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Abstract 

In 2024, Na Thawi District, Songkhla Province, reported the highest influenza cases in Southern Thailand. This cross-sectional 

study evaluated the influenza surveillance system (R506) at Somdejpraboromrachineenart Natawee Hospital in 2024 using 

both quantitative and qualitative methods. Stakeholders involved in the epidemiological surveillance system were 

interviewed to describe the system qualitatively. Quantitatively, 8,758 medical records from the hospital information system 

(HIS) and 358 R506 reports were reviewed to assess sensitivity, positive predictive value (PPV), completeness, accuracy, and 

timeliness. The female-to-male ratios were 1.17:1 in HIS meeting the R506 definition and 1.08:1 in R506. Most cases were in 

the 25–60-year age group in HIS and 5–9-year group in R506. The lowest proportions were among those aged 60 years or 

more. Cases peaked in July; HIS showed a gradual rise from May, while R506 surged from June. Most cases occurred in Na 

Thawi and Chana districts. Subdistrict-level data showed consistent hotspots in Na Thawi, Sathon, and surrounding areas. 

The overall incidence in the area was higher than in the reporting system. The sensitivity was 8.52% and the PPV was 84.92% 

with R506 showing 100% completeness and accuracy, except for onset date (21.79%). Timeliness was high: 98.88% within 3 

days and 99.72% within 7 days. From the qualitative study, the stakeholders accepted the surveillance system, describing it 

as simple, flexible, stable, and useful for planning and resource allocation. Clinical text extraction enabled full review without 

the need for sampling. 

Keywords: influenza, surveillance system, hospital information system, electronic medical record, clinical text extraction, 

report 506 

Introduction 

Influenza is an acute viral respiratory infection 

causing fever, headache, muscle aches, and fatigue.1 

Global outbreaks occur frequently and contribute 

significantly to morbidity and mortality.2 The virus is 

classified into types A, B, and C, with type A being the 

most common.3 Transmission occurs through 

respiratory droplets and contact with contaminated 

surfaces. The incubation period is 1–3 days and 

individuals are infectious from one day before 

symptom onset to 3–5 days afterward in adults and up 

to seven days in children.1,4 

In 2024, Thailand reported over 645,000 influenza 

cases and 49 deaths, primarily caused by type A.5 The 

Southern Health Region 12 reported 42,697 cases, 

with Songkhla Province reporting the highest 

incidence. In Na Thawi District, which has a 

population of about 60,000, 358 cases were reported 

through its district hospital, with frequent outbreaks 

occurring in prisons, schools, and hospitals.6,7 

Thailand’s traditional passive surveillance system 

faces several challenges such as limited coverage, 

delays, and resource constraints, which hinder timely 

outbreak detection.8,9 Recent advancements in 

information technology and data science have enabled 
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improved data extraction from hospital information 

systems (HIS).10–14 Manual record reviews remain 

time-consuming, while clinical text extraction 

enables faster and more accurate symptom 

identification from unstructured data.15–17 Although 

this method has demonstrated high precision and 

recall (0.7–1.0), its use in surveillance evaluation is 

still limited—likely due to reliance on structured 

data, the complexity of natural language processing 

(NLP), and limited collaboration between informatics 

and public health professionals.8,18–20 This study 

aimed to: 1) evaluate clinical text extraction for 

surveillance evaluation; 2) describe the influenza 

surveillance system qualitatively; and 3) assess 

quantitative characteristics using this method at 

Somdejpraboromrachineenart Natawee Hospital. 

Methods 

Study Overview 

This mixed-methods study evaluated the influenza 

surveillance system at Somdejpraboromrachineenart 

Natawee Hospital using both quantitative and 

qualitative approaches. The quantitative component 

assessed system attributes—sensitivity, positive 

predictive value, data quality, timeliness, and 

representativeness—using data from the hospital 

information system (HIS) and Report 506 (R506) 

between 1 Jan 2024 and 31 Dec 2024. The qualitative 

component included semi-structured interviews with 

key stakeholders to explore system characteristics: 

acceptability, simplicity, flexibility, stability, and 

usefulness.21 

Operational Definitions 

We used two influenza case definitions to evaluate the 

surveillance system.  

Influenza cases based on the R506 definition22  

Any individual with fever (or a body temperature of 38°C 

or higher), cough, and one of the following symptoms: 

sore throat, runny nose, body aches, headache, or 

fatigue, who visited Somdejpraboromrachineenart 

Natawee Hospital, during 1 Jan to 31 Dec 2024. 

Influenza cases based on Somdejpraboromrachineenart 

Natawee Hospital (hospital definition)  

Any individual who met the R506 definition or had a 

positive result on a rapid influenza diagnostic test 

(presumptive diagnosis based on a nasopharyngeal, 

throat, or nasal swab), who visited 

Somdejpraboromrachineenart Natawee Hospital from 

1 Jan to 31 Dec 2024. 

Data Collection 

For system description and qualitative evaluation, 11 

stakeholders across three levels—executives, department 

heads, and operators—were interviewed. These 

included the hospital director, public health officers, 

physicians, nurses, epidemiologists, and information 

technologists. The interview focused on disease 

reporting, case screening, diagnosis, coding, reporting 

frequency, data analysis, and system feedback.  

For quantitative characteristics, an overview of the data 

analysis process is illustrated in Figure 1. An initial 

manual review of 30 medical records in the electronic 

medical record system was conducted to understand 

the traditional review process and identify relevant 

variables for HIS extraction, including text-based fields. 

Additional records were reviewed as needed when new 

variables of interest were identified. Next, data were 

extracted from the surveillance system and the HIS. 

The current capabilities of these systems allow reports 

to be exported in Excel format, facilitating subsequent 

data utilization. Cases included in the study were 

those diagnosed with influenza-related conditions 

based on the international classification of diseases, 

10th revision (ICD-10) (Table 1). Primary ICD-10 

(influenza diagnosis group) codes for influenza 

diagnoses include J09, J100, J101, J108, J110, J111, 

and J118, while secondary codes (related to influenza) 

include J00, J029, and J069. Variables collected 

included hospital number (HN), demographic 

characteristics, diagnosis codes, patient type, visit and 

diagnosis dates, laboratory results, report date, and 

clinical texts such as chief complaint, present illness, 

past history, and physical examination.  

 

Figure 1. Quantitative data analysis process at Somdejpraboromrachineenart Natawee Hospital, 2024 
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Table 1. Characteristics of influenza cases by ICD-10 diagnosis at Somdejpraboromrachineenart Natawee Hospital, 2024 

Diagnosis ICD-10 

code 

Number of 

medical 

records 

Medical 

records after 

deduplication 

Met hospital 

definition 

n (%) 

Met R506 

definition 

n (%) 

Reported 

in R506 

(n) 

Acute nasopharyngitis/ 

common cold 

J00 6,366 4,374 2,432 (55.60) 2,281 (52.15) 25 

Acute pharyngitis, unspecified J029 391 309 137 (44.34) 127 (41.10) - 

Acute upper respiratory infection, 

unspecified 

J069 297 724 499 (68.92) 484 (66.85) - 

Influenza due to identify avian flu 

virus 

J09 8 6 2 (33.33) 2 (33.33) - 

Influenza due to other identified 

influenza virus with unspecified type 

of pneumonia 

J100 57 45 40 (88.89) 39 (86.67) - 

Influenza with other respiratory 

manifestations, seasonal influenza 

virus identified 

J101 194 143 124 (86.71) 124 (86.71) 87 

Influenza with other manifestations, 

seasonal influenza virus identified 

J108 272 203 171 (84.24) 169 (83.25) 123 

Influenza with pneumonia, virus not 

identified 

J110 18 13 12 (92.31) 12 (92.31) 4 

Influenza with other respiratory 

manifestations, virus not identified 

J111 113 91 74 (81.32) 73 (80.22) 27 

Influenza with other manifestations, 

virus not identified 

J118 413 358 266 (74.30) 256 (71.51) 92 

Total  8,758 6,266 3,757 (59.96) 3,567 (56.93) 358 

ICD-10: the international classification of diseases, 10th revision. R506: Report 506. 

 

Data Management and Analysis  

Stakeholder information was summarized to describe 

the system and create patient flow diagrams. 

Qualitative data were analyzed using thematic 

analysis based on acceptability, simplicity, flexibility, 

stability, and usefulness. 

For quantitative analysis, clinical texts—including 

chief complaint, present illness, and physical exam—

were concatenated using Excel’s CONCAT() function. 

Text preprocessing addressed capitalization, spelling 

errors, and word choice inconsistencies (in Thai and 

English) for uniformity (Supplementary Table 1). 

Negation patterns (e.g., “no fever,” “denied cough”) 

were identified and standardized. Two doctors and one 

public health officer iteratively reviewed and refined 

the process on 500 records over five rounds to eliminate 

errors. Symptoms such as fever, cough, sore throat, 

runny nose, body aches, and fatigue were extracted 

using Excel’s SEARCH() and ISNUMBER() functions 

and then compared against case definitions. For 

evaluation phase, we randomly selected 1,000 records 

(excluding 500 records in text pre-processing) to 

manually assess the accuracy of the clinical text 

extraction algorithm in identifying whether each record 

met or did not meet the case definition, compared 

against manual review of the raw clinical text. 

After determining consistency with case definition, 

records with duplicate HN and visit date (i.e., the same 

diagnosis within a 2-week period) were identified. If 

the duplicates met the case definition, only the first 

occurrence was retained. Otherwise, the records were 

manually reviewed to determine the correct case 

classification, and the first matched case definition 

was retained. To calculate date of onset, duration of 

symptom was extracted from chief complaint and date 

of visit. The entire data set was managed and analyzed 

using Microsoft Excel version 16.78.3.  

Sensitivity was defined as the percentage of cases who 

met the definition of influenza disease surveillance 

and were reported in the R506 system. It was 

calculated using the formula: 

 

Sensitivity = 

Number of patients meeting  

the influenza surveillance definition 

and reported in the system x 100 

Total number of patients meeting 

the influenza surveillance definition 
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Positive predictive value (PPV) was defined as the 

percentage of cases reported in the R506 system who 

met the definition of influenza and was calculated 

using the formula: 

 

Completeness and accuracy of recorded variables in 

R506, including factors such as age (with an acceptable 

error margin of ±1 year), gender (male/female), and 

date of hospital admission (which should be on or 

before the reporting date) were evaluated. Timeliness 

was categorized into three levels: timely (within 0–3 

days), moderately timely (within 4–7 days) and not 

timely (more than 7 days). 

For representativeness, the characteristics of cases 

reported to R506 were compared with the 

characteristics of cases who met the R506 definition. 

The distribution were compared by person, time, and 

place, using variables such as gender, age, date of 

onset, place of onset including (province, district, and 

subdistrict). 

Results 

System Description 

All cases were screened in the outpatient department 

during office hours and in the emergency room after 

hours. Nurses recorded symptoms and vital signs, and 

entered data into the HIS. Patients with influenza-like 

symptoms were directed to a separate area, instructed 

to wear masks, and sometimes underwent nasal swab 

testing. Physicians documented medical history, 

conducted physical examinations, and recorded 

diagnoses and ICD-10 codes in the HIS. Laboratory 

confirmation was not routinely performed. Most cases 

were treated as outpatients. Epidemiologists reviewed 

data and reported confirmed cases to the R506 system 

on working days, with retrospective reporting done 

after holiday periods. In the emergency room, similar 

procedures were followed. Laboratory-confirmed 

positive cases triggered alerts through the hospital’s 

epidemic warning system, prompting verification and 

R506 reporting. 

Hospitalized patients were isolated. Epidemiologists 

coordinated with local subdistrict hospitals for 

community control. ICD-10 codes were entered into the 

HIS within three days of discharge. Monthly data 

analysis was presented in hospital health meetings. 

The reporting process is shown in Figure 2. 

 

Figure 2. The process of reporting influenza disease at Somdejpraboromrachineenart Natawee Hospital, 2024 
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consistently between using the rule-based extraction 

algorithm and manual review, yielding an accuracy of 

99.9%. The sole misclassification occurred because the 

keyword “fever” referred to a patient’s relative, not the 

patient, highlighting challenges in contextual 

interpretation. 

Quantitative Characteristics 

From 8,758 HIS records, we excluded 2,492 duplicates, 

leaving 6,266 for analysis, of which 358 were reported 

to R506. As shown in Table 1, secondary ICD-10 

disease groups had more diagnoses than primary 

disease groups. 

Sensitivity 

A total of 3,567 cases met the R506 definition with 304 

reported to R506 (sensitivity 8.52%). Among unreported 

cases, 616 (18.89%) had COVID-19 infection, 220 

(6.74%) had a negative rapid influenza diagnostic test, 

and 2,878 (88.21%) were diagnosed using an ICD-10 

secondary disease group. After excluding these three 

groups of cases, the sensitivity values were 10.30%, 

9.08%, and 11.13%, respectively. Similarly, 3,757 cases 

met the hospital definition, with 325 reported to R506 

(sensitivity 8.65%). Among unreported cases, 365 

(10.64%) were diagnosed with the ICD-10 primary 

disease group, of which 145 had COVID-19 infection 

and 220 had a negative rapid influenza diagnostic test. 

After excluding these two groups of cases, the 

sensitivity values were 9.00% and 9.19%, respectively 

and the overall sensitivity was 9.58% (Table 2). 

Table 2. Number of influenza cases identified by medical 

record review according to R506 and hospital case definitions 

at Somdejpraboromrachineenart Natawee Hospital, 2024 

 Number of cases by medical record review 
 R506 definition Hospital definition 

 Met Not met Met Not met 

Reported in R506 system 

    Yes 304 54 325 33 

    No 3,263  3,432  

R506: Report 506. 

Positive predictive value 

For the R506 definition, 304 cases met the criteria 

(PPV 84.92%). Among the 54 individuals who did not 

meet the criteria (21 cases had a positive laboratory 

test result), 10 had no symptoms recorded (one due to 

a relative collecting the medication, nine were prisoners 

brought by prison officers), 10 had no fever, and 25 had 

no cough (eight had a positive laboratory result). Nine 

cases tested positive for influenza despite not having 

influenza symptoms. For hospital criteria, 325 cases 

met the criteria (PPV 90.78%). Among the 33 individuals 

who did not meet the criteria, 18 had no cough, nine 

had no fever, five had no associated symptoms, and one 

had no symptoms recorded (Table 2).  

Completeness, accuracy and timeliness 

All variables were recorded completely (100% 

completeness). For accuracy, all variables except the 

date of onset were recorded correctly (100% accuracy). 

The accuracy of “date of onset” was 21.79%. The 

distribution of reporting timeliness is shown in 

Figure 3. Of the 354 cases (98.88%) were reported 

within 3 days and 357 (99.72%) within 7 days. One case 

was reported 14 days after the date of diagnosis.  

 

Figure 3. Distribution of time (days) between diagnosis and 

report among influenza cases reported to R506 at 

Somdejpraboromrachineenart Natawee Hospital, 2024 

Representativeness 

For R506 definition, the female to male ratios in HIS 

and R506 were 1.17:1 and 1.08:1, respectively. The 25–

60-year age group had the highest proportion of cases 

(29.2% in HIS and 26.8% in R506). The age group of 60 

years and older had the lowest proportion of cases 

(6.28% in HIS and 2.79% in R506) (Table 3). 

Table 3. Characteristic of cases by R506 case definition and 

surveillance system at Somdejpraboromrachineenart 

Natawee Hospital, 2024 
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Met R506 

definition  
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R506 surveillance 

system 
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n (%) 

Gender 

Female 
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173 (48.00) 

Age (years) 

0–4 

5–9 

10–14 

15–24 

25–60 

60+ 

 

727 (20.38) 
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447 (12.53) 
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1,042 (29.21) 

224 (6.29) 
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56 (15.64) 

37 (10.34) 

96 (26.82) 

10 (2.79) 

R506: Report 506. 
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Influenza cases peaked in July in both groups, with 

a high in January followed by a steady decline and 

then an increase from May to July. The number of 

cases reported to R506 increased sharply from June 

to July. Reporting was lower in May, June, and 

February, with no R506 cases in April, although 

some cases were recorded in HIS during that month 

(Figure 4). 

 
Figure 4. Number of cases per month and the proportion reported to the surveillance system at Somdejpraboromrachineenart 

Natawee Hospital, 2024 

Figure 5 shows the distribution of reported influenza 

cases and cases meeting the R506 definition by 

subdistrict. Most cases were reported from Songkhla 

Province (99.72% for R506 and 98.07% for cases meeting 

the R506 definition). At the district level, reported R506 

cases were concentrated in Na Thawi (72.1%), Chana 

(19.6%), and Thepha (3.91%), while cases meeting the 

R506 definition were concentrated in Na Thawi (69.5%), 

Chana (20.2%), and Saba Yoi (3.03%). Within Na Thawi 

District, the highest number of cases meeting the R506 

definition were from Na Thawi (21.8%), Sathon (11.7%), 

and Khlong Sai (10.85%) subdistricts. The highest 

number of reported cases were from Na Thawi (22.1%), 

Thap Chang (13.9%), and Sathon (12.8%) subdistricts. 

 

Figure 5. Distribution of reported influenza cases and cases meeting the R506 definition by subdistrict, 

Somdejpraboromrachineenart Natawee Hospital, 2024 
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Acceptability 

Executives and staff valued the system for outbreak 

detection and can cooperate in reporting. However, 

influenza reporting is only triggered by physician 

diagnosis, laboratory confirmation, or identified 

clusters, as influenza is not a high-priority policy 

disease. 

Stability 

The system benefits from strong leadership support 

and trained staff. Epidemiologists follow guidelines; 

however, backup coverage by subordinate staff is 

limited. 

Usefulness 

Data informs policy and budgeting and is shared 

externally for surveillance and outbreak alerts. 

However, feedback to hospital staff on outbreak status 

is lacking. 

Discussion 

A rule-based, iterative text extraction process, combining 

concatenation, spelling/negation handling, and symptom 

searches, achieved 99.9% accuracy in classifying 

records against R506 definitions. In other studies, this 

method enabled rapid review of over 8,000 records in 

one day, automating extraction of clinical symptoms 

and onset dates while improving processing speed and 

accuracy.18,19 Despite its effectiveness, challenges 

remain, including variations in capitalization, spelling, 

word choice, time expressions, and negation in both 

Thai and English.23 Addressing these issues requires 

advanced natural language processing, spelling 

correction, and support for medical terminology.24,8 

The sensitivity of R506 and hospital definitions was 

8.65% and 8.52%, respectively, which was lower than 

reported in prior studies (12.39–27.5%).15–17 This may 

be due to the following reasons. First, physician 

diagnosis relies on clinical judgment, which may miss 

cases without positive results or correct ICD-10 coding. 

Second, epidemiologists determine which cases to 

report, often selecting the hospital definition when 

case numbers are high. This flexible interpretation can 

deviate from standardized surveillance criteria meant 

to guide outbreak detection and public health response.  

The positive predictive values for R506 and hospital 

definitions were 84.92% and 90.87%, respectively, higher 

than reported in other studies (17.25–30.68%).15–17 Our 

high values resulted from epidemiologists selecting 

cases based on ICD-10 codes and confirming symptoms 

and laboratory results prior to reporting. Among 54 

reported cases that did not meet the R506 definition, 

21 had positive laboratory results but lacked clinical 

symptoms. The hospital definition allows inclusion of 

asymptomatic, laboratory-confirmed cases. Laboratory 

confirmation was performed using the CiTEST 

influenza A+B rapid test, which has high sensitivity 

and specificity (99.0%/98.9% for influenza A and 

98.8%/99.0% for influenza B).25 

Data completeness was 100% for mandatory fields. 

Most variables were recorded accurately, except for the 

onset date, which was accurate in only 21.79% of 

records, although this value was within the reported 

range of 10.9–79.1% from other studies.15,16 The 

inaccuracy was often due to staff recording the visit 

date instead. Previous research indicates higher 

accuracy in larger hospitals with more support from 

epidemiologists and information technologists.15 

Timeliness was high. 98.88% and 99.72% of cases were 

reported within 3 and 7 days, respectively, due to daily 

reporting by epidemiologists. Delays occurred mainly 

during holidays, with only one case reported after 14 

days. 

For representativeness, the male-to-female ratio, date 

of onset, and place of onset aligned with their 

respective variables in the subset who met the 

definition. Although the magnitude does not reflect the 

real situation due to low sensitivity, the data remained 

representative in terms of gender, time trend, and 

location. The reporting proportion was lower in May, 

June, and February, as epidemic officers could choose 

to report based on the hospital or R506 definition. Case 

numbers were also low during this period, and no cases 

were reported in April, likely due to public holidays 

affecting reporting. The trend in case numbers did not 

show significant changes. 

Our qualitative study findings showed strong system 

acceptability among executives and staff. The system 

was perceived as simple, flexible, and adaptable— 

ICD-10 codes could be updated without additional 

funding or external approval. Stability was supported 

by backup epidemiologists. However, some staff lacked 

awareness of reporting criteria. Surveillance data were 

actively used for policy planning and shared with 

external partners for outbreak detection. 

Limitations  

While the iterative rule-based process improved 

consistency in extracting clinical data, internal 

accuracy estimates do not substitute for external 

validation. No independent validation study 

comparing our algorithm to full traditional methods 

was conducted. Secondary data sources (HIS, medical 

records) may contain missing or misclassified 

information. During interviews, stakeholder responses 

might have been biased by the presence of department 

heads; however, confidentiality assurances and 
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separate interviews partly mitigated this potential 

bias. Random sampling across departments and levels 

was conducted to represent a wide range of 

perspectives but we did not include all staff. 

Recommendations 

Epidemiologists can effectively evaluate influenza 

surveillance using clinical text extraction with 

predefined search terms, adapted to local documentation 

styles. Training healthcare staff on surveillance 

definitions and improving symptom onset documentation 

are essential. Continued disease reporting with timely 

feedback and random strain testing will strengthen 

preparedness. Automating laboratory-based reporting 

ensures accuracy and reduces discrepancies. 

Collaboration among national and local health 

agencies is critical to establish a rapid test–based alert 

system, enhancing verification, reducing workload, 

and ensuring consistent reporting to R506. 

The Division of Epidemiology should develop tools to 

extract symptoms and onset dates from clinical texts, 

including chief complaints and physical exams. Clinical 

criteria should be refined—such as reassessing the 

requirement for cough alongside fever—since 6% of 

RIDTs-positive cases lacked cough.26 Reporting 

asymptomatic but laboratory-confirmed influenza 

cases is also critical, given the potential for transmission 

before and after symptoms, especially in children 

where viral shedding may last over seven days.27,28 

Conclusion 

The 2024 evaluation of the influenza surveillance 

system at Somdejpraboromrachineenart Natawee 

Hospital showed that actual influenza incidence 

exceeded reported figures. Case identification by 

epidemiologists using selective criteria may have 

introduced bias. Despite low sensitivity, the system 

demonstrated high positive predictive value, accuracy, 

and data completeness. It was adequately 

representative across person, place, and time, with 

timely reporting. Stakeholders described the system as 

simple, flexible and stable. Clinical text extraction via 

Microsoft Excel allowed complete medical record 

review without sampling, supporting effective 

surveillance evaluation and health planning. 
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