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Abstract 

 

Flour dust is one of work-related asthma (WRA) allergens. Few researches have been done on WRA symptoms 

in workers exposed to cassava starch. The aim of this study was to determine the proportion of WRA symptoms 

and definite WRA in a cassava factory. We conducted a descriptive study in which a sample of 148 employees 

was identified at a cassava factory in Nakhon Ratchasima. All had worked 6 months or longer. The study included: 

1) screening for asthma-like symptoms using a modified ECRHS questionnaire; 2) screening for WRA symptoms 

using a questionnaire and physical examination by an occupational medicine doctor; and, 3) diagnosis 

confirmation using serial peak expiratory flow interpreted by OASYS-2 software. Descriptive statistics were used 

to assess the findings. The response rate was 87.2% (129/148) -males comprised 72.1% (93/129) of the sample. 

The proportion of asthma-like symptoms was 58.1% (75/129). Among 129, WRA symptoms was 11.6% (95%CI: 

6.6, 17.3) and definite WRA was 3.1% (95%CI: 0.7, 6.5). In the 15 cases of WRA symptoms, 60% had a job task 

with high exposure to cassava starch. In cases of respiratory symptoms, most (86.7%) had upper respiratory 

symptoms and all had lower respiratory symptoms. Cough and dyspnea were the most common lower respiratory 

symptoms (each was 60%) followed by chest tightness (53.3%) and wheezing (26.7%). WRA symptoms and 

definite WRA constituted 11.6% and 3.1% in a cassava starch factory, respectively. The results showed a 

consistence with previous studies in developing nations. Cassava starch, like wheat flour, may cause WRA. 
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1. Introduction  

 

Work-related asthma (WRA) occurred in between 10 and 25 % of all adults with asthma [1-3]. There are 

currently more than 400 types of known asthmagens, one of the top three being flour dust [1, 4]. Previous studies 

have demonstrated that the proportion of WRA and WRA symptoms in workers exposed to flour dust was between 

3.0 and 5.5 % in western countries [5,6] and 2 and 56% in developing nations [7,8]. There has not, however, been 

a study of cassava starch, which would be more prevalent in Thailand because it is a major crop. In the cassava 

starch production process, particles between 2 and 35 µm are found; particles small than 5 µm can pass into the 

lower respiratory tract. Cassava starch contains small proteins and is moderately acidic (pH 3-5). These properties 

cause inflammation of the respiratory system, leading to asthma [9-11]. In 2018, there was a report of WRA 

confirmed by occupational exposure to cassava starch [12].  

In the current descriptive study, a group of cassava factory workers underwent a step-wise investigation. The 

questionnaire was completed by interviewing participants. Positive WRA-symptom participants had their 
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diagnosis confirmed using serial peak expiratory flow (PEF) as interpreted by OASYS-2 [18,19,21]. This 

approach permitted researchers to study the proportion of WRA symptoms in the cassava factory. Asthma can be 

prevented by removal of the identifiable factors, before airway remodeling [13-15]. There has, however, been a 

few researches on WRA in workers exposed to cassava starch. Perhaps by estimating the size of the problem, 

prevention strategies and monitoring the health effects among employees can be planned. The study was 

undertaken in Nakhon Ratchasima province where there are the highest concentration of cassava starch factories 

and exposed employees in Thailand.  

 

2. Materials and methods  

 

2.1 Study design 

 

A descriptive study was applied. 

 

2.2 Study population and sample 

 

The study population included workers from a medium-sized cassava starch factory located in Nakhon 

Ratchasima, northeast Thailand. This cassava factory uses standard production processes and has relatively poor 

environmental controls. As a consequence, the selected factory may have many workers excessively exposed to 

cassava starch and suffering from WRA; it is therefore a representative factory for study. 

The study population included persons (a) being 18 or over, and (b) have been working in the factory for 6 or 

more months. The exclusion criteria were (a) any contraindications for lung function testing with a peak flow 

meter (b) inability to communicate in Thai (c) any underlying diseases affecting lung function (i.e., active 

pulmonary tuberculosis, emphysema, chronic bronchitis, or morbid obesity). Each worker was invited to join the 

three-step study. The study population comprised 148 workers. The response rate was 87.2% (129/148) in Step 1, 

76.0% (57/75) in Step 2, and 100% (15/15) in Step 3 (Figure 1). 

 

 

Figure 1 Participants’ responses. 

 

2.3 Characteristics of workplace 

  

The factory processes cassava from locally-grown starch. Production occurs for 8 to 10 months a year. The 

factory achieves 24-h production by having employees work five to six days per week, in three shifts of 8 h/d. 

The morning shift runs between 0800 and 1600, the afternoon between 1600 and 2400, and the night between 

2400 and 0800. Workers change shifts weekly. The production process is divided into two departments: (1) 

Production, which includes pre-production, production, packing, and storage; and (2) Production Support, which 

includes office, transportation, maintenance, cleaning, and engineering. The Production Department is under one 

roof in which natural and mechanical ventilation are used and the quality of air at the time of sampling was quite 

low. Cassava starch dust was extensively airborne, especially in the Packing and Storage Section. Most workers 

used clothe masks and some did not use any respiratory protective equipment at all. 

 

  

Step 1 

Study population 148 workers 

129 participants (87.2%) 

Step 2 

75 asthma-like symptoms invited 

57 asthma-like symptoms participants (76.0%) 

Step 3 

15 WRA symptoms invited 

15 WRA symptoms participants (100.0%) 

19/148 (12.8%) non responders 

54 non asthma-like symptoms 

18/75 (24.0%) non responders 

42 non WRA symptoms 

0/15 (0.0%) non responders 
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2.4 Tools 

  

2.4.1 Questionnaire  

 

Two questionnaires were used-one in Step 1 and one in Step 2 of the study. Asthma-like symptoms were 

screened in the Step 1 questionnaire. These questionnaires were modified from the ECHRS questionnaire [16] by 

forward and backward translation into Thai and pre-tested in 60 workers at a cassava starch factory in Kalasin 

province, northeast Thailand. The Cronbach’s Alpha for the asthma-like symptoms screening questionnaire was 

0.85. The self-administered questionnaire comprised three parts: (a) general personal information, (b) job 

information, and (c) abnormal respiratory symptoms. The WRA symptoms screening interview questionnaire was 

used in Step 2. The questionnaire was modified from Chaiear et al. [13,17] and comprised six parts: (a) general 

personal information, (b) smoking history, (c) health information, (d) job information, (e) abnormal respiratory 

symptoms, and (f) contraindication(s) to the serial PEF test. The interviewers were performed by two occupational 

medicine physicians and eight occupational medicine residents trained in a short course on occupational medicine. 

The questionnaire was completed by trained interviewers. 

  

2.4.2 Serial peak expiratory flow 

 

The WRA symptoms subjects were invited to confirm diagnosis by serial PEF. The researcher trained each 

subject how to use the peak flow meter and record the data. The subjects were asked to measure the best of three 

blows each time. If the highest two readings differed by more than 20 l/min, then more readings were required. 

The minimum criterion required for a record to be included was that the PEF reading for four weeks over two 

work and two rest periods, at least four readings per day (viz., upon waking; at start of work or 1-2 h after starting 

work; upon finishing work; and, before bed) [18-20]. 

 

2.4.3 OASYS-2 

 

The OASYS-2 was used to interpret the results of serial PEF. The criteria for diagnosing WRA must be at 

least one of the following: 1) an OASYS score > 2.5; 2) the area between the curve score (ABC scores) ≥15 

l/min/h; and, 3) the time point analysis being positive [18,19,21]. 

 

2.5 Data collection  

 

The study was carried out in 3 steps. Step 1-all participants were screened for asthma-like symptoms using a 

self-administered questionnaire; Step 2-participants with asthma-like symptoms from Step 1 were screened for 

WRA symptoms by a questionnaire interview conducted by occupational medicine doctors; and, Step                        

3-participants with WRA symptoms from Step 2 had their diagnosis confirmed over the course of 3 to 4 weeks 

by serial PEF interpreted by OASYS-2. The criteria for diagnosing WRA symptoms and its subgroups depended 

upon the WRA screening questionnaire and OASYS-2 (Table 1). 

 

Table 1 Criteria for diagnosing WRA symptoms and establishing subgroups. 

Step WRA symptoms 

Definite WRA Probable Possible 

Step 1-asthma-like symptoms screening Positive  Positive  Positive  

Step 2-4 questions WRA symptoms screening 

Item 1 lower respiratory symptoms better 

when away from work 

Item 2 lower respiratory symptoms worst at 

work 

Item 3 having asthmagens in working 

process 

Item 4 exposed to asthmagens in working 

process 

Positive ≥1 item 

which must have 

first and / or 

second item 

Positive all item Positive 1-3 item 

which must have 

first and / or 

second item 

Step 3-serial PEF with OASYS-2 Positive  Negative or 

cannot evaluate 

Negative or 

cannot evaluate 
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2.6 Data analysis 

 

Descriptive statistics were applied and the results presented as frequencies, percentages, and p-values. All 

analyses were performed using SPSS (version 19.0, IBM SPSS Inc, Chicago, IL). The study was reviewed and 

approved by the Khon Kaen University Ethics Committee for Human Research (HE 611435). 

 

3. Results 

 

The number of cases studied was 129. Males constituted the majority of participants (72.1%). The median age 

of all participants was 40 (IQR 22 to 54). Most of the participants in Steps 2 and 3 do not smoke (54.4 and 66.7, 

respectively). Some 10.9% (14/129) of participants had an underlying disease and this was most commonly 

hypertension (35.7%) or diabetes mellitus (21.4%). History of atopy and family history of atopy were slightly 

increased in participants at Steps 2 and 3 (49.1% and 36.8%; 73.3% and 46.7%, respectively) (Table 2). 

 

Table 2 General characteristics of participants. 

General characteristics Step 1 (n=129) Step 2 (n=57) Step 3 (n=15) 

n % n % n % 

Sex 

 Male 93 72.1 34 59.6 7 46.5 

Female 36 27.9 23 40.4 8 53.3 

Smoking habits 

 Never smoked N/A 31 54.4 10 66.7 

Current smoker N/A 12 21.1 3 20.0 

Ex-smoker N/A 14 24.6 2 13.3 

Underlying diseases 14 10.9 11 19.3 6 40.0 

 Hypertension 5 35.7 3 27.3 2 33.3 

Diabetes mellitus 3 21.4 2 18.2 1 16.7 

Thyroid diseases 3 21.4 3 27.3 0 0.0 

Atopy 2 14.3 2 18.2 2 33.3 

Asthma 2 14.3 2 18.2 2 33.3 

Others 2 14.3 2 18.2 0 0.0 

History of atopy N/A 28 49.1 11 73.3 

Family history of atopy N/A 21 36.8 7 46.7 

Median age (interquartile range) 40 (22 to 54) 41 (25 to 54) 41 (26 to 52) 

 

Most job tasks category resulted in high cassava starch exposure at all Steps (65.1%, 66.7%, and 60.0%, 

respectively). Most (42.2%) of the low cassava starch exposure occurred in workers doing documentation and 

computer work. The highest cassava starch exposure occurred in workers doing the bagging of cassava starch 

(15.5%) (Table 3). 

 

Table 3 Job task of participants. 

Job task Step 1 (n=129) Step 2 (n=57) Step 3 (n=15) 

n % n % n % 

Low exposure to cassava starch 45 34.9 19 33.3 6 40.0 

 Documentation using a computer 19 42.2 7 36.8 3 50.0 

Drive crane to scoop cassava roots 5 11.1 3 15.8 1 16.7 

Cleaning and screening cassava roots 5 11.1 4 21.1 1 16.7 

Engine repair (trucks, forklifts, cars) 4 8.9 2 10.5 0 0.0 

Maintenance of electrical systems of cars and offices 3 6.7 0 0.0 0 0.0 

Care and design of machinery 2 4.4 0 0.0 0 0.0 

Weigh and measure percentage of cassava roots 2 4.4 1 5.3 1 16.7 

Chopped and crushed cassava roots 1 2.2 1 5.3 0 0.0 

Cleaning the office and the road in the factory 1 2.2 0 0.0 0 0.0 

Planting trees, watering trees, pruning branches 1 2.2 0 0.0 0 0.0 

Dump cassava roots from crane 1 2.2 0 0.0 0 0.0 

Drive the cassava starch truck 1 2.2 1 5.3 0 0.0 
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Job task Step 1 (n=129) Step 2 (n=57) Step 3 (n=15) 

n % n % n % 

High exposure to cassava starch 84 65.1 38 66.7 9 60.0 

 Control release of cassava starch into bags 13 15.5 5 13.2 0 0.0 

Control boiler machine 11 13.1 0 0.0 0 0.0 

Repairing machinery in production process 10 11.9 5 13.2 1 11.1 

Check quality of cassava starch 9 10.7 5 13.2 2 22.2 

Document work and walk in production process 9 10.7 7 18.4 1 11.1 

Production line leader and assistant  8 9.5 5 13.2 2 22.2 

Drive forklift to move cassava flour bags 6 7.1 2 5.3 0 0.0 

Check stock, control import and export of goods 6 7.1 6 15.8 2 22.2 

Turbo control (Adjusting quality of flour water) 4 4.8 1 2.6 0 0.0 

Control cassava waste separation machine 3 3.6 1 2.6 0 0.0 

Control cyclone machine 3 3.6 0 0.0 0 0.0 

Cleaning machinery in production process 1 1.2 1 2.6 1 11.1 

Control and care electrical systems in production line 1 1.2 0 0.0 0 0.0 

Other job exposure to asthmagens N/A 2  3.5 0 0.0 

  

Most of the participants at Steps 2 and 3 sensed ‘having’ asthmagens in the working process (82.5% and 

73.3%, respectively), which matched ‘perceiving’ exposure to asthmagens in the working process (70.2% and 

60.0%, respectively). Cassava starch was the most common asthmagen (~70% in Step 2 vs. 80% in Step 3). The 

median years of employment was quite similar among persons in each Step: Step 1-11.3 years (IQR 1.1 to 21.1); 

Step 2-12.2 years (IQR 1.1 to 21.2); and, Step 3-13.3 years (IQR 3.8 to 19.4). The median years of exposure to 

asthmagens in Step 2 was 4.3 years (IQR 0 to 21.2), which was virtually the same in Step 3 at 4.2 years (IQR 0 to 

19.4) (Table 4). All the WRA symptoms participants in Step 3 used inappropriate respiratory protective equipment 

(Table 5). 

 

Table 4 Job characteristics of participants. 

Job characteristic Step 1 (n=129) Step 2 (n=57) Step 3 (n=15) 

n % n % n % 

Low exposure to cassava starch 45 34.9 19 33.3 6 40.0 

High exposure to cassava starch 84 65.1 38 66.7 9 60.0 

Having asthmagens in working process N/A 47 82.5 11 73.3 

 Cassava starch dust N/A 32 68.1 9 81.8 

 Sulfuric acid N/A 11 23.4 5 45.5 

Sodium metabisulfite N/A 9 19.1 4 36.4 

Hydrogen peroxide N/A 6 12.8 2 18.2 

Others  N/A 18 38.3 4 36.4 

Exposed to asthmagens in working process N/A 40 70.2 9 60.0 

 Cassava starch dust N/A 26 65.0 7 77.8 

 Sodium metabisulfite N/A 7 17.5 3 33.3 

 Sulfuric acid N/A 6 15.0 3 33.3 

Hydrogen peroxide N/A 5 12.5 2 22.2 

Others  N/A 15 37.5 3 33.3 

Median years of employment (IQR) 11.3 (1.1 to 21.2) 12.2 (1.1 to 21.2) 13.3 (3.8 to 19.4) 

Median years of exposure (IQR) N/A 4.3 (0.1 to 21.2) 4.2 (0.1 to 19.4) 

 

Table 5 Respiratory protective equipment of participants. 

Respiratory protective equipment (RPE) Step 1 (n=129) Step 2 (n=57) Step 3 (n=15) 

n % n % n % 

Use RPE Not proper N/A 55  96.5 15  100.0 

Proper N/A 2  3.5 0  0.0 
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The proportion of asthma-like symptoms was 58.1% (75/129), 95%CI: 50.0, 66.4. The proportion of WRA 

symptoms was 11.6% (15/129): including, definite WRA 26.7% (4/15), probable WRA 26.7% (4/15), and possible 

WRA 46.7% (7/15). The proportion of definite asthma was 3.9% (5/129): including, definite WRA 40% (2/5), 

probable WRA 20% (1/5), and possible WRA 40% (2/5) (Table 6). 

 

Table 6 Diagnosis of participants. 

Diagnosis Total 

(n=129) 

95%CI Cassava starch exposed Years of exposure 

High 

(n=84) 

Low 

(n=45) 

<5 

(n=30) 

≥5 

(n=27) 

Asthma-like symptoms 75 (58.1) 50.0-66.4 52 (61.9) 23 (51.1) 30 (100.0) 27 (100.0) 

WRA symptoms 15 (11.6) 6.6-17.3 9 (10.7) 6 (13.3) 8 (26.7) 7 (25.9) 

 definite WRA 4 (3.1) 0.7-6.5 3 (3.6) 1 (2.2) 3 (10.0) 1 (3.7) 

probable WRA 4 (3.1) 0.7-6.4 4 (4.8) 0 (0.0) 0 (0.0) 4 (14.8) 

possible WRA 7 (5.4) 1.6-10.0 2 (2.4) 5 (11.1) 5 (16.7) 2 (7.4) 

Definite asthma 5 (3.9) 0.8-7.6 3 (3.6) 2 (4.4) 2 (6.7) 3 (11.1) 

 definite WRA 2 (1.6) 0.0-4.1 2 (2.4) 0 (0.0) 1 (3.3) 1 (3.7) 

 probable WRA 1 (0.8) 0.0-2.5 1 (1.2) 0 (0.0) 0 (0.0) 1 (3.7) 

 possible WRA 2 (1.6) 0.0-4.3 0 (0.0) 2 (4.4) 1 (3.3) 1 (3.7) 

 Non-WRA 0 (0.0) N/A 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 

  

Fifty-seven asthma-like symptoms participants in Step 2 had upper respiratory symptoms (61.4%) more 

frequently than lower respiratory symptoms (26.3%), but in Step 3 15 participants with WRA symptoms had lower 

respiratory symptoms (100.0%) more frequently than upper respiratory symptoms (86.7%). Eye/nose irritation 

was the most common upper respiratory symptoms (76.9%). Cough (60.0%) and dyspnea (or shortness of breath) 

(60.0%) occurred most commonly in lower respiratory symptoms (Table 7). 

 

Table 7 Respiratory symptoms of participants. 

Respiratory symptom Step 2 (n=57) Step 3 (n=15) 

n % n % 

Abnormal upper respiratory symptoms 35 61.4 13 86.7 

 Eye/nose irritation 23 65.7 10 76.9 

 Throat irritation 15 42.9 9 69.2 

 Nasal congestion, Rhinorrhea 13 37.1 5 38.5 

Abnormal lower respiratory symptoms 15 26.3 15 100.0 

 Cough  9 60.0 9 60.0 

 Dyspnea or shortness of breath 9 60.0 9 60.0 

 Chest tightness 8 53.3 8 53.3 

 Wheezing 4 26.7 4 26.7 

 

The male to female proportion of the 15 participants who had WRA symptoms was 46.7% to 53.3%. The 

proportion of high cassava starch exposure participants to low exposure was similar (46.7% to 53.3%). The median 

years of employment was 13.3 years (IQR 3.8 to 19.4) and the median years of exposure was 4.2 years (IQR 0 to 

19.4). Thirteen of 15 participants had an acceptable quality of PEF record and 1 of the 4 definite WRA participants 

had an OASYS score > 2.5 (Table 8). 

 

Table 8 General and job characteristics of definite WRA participants. 

NO Sex Cassava starch 

exposure 

Years of 

employment 

Years of 

exposure 

Quality of 

PEF record 

OASYS 

score 

ABC 

score 

Time point 

analysis 

1 F High 13.3 13.3 Acceptable 2 3.5 positive 

2 F High 4.2 4.2 Acceptable 2.1 51.9 negative 

3 F High 8.5 1.5 Acceptable 3.4 3.3 negative 

4 M Low 5.5 0 Acceptable 2.4 16.5 positive 

 

4. Discussion  

 

The proportion of asthma-like symptoms was 58.1% (75/129), 95%CI: 50.0, 66.4. Seventy-six percent of the 

asthma-like symptoms participants (57/75) responded to Step 2 of the study. They had upper respiratory symptoms 

(61.4%) more frequently than lower respiratory symptoms (26.3%). Consistent with previous studies, it was found 

that 51.9% of the employees exposed to wheat flour dust had upper respiratory symptoms [8]. The proportion of 

definite asthma was 3.9% (5/129), which is consistent with the general population (2.9-5.0%) [5,22], but perhaps 
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lower than expected as the study population was more exposed to asthmagens than the general population, 

especially to cassava starch dust. Five of the participants had definite asthma-including, definite WRA 40.0% 

(2/5), possible WRA 20.0% (1/5), and probable WRA 40.0% (2/5). Previous studies have found that WRA ranged 

between 10 and 25% among asthmatic adults, which is lower than the current study [1-3].  

Results of the current study revealed that the proportion of WRA symptoms was 11.6% (15/129), 95%CI: 6.6-

17.3, including definite WRA 3.1% (4/129), possible WRA 3.1% (4/129), and probable WRA 5.4% (7/129). 

Previous studies have shown that most of the less developed countries have a greater prevalence of WRA or WRA 

symptoms in workers exposed to flour dust than the developed West where there are stricter health and safety 

standards requiring appropriate PPE (i.e., between 2.0-56.0% in less developed African and Middle Eastern 

countries [7,8] vs. 3.0-5.5% in more developed western European countries [5,6]). The climate, moreover, of 

tropical, southern countries is hotter and more humid than European countries, hastening the growth of 

microorganism which cause asthma [23].  

The proportion of WRA symptoms was fewer than might have been expected as 89 workers quit their job 

before the end of the study due contract termination. The "healthy worker effect" may be the reason why the 

proportion was relatively low. A previous study research revealed that bakery workers with asthma symptoms had 

to change or quit their jobs (self-selection) [6,26]. In our study, a step-wise approach was used for data collection, 

as was done by Talini et al. [6]. Both studies encountered the problem of participants who did not participate in 

each step; perhaps explaining why the proportion of WRA symptoms was underestimated. 

Oh et al. in Korea studied the prevalence of WRA-based on data from the Korea Workers' Compensation and 

Welfare Service (COMWEL)-and found only 1.3% of WRA due to flour dust exposure [30]. Both workers and 

the doctors making the diagnosis lacked information about asthmagens; but the authors concern more on doctors' 

lack of knowledge on work processes and workers' risk. This resulted in lack of awareness and incorrect 

information about respiratory symptoms, delayed diagnosis and treatment [27-29]. 

Most of the participants have asthmagens and were exposed to asthmagens in their work process (82.5% and 

70.2%, respectively). Nearly 70% of participants experienced exposure to airborne cassava starch. The proportion 

of WRA symptoms in participants with high exposed to cassava starch was 10.7% (9/84), which is slightly lower 

than the low exposure group (13.3%). The difference may be because workers did not have information about 

asthmagens, resulting in a lack of awareness and incorrect information about respiratory symptoms. But the 

proportion of definite asthma in workers with high exposure was noticeably higher than those with low exposure 

(3.6% and 2.2%, respectively and p-value = 0.57). Cassava starch might contain important asthmagens as 

indicated by the current study. Previous studies found flour mill and/or bakery workers exposed to flour dust were 

associated with respiratory symptoms disorders, reduction of lung function, and the occurrence of WRA [6,7,23, 

25,26]. Three of four definite WRA were highly exposed to cassava starch and their duration of exposure was less 

than 5 years. Consistent with the study by Smith et al., 51% of wheat flour dust exposed workers experience 

respiratory irritation and 42% have occupational asthma in the first 5 years [5]. Some studies show fungal amylase 

enzyme in flour dust as the cause of WRA in bakery workers, but cassava starch does not have fungal amylase 

enzyme [5,24]. Cassava starch has a small granule size (less than 5 µm) and contains some proteins and is 

moderately acidic (pH 3-5); these properties are close to flour dust [9-11]. Such particles can pass though the 

lower respiratory tract and stimulate Ig-E (type1 hypersensitivity), causing inflammation of the bronchi and 

leading to asthma after about 6 months to 2 years [12,15]. In addition, the physical properties of cassava starch 

irritate the respiratory system, leading to asthma [12]. In 2018, a WRA patient report confirmed work exposure to 

cassava starch [12]. Cassava starch may therefore cause asthma albeit few studies have been done in Thailand or 

elsewhere.  

This is the first descriptive study to reveal the proportion of work-related asthma (WRA) symptoms among 

cassava factory workers in Thailand. Cassava starch may therefore be the cause of asthma among workers exposed 

to cassava starch. Early diagnosis and known asthmagens can help to avoid contact and airway remodeling [13-

15]. 

 

5. Conclusion 

 

WRA symptoms and definite WRA constituted 11.6% and 3.1% in a cassava starch factory, respectively. The 

results showed consistent with previous studies in developing nations. Cassava starch, like wheat flour, may cause 

WRA. 
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