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Abstract 
Introduction: Malaria in Thailand is still a challenge in terms of elimination. Thailand's ultimate goal 

is to be a malaria-free country in 2024. Delay in malaria treatment can increase the disease severity and 
onward transmission.  

              Methodology: A mix-method study using secondary data analysis and literature review was used to 
identify and analyse factors associated with delayed treatment among malaria cases. Data was collected from 
a routine surveillance system and analysed using logistic regression. Literature explores other factors and 
reviews current strategies and interventions related to delayed management. 

              Results: Among 44,900 eligible confirmed malaria records, during the fiscal year 2015-2021, 80.79% 
were found to have delayed treatment. The trend of the delays slightly decreased during the Covid-19 
pandemic period. The study presented, that malaria patients who are infected with mixed parasite species 
(ORadj = 1.92, 95%CI: 1.26-2.93), worked in a rubber plantation (ORadj = 2.41, 95%CI: 2.11-2.76), lived at Thai-
Malaysia border (ORadj = 1.64, 95%CI: 1.34-2.01) and in potential areas (ORadj = 1.22, 95%CI: 1.08-1.39), were 
more likely to receive delayed treatment than their reference. Whereas other factors (under 15 years old, P. 
vivax infection, short-stay migrants, agriculture occupation, community-based health facilities and living 
areas in Myanmar and Cambodia border and malaria risk areas) were detected as having less probability of 
getting the delays with a significant association. Effective interventions such as community-based malaria 
services to increase accessibility, health education to change behaviours, and quality assurance of malaria 
services to maintain the standard, were already implemented. 

              Discussions:  Significant factors influencing delayed malaria treatment should be integrated into the 
package of existing interventions. Key recommendations to national malaria program are sustaining malaria 
post intervention with standard quality, capacity building of health staff in potential areas and providing early 
diagnosis and treatment awareness focus on delayed groups. There is a unique issue, like in Thai-Malaysia 
border, which needs research and specific intervention. 
 

Keywords: Malaria, Factors, Delayed malaria treatment, Thailand 

 

Word count: 11,413 
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Introduction 
 I have been a professional public health technical officer at the Division of Vector-Borne Diseases 
(DVBD), Department of Disease Control, Ministry of Public Health, Thailand, for ten years. My responsibility 
is the malaria surveillance system, program planning and monitoring and evaluation at the national level. 
Thailand’s national goal is to eliminate malaria in 2024, as we are committed to ourselves and the 
international community. Delay in malaria diagnosis and treatment can lead to more severity in cases and 
ongoing transmission. However, many factors are associated with delayed seeking treatment. For example, 
identifying and analysing the related factors can provide recommendations to the national malaria 
elimination program, to manage more effective interventions, to reduce severe malaria cases and local 
transmission.  
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Background 
General information and demographic context of Thailand  

Thailand, officially named the Kingdom of Thailand, is located in South-East Asia and borders four 
countries (Cambodia, Lao PDR, Malaysia, and Myanmar) (figure 1) (1)(2). Thailand has 77 provinces (Bangkok 
as the capital city) and 928 districts (3). Thirty-two percent of land area is forest, mainly in the Northern part 
and 46.5% is agricultural land use (paddy, crops, fruit trees, vegetable, and others)(4). Seasonal monsoon 
winds cause a tropical climate in 3 seasons: dry season (mid-February to mid of May), rainy season (mid of 
May to mid of October) and Winter season (mid of October to mid of February), and the average temperature 
is 27OC (5)(6). In 2020, the country had 69,799,978 inhabitants within a 510,890 km2 surface area (7). Three-
quarters of the total residents are ethnic Thai, Thai-Chinese (14%), Malay (3%), and minority groups (8).  

 

Figure 1: South-East Asia map  

Thailand, as an upper middle-income country, has a USD 7,040 of Gross National Income (GNI) per 
capita (Atlas method) and 7,186.9 USD of Gross Domestic Product (GDP) per capita. The GDP growth rate 
also reduces to -6.1% from 2.3% during the COVID outbreak (7). The percentage of the population living 
below the national poverty line or poverty headcount ratio indicator is 6.8% of the population. 52% of the 
total population lives in urban areas, whereas 48% are still rural (9). Thailand also has 100,510 refugees by 
country or territory of asylum, mostly moved in from Myanmar (10). 

In 2020, 49% of the total population was male. Thailand has been facing an aging society, 17.58% are 
the old age group (60 years and above), while the children age group (0-14 years) are 16.2%, and 64.44% are 
working age group (15-59 years) (figure 2)(11)(12). The population growth rate of Thailand is decreasing from 
1% in 2000 to 0.3% in 2020, and a low fertility rate (1.5 birth/women) was reported. The mortality rate in 
adult males (182/1,000 male) is higher than in females (76/1,000 female). In terms of education, data from 
2018 showed that the literacy rate was 94% in adults, ages 15 and above, whereas in youth (15-24 years old) 
it was 98%. Life expectancy at birth is increasing annually; the indicator showed females live longer (80.6 
years) than males (73.6 years) (7).  
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Figure 2: Population pyramid, Thailand 2020  

Health status and health system 

In the same situation as more developing countries, Thailand is in an epidemiological transition, that 
changes from infectious diseases to non-communicable diseases, because the quality of life and medical 
technology are improving to make people live longer and die in old age (13). Low maternal and neonatal 
mortality are reported. For example, 78% of causes of death in Thailand (2019) were non-communicable 
diseases such as cancers, cerebrovascular diseases, ischemic heart diseases, road traffic injury and diabetes 
(13). In contrast, respiratory infection, pneumonia, tuberculosis, and HIV/AIDS are still a problem(13). Ninety-
nine percent of the Thai population are covered by health insurance (3 major schemes: 75.9% with universal 
coverage scheme (UCS), 17.72% by social health insurance (SHI) and 6.6% use civil servant medical benefits 
scheme (CSMBS)(13).  

MOPH set up 9,765 health-promoting hospitals (HPHs) or health centres in all sub-districts as primary 
health care, to cover essential health services(14). In addition, village health volunteers are responsible for 
health prevention and control activities. Seven hundred seventy-five district hospitals, 92 provincial 
hospitals, and 34 regional hospitals are providing services countrywide. Also, other health facilities exist 
under other ministries, private hospitals and clinics (14).  

Malaria epidemiology and burden  

According to the services disruption during the covid-19 pandemic, globally 241 million malaria cases 
(a 6% increase compared to 2019) were reported by World Health Organization (WHO)(15). The WHO African 
region was found to have the highest number of patients (95% of the total). Malaria deaths were 627,000 in 
2020, a 12% increase from last year and the WHO African region had the highest number of deaths (96% of 
all) according to falciparum malaria infection (15). While global cases were rising, the malaria situation in 
Greater Mekong Subregion (GMS) dropped (77,314 cases in 2020 and a 27% reduction from 2019). Seven 
million eight hundred thousand nine hundred fifty-six malaria suspected cases were tested, slightly 
decreasing (1% reduction from 2019). Plasmodium vivax was the dominant species in this region (75% of 
total species) (16)(17).  
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Thailand has a similar malaria situation trend as GMS. In 2021, 3,267 cases were reported (17% 
decline from 2020) and 95% were vivax species. 69% were male, and 77% were aged 5-44. Among malaria 
patients 40% were non-Thai. The high peak of the malaria burden occurs from April to August. Malaria 
transmission areas are along international borders, mostly at the Thai-Myanmar border. The population at 
risk are people who live in transmission areas (bordering areas, forest-fringe, mountainous areas), forest-
related and agricultural occupations and cross-border mobile migrant population) (18). In 2020, 4 malaria 
deaths were reported in the whole country (19). The main malaria vectors are Anopheles dirus, An. minimus 
and An. maculatus. Breeding places are slow-running streams in the forest, forest fringe, hilly forested areas 
and rubber plantation areas (20). 

Malaria program and elimination in Thailand 

The Department of Disease Control (DDC), MOPH is the leading responsible organization for the 
malaria program. Division of Vector-Borne Diseases (DVBD) collaborates with 13 Offices of Disease 
Prevention and Control (regional level), 38 Vector Borne Disease Centres (provincial level), and 127 Vector 
Borne Disease Units (district level) and also coordinates with 76 provincial health offices (Figure 3). In 
addition, one hundred eighty-nine malaria clinics and 400 malaria posts provide malaria diagnosis and 
treatment, located in rural transmission areas. Only 495 out of 9,767 HPHs (5% of total) along the borders 
can test and treat uncomplicated malaria, whereas all levels of hospitals have potential (21,22). Previously, 
HPHs have had to refer the suspected malaria case to district hospitals due to no malaria services. The 
national program, with special projects, supports malaria commodities only for HPHs at the transmission 
areas, to improve early diagnosis and treatment. In addition, the government and international agencies 
(WHO, the Global Fund, USAID/PMI) support technical assistance and provide a financial malaria grant 
(23,24). 

 

Figure 3: Malaria program in Thailand 
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WHO defines malaria elimination as “the interruption of local transmission of a specified malaria 
parasite species in a defined geographical area as a result of deliberate activities” (25) and recommends that 
countries step up from control to elimination programs, in cases of annual parasite incidence (API) < 1/1,000 
population (26). The Global Technical Strategy (GTS) 2016-2030 is the main concept from WHO to succeed 
in malaria elimination. The target goal in 2030 is that at least 35 countries have eliminated malaria (27). Three 
main pillars (accessibility to malaria services, straightening on malaria elimination intention and changing 
surveillance system to primary interventions) and two supporting elements (innovations and enable 
environment) are the GTS strategic framework (27). The WHO set up a specific malaria elimination strategy 
for Greater Mekong Subregion (Cambodia, China (Yunnan province), the Lao People's Democratic Republic, 
Myanmar, Thailand, and Vietnam). The strategy emphasizes drug resistance elimination (28). Thailand is also 
launching a malaria elimination strategy from 2017-2026, aiming to be malaria-free in 2024 (29). The main 
concepts are followed by a global and regional strategy applied to Thailand's context.  
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Problem statement and justification 
Problem statement 

Thailand has been moving toward malaria elimination since 2017, according to the country's annual 
parasite incidence (API), which is lower than 1 per 1,000 population (WHO criteria) (26). Ten years of 
Thailand's malaria elimination strategy (2017-2026) was approved by the cabinet on April 26, 2016, and the 
national malaria elimination steering committee agreed upon 5-years of the operational plan (2021-2025) in 
2021 (30). The strategy's ultimate goal is to be a malaria-free country in 2024. Four strategies are addressed 
to eliminate malaria; Strategy 1- accelerate malaria elimination, including strengthening case-based and drug 
resistance surveillance systems, improving coverage of malaria services and vector control prevention and 
increasing active case detection, as the primary approach. Strategy 2-create new technology and develop 
appropriate interventions; Strategy 3-collaborate with malaria stakeholders and national and international 
partnerships; and strategy 4-encourage and contribute to the community participation for sustainability are 
supporting strategies (29). The primary interventions are focused on people who live in transmission areas, 
mobile migrant populations (MMPs), and malaria patients.  

According to the latest edition of the WHO malaria treatment guideline, malaria diagnosis and 
treatment should be made within 24-48 hours after fever (31). A systematic review and individual patient 
meta-analysis research in 2020, mentioned the relationship between early treatment and reduced 
opportunity to be severe malaria (32). A mathematic model, using individual data from endemic areas, 
presented that receiving treatment after 24 hours of fever raised onward transmission to 1.5 times compared 
hours <24 hour(33). An assessment of the effectiveness of malaria control activities, under the global fund, 
round 7 projects implemented in 28 endemic provinces, concluded that 49.9% of Thai and long-stay foreigner 
malaria patients received treatment >24h in 2010 and increased to 71.8% in the next year (34). In 2015, a 
study from Thailand in a high transmission area (Tak province), showed that 79.6% of malaria patients (n= 
456) received malaria treatment > one day after fever presented (1-26 days) (35). For several years, malaria 
death investigation reports showed that some malaria deaths received malaria treatment after fever 
symptoms ≥ 3 days (36). Some areas in Thailand are classified as malaria-free and delayed malaria patients 
returning from endemic areas have the opportunity to introduce local transmission (reintroduction). In 2018, 
DDC verified 35 provinces, including Phuket, as malaria-free provinces. In the following year, one sub-village 
in Phuket was reclassified as a new transmission, according to malaria-infected migrants, who moved to a 
rubber plantation where local transmission occurred. Investigated result of the index case showed a delayed 
malaria treatment (11 days)(37). Achieving malaria elimination has to stop local transmission for three 
consecutive years and prevent reintroduction in the country, to maintain an elimination-free status. 

Justification of Study 

 Many studies worldwide, on factors associated with malaria delay treatment are published. In the 
high malaria transmission Africa region, delay of diagnosis and treatment were studied. Only 22% of children 
under 5 with malaria, received appropriate treatment in South-eastern Nigeria (38). The study concluded 
that there was an association between age, education level of the mother, maternal experience, marital 
status and socioeconomic status of the family and delayed treatment of their children. Low personal income 
(<25 USD), absence of community health insurance, and >30 min travel to health facilities were associated 
with delayed malaria treatment in North-west of Ethiopia (ORadj = 15.7, 9.6, and 4.4 respectively) (39). For 
malaria patients under 15 years old in Equatorial Guinea, low socioeconomic status and receiving primary 
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treatment at home (paracetamol) were significant factors associated with delaying malaria treatment (ORadj 

= 0.37 and 0.36), whereas living nearby health facilities <3 km was associated but not significant(40).  

Delays in malaria diagnosis and treatment of patients who return from high malaria burden to non-
transmission countries were also reviewed. The results showed that the variation of delayed treatment was 
between 1.5-4 days after fever, and the diagnostic delay was between 3-9 days(41). The average period of 
delay diagnosis and treatment was five days in Poland (1-27 days depending on malaria species) after malaria 
symptoms occur(42). According to the population movement to Europe, early diagnosis and treatment with 
an effective surveillance system, have been applied to prevent malaria outbreaks. 

Few publications have been conducted on the delayed malaria treatment in Asia (China, Laos, 
Myanmar, Indonesia, and Thailand), where the malaria context differs from Africa. In China, malaria patients 
who seek healthcare, more than three days after fever, are defined as a delay in malaria treatment, which is 
studied in imported malaria infection (43). The study also indicated that the first visit at high levels of health 
facilities, Plasmodium vivax infection and no malaria history, were associated with delayed health seeking 
for treatment. Distance to health centres more than 3.6 km (ORadj = 6.5) and previous experience with health 
services (ORadj =4.7) were the significant factors that affected health-seeking behaviour for febrile symptoms 
in the rural district of Laos (44). A study in Indonesia, on factors related to poor understanding of the 
appropriate malaria treatment period (within 24 hours after onset date) in the rural setting province, showed 
that significant factors were; no education (ORadj = 3.42), low socioeconomic status, distance to nearest 
health care providers > 3 km and housewife occupation (ORadj = 1.87, 1.73 and 1.63 respectively)(45). In 
addition, the publication from Myanmar, on treatment-seeking behaviour in adult patients, who were living 
in transmission areas, showed that the significant factors related to delayed treatment >24 h were health 
personnel availability (OR=2.26), the distance of health facility more than 14 miles (OR=2.33) and high cost 
of malaria treatment (OR=2.13)(46). Other studies in Myanmar presented significant associations between 
the patients' characteristics (age, gender, level of education, married status, and occupation) and delayed 
diagnosis and treatment (P<0.05). Also, other determinants (poor treatment-seeking behaviours and low 
social support) were significantly associated (47). 

The latest study, of factors influencing delayed treatment in Thailand, occurred in 2015 and the study 
site was in Tak province (high malaria transmission area). Significant factors associated with delaying in 
malaria-seeking treatment, were low social support (ORadj = 2.58), hill tribe, malaria vivax infection and self-
treatment (ORadj = 2.32, 2.02, and 1.73, respectively)(35). The publication can be representative of the Thai-
Myanmar border and transmission area. None of the publications, have been done at the country level. This 
study will analyse the data set of all malaria patients countrywide for seven years, collected from a routine 
surveillance system; the results can imply a national picture. Identifying and analysing factors related can 
provide recommendations to malaria elimination programs for effective case management. 
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Objectives 
General objective 

To identify and analyse factors associated with delayed treatment among malaria cases in 
Thailand, using surveillance data. 

Specific objectives 
1. To describe the delayed malaria treatment situation  
2. To identify and analyse individual and treatment-seeking behaviour factors associated with 

delayed treatment, among malaria cases 
3. To identify and analyse environmental and quality of healthcare factors associated with 

delayed treatment among malaria cases 
4. To review the current strategy, interventions and activities related to delayed malaria 

treatment management  
5. To provide recommendations to the national malaria elimination program. 
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Methods and Analytical Framework 
A mixed-method study (secondary data analysis and literature review) was used. It first analyses 

secondary data from a national surveillance system, covering objectives 1-3, then literature reviewing for 
other factors, not mentioned in the analysis, to complete all dimensions of delays (objectives 2-3). Also, 
current strategies and interventions for delayed treatment management in Thailand and other countries 
(objective 4) were reviewed. 

Secondary data analysis 

 Study type and data collection 

  The data set for secondary data analysis was collected by local health staff as routine 
surveillance data. Responsible health staff filled personal information of suspected malaria patients (name, 
age, gender, occupation, address) into a blood record form (EP.1) annex 1 and tested for malaria (typically 
20-30 minutes). When malaria results came out, positive patients received treatment medicine and were 
interviewed. Investigation & radical treatment of malaria cases form (EP.3) annex 2. The one-page 
questionnaire includes the exact personal information for identity confirmation, positive results with malaria 
species and treatment regimen and onset date. Previous history of travel, previous malaria infection place 
characteristics, personal protection behaviours and the program activities were investigated, and identified 
for case classification (indigenous/imported malaria cases) and source of infection to plan for other malaria 
esponse activities. Completed documents (EP.1 and EP.3) were entered into an offline surveillance program 
at the health facilities, uploaded to the central database, and visualized on the website "malaria online". 
Summarize malaria situation and program response activities were analysed and visualized on the website 
https://malaria.ddc.moph.go.th/. Public access was opened only for general information. In addition, a 
hierarchy access control system was applied for detailed information and individual login and passwords of 
registered public health officers were provided by the DVBD. 

 DVBD approved the official letter for data use as data owner annex 3. Because the study uses 
secondary data from a routine surveillance system, a waiver from KIT-REC was required. The request letter 
was submitted, and KIT-REC approved for clearance, as shown in annexes 4 and 5. A data set with anonymous 
records is stored in the notebook, accessed by login and password.   

 Study area, population, and period 

 The study area covered country level and the study population includes all confirmed malaria 
patients (Thai and non-Thai) who receive diagnosis and treatment in any health facilities in Thailand, also 
from active case finding. Malaria is a notifiable disease under Communicable Diseases ACT B.E. 2558. All 
confirmed cases must be reported to a routine surveillance system within one day, investigated within three 
days, and responded to within seven days as a national guideline(48). Seven fiscal years of surveillance data 
from October 2014 to September 2021 as 77,501 malaria patient records were provided for the study. 

 Variables and statistical analysis 

The data management and analysis were conducted using STATA software package version 17 for 
descriptive and analytical statistics. Nine Independent variables, 1) individual and treatment-seeking 
behaviour factors: age, gender, occupation, resident status, malaria infection species, and treatment place, 
and 2) environmental factors: living area in terms of bordering province and status of malaria risk area in 

https://malaria.ddc.moph.go.th/
https://malaria.ddc.moph.go.th/
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sub-village level), are regrouped to categorical variables. The year was a continuous variable. Occupation is 
regrouped into four categories (forest-related work, agriculture, rubber plantation, and other works). 
Malaria parasite species were classified as P. falciparum, P. vivax, other species (P. malariae, P. ovale, and P. 
knowlesi), and mixed infection. Resident status, in the definition of the national malaria elimination program, 
was classified into three groups (Thai, long stay foreigner, and short stay foreigner). For treatment place, any 
health facility managed by a government officer, was defined as a public health facility, and trained local 
village health volunteers operated community-based health services. In this study, living in a place with a 
border, was defined at the provincial level: 10 provinces border with Myanmar, 7 provinces with Cambodia, 
7 provinces with Laos and 4 provinces with Malaysia. The remaining provinces are defined as having no 
bordering. For malaria risk areas, the study categorized areas as high (active foci), low risk (residual nonactive 
foci), potential (cleared foci with receptive), and malaria-free area (cleared foci without receptive) in terms 
of the sub-village level.   

In this study, delayed malaria treatment was defined as patients getting treatment more than 1 day 
from the onset. Delayed malaria treatment is only one dependent variable, calculated from the period of 
onset date to the treatment date (data collected by date). If the period is between 0-1 day, defined as no 
delayed treatment; if ≥ 2 days to 30 days, defined as delayed treatment. For example, Aug 1 was the onset 
date, and the patients who received malaria treatment within Aug 2, were counted as having no delay (within 
1 day). They were identified as delayed if they got the malaria medicine on Aug 3. The list of variables and 
regrouping were showed in table 1. 

Table 1: List of independent and dependent variables 

Factors Variables Values Type of data 
Independent variables 

Individual and 
treatment-
seeking 
factors 

Age group 
 

- <5 years old 
- 5-14 years old 
- 15-24 years old 
- 25-59 years old 
- +60 years old 

Categorical 

Gender - Male 
- Female 

Categorical  

Occupation group - Forest-related work (wood cutter, forest 
hunter, and forest cleaner) 

- Agriculture (Fruit orchard plantation, 
cassava plantation, sugar cane plantation, 
corn plantation, other crops plantation, 
farmer, agriculture, animal former and 
fishery) 

- Rubber plantation 
- Other works (military/police, government 

officer, sale, labour, priest, mining labour, 
tourist, general employee, specialist, public 
health officer, teacher, and other 
occupation) 

Categorical 

Malaria parasite 
species 

- Plasmodium falciparum 
- Plasmodium vivax 

Categorical 
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Factors Variables Values Type of data 
Independent variables 
- Other species (Plasmodium ovale, 

Plasmodium malariae, and Plasmodium 
knowlesi) 

- Mixed infection  
Resident status - Thai 

- Long stay foreigners (foreigners who live in 
Thailand > 6 months) 

- Short stay foreigners (foreigners who live in 
Thailand for < 6 months)  

Categorical 

Type of treatment 
place 

- Public health facility (malaria clinic, health-
promoting hospital, public hospital, military 
hospital, and university malaria centre) 

- Private health facility (private hospital) 
- Community-based health facility (malaria 

post, border malaria post, and refugee 
camp) 

Categorical  

Environmental 
factors 

Living area in terms 
of bordering 
province 

- Thai-Myanmar (10 provinces) 
- Thai-Cambodia (7 provinces) 
- Thai-Laos (7 provinces) 
- Thai-Malaysia (4 provinces) 
- No bordering (49 provinces) 

Categorical 

Malaria risk area 
status in terms of 
sub-village 

- High-risk area (active foci) 
- Low-risk area (residual nonactive foci) 
- Potential area (cleared foci with receptive) 
- Malaria-free area (cleared foci without 

receptive) 

Categorical 

 Years - FY2015-2021 Continuous 
Dependent variable 

 Delayed treatment - Yes, more than 1 day after fever 
- No, within 1 day after fever 

Dichotomous 

Checking for multicollinearity and correlation was done. The dependent variable (delay/not delay 
treatment) is dichotomous and logistic regression was used to identify the associations with other variables. 
Variables from bivariate analysis with a p-value <0.2 were included in a multiple logistic regression model. P-
value <0.05 was defined as statistically significant. The logistic model identified the goodness of fit, using the 
Pearson chi-square and Hosmer–Lemeshow chi-square test. Map visualization of delayed malaria treatment 
situation at the district level, was done using the ArcMap 10.6.1 software program.  

Inclusion and exclusion criteria of analysis 

In this study, delayed malaria treatment is defined as the period between onset and treatment date 
is more than 1 to 30 days. Only records from passive case detection (malaria patients who are present and 
get treatment at health facilities) and have a period of onset date to treatment date between 0-30 days are 
included in the study. Outliers (delayed > 30 days), errors and missing data records are excluded. 
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The study's maps showed the distribution of delayed malaria treatment in proportion (percentage 
of delayed cases per total malaria cases) at the district level; the districts had ≤ 5 total cases excluded to 
avoid misleading of delayed situation. 

Literature review 

 The Literature review used search engines: google scholar, VU Amsterdam, Pubmed, and 
ResearchGate. Global and country information was provided using the official website of WHO and Thai 
MOPH. Creating strings with "AND," "OR" of keywords relating to the thesis topic are used for review (annex 
6). All publications, official reports, guidelines, strategies, and policies were accepted. This literature excluded 
other languages except for English and Thai publications. The routine surveillance system did not collect on 
education, socioeconomic status of the patients, distance, transportation cost, quality of health care 
providers, or national policy, which were the determinants, that may relate to delay in malaria treatment. A 
literature review explored these factors and reviewed strategies and interventions related to delayed malaria 
treatment management in Thailand and other countries, to suggest recommendations as in objective 5. 

Analytical framework 

 The thesis was a study on factors associated with delayed malaria treatment. The well-known model 
for delays was the "Three delay model," which is regularly used in maternal and neonatal mortality (49). The 
model could be applied to other health problems, such as unsafe abortion, malnutrition and emergencies to 
identify barriers to health care utilization. In addition, there were 3 phases of delay include 1) seeking care 
decision delay, 2) accessibility to reach services delay, and 3) availability of health services delay (figure 4). 

The model may also apply to malaria disease. For example, individual factors of malaria patients were 
age, gender, residence status, nationality, occupation, malaria species infection and previous malaria 
infection; these factors may affect the patients' decisions to seek care. The malaria species infection also had 
different patterns and severity. Patient-seeking behaviours such as treatment place, may link to decision-
making. Accessibility to health care facilities refers to the distance from the patient's address to health 
services, transportation, opportunity cost and time consumption, where factors may link to patient decisions 
and delays in reaching care. The last factors expected to contribute to delays in treatment were the 
healthcare providers' quality. Reliable diagnostic tools, antimalarial drugs available, well-training health staff, 
working hours, practical strategy and policy support from the program, may affect patient decisions and 
receiving care. This study used the framework for objectives 2 and 3 (factors associated with delayed malaria 
treatment) and objectives 4 in terms of interventions.  

 

Figure 4: Three delay model  
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Results 
Delayed malaria treatment situation  

This study section described the situation of delayed malaria treatment in Thailand. Total confirmed 
malaria cases were 77,501 records, during seven fiscal years (FY) (October 2014 to September 2021). 
According to the study's inclusion criteria (passive case detection and period of onset date and treatment 
date between 0 to 30 days) and exclusion criteria (outlier, error, and missing data), 32,601 or 42% of malaria 
patients records are excluded. Thus, 44,900 records were eligible for descriptive and statistical analysis.  

The average treatment time delay was 3.26 days after fever day and 3 days as the median. The 
majority age group was working aged, between 25-59 years old (21,893 cases, 48.7%), followed by youth (15-
24) and children aged 5-14 (9,332 and 9,222 cases, respectively). The median age was 27 years old; the mean 
was 28.7 years old, and the 0 to 100 years range. Sixty-nine percent of eligible cases (30,930 cases) were 
male, and only 20.99% or 9,423 were foreign residents (mainly Myanmar). The primary occupation of the 
adult cases was rubber plantation (12,133 cases, 27% of total), followed by other works and agriculture 
(25.21% and 18.5%, respectively). Ninety-five percent of malaria cases lived in a province with an 
international border, especially Thai-Myanmar and Thai-Malaysia. During 7 years, 78.54% or 35,266 cases 
were infected with P. vivax, 20.11% with P. falciparum, and less than 2% were other parasite species (P. 
ovale, P. malariae, and P. knowlesi) and mixed infection. Three-fourths of malaria cases lived in malaria-risk 
areas (42.9% in high-risk and 32.8% in low-risk sub-villages).  

For accessibility to malaria services, 60% of cases preferred to get malaria treatment at a community-
based health facility in the village. Only 0.3% went to a private hospital. The demographic characteristics of 
eligible confirmed malaria cases are presented in table 2. 

Table 2: Demographic characteristics of confirmed malaria patients during FY2015-2021  

Factors  Delay in malaria treatment Total 
No,  

within 1 day 
n (%) 

Yes,  
More than 1 day 

n (%) 
1. Gender (n=44,900)    
   Male 6,431 (20.79) 24,499 (79.21) 30,930 
   Female 2,195 (15.71) 11,775 (84.29) 13,970 
2. Age group (n=44,900)    

Under five 378 (17.70) 1,758 (82.30) 2,136 
5-14 years old 1,746 (18.71) 7,586 (81.29) 9,332 
15-24 years old 1,801 (19.53) 7,421 (80.47) 9,222 
25-59 years old 4,367 (19.95) 17,526 (80.05) 21,893 
60+ years old 334 (14.42) 1,983 (85.58) 2,317 

3. Malaria parasite species (n=44,900)   
P. falciparum 2,029 (22.47) 7,000 (77.53) 9,029 
P. vivax 6,534(18.53) 28,732 (81.47) 35,266 
Other species 28 (8.86) 288 (91.14) 316 
Mix infection 35 (12.11) 254 (87.79) 289 

4. Occupation group (n=44,900)   
Forest related works 39 (16.25) 201 (83.75) 240 
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Factors  Delay in malaria treatment Total 
No,  

within 1 day 
n (%) 

Yes,  
More than 1 day 

n (%) 
Agriculture works 2,930 (35.17) 5,400 (64.83) 8,330 
Rubber plantation 824 (6.79) 11,309 (93.21) 12,133 
Children/student 1,957 (15.20) 10,920 (84.80) 12,877 
Other works 2,876 (25.41) 8,444 (74.59) 11,320 

5. Resident status (n=44,900)    
Thai 5,785 (16.31) 29,692 (83.69) 35,477 
Long stay foreigner 1,258 (23.36) 4,127 (76.64) 5,385 
Short stay foreigner 1,583 (39.20) 2,455 (60.80) 4,038 

6. Living area (border type: province level) (n=44,900)  
No bordering 212 (10.33) 1,840 (89.67) 2,052 
Thai-Myanmar 4,575 (24.40) 14,178 (75.60) 18,753 
Thai-Malaysia 915 (5.56) 15,553 (94.44) 16,468 
Thai-Cambodia 2,908 (38.95) 4,558 (61.05) 7,466 
Thai-Laos 16 (9.94) 145 (90.06) 161 

7. Malaria risk area in terms of sub-village level (n=43,739)  
High-risk area 3,578 (19.05) 15,209 (80.95) 18,787 
Low-risk area 2,591 (18.01) 11,799 (81.99) 14,390 
Potential area 898 (13.38) 5,812 (86.62) 6,710 
Malaria free area 1,027 (26.66) 2,825 (73.34) 3,852 

8. Treatment place (n=37,621)   
Public health facility 2,135 (14.31) 12,788 (85.69) 14,923 
Private health facility 18 (14.40) 107 (85.60) 125 
Community-based health facility 4,691 (20.78) 17,882 (79.22) 22,573 

Among 44,900 malaria cases, 80.79% received delayed treatment for more than 1 day of fever, and 
only 19.21% (8,626 cases) were provided the treatment in time (figure 5). 

 

Figure 5: Proportion of delayed malaria treatment, FY2015-2021 

 

80.79%

19.21%

delayed treatment not delayed treatment
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Demographic characteristics of delayed malaria cases 

This section study described demographic characteristics of malaria patients who delayed receiving 
treatment. Among 36,274 delayed malaria cases, the median time of delays was 3 days and 3.88 days after 
the onset date on average. The delayed proportion is also shown in table 2. Females had a delay treatment 
proportion higher than male patients (84.29%, compared to 79.21%) (P=0.000). Eighty to eighty-five percent 
of malaria patients in each age group received treatment ≥ 2 to ≤ 30 days. The highest delayed proportion 
were older adults (>60 years old) with 85.58%, followed by under-five children. The working-age group (25-
59) was the lowest delay proportion (80.05%). Patients infected with P. falciparum seemed to get treatment 
within one day after the onset date, higher than other infections (only 77% of total P. falciparum cases were 
delayed, compared to other groups (81-91% range)). Among the occupation groups, the rubber plantation 
was the highest delayed proportion with 93.21%, followed by children/students (84.80%) and forest-related 
work (83.75%). Agriculture was the lowest proportion of delay in malaria treatment (64.83%). In the case of 
resident status, short stay foreigners who lived in the country for less than six months had a lower delayed 
proportion than the other two groups (long stay foreigners and Thai) by 60% delayed compared to 76% and 
83%. Among provinces bordered by neighbouring countries, different delayed treatment proportions were 
found (between 61-94%), and the lowest delayed proportion was the Thai-Cambodia border. In addition, 
malaria patients, who lived in a malaria-free sub-village, received early malaria treatment more than in other 
areas (26% compared to 13-19%). The community-based health facility was the place that found a lower 
proportion of late treatment than a public and private health facilities. Seventy-nine percent of them were 
detected as delayed treatment, whereas others HF were 85%.   

The trend of delayed malaria treatment during a 7 years period from FY2015-2021 is shown in figure 
6. While malaria cases continuously decreased, the percentage of delayed treatment increased from 65.15% 
in FY2015 to 82.04% in 2016 and slightly rose from 2017 - 2019 (87.04% to 89.71%). During the Covid-19 
pandemic period (FY2020-2021), the delayed proportion seemed slightly down (85.79% and 84.93%, 
respectively). 

 

Figure 6: Trend of delayed malaria treatment, FY2015-2021 

65.15%

82.04%
87.04% 87.26% 89.71%

85.79%84.93%

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

0

2000

4000

6000

8000

10000

12000

14000

FY2015 FY2016 FY2017 FY2018 FY2019 FY2020 FY2021

delayed No delayed % of delayed treatment



15 
 

According to maps of delayed malaria treatment at the district level during FY2015-2021, the 
distribution of delayed malaria treatment was found along the international border, especially in the 
Western, Eastern, and Southern parts of the country (Thai-Myanmar, Thai-Cambodia, and Thai-Malaysia 
border). In FY2015, the highest proportion of delayed treatment was detected in the north and the south of 
the country. During west and east parts it found a lower proportion of delay. In FY2016 and 2017, the 
situation in the south slightly improved, whereas in the middle-west site it was the opposite, especially in 
Kanchanaburi province. In FY2018, the Eastern part of the country showed a higher delayed proportion than 
FY2017, similar to the south. In FY2019, the highest proportion of delays occurred in the same part of the 
country. While during the covid-19 pandemic, the situation of delay in malaria treatment looked better than 
in previous years. The district-level map of delayed malaria treatment distribution is present in figure 7. 

  
a) FY2015 b) FY2016 

   
c) FY2017 d) FY2018 
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e) FY2019 f) FY2020 

 

 

g) FY2021  
  

Figure 7: Map of delayed malaria proportion at the district level, FY2015-2021 
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Factors associated with delayed malaria treatment 

 In this study section, the association between each independent factor and delayed treatment from 
secondary data analysis and literature review, were identified in three main factors. First, there were 
individual and treatment-seeking behaviour factors, related to delay in seeking care; second, environmental 
factors, linked to decision making and accessibility to health facilities and health care factors in terms of 
quality of health facilities. The children/students dropped out from the occupation group to avoid interaction 
between independent variables.  

Secondary data analysis 

For the secondary data analysis, this study used simple logistic regression to identify the association 
between each independent variable and the outcome variable, delayed malaria treatment. Multiple logistic 
regression is done to control the effect of confounding variables. 

a) Individual and treatment-seeking behaviour factors 

 This study defined gender, age group, malaria infection species, occupation, and resident status as 
individual factors and treatment place as treatment-seeking behaviour factors. The associations were 
presented. 

i. Gender 

The simple logistic analysis between gender and delayed treatment showed that gender was 
significantly associated with delayed malaria treatment. The odds of females were 1.41 times 
higher for delayed treatment than the male gender (95% CI: 1.33-1.49). After adjusting for other 
variables, by multiple logistic regression, there is no significant association between females and 
late malaria treatment (P value = 0.359) shown in table 3 

ii. Age group 

The bivariate analysis result showed that under five, young children and old age patients 
were significantly associated with delay in receiving the treatment, compared to the working 
group as a reference level (OR = 1.16, 1.08, and 1.48, respectively). The three-age groups were 
more likely to get delayed malaria treatment and the elderly were the highest more than the 
under-five and young. In contrast, only two age groups were significantly associated in multiple 
logistic regression analysis (under five and children 5-14 years old) with ORadj = 0.43 (95%CI: 0.28-
0.65) and 0.43 (95%CI: 0.35-0.53). The adjusted odd ratio showed that children under 15 years 
old are less likely to get a delay in malaria treatment than the working-age group. The detail is 
presented in table 3.  

iii. Malaria parasite species 

After a simple analysis, using falciparum species as a reference, there was a significant 
association between all groups of malaria parasite species (P. vivax, other species, and mixed 
infection) and delayed treatment (P=0.000). The odds of other infection species (P. ovale, P. 
malariae, and P. knowlesi) was 2.98, followed by mixed infection (OR = 2.10) and P. vivax (OR = 
1.27). After controlling confounding factors, other species of malaria infection had no significant 
association with delayed treatment (P = 0.146). The odds of delay in mixed malaria infection 
were 1.92 times the odds of falciparum malaria (95%CI: 1.26-2.93), and the patients who were 
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infected with vivax malaria were less likely to get delayed treatment compared to falciparum 
malaria (ORadj = 0.82, 95%CI: 0.76-0.90) as shown in table 3. 

iv. Occupation 

The occupation was significantly associated with delayed malaria treatment using a bivariate 
analysis of forest-related works, agriculture, and rubber plantation (P=0.000). Like farmers, the 
patients who work in the forest and rubber plantations, were more likely to receive late malaria 
treatment than other workers (OR = 1.76, 95%CI: 1.24-2.48 and OR = 4.67, 95%CI: 4.30-5.08, 
respectively). Otherwise, agriculture workers seem to receive early malaria treatment compared 
to other workers (OR = 0.63, 95%CI:1.43-1.62). In comparison, the result from multiple logistic 
regression showed that agriculture and rubber plantations were significantly associated with 
delays in malaria treatment (P-value = 0.000). The patients who worked in agriculture sessions 
were less likely to receive a delay in malaria treatment than other occupations (ORadj = 0.71, 
95%CI: 0.65-0.77). For the rubber plantation group, the patients were more likely to experience 
late malaria treatment (ORadj = 2.41, 95%CI: 2.11-2.76). No significant association between 
forest-related work and delayed treatment was found, as in table 3.  

v. Resident status 

Resident status was statistically significant at the significance level of 0.05 associated with 
delayed malaria treatment in simple logistic regression. Compared to Thai residents, migrant 
status was less to get delayed treatment (OR = 0.64, 95%CI: 0.60-0.68 and OR = 0.30, 95%CI: 
0.28-0.32). Only malaria patients, who were short-stay foreigners, showed significant association 
with delayed treatment in multiple analyses (ORadj = 0.49, 95%CI: 0.44-0.55). As a result, these 
patients were less likely to receive delayed malaria treatment than Thai patients. For the long-
term migrant, no significant association was found, as shown in table 3.  

vi. Treatment place 

The simple logistic regression showed a significant association between community-based health 
facilities and delayed malaria treatment (OR = 0.66, 95%CI: 0.60-0.67). In multiple analyses, a 
similar negative association, with a statistically significant, was detected from community 
malaria services (ORadj = 0.62, 95%CI:0.57-0.66). In addition, malaria patients who visit 
community health facilities were less likely to receive delayed treatment, compared to the public 
sector. No association was found between the private sector and late malaria treatment in both 
analyses (P = 0.976 and P = 0.187), as shown in table 3. 

b) Environmental factors  

 In this study, environmental factors were; living areas concerning malaria risk in sub-village levels 
and provinces with the international border related to accessibility to health facilities. The associations 
between these factors and delayed treatment were presented. 

i. Malaria risk area 

A malaria risk area was statistically significantly associated with late treatment in a simple 
and multiple logistic regression analysis (P=0.000). Compared to the patients who lived in a 
malaria-free area, the odd of patients who got delayed treatment was 2.39 times higher in a 
potential area (no indigenous case and primary Anopheles vector was detected in the village or 
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no endemic areas but had the potential to be new transmission). High and low risk of malaria 
also has a positive association with the delay (OR = 1.55, 95%CI: 1.43-1.67 and OR = 1.65, 
95%CI:1.52-1.80) in a simple analysis. After adjusting the effect, the potential area showed the 
same positive association with delayed treatment (ORadj = 1.22, 95%CI:1.08-1.39). In contrast, 
malaria cases who lived in high and low risk of malaria areas, were more likely to get delayed 
treatment than those who lived in malaria-free areas (ORadj = 0.60, 95%CI:0.54-0.67, and ORadj = 
0.70, 95%CI:0.62-0.78) as shown in table 3.    

ii. Living area in terms of the province with border to neighbouring countries  

Different associations were found in a simple logistic regression analysis. Only malaria cases 
who lived in a province with the Thai-Laos border were not significantly associated with delayed 
treatment (P=0.874) compared to no bordering provinces. Patients who lived in Thai-Myanmar 
and Thai-Cambodia provinces were less likely to get delayed in malaria treatment with 
statistically significant (OR = 0.36, 95%CI:0.31-0.41 and 0.18, 95%CI:0.16-0.21, respectively) 
compared to who lived in the central part of the country. While people who stayed at the border 
with Malaysia were more likely to receive treatment for more than 1 day after onset (OR = 1.96, 
95%CI:1.67-2.29).  

In multiple analyses, three bordering provinces, Thai-Malaysia, Thai-Myanmar, and Thai-
Cambodia, showed significantly associated delayed malaria treatment. People who lived in the 
southern part of the country bordering Malaysia, were more likely to receive a delay in treatment 
(ORadj = 1.64, 95%CI:1.34-2.01). In contrast, those who lived in Eastern and Western provinces 
(border with Cambodia and Myanmar) were less likely to experience the delays (ORadj = 0.32, 
95%CI:0.27-0.38, and ORadj = 0.80, 95%CI:0.67-0.96) as shown in table 3.  

 Period 

The result of logistic regression indicated that when time increased, the delay in malaria treatment 
was more likely to happen (ORadj = 1.31, 95%CI: 1.28-1.34), as shown in table 3. 

Table 3: Factors associated with delayed malaria treatment using logistic regression 

Factors OR  
(95% CI) 

P-value ORadj  
(95% CI) 

P-value 

1. Gender      
   Male 1  1  
   Female 1.41 (1.33-1.49) 0.000* 0.96 (0.88-1.05) 0.359 
2. Age group     

Under five 1.16 (1.03-1.30) 0.013* 0.43 (0.28-0.65) 0.000* 
5-14 years old 1.08 (1.01-1.15) 0.012* 0.43 (0.35-0.53) 0.000* 
15-24 years old 1.01 (0.93-1.10) 0.399 1.00 (0.91-1.08) 0.921 
25-59 years old 1  1  
60+ years old 1.48 (1.31-1.67) 0.000* 1.00 (0.86-1.15) 0.978 

3. Malaria parasite species      
Plasmodium falciparum 1  1 1 
Plasmodium vivax 1.27 (1.20-1.35) 0.000* 0.82 (0.75-0.90) 0.000* 
Other species  2.98 (2.02-4.41) 0.000* 1.38 (0.89-2.16) 0.146 
Mixed infection 2.10 (1.47-3.01) 0.000* 1.92 (1.26-2.93) 0.002* 



20 
 

Factors OR  
(95% CI) 

P-value ORadj  
(95% CI) 

P-value 

4. Occupation group     
Forest related works 1.76 (1.24-2.48) 0.001* 1.23 (0.83-1.82) 0.305 
Agriculture works 0.63 (1.43-1.60) 0.000* 0.71 (0.65-0.77) 0.000* 
Rubber plantation 4.67 (4.30-5.08) 0.000* 2.41 (2.11-2.76) 0.000* 
Other works 1  1  

5. Resident status     
Thai 1  1  
Long stay migrant 0.64 (0.60-0.68) 0.000* 0.92 (0.81-1.04) 0.177 
Short stay migrant 0.30 (0.28-0.32) 0.000* 0.49 (0.43-0.55) 0.000* 

6. Living area (border type: province level)    
No bordering 1  1  
Thai-Myanmar 0.36 (0.31-0.41) 0.000* 0.80 (0.67-0.96) 0.015* 
Thai-Malaysia 1.96 (1.67-2.29) 0.000* 1.64 (1.34-2.02) 0.000* 
Thai-Cambodia 0.18 (0.16-0.21) 0.000* 0.32 (0.27-0.38) 0.000* 
Thai-Laos 1.04 (0.61-1.78) 0.874 0.72 (0.40-1.30) 0.281 

7. Malaria risk area     
High-risk area 1.55 (1.43-1.67) 0.000* 0.60 (0.54-0.67) 0.000* 
Low-risk area 1.65 (1.52-1.80) 0.000* 0.70 (0.62-0.78) 0.000* 
Potential area 2.35 (2.13-2.60) 0.000* 1.22 (1.08-1.39) 0.002* 
Malaria free area 1  1  

8. Treatment place      
Public health facility 1  1  
Private health facility 0.99 (0.60-1.64) 0.976 1.72 (0.77-3.87) 0.187 
Community-based health facility 0.66 (0.60-0.67) 0.000* 0.62 (0.57-0.66) 0.000* 

9. Year period     
Fiscal year period 1.31 (1.29-1.33) 0.000* 1.30 (1.28-1.34) 0.000* 

*p-value < 0.05, statistically significant 

  The mean variance inflation factor (VIF) among variables was 1.18, which showed that no collinearity 
was detected (VIF > 5 indicated collinearity). The model was tested for goodness of fit, using Pearson and 
Hosmer–Lemeshow chi-square. Both analyses found P=0.000.  

Literature review  

 Few publications on delayed malaria treatment in Thailand were found. This study was more 
explored in the publication in the neighbouring countries and the Asia Pacific, representing the same malaria 
context.  

a) Individual and treatment-seeking behaviours factors 

i. Education and socioeconomic status 

Literacy influences delayed malaria treatment in terms of seeking health care. Studies in many 
countries such as Eritrea, India, and Myanmar showed that literacy was significantly associated 
with early malaria treatment (P<0.05), not only among patients themselves but also the 
caregivers, such as the under-fives mothers (50–54). No literacy or low education related to 
delayed malaria treatment. In Boudh district, Orissa state, India, caste was associated with timely 
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and effective treatment (P<0.05). The person who was member of the scheduled tribe was more 
experienced with delayed services than other groups (52) 

ii. Family income 

Income issues are the factor that affects the malaria treatment decision. More household 
earnings related to less delay of treatment. For example, fever patients who had low family 
income (<200 USD/year) in rural Myanmar were more likely to get delayed treatment >24h after 
fever illness (53). Another study in Myanmar showed that the medium monthly income (73-108 
USD) was higher to get prompt malaria treatment (ORadj = 2.831, P-value = 0.016) compared to 
the low (54). 

iii. Local belief  

In Myanmar's rural malaria endemic area, traditional methods (local herb or belief activities) for 
initial treatment were one factor, that affected receiving malaria treatment in time. The patients 
who followed local beliefs were an opportunity to receive delayed treatment (55). This factor is 
also related to self-treatment.  

iv. Family decision making  

In Wa ethnic minority, Myanmar, family decision-making was significantly associated with 
delayed treatment. Wife or co-decision among partners was more likely to receive treatment < 
24h when compared to husband decision alone (OR = 2.65, 95%CI: 1.58-7.18) (53). 

v. Malaria knowledge 

Knowledge of malaria was the factor that related to receiving prompt and effective treatment. 
The study in Myanmar showed that poor basic knowledge of malaria and behaviour were 
significantly associated with delayed treatment and more likely to get delayed (ORadj = 65.5 and 
3.889)(54). 

vi. Self-medication 

Self-treatment with antipyretic was related to receiving delayed malaria treatment. In many 
countries in Asia, self-medication is the typical behaviour. In Thailand, 70% of malaria patients 
receive malaria treatment after treating themselves with an antipyretic drug (56). In Vietnam, 
the family always stocked up on the common drug to treat themselves (57). In northern Sri Lanka, 
a malaria-endemic and conflict area, self-treatment with paracetamol was associated with 
delayed malaria treatment of patients. The relative risk was 3.55 (95% Cl 1.23-10.24) (58). Self-
medication with western medicine was also related to delayed treatment in local villagers of 
Shan state and Myanmar migrant workers (55). In the remote part of Vanuatu, fever patients 
preferred to use local medicine or treat themselves at home (59).  

b) Environmental factors 

i. Transportation 

Because of poor road conditions, Myanmar migrant workers in northern Shan state claim 
delayed malaria treatment (55). Poor transportation and unpredictable weather were barriers 
to seeking care for Vanuatu villagers (59). Paying for transportation to visit health facilities also 
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service costs were the barriers to receiving appropriate malaria treatment for caregivers (ORadj 
= 0.52, 95% Cl 0.33-0.83)(51). The factor related to delays to seeking care. 

ii. Distance 

Some patients with a high malaria burden in Vietnam prefer to visit private clinics or pharmacies, 
than commune health stations to seek treatment according to the outlets near their house (1-5 
km.). Even though the treatment at the health station was free, the patients had to pay for 
transportation and consultation costs instead (57). In addition, people who travelled less than 5 
km from their location to health facilities, received treatment faster than those far away (52). 
For example, a Thai study in Suratthani province showed that malaria patients who lived near 
health facilities get early treatment (60).  

iii. Place of resident 

The study of seeking treatment of fever people, in malaria endemic area in Assam, India, showed 
that geographical areas are associated with delayed treatment. People who lived in rural areas 
were more likely to get delayed treatment than those who lived in urban areas with ORadj = 1.52 
(95%CI: 1.11-2.09) (61). The same study concluded that long distances (>5 km.) and no 
appropriate health facilities for malaria services nearby their house, were the accessibility barrier 
to seeking treatment. 

iv. Living area in terms of security 

An unstable situation, such as armed or ethnic conflict, affected seeking malaria treatment in 
Myanmar and Sri Lanka (55,58). Some patients wait a day to refer to a health facility, even in 
serious emergencies. The factor also linked to accessibility to health facilities similar to other 
environmental factors. 

c) Quality of health care factors  

The quality of health care providers is also associated with delayed malaria treatment according 
to the three-delay model. Community volunteers in rural areas of Myanmar, provide only malaria 
diagnosis with a rapid test but not antimalarial drugs. The example showed inappropriate malaria 
services in place (55). Long waiting times at health facilities, open hours and availability of 
healthcare providers were the factors related to delayed treatment in Vanuatu. Some 
interviewees mentioned that because of the low quality of aid post workers in their village, they 
decided to go to a health facility instead (59). In addition, forest goers and malaria patients in 
Vietnam were more likely to visit private clinics, to treat malaria because of operation time and 
the friendliness of providers (57).  
In addition, some health providers in India mentioned that providers' low quality of care (low 
qualified staff, stock out and side effects of drugs, etc.) caused people not to trust community 
volunteers (52). Health system factors are also barriers to receiving prompt malaria treatment in 
Palaw township, Myanmar (54). Misunderstanding communication, due to different speaking 
languages between patients and public health providers, often causes delayed malaria treatment 
of local villagers in northern Shan State, Myanmar (55). In this case, it was found in local villagers 
who speak local languages while health staff speaks Burmese. The language was not a barrier to 
Myanmar migrant workers, who mostly speak Burmese. 
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Current strategy, interventions, and activities related to delayed malaria treatment 
management in Thailand and other countries 

 This section presents malaria strategy, interventions and activities related to delayed treatment 
management in Thailand, other GMS countries and eliminated countries (China and Sri Lanka). The summary 
of interventions related to preventing delayed malaria treatment is shown in table 4. 

a) Thailand 

 Increasing coverage and access to malaria case management services, in all populations, were the 
main interventions to accelerate the malaria elimination in strategy 1 (29). Malaria clinics located mainly in 
the transmission area along the borders played a significant role for malaria service providers for several 
decades (62). Community-based services or malaria posts that provide malaria diagnosis and treatment were 
set up under the global fund grant, to increase the accessibility of risk groups, in remote endemic areas. The 
national program trained local villagers to operate the intervention as malaria post workers. They set their 
home up as the office to provide malaria diagnosis with the rapid test kit and effective radical treatment for 
uncomplicated malaria patients (63). The program also trained health officers at HPHs (only in endemic areas 
with no malaria services) to provide malaria diagnosis and treatment. Free-of-charge malaria services were 
also applied in public sectors and community-based HFs. The malaria referral was integrated into a routine 
effective referral system. Active case finding in high-risk areas was implemented annually before malaria 
peak season. Providing health education to the population at risk, was mentioned in strategy 4 (promote 
community participation for sustainability). A key message, related to early diagnosis and treatment, is 
developed to raise their awareness. An online supply management system was developed under networking 
collaboration (29). 

b) GMS countries  

 Almost all GMS countries applied community-based health services as a critical intervention to 
increase service coverage in the high malaria burden. Trained village health volunteers operated malaria 
diagnosis and treatment activities. The country's malaria program identified the targeted groups or 
populations at risk. Bordering people and mobile migrant populations (MMPs) were the key vulnerable 
groups in GMS, due to the difficulty of identifying, tracking and reaching health services. Community-based 
services are financially supported by the Global Fund project in almost all GMS countries (24). 

 Cambodia: According to the strategic plan to eliminate malaria from 2011-2025, Cambodia will be a 
malaria-free country in 2025 (64). One of the strategic objectives was to provide early diagnosis and 
treatment by increasing the accessibility of malaria services. Malaria case management services at the 
community level, were set up in the endemic village >5 km, far from the public hospital. All sectors (public, 
private, and community) are provided free of charge on malaria services. The national program expanded 
early diagnosis and treatment to MMPs and cross-border people, by setting up malaria services at border 
checkpoints. In addition, appropriate health promotion channels were implemented to change behaviours. 
A new intervention for forest goers was studied. Test performance and preventive measures must be 
considered(65). Since 2018, no malaria deaths have been reported and 15,891 confirmed cases in 2021 (15). 

 Vietnam: National strategic plan on malaria control and elimination 2021-2025 launched and 
targeted to eliminate malaria in 2030. The main objective was to ensure access to malaria diagnosis and 
treatment for all populations. The main activities were; maintaining microscopy posts in malaria endemic 
communes and engaging private hospitals and clinics, to provide malaria services. Village health workers 
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provided malaria case management in high-burden and remote mountainous villages. Malaria posts were 
conducted at specific access points (construction sites and forest borders) to provide malaria tests and 
treatments for MMPs, farmers, and the border population. Behaviour change communication activities were 
implemented (66). No malaria deaths have been reported since 2019, and 1,422 confirmed cases in 2021  
(15) 

 Myanmar: Among GMS countries, Myanmar is the highest malaria burden country. It was targeted 
to be a malaria-free country in 2030 (67). Equity in access to malaria services was the principle of elimination 
strategy. The Myanmar malaria program conducted community-based malaria services in hard-to-reach 
areas or >2km from health facilities, operated by village health volunteers (VHVs). Malaria services were 
integrated into the job description of VHVs (usually, they responded to diarrhoea in under-five and 
respiratory infections). Malaria clinics/posts provided malaria services to MMPs at selected informal cross-
border checkpoints. In some situations, one person was trained to test with RDT and treat the migrant groups 
when they moved. A study in 2018 applied early diagnosis and treatment and mass drug administration to 
the high burden of P. falciparum. The result showed that malaria incidence decreased significantly (68). The 
world malaria report presented that among 58,836 malaria cases, only 10 deaths were found in 2021 (15). 

 Laos PDR: The Ministry of Health set up three phases of a strategic plan for malaria elimination to 
achieving the target in 2030 (69). Like Myanmar, Multi-task (malaria and other diseases services) were 
applied in the VHVs role. The public, private mixed health facility was the practical approach to increase 
service coverage in Laos. In addition, a procurement and supply management system was developed to 
ensure sufficiency of all malaria commodities. Comprehensive health promotion activities focused on 
treatment-seeking behaviour. Mobile malaria teams and posts were set up to improve access to MMPs at 
work sites and travel routes. Early diagnosis (with rapid test) and treatment (with artemisinin combination 
therapy) by VHVs at the village level showed effective performance. Training on knowledge, patient care, 
and treatment need to be considered (70). Only 3,503 malaria cases were detected in 2021 and no malaria 
deaths have been reported since 2019 (15). 

c) Malaria-free countries  

Sri Lanka:  The WHO certified Sri Lanka as a malaria-free country in 2016. After eliminating malaria, 
Sri Lanka applied a national strategic plan to prevent reintroduction (2018-2022), which still mentioned an 
early diagnosis and treatment approach (71). The program maintained high geographical coverage of health 
care (both public and private sector) and mobile malaria clinics to support malaria services for remote areas 
and the at-risk population. The stock of diagnostics and antimalarial drugs must be sufficient at the point of 
care. In case of stock out, required commodities had to deliver within a few hours (72). No malaria deaths 
were reported in Sri Lanka for ten years (2010-2020), and only 30 imported cases were found in 2021 (15).  

China: The WHO certified China as a malaria-free country in 2021. During the pre-elimination phase, 
China implemented an early test and treated strategy, through a robust service delivery system (73). The 
national malaria elimination strategy focused on timely case findings. Both public and private sectors at all 
levels could diagnose and treat with malaria medicine. No malaria deaths have been reported since 2012, 
and China found only 1,050 imported cases in 2021 (15). 
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Table 4: Strategy, interventions, and activities related to delayed malaria treatment management in several countries 

Country Deaths 
from 

malaria  

Strategy/interventions/activities related to delayed treatment management 
Increase accessibility of 
malaria services in an 

endemic area 

Provide free 
of charge of 

services 

Improve 
referral 
system 

Provide health 
education/aware

ness  

Provide malaria 
services to 

specific targeted 
group 

Manage 
Procurement & 

Supply  

Thailand 4 (2021) • implement community-
based HF  

• Improve the capacity of 
public HF at the sub-
district level 

Public 
sectors and 
community-

based HF 

Integrated 
with the 
existing 
system 

Yes, pop at risk MMPs and people 
lived in an 

endemic area 

Yes 

Cambodia 0 (2018-
2020) 

• implement community-
based HF  

All sectors Yes Yes, pop at risk MMPs, cross 
border pop at 

border 
checkpoints 

Yes 

Vietnam 0 (2019-
2020) 

• implement microscopy 
posts and community-
based HF 

ND Yes Yes, pop at risk MMPs at specific 
assessment points 

Yes 

Myanmar 10 (2020) • implement community-
based HF  

ND Yes Yes, pop at risk MMPs at specific 
assessment points 

Yes 

Laos PDR 0 (2019-
2020) 

• implement community-
based HF  

ND Yes Yes, pop at risk MMPs at work 
sites and travel 

routes 

Yes 

Sri Lanka 0 (2010-
2020) 

• Maintain mobile malaria 
clinics  

ND Use 
existing 
system 

Yes, people who 
return from 

endemic areas, 
travellers, and 

health personnel 

Traveller and 
migrant at the 
port of entry  

Yes 

China 0 (2012-
2020) 

• Use existing health care 
system (public and private 
sectors) 

ND Use 
existing 
system 

ND ND Yes 

ND = No data



26 
 

Discussion 
Discussion 

In this study, out of 44,900 malaria cases during FY2015-2021, 80.79% were delayed malaria 
treatment > 1 day of fever. From the secondary data analysis, factors significantly associated with late malaria 
treatment were being under five and 5-14 years old, vivax malaria and mixed infection for malaria species, 
and the short stay migrant. For seeking behaviour, community-based malaria service was a significant factor 
associated with delayed treatment. In the case of environmental variables, the factors significantly 
associated with delayed service were malaria risk areas (high-risk, low-risk, and potential area) and living 
provinces with borders except for Thai-Laos. The fiscal year is also a significant factor associated with 
receiving treatment. In the case of literature, several factors were associated with delayed malaria 
treatment, such as education, income, transportation, distance, and quality of care. General interventions 
related to early diagnosis and treatment were implemented among GMS countries to reduce malaria deaths 
and transmission. 

 1. Delayed treatment of malaria situation from FY2015-2021 

 Compared to the total confirmed malaria cases, similar demographic characteristics of delayed 
treatment patients were detected in terms of individual, accessibility to service delivery and environmental 
variables. In this study, the result of delayed proportion was slightly higher than the previous studies, which 
was conducted in 28 transmission provinces (49.9% and 71.8%) (34) and Tak province (79.6%)(35). Whereas 
the study’s result aligned with the delayed treatment proportion in Asia (45.5%-87.5%)(43,53,55,58) and 
African countries (46.7%-87.8%)(38,40,50,74). 

 For the distribution of delayed malaria treatment, a high proportion was found in the high endemic 
area within the international border, especially in the south of the country. In addition, 3 provinces in the 
deep south of Thailand (Yala, Pattani, and Naratiwas province) were identified as a conflict zone for decades. 
Insecurity issues were a strong barrier to access to health facilities; even the government conducted 
community-based malaria services. Compared to the south, 46% of total malaria cases were non-Thai at the 
Thai-Myanmar border. Malaria posts are also set up in these border areas, to provide early diagnosis and 
treatment. The delayed proportion was slightly reduced during the covid outbreak (2020-2021). Fever was 
the common symptom in both malaria and covid (75). More awareness in covid infection may cause early 
visit to health facilities of the fever patients. The study's result was not aligned with other findings, which 
mentioned that covid 19 pandemic affects delayed treatment, because positive covid patients may not test 
on malaria and disruption of the health system (75,76).  

 2. Factors associated with delayed malaria treatment  

 2.1 Individual and treatment-seeking behaviour factors 

  Gender  

After multiple logistic regressions, gender was not significantly associated with delayed malaria treatment. 
Some confounding factors may affect this variable. A similar result was found in a Thai study in Tak province, 
Thailand (35) and Shan State, Myanmar (46). Other publications from Myanmar showed that the patients' 
families were less likely to get early treatment if the fever member was female (53). Different gender roles 
still occur in many Asian countries; men earn more than women. Because of their illness, family income may 
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reduce. Gender is also influenced by culture (77). Another sample from India showed that the female was 
the risk group for inappropriate care due to their housework (52).  

  Age group 

The analysis showed that malaria patients younger than 15 were less likely to get delayed treatment. This 
result disagreed with the studies from India (52). In comparison, one study showed that malaria families were 
more likely to receive the treatment in the case of patients younger than 15 (53). Not only malaria but also 
most communicable diseases, where children are the vulnerable group. They are always taken care of by 
caregivers such as parents, grandparents even neighbours to receive rapid treatment when they become 
sick. In addition, malaria knowledge and treatment behaviour of caregivers were affected by child treatment. 
The studies on the seeking behaviour of caregivers mentioned that poor malaria knowledge and treatment-
seeking behaviour were associated with delayed treatment of their child (51). In addition, malaria-infected 
children have a chance of being more severe sick than adults (78), and people in Thailand are constantly 
aware of their children's illness. MOPH also implemented the royal project for malaria in primary schools in 
rural transmission areas to improve malaria awareness among students and their families (79).  

  Malaria parasite species  

This study showed that malaria patients with P. vivax infection were less likely to get delayed treatment than 
those infected with P. falciparum. A result from the previous publication mentioned that vivax malaria cases 
gets more delayed (35,43). Generally, vivax malaria infection has a less disease severity than falciparum 
(16.9% and 36.3%, respectively) (80). A study from Indonesia showed that, after many episodes of malaria 
infection, individuals with vivax were more likely to die in the hospital than falciparum patients (81). In 
Thailand, the majority of malaria species are vivax malaria (>80%), and more than 1 episode per year of 
malaria infection with vivax is found with an increasing trend (18). Patients who have experienced vivax 
infection more than once, may be familiar with the symptoms that cause early treatment at health facilities. 
Mixed infection is also significantly associated with delayed treatment but opposite to vivax. For example, a 
study mentioned that the violence of falciparum malaria was interrupted by vivax species (82). According to 
characteristics of mixed infection in Thailand, almost all cases were infected with falciparum and vivax 
malaria (18). Delay of malaria severity may relate to delayed malaria treatment of mixed infected patients.  
Thailand's proportion of mixed infection is relatively low (<2% of total malaria cases). 

  Occupation 

The result from simple logistic regression found that occupation was significantly associated with delayed 
malaria treatment. After controlling confounding factors, no significant association between forest-related 
occupation and delayed malaria treatment was found. The explanation could be a different number of forest-
related groups (n=240) compared to the reference group (n=11,320). The results were contrasted with the 
study from Myanmar (Chin state, Rakhine state, and Tanintharyi Division), showing that forest-related work 
was significantly associated with the delays (47). Agriculture occupation got early malaria treatment, 
whereas rubber plantation occupation received more delay than other works. Compared to other work like 
officers, agriculture can be more flexible, regarding working time and independent work. For example, they 
may visit close by health facilities earlier. Opposite to the agriculture group, rubber plantation workers, 
especially latex collection in Thailand, mostly work at night to get more productivity and rest in the daytime. 
Most health facilities were open at working hours (8.30-16.30), which was the same time as their rest. Thai 
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study showed that the rubber plantation group received more delayed experience than the other workers 
(student, fruit orchard plantation, and labour) (60). Occupation related to decision to seek malaria treatment. 

  Resident status 

The analysis in the study presented that short-stay migrants were more likely to receive malaria treatment 
within 24h compared to Thai residents. The result agreed with the Thailand malaria survey, that mobile 
household members sought malaria treatment within 24h after fever, whereas Thai members sought more 
time (83). In contrast to another study from Thailand, that showed hill tribe ethnicity were more likely to get 
deleted malaria treatment than Thai, because of their cultural belief (35). These patients gave as reason that 
they had malaria illness experience before, so self-medication with traditional healers was the first choice. 
This study found that resident status was significantly associated with the delay in treatment. Thai people 
were getting later treatment than a migrant. Resident status related to the border type. More than 99% of 
malaria cases on the Thai-Malaysia border were Thai residents.  

Short-stay migrants were foreigners from neighbouring countries who crossed the border for work (receive 
more income) or seek better care due to the good quality of care in Thailand. At the border areas, malaria 
services at the community level (malaria posts) were free of charge; also, they are bilingual. The illegal 
migrant may feel comfortable using the services there and the distance is not a barrier because it is easy to 
cross the border by a river. Another reason could be explained by the specific malaria activities that focused 
on mobile migrants, implemented over several years by the government, civil society organizations and 
international organizations. The activities included providing early diagnosis and treatment at the border and 
distributing long-lasting insecticide-treated hammock nets free of charge, when migrants visit health facilities 
to test for malaria. The key activities were hiring malaria post workers in the remote villages and migrant 
health volunteers, who can speak their language and conduct bilingual information materials. In addition, 
the MMPs survey in Cambodia showed that all MMPs subgroups (construction, seasonal workers, forest 
goers, and security personnel) were willing to seek malaria treatment at health facilities (84).  

  Treatment place 

Community-based health facilities showed a significant association with delayed malaria treatment. 
Compared to a public health facility, malaria patients, who visit community-based, were less likely to get 
delayed treatment. It may be related to accessibility to health facilities factor; distance of their location, near 
the patient's house. Mostly community-based healthcare is located in the village. The national malaria 
program conducts malaria posts in rural endemic villages, along international borders. The objective is to 
increase access to malaria services in at-risk populations. The criteria of malaria posts were located within 
the village where there was no other health facility. A village member was selected as the worker to give a 
more friendly service. Even malaria post workers operate part-time jobs, but they can provide malaria 
services after working hours or at night, which is convenient for villagers (63). Community-based can relate 
to easy access to health facilities, in terms of distance and good quality of care. In contrast, there were no 
associations between the private sector and delay in malaria treatment. In addition, the number of patients 
who visit the private sector in Thailand, was relatively low, compared to the public sector as a reference 
group (125 cases and 14,923 cases). 
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 2.2 Environmental factors  

Living province in terms of bordering with international border 

The Thai border with Myanmar, Malaysia, and Cambodia was significantly associated with delayed malaria 
treatment. Malaria cases in Thai-Malaysia bordering provinces were more likely to experience delayed 
treatment than those in the central area. Whereas Thai-Myanmar and Cambodia sites were more changed 
to get early treatment. The national malaria program implemented malaria activities focusing on 
transmission areas common at the border (21). People who lived in these areas were more familiar with 
malaria services than those who lived in the middle of the country. The southern part of Thailand also has 
malaria-endemic areas, especially Yala and Naratiwas province, a conflict zone. Insecurity issues were a 
barrier to reaching healthcare, as the studies in Sri Lanka and Myanmar showed a significant association 
between conflict and delayed malaria treatment (55,58). The resident status factor is also related to the 
border. In the south, 99% of malaria cases were Thai, whereas only 52% of Thai malaria patients lived along 
the Myanmar border. For Cambodia's bordering province, good transportation and fewer mountainous areas 
than Myanmar's site led to more early malaria treatment. 

  Malaria risk area 

In the multiple logistic regression, the malaria risk area was significantly associated with delayed treatment. 
Patients with a high or low malaria risk were more likely to get rapid treatment, than those who lived in a 
malaria-free area. Same as the explanation in border areas, they were familiar with malaria disease and 
prevention and control activities. The potential area was also significantly associated with delayed treatment. 
People who lived in the potential area, were more likely to experience the delay, than those who lived 
malaria-free. Malaria immunity may be involved in this case. To acquired malaria immunity is present in 
people who live in transmission areas (85). The immunity reduces the severity of malaria disease to 
uncomplicated or asymptomatic malaria. People who live malaria-free do not have this natural immunity and 
it causes more serious malaria symptoms than those live endemic area. Severe symptom related to early visit 
to health facilites.  

Other factors 

Environmental factors include distance, transportation cost, and road conditions, related to delays in 
reaching healthcare. The effective intervention, recommended by the WHO, was to conduct community-
based health facilities, to improve the accessibility of malaria services (27). Good quality of care was the 
standard intervention to reduce delays in malaria treatment. 

  Period 

The analysis showed a high probability of more delayed malaria treatment when time increased. Thailand is 
moving toward malaria elimination with no local transmission in the country. In eliminated countries, 
people may experience less awareness of the disease. Also, health personnel cause delays in diagnosis and 
treatment(71). For example, the median time of delayed malaria treatment in the endemic area was 3 days 
(35), whereas in non-endemic countries it was more than 3 days (41,42).  

 3. Strategy, interventions, and activities related to delayed treatment management 

 Early diagnosis and treatment strategy to reduce malaria morbidity and mortality and onward 
transmission, was the global and regional key strategy (27,28). All GMS countries and Sri Lanka set this 
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strategy as the main concept. The most common intervention in GMS countries was, conducting malaria case 
management at the community level, to increase the accessibility of malaria services, especially in remote 
and high malaria burdened villages. The services are operated by community health volunteers trained to 
provide rapid tests and effective antimalarial drugs, when a positive is detected. The effective intervention 
also faces the challenge of the quality of services. Lack of appropriate refresher training, supervision, and 
regular supply of malaria commodities (rapid test kit and malaria medicine) must be considered (86). Lack of 
malaria equipment and an effective referral system, low remuneration, lack of trust by community members, 
and security risks of female community health workers were obstacles in sub-Sahara Africa (87). These 
challenges were linked to delayed malaria treatment of the patients, as delay in seeking care decisions and 
delay in receiving care. Almost all of community malaria services were free of charge according to support 
from external funding. Integrated into community ownership and using local funds are the solutions to the 
sustainability of the intervention. 

Relevance of the analytical framework 

 In general, the three-delay model is commonly used for maternal mortality. It showed 3 main factors, 
which are socioeconomic and cultural, accessibility of facility and quality of care, that affect health facility 
utilization in 3 delays. In the case of malaria, this study applied the model as a framework and found that it 
can help identify factors, related to delayed treatment for each delayed phase and also current interventions.  

Strengths and limitations of the study 

Seventy-seven thousand five hundred and one confirmed malaria records (Thai and non-Thai 
residents) during 7 years (FY2015-2021) were collected from a routine surveillance system. The study is the 
first analysis of factors associated with delayed malaria treatment, representing the country level and 
covering all populations. One study published, in the international journal, related to factors of delayed 
malaria treatment in Thailand, was found in 2015 and focused on malaria patients who had the Thai 
nationality (n=456) and who lived on the Thai-Myanmar border (35). 

  Even though all malaria cases were provided, some records showed incomplete information for 
several reasons. For example, different data collection forms were used in some health facilities; different 
variables were collected. For example, some data was categorized in the same group, such as children and 
students were in the same occupation group. Some were not specific to identify, like treatment place. 
Anonymous, missing data and entry errors were detected and excluded during the analysis. The dependent 
variable in this study is a delayed treatment, calculated from onset to treatment date. Recall bias of malaria 
patients on the start of fever symptoms, may occur during data collection by interview. Covid-19 pandemic 
also affected to the results due to treatment-seeking behaviours changed. 

The poor quality of the goodness of fit result of the model was detected in this study. Goodness of 
fit test indicated how well of the model explain the dataset. Result showed that the current model did not 
sufficiently explain the variance of the study's dataset. The study analysed the secondary data, collected from 
a routine surveillance system. The dataset was not designed and collected in the way of this study’s purpose; 
many factors confound each other. Secondary data analysis often has this limitation. 
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Conclusion and Recommendation  
Malaria in Thailand is still a challenge in terms of elimination. Delay in malaria treatment causes more 

disease severity and onward transmission. The study analysed the factors influencing delay in malaria 
treatment using surveillance data for the first paper at the country level.  

The study mentioned a high proportion of delayed malaria treatment during FY2015-2021 (average 
80.79% of total malaria cases). Most of the high proportion of delayed malaria treatment was found in the 
high malaria burden areas along the international borders, especially in Malaysia and Myanmar. The delay 
trend slightly decreased during the covid-19 outbreak. Covid awareness can be reason for early visit to health 
facilities. 

Significant factors, associated with the delays, were under 15 years old, P. vivax infection, mixed 
plasmodium infection, short-stay migrants, agriculture work, rubber plantation, community-based health 
facilities, type of border and malaria risk areas. The study presents, that malaria patients infected with mixed 
parasite species, who worked in rubber plantations, lived at the Thai-Malaysia border and in potential areas, 
were more likely to receive delayed treatment than their reference. Malaria species infection is the uncontrol 
factors, while national program can focus more on rubber plantation occupations as priority group. For 
Malaysia border could be related to conflict situation. Specific interventions need to be studied. In addition, 
interventions for some targeted groups such as schools project for children, and malaria campaigns in short-
stay migrants related to their better treatment-seeking behaviours. The neglected groups like Thai residents 
should be more interested. 

Early diagnosis and prompt treatment, effectively reduce malaria morbidity, mortality and 
transmission. Critical interventions were implemented, related to the three delays model: 1) delay in seeking 
care which focuses on behaviour change, was provided with health education to improve malaria awareness, 
2) delay in reaching care was set up community-based health facilities in the rural and high burden of malaria 
to increase access and coverage of malaria services and 3) delay in receiving the care ensured the standard 
of malaria services at health facilities to improve the quality of treatment. 

In order to reduce the delayed malaria treatment, a package of effective interventions should be 
implemented considering influencing factors. In addition, the study will recommend the national malaria 
program to reduce delays in malaria treatment.  

1. Maintain existing community-based facilities in remote endemic areas. The program can focus on 
the quality of malaria posts, by providing refresher training of malaria post workers, rapid test kits 
and antimalarial drugs and frequent supervision.   

2. Improve capacity building of the HPH staff in potential areas to provide malaria diagnosis and 
treatment. Potential areas showed a high risk of delayed treatment but low malaria cases. Improving 
existing health facilities' capacity can make them more effective than conducting the new ones. 

3. Provide key early diagnosis and treatment messages, focusing on Thai residents and working aged 
groups. Public awareness of malaria disease in potential and malaria-free areas should also be 
mentioned. 

4. Strengthen outreach of case-finding activities in high-risk areas. For example, high-risk groups of 
delayed treatment, such as Thai residents, working aged groups and rubber plantation occupations 
should be prioritized. 
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5. Conduct research related to delayed treatment in the future. According to limited resources, 
collaboration with local universities or related institutes is the best option to initiate the research 
project. The research topics are proposed: 

a. Quantitative research focuses on treatment-seeking behaviour and quality of care factors 
associated with delayed malaria treatment. 

b. Qualitative research for factors influencing delayed malaria treatment. The qualitative study 
can answer the “why” questions of the delayed malaria treatment. The outcome can improve 
more effective interventions that appropriate to specific context.  

c. Operational research on specific interventions for the Thai-Malaysia border. Because of 
conflict issues, the appropriate approach has to be studied. The project can initiate as 
sentinel sites (1-2 sub-districts) and expand later. 

d. Cost benefit analysis of the community-based health facility on malaria case management. 
Convincing local authorities to participate in financial can make sustain of community-based 
health facilities (malaria posts were supported by external funding). To be ownership is the 
key factor of sustainability. The research can indicate on value of the intervention. 
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