest) and ties (relationships between each node).7 

This method helps to visualize directions of 

connections between individuals. Moreover, visual 

presentations of network analysis can describe 

important nodes within the network, providing a 

range calculated from the number or the frequency of 

linkages and activities.6  

Quantitative measurements for relationship, 

including degree centrality and betweenness 

centrality, can provide relative values of each node.7 

Degree centrality is measured from number of ties 

related to each node. Non-direction is the total 

number of paths while direction includes number of 

in-degree and out-degree paths. Betweenness 

centrality is a ratio measurement on sum of the 

shortest path of each pair of nodes.7 An egocentric 

network emphasizes interactions or activities related 

to each particular node.8   

Partial network analysis was explored from the index 

farm to other nodes within the study area. Egocentric 

analysis from the index farm was performed to 

represent the linkage between nodes and identify the 

highest centrality node within the network. Network 

visualization included graphical depictions and 

network measurement related to degree centrality 

and betweenness centrality, which were calculated by 

UCINET 6 program.9 A node with high value of 

betweenness centrality means that this node is a high 

representative of the middle node in this pathway.  

Results 

Total 34 goat farms were found to have linkage with 

the index farm in Chombeung and Suan Pheuang 

Districts.  

Active Case finding in Humans  

Medical records review in the hospital did not identify 

new human cases. Total 55 human serum samples 

were collected, including 53 goatkeepers from 28 goat 

farms and two livestock officials who investigated the 

index farm. There were 22 females and 33 males. 

Median age was 47 years, with age range of 15-67 

years old. Out of 53 goatkeepers, 46 were from 25 

goat farms in Chombueng District while seven were 

from three goat farms in Saun Pheung District. Only 

one goatkeeper was identified as a probable case, 

with attack rate of 1.8%.  

Active Case finding in Animals  

Out of total 34 goat farms, 29 farms were located at 

Chombueng District and five were in Saun Pheung 

District. Goats from 12 goat farms were tested 

positive for Brucella, including 2 farms identified 

during August to December 2012 and 10 farms during 

January to May 2013. 

Network Analysis  

The egocentric network analysis revealed that total 

89 nodes had linkage with the index farm, including 

34 goat farms, four slaughterhouses, six merchant’s 
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goat shelters and 45 other locations. Information of 

34 goat farms was matched with Brucella sero-

positive results of goats from Provincial Livestock 

Office.       

Network Visualization 

The egocentric network showed relation among goat 

farms with brucellosis, neighboring farms and 

merchant’s goat shelters during January to May 2013 

(Figure 1). After we explored the Brucella infection 

status of goat farms, we found that the merchant’s 

goat shelter A had a goat with brucellosis since 

August 2012, followed by identification of brucellosis 

in other farms that received the goats from the 

merchant’s goat shelter A in December 2012, March 

and April 2013 (Figure 2). 

 

 

 

 
Figure 1. Network analysis of Brucella infection in 44 locations related to the first confirmed case’s farm,  

Chombeung and Saun Pheung Districts, Ratchaburi Province, Thailand, 2013 

 
 

 Network Measurement 

YYeellllooww    Positive  

Blue        Negative  

White     Unknown 

Figure 2. Network analysis of farms with goat positive for brucellosis (yellow circles), stating date of diagnosis, 

Chombeung and Saun Pheung Districts, Ratchaburi Province, Thailand, 2013 

         Merchant’s goat shelter 

         Slaughterhouse 

         Goat farm  

         Merchant’s goat shelter A 

         Cluster of positive farms 

          

         Cluster of negative farms 
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Arrow that pointed towards the node means goat 

movement into the farm, in-degree, while arrow 

pointed out of the node states goat movement out of 

the farm, out-degree. In egocentric network analysis, 

the highest degree centrality was 26 both in and out 

degree while the smallest was one tie (Figure 3). Our 

results revealed a node with highest value for both 

degree centrality (26) (Figure 3) and betweenness 

centrality (2455.462) (Figure 4), which was 

merchant’s goat shelter A where goats were raised 

temporarily for trade. After a goat in the merchant’s 

goat shelter A had brucellosis, the disease later 

spread to other farms that received the goats from the 

merchant’s goat shelter A, which led to extensive 

spread of Brucella infection in the network. 

 

Discussion  

From our investigation, the index case was not 

included as a new case, as his onset was before 1 Jan 

2013. Therefore, one probable case of human 

brucellosis was identified in Chombeung District, 

Ratchaburi Province during 2013. The attack rate of 

probable human case from was only 1.8% which was 

different from other studies e.g. the one conducted in 

Petchabun Province with attack rate of 10.3% (4/39).4 

This was probably due to intensive brucellosis control 

and management activities that have been conducting 

in the province since 2003 after a human brucellosis 

outbreak occurred.5  

 
Remark: Size represents degree value. 

Figure 3. Network analysis showing degree centrality of 44 locations related to the index farm, Chombeung and Saun Pheung 

Districts, Ratchaburi Province, Thailand, 2013 

 
Remark: Size represents degree value. 

Figure 4. Network analysis showing betweenness centrality of 44 locations related to the index farm, Chombeung and Saun 

Pheung Districts, Ratchaburi Province, Thailand, 2013 
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Some inappropriate methods of farm management 

were identified in the study. The most inappropriate 

one was selling infected goats to other farms. This 

goat-share practice could cause the spread of 

brucellosis between farms in the network.1,10 Some 

farms imported new goats with unknown infection 

status from other provinces, and thus increase the 

risk of disease transmission among goats and further 

spreading to goatkeepers11. 

Goatkeepers and people who exposed to infected goats 

can then be infected with brucellosis as well. Hence, 

health knowledge on brucellosis should be distributed 

among goatkeepers and merchants in the network, 

and collaboration between goat keepers and livestock 

officials should be strengthened. 

In this study, we demonstrated the use of network 

analysis to visualize the linkage among the nodes 

with goat movement. The nodes with high 

betweenness centrality and degree centrality are the 

key persons that should be under attention as these 

nodes can spread the disease to other connected nodes 

in the network. Thus, in case of limited resources are 

available, disease control and prevention should be 

mainly focused on the key persons.12  

Limitations 

This investigation might be subjected to selection bias 

as some farms that were not referred by the 

goatkeepers could not include in the study. There 

might also be information bias due to long incubation 

period of brucellosis2,13.  

In addition, this study covered only a partial network 

with egocentric data started at the index farm in 

Chombeung District and expanded to other nodes in 

Saun Pheung District. However, we did not include 

other nodes outside of these two districts.  

Although this study revealed the direction of goat 

movement, frequency between each node was not 

explored. Moreover, as this study was focused on the 

herd level, the source of the disease could not be 

precisely concluded as some farms had introduced 

goats from many sources.  

Conclusion   

A probable human brucellosis case was found in the 

goat farm network of Chombeung and Saun Pheung 

Districts. Egocentric network started from the index 

farm and linked with other farms through live goat 

movement. A key person in the network was 

identified as a merchant’s goat shelter A. 

Visualization from network analysis was important to 

identify network and key persons for disease control 

and prevention. Our recommendations included 

knowledge distribution among goatkeepers and 

merchants who were key persons for disease 

transmission in that network, and strengthening 

communication between goat farmers and local 

livestock officials.  
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Abstract 

Cases of severe complicated malaria in Myanmar had declined during 2006-2012, yet some townships in the southeastern part continued 

to report poor outcome of malaria patients in spite of applying similar interventions as other high-risk areas. The purpose of this paper 

was to understand the reasons behind the poor malaria outcome of some townships in Mon State. We described trends and distribution 

of severe complicated malaria cases in 2006-2012. During 2006-2012, Yae Township contributed one-third to half of all severe 

complicated malaria cases in Mon State every year. In 2012, more than 25% of confirmed malaria cases were reported from high risk 

areas, including Beelin, Kyaikhto, Thaton and Yae Townships. Among these townships, Yae and Kyaikhto reported higher proportion of 

severe complicated malaria cases among under five children and pregnant women in 2012. In addition, fewer number of malaria cases 

was detected by village health volunteers than basic health staff in these townships, which might be due to inaccessibility to health 

services. Strengthening surveillance system and community-based malaria control program in Yae and Kyaikhto might reduce severe 

complicated malaria in these areas.  

Key words: severe complicated malaria, Mon State, micro-stratification, Myanmar 

 

Introduction 

Of 10 countries with ongoing malaria transmission in 

Southeast Asia, incidence of confirmed malaria cases 

decreased to 75% or more in five countries 

(Bangladesh, Bhutan, Democratic People’s Republic 

of Korea, Nepal and Sri Lanka) between 2000 and 

2012. It was projected that by 2015, incidence of 

malaria cases would decrease to more than 75% in 

Thailand and Timor-Leste, and 50-75% in India. 

However, incidence trends in Indonesia and 

Myanmar were obscured by changes in diagnostic or 

reporting practices.1  

Among six Mekong countries, the malaria burden was 

the highest in Myanmar.2,3 Malaria has been a major 

public health problem in Myanmar due to climatic 

and ecological changes, population migration, 

development of multidrug resistant P. falciparum 

parasites and insecticides resistant vectors, and 

changes in behavior of malaria vectors.4 During 2012 

in Myanmar, total number of confirmed malaria cases 

was 375,503 (annual parasite index 7.7 per 1,000 

population) and number of total malaria deaths was 

403 (0.8 per 100,000 population). Cases of severe 

complicated malaria were significantly decreased 

from 10,160 in 2008 to 4,160 in 2012.5 

As credible evidences of artemisinin resistant malaria 

was reported in all townships in Mon State6-8, 

immediate and multifaceted response was necessary 

in these areas. Interventions for malaria control in 

Mon State included vector control activities and 

utilization of community-based volunteers for malaria 

diagnosis and treatment in hard-to-reach areas in the 

state. Despite these interventions, some areas 

continued to report severe complicated malaria.9 

Furthermore, limited data were available to describe 

the occurrence and reasons for severe complicated 

malaria in the state.10 The primary objective of this 

paper was to review malaria surveillance and 

describe trends and distribution of severe complicated 

malaria cases in 2006-2012 in Mon State. This study 

was conducted in order to understand the reasons 

behind the poor malaria outcome in some townships 

of Mon State despite similar interventions were 

implemented across the high-risk townships in the 

state. 

Methods 

Data Collection and Analysis 

We conducted a descriptive study using different 

sources of surveillance data in all 10 townships of 
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Mon State during 2006-2012, including Mawlamyine, 

Kyaikhto, Beelin, Thaton, Kyaikmayaw, Mudon, 

Paung, Chaungzon, Thanbyuzayat and Yae 

Townships (Table 1). 

Table 1. Data sources for malaria in Mon State, Myanmar, 

2006-2012 

Source Data 
Time 

period 

Vector Borne Disease 
Control (VBDC), Mon 
State 

Annual report for 
malaria 

2006-
2012 

National Malaria 
Control Program 
(NMCP), Nay Pyi Taw* 

Surveillance data 2006-
2012 

Mon State Health 
Department 

State health profile 
and baseline data 

2012 

UNICEF and Global 
Fund 

Microstratification 
maps and data 

2011 

*Data reported from the partner agencies were included. 

The annual report for malaria morbidity, mortality 

and geographic distribution data in 2006-2012 were 

obtained from Vector Borne Disease Control (VBDC), 

Mon State and National Malaria Control Program 

(NMCP), Nay Pyi Daw. Data from these two sources 

in 2012 were compared to extract volunteer activities 

in different townships.  

In this report, a case of severe complicated malaria 

was defined as a person who was showing one or more 

of the following clinical criteria: altered or decreased 

consciousness; convulsion; persistent vomiting; 

inability to sit, stand or walk unaided; hyperpyrexia 

(39C or more, with dry skin); severe anemia 

(hematocrit below 20% or hemoglobin level less than 

6g/dl); and organ failure.11  

Trends for severe complicated malaria cases and 

malaria deaths, and distribution by townships of 

severe complicated malaria cases were described. In 

addition, the distribution was also described by risk 

groups, townships and types of person who reported 

the cases (basic health staff - BHS or village health 

volunteer - VHV) to identify whether this might help 

explaining the differences.  

Micro-stratification maps and data were collected by 

UNICEF and Global Fund during 2011 in Mon State 

to inform strategic use of resources in more focused 

and efficient ways. In this study, the micro-

stratification maps of townships were merged into the 

state micro-stratification map using ArcGIS software. 

Results 

Mon State is a long narrow coastal state situated at 

the southeastern part of Myanmar (Figure 1). Mon 

State has a population of 2.1 million distributed in 10 

townships. Most of the Mon people worked as rubber 

tappers, forest-goers and farmers.12  

 

Figure 1. Map of Myanmar, showing Mon State 

For both surveillance systems of VBDC and NMCP, 

the most basic reporting unit was the sub-center 

where a midwife was responsible for 5-10 villages, 

with support of VHV. The paper-based surveillance 

system was utilized to submit case registers and line-

listing forms of malaria cases from the rural health 

center to township level. Township medical official, 

the focal administrative person in township, checked 

completeness and consistency of data manually for 

program management in township level. The 

township medical official then sent the data to the 

state level where the data were compiled, analyzed 

and submitted again to NMCP.9 

The VBDC surveillance system covered all out-

patients and in-patients with malaria from all 

townships in Mon State. Data in the VBDC 

surveillance system included a line-listing of 

individual patient’s clinical and demographic 

information. Information with a limited number of 

malaria indicators, including number of malaria out-

patient and in-patient, was also collected monthly 

through health management information system 

(HMIS), which was not considered sufficient to 

support VBDC with the information needed to 

manage the program.13 

Micro-stratification was conducted by BHS in rural 

areas who are taught about the criteria and trained to 
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identify and map out the villages within high, 

moderate and low risk areas. Each village in every 

township was classified as malarious (Stratum 1), 

potentially malarious (Stratum 2) or non-malarious 

(Stratum 3). Stratum 1 villages were further 

categorized into high (1A), moderate (1B) and low (1C) 

risk areas. Main parameters for stratification were 

presence of indigenous cases, type of vectors found 

and ecological features favorable for malaria. 

Supporting parameters for stratification included 

distance from forest and the nearest health care 

facility.14 

According to the micro-stratification data, four 

townships (Beelin, Kyaikhto, Thaton and Yae) were 

designated as high risk or Stratum 1A areas (Figure 

2). Although only 10% of the population lived in these 

four townships during 2012 (Table 2), over one-

quarter of the reported malaria confirmed cases were 

from those areas. Although Mawlamyine, the capital 

city of Mon State, was stratified as risk-free for 

malaria, 2.6% (458) of malaria confirmed cases were 

reported in 2012. 

From 2006 to 2012, trends of both severe complicated 

malaria cases and malaria deaths decreased in Mon 

State (Figure 3). Many severe and complicated 

malaria cases were admitted and many malaria 

deaths were reported in Yae and Kyaikhto compared 

with other high risk townships. Each year, cases of 

severe complicated malaria from Yae Township 

contributed one-third to one-half of the reported cases.  

In 2012, Yae, Kyaikhto and Mawlamyine Townships 

reported higher proportion of severe complicated 

malaria cases among all ages (Figure 4). Although 

high number of confirmed malaria cases among under 

five children was reported in Thaton Township, there 

was no severe complicated malaria in this high risk 

population during 2012. Pregnant women with 

malaria were mostly from Yae Township followed by 

Thaton, Thanbyuzayat and Beelin. However, among 

these pregnant women, higher proportion of 

complications was observed in Kyaikhto (100%), 

Beelin (20%) and Yae (11%) (Table 3). 

Majority of confirmed malaria cases in 2012 were out-

patients (93%). Community-based malaria case 

detection by VHV contributed 45% of all cases 

detected. Out-patient malaria cases detected by VHV 

were the highest in Beelin and Thaton while the 

detection by VHV was much lower than diagnosed by 

BHS in Kyaikhto and Yae, implying that activities of 

VHV were likely to be weaker in Kyaikhto and Yae 

Townships (Figure 5). 

       
Figure 2. Maps on micro-stratification and vegetation of Mon state, Myanmar, 2011 

Table 2. Number of villages and population in high and moderate risk areas of Mon State, Myanmar, 2012 

Risk Variable 
Township 

Beelin Kyaikhto Thaton Yae 

High  Village 85 26 11 15 
Population 37,710 13,617 5,117 6,244 

Moderate  Village 48 30 44 63 
Population 39,545 23,082 26,608 58,020 
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Figure 3. Trends of severe complicated malaria cases and malaria deaths in Mon State, Myanmar, 2006-2012 

 
Figure 4. Township-wise distribution of uncomplicated and severe complicated malaria cases  

in Mon State, Myanmar, 2012 

Discussion 

Micro-stratification is useful to allocate available 

limited resources effectively and strategically 

according to levels of micro-stratification. The risk 

map will be an important planning tool in township 

as well as state, regional and central levels. Based on 

the risk map, a micro-plan is prepared at township 

level which includes a supply/logistics plan of 

diagnostic, treatment and preventative equipment, a 

training plan for BHS and VHV prioritizing the high 

risk areas, and a targeted program communication 

Table 3. Number of total in-patient malaria cases and severe complicated malaria cases  

by different groups in Mon State, Myanmar, 2012 

Township 

In-patient < 5 years Pregnancy 

Number 
of 

malaria 

Number of 
severe 

complicated 
malaria 

Percent 
Number 

of 
malaria 

Number of 
severe 

complicated 
malaria 

Percent 
Number 

of 
malaria 

Number of 
severe 

complicated 
malaria 

Percent 

Beelin 148 12 8.1 73 1 1.4 5 1 20 

Chaungzon 168 6 3.6 21 0 0 1 0 0 

Kyaikhto 84 49 58.3 74 8 10.8 1 1 100 

Kyaikmayaw 16 3 18.8 40 0 0 2 0 0 

Mawlamyine 49 37 75.5 132 0 0 1 0 0 

Mudon 6 0 0 9 0 0 1 0 0 

Paung 59 3 5.1 58 0 0 0 0 0 

Thanbyuzayat 35 4 11.4 64 0 0 6 0 0 

Thaton 222 15 6.8 110 0 0 8 0 0 

Yae 305 107 35.1 159 24 15.1 18 2 11.1 
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Figure 5. Number of out-patient malaria cases detected by basic health staff and village health volunteers by townships in 

Mon State, Myanmar, 2012 

plan. Insecticide-treated bed nets provision and 

insecticide impregnation activities can be also 

strategically planned, based on the risk map. 

However, our finding of consistent high number of 

severe complicated malaria cases among high risk 

groups in Yae, Kyaikhto and Mawlamyine Townships 

during 2012 when compared with other townships 

with high malaria transmission suggested that micro-

stratification method might not be sufficient to 

allocate resources in Mon State.  

The routine malaria surveillance system which 

reported data on malaria deaths and severe 

complicated malaria cases from in-patient health 

facilities showed unambiguity about the figures of 

severe complicated malaria. Limited accessibility to 

public health care facilities in areas of political 

instability in Yae Township was likely to render delay 

in seeking medical care since a major cause for 

developing severe complicated malaria was due to 

missed or delayed diagnosis.15-17 

The high number of reported severe complicated 

malaria cases and malaria deaths in Yae and 

Kyaikhto was likely due to delayed diagnosis and 

referral. Hence, the community-based malaria control 

program in these townships should be strengthened 

to reduce severe complicated malaria.  

However, very few severe and complicated malaria 

cases were identified in Thaton Township, with no 

severe and complicated malaria among pregnant 

women and under five children, although there were 

many cases of confirmed malaria. It might be related 

with higher case detection by VHV in Thaton 

Township, and thus, could prevent occurrence of 

severe and complicated malaria and deaths.  

Despite higher number of confirmed malaria cases 

reported from Beelin and Thaton Townships, earlier 

case detection and treatment among persons living in 

remote areas helped prevent severe malaria.17 The 

lower case detection by VHV in Yae and Kyaikhto 

might be due to a problem in systematic recruitment 

of VHV in remote areas of these townships, leading to 

some villages without any VHV. Furthermore, some 

VHV did not work well due to lack of motivation and 

supportive supervision by BHS while BHS were 

overburdened with heavy workload of numerous 

activities across different health programs.18 Another 

explanation might be due to less effective surveillance 

system for reporting of malaria cases in Yae and 

Kyaikhto Townships. Therefore, further studies were 

suggested to explore the causes of different case 

detection of malaria cases by VHV among these 

townships. 

Although the capital city, Mawlamyine, was being 

micro-stratified as a no-risk area, our data showed 

high number of severe complicated malaria in the 

hospital, which might be the referral cases from other 

townships. Drawbacks of the malaria surveillance 

system in Myanmar were that patients’ current 

residence reported by BHS might be the location of 

treatment taken, not their permanent residence13, 

and unavailability of data from the private sector 

might lead to underestimation or misinterpretation of 

the data. 

Limitations 

This study was subjected to several limitations. 

Firstly, as the routine malaria surveillance data in 

Myanmar did not include patients’ occupational 

status (for example, migrant workers) and actual 

residency status, we could not accurately describe the 

role of migrant workers in malaria epidemiology of 

Myanmar.  
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The official population in Mon State was stated as 

three million in 2008 and 1.9 million in 2009. Due to 

unreliable information on number of population, we 

reported number of cases as trend, instead of rate. 

This might mask some trends due to denominator 

population change.  

Furthermore, our analysis was limited to only severe 

complicated cases. Despite that, analysis of trend in 

this study included a long time period (2006-2012) 

during which the malaria case detection was more 

specific, with rolling rapid diagnostic tests out. Lastly, 

2012 data were passively reported and thus, our 

results might be subjected to reporting bias, which 

would be beneficial from validation of reporting 

checks.  

Public Health Actions and Recommendations 

Risk mapping of the townships should be updated 

again in 2014, thereby township-wise and health 

center-wise micro-planning for malaria control 

activities could be done according to the updated 

micro-stratification areas. Micro-planning means 

bottom-up planning on malaria control activities, 

starting from village level through sub-center, Rural 

Health Center to township level according to their 

needs. With the updated micro-stratification, health 

managers could identify the prioritized areas for 

resources allocation and vector control activities.  

In addition, strengthening of community-based 

malaria services in Yae and Kyaikhto Townships was 

needed by means of providing incentives and 

supportive supervision to VHV by BHS for early 

detection of more cases in rural areas and preventing 

severe complicated malaria. Drug adherence 

according to the national guidelines by BHS and VHV 

in the rural areas should be explored for prevention of 

drug resistant malaria and severe complicated 

malaria. Even in low malaria burden areas such as 

Mudon and Chaungzon Townships, surveillance 

systems should be strengthened as well in order to 

prevent spread of drug resistant malaria since all 

areas in Mon State were regarded as Tier 1 areas.19 

Moreover, the routine surveillance data should 

include occupation status of the patients. Information 

on patients’ permanent residence, instead of location 

of treatment provided, would be advantageous to 

more effectively plan malaria control activities.  
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