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Introduction: Necrotizing fasciitis (NF) is a rare skin and soft-tissue bacterial infection
with high morbidity and mortality. Knowledge about the prevalence and incidence of NF in
Thailand is quite sparse. The objective of this study was to determine the prevalence of NF in
Thailand and factors that may be potentially associated with NF morbidity and mortality.
Methods: A cross-sectional study using secondary data from Thailand’s national health
databases between 2014 and 2018 was conducted. Descriptive statistics using median and
percentage formats were used. This was complemented by multivariable logistic regression
to determine the association between various factors (such as age and underlying diseases)
with NF morbidity and mortality. Univariate spatial data analysis was exercised to identify
the geographical hot spots in which the disease appeared.

Results: During 20142018, we found 90,683 NF cases. About 4.86% of the cases died. The
median age for all cases was 59.39 years old. The annual incidence of NF demonstrated an upward
trend (from 26.08 per 100,000 population in 2014 to 32.64 per 100,000 population in 2018). The
monthly incidence was highest between May and August. A high incidence cluster (as indicated by
local Moran’s I) was found in the north-eastern region of Thailand. The most infected sites were on
the ankles and feet (43.18%) with an amputation rate of 7.99% in all cases. Multivariable logistic
regression indicated that the significant risk factor for amputation was a presence of underlying
diseases, namely diabetes (OR 7.94, 95% CI 7.34-8.61). Risk factors for mortality included being
elderly (OR 1.82,95% CI 1.68—1.98) and a presence of underlying hypertension (OR 1.16, 95% CI
1.07-1.27), cirthosis (OR 4.67, 95% CI 4.17-5.21), and malignancy (OR 1.88, 95% CI 1.55-2.26).
Discussion and Conclusion: As the elderly and those with chronic underlying diseases are
likely to face non-preferable health outcomes from NF, healthcare providers should pay great
attention to these groups of patients. Early and intensive treatment might be considered in
these groups of patients. Further studies that aim to validate the volume of actual NF cases
and reported NF cases are recommended.
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Introduction

Necrotizing fasciitis (NF) is a rare bacterial infection that spreads quickly in the body
and can cause severe morbidity and death.' NF can occur in healthy individuals in all
age groups.” There are four types of NF.* Type 1 NF is caused by poly-microbial
infection due to enterobacteriaceae and facultative and anaerobic streptococci. In
addition, obligate aerobes and fungi have also been found to be causes.>*° Type 2
NF is caused by Group A streptococcus or other beta-haemolytic streptococci.” Type 3

NF is caused by Gram-negative, often marine-related organisms such as Vibrio spp,’
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and type 4 NF was associated with trauma.® The main infec-
tion of this type was fungal.?

The incidence of NF worldwide ranges from 0.30-15 cases
per 100,000 population.®” International literature suggests that
risk factors of NF include trauma, surgery, being immune-
compromised hosts, malignancy, obesity, alcoholism, preg-
nancy, and undergoing gynecologic procedures.*”*"'* The
mortality rate for Type 1 NF is 21% and for Type 2 NF is
14-34%.%"'>"7 Precipitating factors of mortality are severe
sepsis, serum creatinine >2.00 mg/dl, age greater than 60
years old, streptococcal toxic shock syndrome, clostridial
infection, delay of surgery >24 hours, and infection involving
the head, neck, thorax, or abdomen.>!7-%

NF is a significant economic burden. A study in
Australia showed that the total cost for treating a patient
with NF ranged from $1025 to $514,889.2! Moreover, NF
may severely undermine the quality of life of patients,
particularly those undergoing amputation. The high mor-
tality rate is also a major public health concern.'>"”

A prior domestic study by Khamnuan et al indicates
that about 8.40% (127/1507) of NF cases ended up with
limb amputation.”” Moreover, a study in Thammasat
University Hospital in Thailand reported that mortality
was 5.41% among NF cases, and this figure could be as
high as 50% among diabetic patients.”® A lower likelihood
of amputation or fatality requires early and aggressive
surgical exploration and debridement with broad-spectrum
empiric antibiotic therapy and hemodynamic support.*

In 2017 and 2018, a variety of media agencies in
Thailand reported that increasing numbers of people are
affected by NF (in lay term, “flesh-cating disease”) in one
of the north-eastern regions of Thailand.>*** In this
regard, the Division of Epidemiology (DOE) which sits
in the Department of Disease Control (DDC) at the Thai
Ministry of Public Health (MOPH) initiated a rapid assess-
ment of the nationwide situation of NF in Thailand, which
had not been reported previously. This study, also initiated
by the DOE, is a deeper analysis aiming to explore the NF
situation in terms of incidence and case fatality rate (CFR)
and distribution by time, place and person. Furthermore, it
determines factors that are potentially associated with
morbidity and mortality of NF.

Methods
Study Design and Data Source

We conducted a descriptive cross-sectional study using
secondary individual data service data from the National

Health Database of the MOPH (43-folders dataset). The
dataset retrieves registered individual patient records from
all public hospitals affiliated to the MOPH in Thailand,
except in Bangkok. The analysis was separated into three
parts. First, individual NF cases were used to analyse NF
incidence, case fatality rate and case characteristics.
Second, individual cases were grouped together to deter-
mine provincial-level data in terms of annual NF incidence
and NF case fatality rate per province. The provincial-
level data were used for spatial analysis. Lastly, temporal
characteristics were assessed by estimating the monthly
trend of NF cases.

Data Management
The interested populations were Thai patients diagnosed
with NF (International Classification of Diseases — ICD =
M?72.6) from 2014 to 2018. Data cleaning was processed
by the following criteria. First, we identified duplicated
records by personal national identification numbers; then
we constructed a new dataset containing individual records
which combined outpatient and inpatient data. If an indi-
vidual visited a hospital twice within a window period of
180 days, those visits were grouped into a single record.
The new dataset contained the following variables: sex,
age, occupation, underlying diseases (diabetes mellitus,
hypertension, obesity, cirrthosis, HIV, alcoholism, and
malignancy), date of first visit, address (in provincial
level), infected site, treatment procedures, length of hospi-
tal stay (date of discharge subtracting date of first visit),
and discharge status (recovered or death).

Data Analysis

Descriptive Statistics

Descriptive statistics were performed. The annual inci-
dence proportion and case fatality rate were calculated
using the estimated mid-year population from the DOE
as a denominator. Characteristics by the patients were
presented as percentage, mean with standard deviation
(SD), and median with interquartile range (IQR) in all
cases and subgroup analysis by dead status and amputation
status.

Univariate Spatial Analysis

Moran’s I and Local Moran’s I with Moran’s scatter plot
were calculated on incidence proportion and case fatality
rate (CFR) to assess spatial autocorrelation (I statistic
approaching one indicates the clustering pattern). The
results of those statistics are interpreted as a spatial
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pattern, such as the clustered pattern in which statistical
value closes to positive one, a Chessboard pattern in which
statistical value closes to negative one, and a random
pattern which statistical value closes to zero.?
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I was Moran’s I statistic, and w;; was a spatial weight

matrix using Queen contiguity matrix.
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Temporal Analysis
Time series analysis was performed on the total number of

I =

cases and deaths to identify temporal pattern (such as trend
and seasonality) using Buys-Ballot Table.?” Linear, quad-
ratic and exponential models were fitted to the reported
data as per a standard calibration process. We assessed
model fitness by comparing the number of reported cases
and predicted cases in the last three months using mean
absolute error (MAE), mean absolute percentage error
(MAPE), root mean squad error (RMSE), and root mean
squad percentage error (RMSPE) as fitness indicators.
Formulae used in this step were displayed in supplemen

tary file 1.

Multivariable Analysis

There were two main morbidity dependent variables:
amputation and deaths. Independent variables included
demographic data, underlying diseases, infected site, and
operation procedures. Odds ratio (OR), adjusted OR, and
95% confidence interval (CI) were determined by logistic
regression. The selection of variables to be included in
multivariable logistic regression was exercised by stepwise
method (cut-off p-value <0.2). We used R 3.6.0 and
RStudio® for all calculations.

Subgroup Analysis

As amputation and death can be competing risks, we
performed subgroup analysis to assess if the association
between the predictor variables and the outcome would
change from the complete-set analysis. We performed two
analysis steps. First, we limited the data only to those who
survived, and then performed multivariable logistic regres-
sion to compare the odds of being cured with and without
amputation. In the second step, we focused on those who

did not undergo amputation. The outcome in this regard
was cured versus dead.

Data Evaluation and Data Validity

We conducted additional analysis to assess data validity.
As this study mainly used secondary data analysis, it was
difficult to assess whether and to what extent the reported
NF data reported the true NF cases. In this regard, we
performed a rapid surveillance evaluation in a tertiary care
hospital, which is one of the referral centers that receives
complicated cases (including NF) in Thailand. We
explored medical records of the patients who were diag-
nosed with NF (International Classification of Diseases
Version 10 [ICD10] = M72.6) and with NF-related diag-
nosis (such as ICD10 = LO03, referring to cellulitis),
between 2014 and 2018. We randomly extracted 50
reported NF cases and 50 reported NF-related cases from
the hospital database. However, in reality, we retrieved
103 records (48 reported NF cases and 55 NF-related
cases). We then reviewed the medical history of each
patient to check if there was a visit that could be identified
according to a NF diagnosis. We evaluated each visit as to
whether it coincided with NF clinical criteria (true NF) or
otherwise. The visit was identified as true NF if it met
either one of the following conditions: (i) post-operative
diagnosis as NF; or (ii) at least two clinical symptoms
were presented (erythema, edema extending beyond visi-
ble erythema, severe pain, crepitus, and specific skin
lesion such as skin bullae, necrosis, or ecchymosis). The
percentage of true NF in reported NF (identified by ICD-
10) and among NF-related cases was determined to vali-
date whether there was an over- or under-estimation of NF
in the hospital database.

Results
A total of 155,620 outpatient (OP) and 271,668 inpatient
(IP) records, which were diagnosed as NF by ICDI10
coding, were retrieved. The volume of records after clean-
ing and discarding duplicates was 90,683. Among the NF
cases, 6,786 resulted in amputation (without death)
(7.48%); 3,944 resulted in deaths (without amputation)
(4.35%) and 466 came up with amputated death (0.51%).
The incidence proportion of NF increased from about
26.08 per 100,000 in 2014 to 32.64 per 100,000 in 2018.
Likewise, the case fatality ratio (deaths per patient) grew
from about 4.30% in 2014 to 6.34% in 2018, Figure 1.
Most of the cases were males (58.45%), and worked as
skilled agriculturists. The median age was 59.39 years and
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Figure | Incidence proportion and case fatality rate of NF cases, Thailand, 2014-2018.

there were differences in the age of survival and death.
The median of age among the deaths was higher than that
of the whole dataset. The mean age of skilled agriculturists
and general contractors were 60.23 and 53.20 years,
respectively. The unemployed group had a mean age of
about 66.66 years. About three quarters of the unemployed
were in the elderly group. Diabetes Mellitus shared a high
proportion of all underlying diseases in amputated cases
while cirrhosis constituted the greatest share among
deaths. Ankles and feet (43.18%) were the most com-
monly amputated sites, followed by lower leg (26.74%).
In terms of hospitalization length, the median was eight
days (13—16 days in amputated group and 5-8 days in non-
amputated group). Intubation showed the largest share
among the deaths, relative to other procedures; Table 1.

The annual incidence proportion of NF cases per
100,000 population in each province was demonstrated in
Figure 2. The north-eastern region appeared to have larger
incidence compared with other regions. Moran’s I ranged
from 0.41 to 0.54, representing strong evidence of cluster-
ing (p-value <0.05).

By contrast, the CFR clustering was not apparent rela-
tive to incidence proportion and greatly varied by years
(Moran’s I = 0.002—0.29), Figure 3. The detailed informa-
tion of CFR and incidence proportion in each province is
provided in supplementary file 2.

Trend and seasonality of cases are identified in
Figure 4. We selected quadratic trend as it showed the
greatest model fitness as measured by R? (R for linear =
0.73, p-value= 0.065; R’ for quadratic = 0.93, p-value=

0.073 and R’ for exponential = 0.72, p-value= 0.070).
Seasonality pattern showed a peak between May and
August. Figure 4 compares the difference between
reported cases and predicted cases from different models.

The analysis on the trend of NF deaths was performed
in the same fashion as total cases. The linear trend was
selected for trend component as it showed the lowest
p-value with relatively similar degree of R?, reflecting
the greatest model fitness (R’ = 0.43, p-value= 0.230),
Quadratic (R’ = 0.52, p-value= 0.480), and Exponential
(R? =0.30, p-value= 0.343) models. Seasonality was there-
fore revealed with a peak from May to August and was the
same as the temporal analysis for total cases. Figure 5
compares the difference between reported deaths and pre-
dicted deaths from different models.

Overall, the multiplicative model showed a better fit
relative to the additive model for both total-case analysis
and death analysis. This was proven by many predicted
indicators (MAE, MAPE, RMSE and RMSPE) as pre-
sented in Table 2.

Univariable analysis is reported in Table 3. Significant
risk factors for amputation were female (OR 1.28, 95% CI
1.21-1.35), underlying with diabetes mellitus (OR 8.65,
95% CI 8.09-9.24), hypertension (OR 2.23, 95% CI 2.12—
2.34), and single sites of NF infection (OR 1.58, 95% CI
1.25-2.00). Significant risk factors for death were being
elderly, aged 60 years or above (OR 1.66, 95% CI 1.55—
2.77), underlying diabetes mellitus (OR 1.09, 95% CI
1.03-1.16), hypertension (OR 1.36, 95% CI 1.28-1.45),
cirrhosis (OR 3.91, 95% CI 3.59—4.27), alcoholism (OR
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Table | Characteristics of NF Cases

Characteristics

Number of Cases

Total Percent

Sex (N = 81,334)

® Male 47,537 58.45
® Female 33,797 41.55
Age (N=77,653)
® Child (<15) 1,694 2.08
® Adult (15-59.99) 40,208 49.48
® Elderly (260) 39,355 48.43
Occupation (N = 66,882)
® General contractor 25,114 37.55
® Skilled agriculturist 25,693 3842
® Unemployed 7,743 11.58
® Others 8,304 12.42
Underlying diseases (N = 90,683)
Diabetes mellitus
® Yes 36,991 40.79
® No 53,692 59.21
Hypertension
®  Yes 37,044 40.85
® No 53,639 59.15
Cirrhosis
® Yes 4,426 4.88
® No 86,257 95.12
HIV infection
® Yes 647 0.71
® No 90,036 99.29
Malignancy
® Yes 1,907 2.10
® No 88,776 97.90
NF sites (N = 90,683)
® Multiple sites 1,537 1.69
® Single site 89,146 98.31
Organs involved for single-site NF (N = 89,146)
® Lower leg 24,245 26.74
® Ankle and foot 39,153 43.18
® Others 25,748 28.88
Length of hospitalization (N = 54,153)
® <7 days 27,074 48.19
® >7 days 29,110 51.81
Ever received the following procedures (N = 90,683)
Debridement
® Yes 40,737 44.92
® No 49,946 55.08
Fasciotomy
® Yes 7,146 7.88
® No 83,537 92.12
Endotracheal tube
® Yes 5,244 5.78
® No 85,439 94.22
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Figure 2 Incidence proportion of NF by areas with spatial data, Thailand, 2014-2018.

Note: *P-value <0.01.
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Figure 3 Case fatality rate of NF by areas with spatial, Thailand, 2014-2018.
Notes: *P-value <0.01, **P-value <0.05.

1.56, 95% CI 1.34-1.81), and malignancy (OR 2.22, 95%
CI 1.91-2.58).

In multivariable analysis, sex, age, occupation, underly-
ing diseases, and NF infected site were included in multi-
variable logistic regression (Table 4). A significant factor for
amputation was underlying diabetes mellitus (adjusted OR
7.94, 95% CI 7.34-8.61) and significant factors for mortality
were being elderly (adjusted OR 1.82, 95% CI 1.68-1.98),
underlying hypertension (adjusted OR 1.16, 95% CI 1.07—
1.27), cirrhosis (adjusted OR 4.67, 95% CI 4.17-5.21), and
malignancy (adjusted OR 1.88, 95% CI 1.55-2.26).

Table 5 shows results from subgroup analysis. Findings
from subgroup analysis were quite similar to the findings
from full-sample analysis. Diabetes appeared to be the stron-
gest risk factor for amputation (even after excluding dead
cases) with adjusted OR = 8.53; and 95% CI=7.86-9.27. For
non-amputated cases, cirrhosis still presented as the strongest
risk factor for death (adjusted OR 4.70, 95% CI 4.12-5.13).

By comparing the existing medical records of NF and
NF-related patients against the reported data in a selected
hospital, we discovered that, out of 48 reported NF cases
(as defined by IC10 coding), 43 met the clinical definition
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Figure 5 Reported deaths and predicted deaths from additive and multiplicative models in NF patients, Thailand, 2014-2018.

of NF. This meant the reported NF cases overestimated the
true cases by about 10.42% (or the positive predictive
value of reporting equated 89.58%). All 43 cases that
met clinical definition of NF were reported as NF by
ICD10 coding, as presented in Table 6.

Discussion

Overall, we found that the yearly incidence of NF in Thailand
presented in this study was higher than reports in other
countries such as Norway, Canada, and the Us, 11:16.28.29
This suggests that NF is likely one of the most critical public
health threats in Thailand. A prior study by Khamnuan et al

found NF incidence to be about 15.5 cases per 100,000
population, drawn from samples in three provinces in the
northern region of Thailand. Such a figure was quite close to
our study findings, which showed that the incidence in cor-
responding provinces varied from about 13.97-18.47 cases
per 100,000 population.?

The hot spot was identified in the Northeast of Thailand
by local Moran’s I mapping. Spatial patterns of NF between
2014 and 2018 seemed to be consistent over time. This
provides indicative evidence that being involved in agricul-
ture may play a key role in developing NF since almost half
of the agricultural areas in Thailand are in the northeastern
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Table 2 Model Error Assessing the Number of NF Cases and NF Deaths

Interesting Variable Fitting Type Model Type R? MAE MAPE RMSE RMSPE
NF cases Self-fitting Additive 0.75 208.35 30.84 297.10 141.75
Multiplicative 0.75 198.99 29.95 290.13 138.44
Next 3-month fitting Additive 0.36 209.58 29.88 278.62 43.91
Multiplicative 0.32 206.10 29.26 274.70 43.17
NF deaths Self-fitting Additive 0.46 25.29 34.28 184.02 796.54
Multiplicative 0.48 24.52 32.99 159.25 619.63
Next 3-month fitting Additive 1.34 31.26 150.70 39.71 237.85
Multiplicative 0.77 22.15 119.65 32.01 197.93

Table 3 Univariate Analysis of Treatment Outcomes and Personal Attributes

General contractor
Skilled agriculturist

Factors OR for Amputation OR for Death
(95% ClI) (95% CI)
Sex Female 1.27 (1.21-1.34) 0.98 (0.92-1.05)
Age Adult (15-59.99) Ref. Ref.
Child (<15) 0.11 (0.07-0.18) 0.21 (0.12-0.35)
Elderly (260) 1.05 (1.00-1.057) 1.65 (1.54-1.76)
Occupation Unemployed Ref. Ref.

0.8 (0.74-0.89)
0.87 (0.78-0.97)

0.84 (0.76-0.95)
0.49 (0.44-0.54)

Others 0.87 (0.80-0.96) 0.71 (0.62-0.81)
Diabetes Mellitus (v no) Yes 7.98 (7.50-8.49) 0.97 (0.88-1.00)
Hypertension (v no) Yes 2.21 (2.10-2.31) 1.27 (1.20-1.36)
Cirrhosis (v no) Yes 0.53 (0.46-0.62) 4.07 (3.734.44)
HIV (v no) Yes 0.54 (0.36-0.77) 1.29 (0.92-1.76)
Alcoholism (v no) Yes 0.45 (0.36-0.55) 1.63 (1.40-1.89)
Malignancy (v no) Yes 0.69 (0.56-0.83) 2.27 (1.95-2.63)
Admission days (<7 day) >7 days 2.6 (2.50-2.84) 0.80 (0.75-0.85)
Debridement (v no) Yes 2,61 (2.48-2.74) 1.06 (1.01-1.14)
Fasciotomy (v no) Yes 0.97 (0.89-1.07) 1.32 (1.19-1.46)
Endotracheal tube (v no) Yes 1.96 (1.81-2.13) 16.00 (14.93-17.14)
NF site (v multiple sites) Single site 1.49 (1.21-1.87) 0.66 (0.54-0.81)

region.”® Furthermore, the number of NF cases each year
reached its peak between May and August, which is a crop-
planting period. A study by Gerberich et al and a study by
Cogbill and Busch suggested that agricultural work is asso-
ciated with an increased incidence of trauma.’'*2 Trauma,
such as skin trauma, increases the chance of skin infection.’
Then, simple skin infections can rapidly progress to necrotiz-
ing fasciitis.” We also attempted to explore if the degree of
land use was correlated with the incidence of NF.
Unfortunately, the data from the Office of Agriculture and
Economics, Ministry of Agriculture and Co-operatives, were

not complete and clean enough to perform correlation

analysis. However, we still found some suggestive evidence
indicating that in each year, the area of land used for rice
cropping soared during June and July, then sharply declined
in October to December. This rise-and-fall pattern was quite
similar to the seasonal fluctuation of the volume of NF
cases.”

The CFR in this study was smaller, compared with
that reported in Canada, Singapore, and Sweden.
However, the interpretation of this discovery should be
made with caution as most studies on CFR were con-
ducted in the 1990s to 2000s, a period when treatment

and medicine were not advanced relative to the current
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Table 4 Multivariable Analysis of Treatment Outcomes and Personal Attributes

Skilled agriculturist

0.75 (0.68-0.82)

Factors OR-Amputation OR-Death
(95% CI) (95% CI)
Sex Female 0.96 (0.90-1.02) 1.01 (0.93-1.09)
Age Adult (15-59.99) Ref. Ref.
Child (<15) 0.27 (0.07-0.72) 0.40 (0.16-0.82)
Elderly (260) 0.93 (0.87-0.99) 1.82 (1.68-1.98)
Occupation Unemployed Ref. Ref.
General contractor 0.83 (0.76-0.92) 1.04 (0.93-1.16)

0.55 (0.49-0.61)

Other 0.74 (0.66-0.83) 0.80 (0.70-0.92)
Diabetes Mellitus (v no) Yes 7.94 (7.34-8.61) 0.86 (0.79-0.93)
Hypertension (v no) Yes 1.00 (0.94-1.07) 1.16 (1.07-1.27)
Cirrhosis (v no) Yes 0.61 (0.51-0.73) 4.67 (4.17-5.21)
HIV (v no) Yes 0.67 (0.42-1.02) 1.23 (0.81-1.80)
Alcoholism (v no) Yes 0.68 (0.52-0.86) 1.02 (0.84-1.22)
Malignancy (v no) Yes 0.68 (0.53-0.86) 1.88 (1.55-2.26)
NF site (v multiple sites) Single site 1.30 (1.00-1.73) 0.76 (0.59-0.99)

Table 5 Multivariable Analysis in Subgroup Analysis

Skilled agriculturist

0.75 (0.68-0.83)

0.53 (0.47-0.59)

Factors OR-Amputation OR-Death
(95% CI): Subgroup Analysis | (95% CI): Subgroup Analysis 2

Sex Female 0.95 (0.90-1.01) 1.00 (0.93-1.08)
Age Adult (15-59.99) Ref. Ref.

Child (<15) 0.20 (0.03-0.61) 0.38 (0.15-0.78)

Elderly (260) 0.91 (0.86-0.97) 1.80 (1.66—1.95)
Occupation Unemployed Ref. Ref.

General contractor 0.80 (0.72-0.89) 0.99 (0.89-1.12)

Other 0.68 (0.61-0.78) 0.76 (0.66-0.87)
Diabetes Mellitus (v no) Yes 8.53 (7.86-9.27) 0.99 (0.91-1.07)
Hypertension (v no) Yes 0.99 (0.93-1.03) 1.18 (1.08-1.28)
Cirrhosis (v no) Yes 0.60 (0.49-0.72) 4.60 (4.12-5.13)
HIV (v no) Yes 0.67 (0.41-1.03) 1.28 (0.86—1.85)
Alcoholism (v no) Yes 0.75 (0.58-0.95) 1.00 (0.83-1.20)
Malignancy (v no) Yes 0.72 (0.56-0.92) 1.82 (1.51-2.19)
NF site (v multiple sites) Single site 1.34 (1.02-1.80) 0.77 (0.60-1.00)

Notes: Subgroup analysis | = excluding deaths; subgroup analysis 2 = excluding amputated cases.

setting. >!:15717-282% There was a slight fluctuation in
CFR in Thailand in 2016, when CFR plummeted in
comparison with the overall increasing trend. The rea-

son behind this phenomenon remains questionable and

requires further investigation.

The temporal analysis confirmed a temporal pattern of
NF, either by additive model or multiplicative model. The

multiplicative model seemed to better fit the data.

The amputation rate among NF cases in this study was
about 8%, which was similar to the study by Khamnuan
et al.*? The rate of amputation was greater among adults,
relative to children. This can be partly explained by the

fact that the immune system of a patient gradually

ities can weaken the human immune system.

decreases by age and adults are likely to have many

more comorbidities than children. Some of these morbid-
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Table 6 Comparing Reported NF Cases Against True NF Cases That Met Clinical Criteria

Meeting Clinical Criteria of NF Not Meeting Clinical Criteria of NF Total
ICD-10: NF 43 5 48
ICD-10: NF-related 0 55 55
Total 43 60 103

The univariate analysis displayed a contradicting result
against descriptive statistics; that is, compared with being
unemployed, being involved in agriculture seemed to have
lower odds of developing NF (OR < 1). This might be due
to misclassification bias. In Thailand, many people who
are identified as unemployed may be engaged in home-
based agriculture in practice. Further studies on this point
are warranted.

It should be noted that we attempted to validate if the
magnitude of reported NF genuinely reflected true cases. It
was difficult to validate this within the given time-frame as
it requires primary data collection, and an in-depth review
of all related medical charts. We contacted one of the
hospitals that accommodated a number of NF cases and
fortunately the hospital director allowed the research team
to examine the relevant medical records. We found that
reported NF cases were likely to overestimate true cases
by 10.42%. This serves as a reminder if readers wish to
generalize findings on NF magnitude in order to represent
the true NF situation in Thailand. However, the issue
might not severely undermine analysis to assess the asso-
ciation between risk factors and clinical outcomes (death,
cured, and amputation). This is because death and amputa-
tion are serious health outcomes that are linked to the
reimbursement of medical charges from the National
Health Security Office, the main governing body of the
national insurance scheme of the Thai citizens. Unlike the
coding for diagnosis, clinical outcomes are rarely
misclassified.

We also attempted to assess if problems about compet-
ing risks occurred in this study. We found that the findings
from subgroup analysis were quite similar to the findings
from full sample analysis. However, the problem of com-
peting risks is not totally excluded. For example, the find-
ings still showed that HIV and cirrhosis appeared to be a
protective factor for amputation, while diabetes served as
the strongest determinant for amputation in NF patients.
This might be explained by the interaction between dia-
betes and other underlying chronic diseases. Patients with
multiple chronic diseases (such as diabetes and HIV at the
same time) were small in number, relative to those with a

single disease. To prove this assumption, further studies
that incorporate the interaction terms between diseases in
the model are recommended. To address the competing
risks, the hospital database should be re-orientated to
allow the addition of time-to-event variables (such as
duration from the first diagnosis to amputation) for each
individual patient. This will allow for a more delicate
analysis of the risks of each health outcome, not only in
NF cases, but in all inpatients in public facilities.

There remain some limitations in this study. First, some
variables contain a large number of missing data, such as
occupation (26.24%). During the analyses by logistic
regression, missing values were dropped by default. This
meant the statistical power was more or less undermined.
Second, some key variables, particularly the treatment
information and clinical data, such as wound characteris-
tics, causing organisms, and laboratory findings including
in the National Health
Database. To investigate these data in greater detail, it is

blood culture, were absent
necessary to explore individual records in each healthcare
facility, which requires huge amounts of human resources
and time. The last limitation is the lack of household data,
since the nature of the National Health Database covers
only those patients who show up at health facilities
affiliated to the MOPH. In other words, the data are neither
able to capture patients in the private sector nor those who
remained in households without showing up at the facil-
ities. Therefore, generalizing the findings to the whole
population necessitates careful interpretation.

In terms of public health implications, the Thai DDC
should develop a sentinel surveillance system for NF,
especially in the northeastern region of Thailand.
Moreover, health workers in the high incidence area
should be trained to provide early diagnosis and intensive
treatment for NF patients, particularly the high risk groups
of amputation and death (elderly populations, patients with
chronic underlying diseases that may undermine the
immune system such as diabetes, cirrhosis, and malig-
nancy). Risk communication and adequate protective
equipment should be provided to people in the agricultural
sector, particularly during the cropping season.
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Conclusion

The incidence of NF in Thailand is on the rise. The north-
eastern region is an area where NF cases are concentrated.
In each year we studied, the case volume soared during the
cropping season (May to August). In-depth analysis
revealed that the elderly and patients with undermined
immune systems, particularly diabetes, cirrhosis and
malignancy, were at greater risk of amputation and death.
A morbidity sentinel surveillance system as well as ade-
quate risk communication is likely to play a significant
role in facilitating the enrollment of patients to receive
proper treatment and avoid new cases, especially among
the high-risk groups. Further studies that examine patients’
data at a household level are of substantial value for public
health implications.
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