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Abstract – Scabies is a common infectious disease and can cause severe outbreaks if not controlled quickly. Besides
personal contact history, environmental factors are also important. This study analyzed the effects of environmental
climate factors on the incidence of scabies in Taiwan. We conducted a 14-year nationwide population-based study: a
total of 14,883 patients with scabies infestation were enrolled. Monthly climate data were collected from Taiwan’s
Central Weather Bureau, including data on temperature, relative humidity, total rainfall, total rain days, and total
sunshine hours. The linear relationships between these climate factors and scabies infestations or other risk factors
were examined by Pearson’s correlation analysis. Overall, the incidence of scabies was negatively correlated with
temperature (c = 0.152, p < 0.001), while being positively correlated with humidity (c = 0.192, p < 0.001). This
useful information may provide evidence for lowering humidity at nursing facilities, hospitals, and military camps
with scabies infestations, which may help to reduce its spread and prevent outbreaks.
Key words: Climate, Scabies, Taiwan, Population studies, National Health Insurance Research Database.
Résumé – Les effets des facteurs climatiques sur la gale. Une étude de 14 ans sur la population à Taiwan.
La gale est une maladie infectieuse courante et peut causer des épidémies sévères si elle n’est pas contrôlée
rapidement. Outre l’historique de contact personnel, les facteurs environnementaux sont également importants.
Cette étude a analysé les effets des facteurs climatiques environnementaux sur l’incidence de la gale à Taiwan.
Nous avons mené une étude nationale de 14 ans sur la population : un total de 14883 patients atteints
d’infestation par la gale ont été enrôlés. Les données mensuelles sur le climat ont été recueillies auprès du Bureau
Central Météorologique de Taiwan, y compris la température, l’humidité relative, les précipitations totales, le total
des jours de pluie et le total d’heures d’ensoleillement. Les relations linéaires entre ces facteurs climatiques et les
infestations de gale ou d’autres facteurs de risque ont été examinées par l’analyse de corrélation de Pearson. Dans
l’ensemble, l’incidence de la gale était corrélée négativement à la température (c = 0.152, p < 0.001), tout en
étant positivement corrélée à l’humidité relative (c = 0.192, p < 0.001). Cette information utile peut fournir une
indication pour abaisser l’humidité dans les établissements de soins infirmiers, les hôpitaux et les camps militaires
avec des infestations de gale, ce qui peut aider à réduire sa propagation et prévenir les épidémies.

*Corresponding author: hsurnai@gmail.com
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0),
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.
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Introduction
Scabies is an infectious disease that is common around
the world, with a global prevalence of about 300 million cases
(or about 5% of the world’s population) per year [15]. Scabies
is a kind of parasitic infection caused by the mite Sarcoptes
scabiei variety hominis. Scabies is mostly transmitted by
person-to-person contact, and many outbreaks have been
reported in nursing homes, hospitals, and army facilities
[5, 20]. All persons who have had contact history with infected
patients, especially family members or those who have
engaged in sexual contact, should receive preventative treatment [10] since asymptomatic infestation is likely to lead to
re-infestation of the index case who is highly symptomatic.
As such, scabies infestations increase financial burden in terms
of medical resources and public health efforts. Various types of
people have been reported to be more susceptible to scabies
infestations, including people who live in urban areas,
immunocompromised persons, the elderly, and institutionalized patients [12, 29]. Complications of scabies may also be
found due to secondary bacterial infections [22].
Meanwhile, a variety of environmental factors also
influence human health. Seasonal variations have been
observed for a number of clinical diseases, including
myocardial infarction and several infectious diseases [14].
Seasonal variations in the incidences of infectious diseases
may be associated with the epidemiology of the prevalent
pathogens, changes in environmental and meteorological
parameters, and alterations in human behavior. Scabies
infestations have also been found to exhibit seasonal variations,
with infections being especially common in the winter [12].
Although previous studies have revealed seasonal
fluctuations in the rate of scabies infestations [20], there is a
lack of studies regarding how scabies infestations are affected
by different climates. In the present study, we aimed to
investigate the effect of various climate variables, such as
temperature, humidity, and total rainfall, on the incidence of
scabies infestations. To do so, we conducted a 14-year retrospective population-based study to evaluate the relationship
between climate parameters and scabies.

Materials and methods
Data sources and collection

We conducted a nationwide population-based study using
data from Taiwan’s National Health Insurance Research Database (NHIRD). The NHIRD collects data from the National
Health Insurance (NHI) program, which started in 1995 and
covered 99.9% of the 23 million people in Taiwan as of the
end of 2013 [18]. The NHIRD contains all the medical records
of inpatients and outpatients, including demographic data such
as sex, date of birth, location, and insured amount, as well as
medical records of clinical visits, admissions, and clinical
procedures. Specifically, we used the Longitudinal Health
Insurance Database 2000 (LHID2000), a sub-dataset of the
NHIRD, for this study. The LHID2000 contains data from
January 2000 to December 2013 for a randomly selected

sample of one million people out of the 23 million people
included in the NHIRD in 2000 [9]. The LHID2000 and
NHIRD have a similar demographic distribution and origin
of population [21]. The clinical diagnoses were made by the
International Classification of Diseases, 9th revision, Clinical
Modification (ICD-9-CM) [27]. The weather data in this study
were collected by Taiwan’s Central Weather Bureau (CWB).
The CWB monitors 27 weather stations throughout Taiwan,
which includes the islands of Taiwan, Penghu, Kinmen, and
Lienchiang. We used monthly weather data in this study,
including data on temperatures (measured in degrees Celsius
(°C)), relative humidity (recorded as a percentage (%)), total
rainfall (measured in millimeters (mm)), total rain days
(recorded in days), and total sunshine hours (recorded in
hours). In Taiwan, the spring season includes March, April,
and May; the summer season includes June, July, and August;
the fall season includes September, October, and November;
and the winter season includes December, January, and
February.
Ethics

This study was approved by the Institutional Review Board
of the Tri-Service General Hospital (approval number:
TSGHIRB NO. B-105-06). As this was a retrospective study
and all data were anonymous, the Institutional Review Board
department agreed that it was not necessary to obtain patient
consent.
Study population

The study subjects were selected from the LHID2000
covering the period from January 2000 to December 2013.
The selected study subjects were newly diagnosed with scabies
infestation (ICD-9-CM 133.0) between 2000 and 2013 (Fig. 1).
All such diagnoses of scabies infestations were made by
physicians, and all the patients were prescribed anti-scabies
oral or topical medication for treatment.
The exclusion criteria for the study were as follows:
patients who were diagnosed before December 31, 2000, or
after January 1, 2013 (n = 3768); and patients who were
younger than 20 years old (n = 3839). In Taiwanese civil
law, people in their 20th year are considered adults. In general,
study populations of adult are able to be approved by the
Institutional Review Board in Taiwan. Studies in populations
under 20 years of age are difficult to approve by Institutional
Review Boards in Taiwan. Given these criteria, there were a
total of 14,883 patients with scabies infestations who were
enrolled in this study. A given diagnosis of scabies was made
according to the patient’s history and a physical examination
by a licensed physician. Typical physical examination findings
for those diagnosed with scabies include the following:
generalized itching sparing the face and head; severe pruritus
at night; inflammatory pruritic papules at infected body sites,
especially the finger webs, flexor part of the wrists, flexor part
of the elbows, axillae, buttocks, genitalia, and (in female
patients) the breasts; and burrows and nodules [10].
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Table 1. Demographic characteristics of patients with scabies in
Taiwan, from 2000 to 2013.

One million random sample
of NHIRD with 22 490
patients with scabies

Exclusion 1883 patients with
scabies diagnosed before Dec
31st, 2000 and 1885 patients
with scabies diagnosed after
1st Jan, 2013.

Subjects of study
n=18 722

Exclusion
3839 patients who
were under 20-year old

Subjects of study
n=14883

Figure 1. Flowchart of collection of study subjects of National
Health Insurance Research Database (NHIRD), from January 2000
to December 2013.

Variables

The variables in this study were chosen on the basis of
related studies in the past literature. Specifically, we
selected the following variables: chronic pulmonary disease
(ICD-9-CM 490-492, 494,496), diabetes mellitus (ICD-9-CM
250), hypertension (ICD-9-CM 401.1, 401.9), peptic ulcer
disease (ICD-9-CM 533), mild liver disease (ICD-9-CM
571.2, 571.4–571.6), congestive heart failure (ICD-9-CM
428), rheumatologic disease (ICD-9-CM 714, 725-729),
cerebrovascular disease (ICD-9-CM 430-438), malignancy
(ICD-9-CM 140-208), Parkinson disease (ICD-9-CM 332),
tuberculosis (ICD-9-CM 011,012), chronic kidney disease
(ICD-9-CM 585,586,588), liver cirrhosis (ICD-9-CM: 571),
hyperlipidemia (ICD-9-CM 272.4), heart disease (ICD-9-CM
393–398, 402, 404.0, 404.1, 404.9, 410–414, 415.0, 416.1,
416.8, 416.9, 420–429), anemia (ICD-9-CM 280–285), and
epilepsy (ICD-9-CM 345). The monthly income levels of the
study subjects were also taken from NHI program data and
were categorized into the following four groups: <20,000
new Taiwan dollars (NTD); 20,000–40,000 NTD;
40,000–60,000 NTD; and 60,000 NTD.
Statistical analysis

Descriptive statistical data for the study subjects and
weather factors were calculated by the MicrosoftÒ SQL
ServerÒ 2008. Further data analysis was conducted using

Characteristics
No. of cases
Age (mean ± SD, years)
20–29
30–39
40–49
50–59
60–69
70
Sex
Female
Male
Comorbidity disease*
Chronic pulmonary disease
Diabetes
Hypertension
Peptic ulcer disease
Mild liver disease
Congestive heart failure
Rheumatologic disease
Cerebrovascular disease
Malignancy
Parkinson disease
Tuberculosis
Chronic kidney disease
Liver cirrhosis
Hyperlipidemia
Heart disease
Anemia
Epilepsy
Insured amount (NTD)
<20,000
20,000–40,000
40,000–60,000
=60,000
Insured region in Taiwan
Northern
Middle
Southern
Eastern and outlying islands

Scabies infected cases, n
14 883 (100.0%)
52.4 ± 21.0
2831
2190
2259
2065
1537
4001

%

19.0
14.7
15.2
13.9
10.3
26.9

7026
7857

47.2
52.8

3054
2396
4905
2502
1113
808
667
2773
572
808
522
223
1294
901
3672
1169
420

20.5
16.1
33.0
16.8
7.5
5.4
4.5
18.6
3.8
5.4
3.5
1.5
8.7
6.1
24.7
7.9
2.8

4385
7656
2012
830

29.5
51.4
13.5
5.6

6569
3374
4363
577

44.1
22.7
29.3
3.9

*
Any kind of 17 comorbidities.
NTD = New Taiwan Dollar USD/TWD*33.

IBM SPSS statistics software, version 20 (IBM SPSS, 2013).
Linear correlations between the weather factors and the
incidence of scabies were calculated by Pearson’s correlation
method. A two-sided p-value < 0.05 was regarded as
statistically significant in all statistical tests.
Results

A total of 14,883 patients diagnosed with scabies
infestations from 2000 to 2013 in Taiwan were included in
this study. The demographic characteristics and medical
conditions of the study subjects are shown in Table 1. The
mean age of the patients with scabies was 52.4 ± 21.0 years,
and two age groups were predominant: patients older than
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Table 2. Average monthly mean meteorological factors in Taiwan from 2000 to 2013.
Month
January
February
March
April
May
June
July
August
September
October
November
December

Temperature (°C)
Mean
16.90
18.17
19.79
22.94
25.86
27.52
28.72
28.48
27.39
24.92
22.06
18.41

Max
21.90
23.50
24.30
26.80
28.70
29.80
30.80
30.10
30.00
28.00
25.60
22.90

Minimum
10.60
10.80
12.80
17.10
20.50
21.60
22.50
22.30
21.20
19.00
16.90
11.60

Total sunshine hours

Relative humidity (%)

Total rainfall (mm)

Total rain days

128.48
125.81
139.23
128.83
160.26
167.20
223.84
196.28
171.50
175.30
139.00
137.63

75.95
77.64
75.42
77.24
77.85
79.31
77.14
78.31
77.44
73.97
75.03
73.73

62.23
66.78
77.97
108.26
213.51
315.79
291.61
347.25
283.08
101.41
95.65
71.05

8.29
7.78
9.50
10.84
12.09
13.80
11.28
13.52
11.52
6.51
7.87
7.39

70 years old (26.9%) and patients 20–29 years old (19.0%).
There were slightly more male patients than female patients,
and the mean CCI index was 1.4 ± 2.0. The comorbidities
most frequently linked with scabies infestations were
hypertension, heart disease, chronic pulmonary disease,
cerebrovascular disease, peptic ulcer disease, and diabetes.
Patients with an insured amount between 20,000 and 40,000
NTD represented a higher percentage of the total (51.4%) than
those in other insured amount ranges.
The average monthly mean data for the various climate
factors from 2000 to 2013 are shown in Table 2. Taiwan is
located in the Western Pacific and has a subtropical climate.
The climate data analyzed for this study included data on
temperatures (°C), total sunshine hours, relative humidity
(%), total rainfall (mm), and total rain days. The average
monthly temperature was lowest (16.9 °C) in January and
highest (28.72 °C) in July. The average total sunshine hours
were lowest (125.81) in February and highest (223.84) in July.
The average monthly relative humidity in Taiwan ranged
between 73% and 79%. The average total rainfall and total rain
days were both highest in the months of June, July, and August.
Correlations between the seasonal climate parameters and
scabies from 2000 to 2013 in Taiwan are shown in Table 3.
Overall, two climate parameters were significantly associated
with the incidence of scabies. Specifically, average temperature
was negatively correlated with the incidence of scabies
(c = 0.152, p < 0.001), while relative humidity was
positively correlated with the incidence of scabies
(c = 0.192, p < 0.001). Table 3 also shows the relationships
between the climate parameters and the incidence rates of
scabies for the different seasons of the year. In spring, average
temperature was negatively correlated with the incidence of
scabies (c = 0.262, p < 0.001), while total rainfall was
positively correlated with the incidence of scabies (c =
0.212, p = 0.011). In summer, the incidence of scabies was
negatively correlated with total sunshine hours (c = 0.305,
p < 0.001) and positively correlated with total rain days
(c = 0.190, p = 0.022). In fall, the incidence of scabies was
positively correlated with relative humidity (c = 0.217,
p = 0.009). In winter, the incidence of scabies was negatively

Table 3. Correlation of seasonal climate parameters to scabies from
2000 to 2013 in Taiwan.
Average monthly climate
parameters
All
Temperature (°C)
Total sunshine hours
Relative humidity (%)
Total rainfall amount (mm)
Total rain days
Spring
Temperature (°C)
Total sunshine hours
Relative humidity (%)
Total rainfall amount (mm)
Total rain days
Summer
Temperature (°C)
Total sunshine hours
Relative humidity (%)
Total rainfall amount (mm)
Total rain days
Fall
Temperature (°C)
Total sunshine hours
Relative humidity (%)
Total rainfall amount (mm)
Total rain days
Winter
Temperature (°C)
Total sunshine hours
Relative humidity (%)
Total rainfall amount (mm)
Total rain days

Incidence of scabies
infection
r

p

0.152
0.059
0.192
0.034
0.046

<0.001***
0.155
<0.001***
0.416
0.272

0.262
0.041
0.119
0.212
0.094

0.001**
0.629
0.154
0.011*
0.261

0.126
0.305
0.045
0.098
0.190

0.133
<0.001***
0.593
0.241
0.022*

0.143
0.059
0.217
0.055
0.022

0.087
0.484
0.009*
0.512
0.792

0.336
0.035
0.475
0.317
0.082

<0.001***
0.674
<0.001***
<0.001***
0.328

r: Pearson’s correlation, ***p < 0.001; **p = 0.001; *p < 0.05.

correlated with temperature (c = 0.336, p < 0.001) and
positively correlated with relative humidity (c = 0.475,
p < 0.001) and total rainfall (c = 0.317, p < 0.001).
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Discussion
This is the first study to investigate the relationships
between different climate parameters and the incidence of
scabies in Taiwan. The results of this 14-year nationwide
population-based study showed that the incidence of scabies
was negatively correlated with average temperature and
positively correlated with relative humidity.
Taiwan lies in the Western Pacific at the Tropic of Cancer,
and the general climate of Taiwan ranges from marine
subtropical to tropical. Temperature has been well established
by previous research studies to be among the climate factors
that influence the incidence of scabies. Scabies is a kind of
parasitic infection caused by the mite Sarcoptes scabiei. Higher
temperatures accelerate the desiccation and death of these
mites [13]. In contrast, the mites have better survival and
higher fertility rates in cool weather [4, 24], with the mite eggs
being capable of remaining viable off of a host for up to 10
days at low temperatures [3]. Long-term observations from
Scotland and Israel have demonstrated that the incidence of
scabies in those countries was higher during cooler seasons,
indicating that the increased person-to-person contact and
overcrowding that occur in colder weather facilitate the spread
of scabies [3, 20]. Consistent with these studies, our study also
demonstrated a negative correlation between temperature and
the rate of scabies infestations.
Previous studies have found that scabies mites can survive
much longer (up to 19 days) in a cool and humid environment
than under general indoor conditions (only 1.5 days) [3].
Relatedly, our study found that relative humidity was positively
correlated with the rate of scabies infestations in Taiwan,
implying that humid environments result in higher rates of
scabies infestations.
Although we did not observe a significant seasonality trend
in the incidence of scabies, seasonality trends for scabies
infestations have been reported in a large population study of
the Israeli Army (specifically, this study reported a higher
incidence in winter than in summer) [20]. Many studies, in
fact, have reported high incidences of scabies infestations
during the cool weather of the fall and winter seasons [1, 25,
26]. As such, we further investigated the relationships between
climate parameters and scabies infestations according to the
different seasons. In spring, average temperature was negatively correlated with the incidence of scabies, while total
rainfall was positively correlated with the incidence of scabies.
In fall, relative humidity was positively correlated with the
incidence of scabies infestations. In winter, temperature was
negatively correlated with the incidence of scabies, whereas
relative humidity and total rainfall were positively correlated
with the incidence of scabies. Taken together, these results
suggest that the cool and humid weather typical of the aforementioned seasons was more suitable for the survival and
fertility of the scabies mites. In summer, meanwhile, the
incidence of scabies was positively correlated with total
rainfall days and negatively correlated with total sunshine
hours. Perhaps relatedly, human behaviors also play an
important role in the incidence of scabies infestations. For
example, the higher number of rainy days in summer in
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Taiwan may cause people to stay inside, causing overcrowding
and higher levels of contact with other people. This increased
personal contact may, in turn, tend to result in more scabies
infestations.
In our study, two age groups were predominant: patients
older than 70 years of age and patients aged 20–29 years.
A previous study in Northern Taiwan found that elderly
patients with certain risk factors, such as being bedridden,
living in a nursing home, poor clinical status on admission,
and long-term use of a catheter, had higher rates of scabies
infestations [28]. Other studies have also reported that
immunocompromised persons, the elderly, and institutionalized patients face greater risks of scabies infestation [12, 29].
In underdeveloped countries, the incidence of scabies is higher
in younger populations, whereas the prevalence is similar
across all ages in developed nations [6, 8]. In Taiwan, most
young male adults perform compulsory military service in
their early 20s, meaning that they typically live together with
other young males for one to two years. Perhaps related to this,
the term ‘‘army itch’’ has been used in various countries for
more than 100 years, with cases of this disease erupting during
times of war. Investigations by experts have found that scabies
infestations are the cause of this so-called ‘‘army itch’’ [11].
Related studies have also found that scabies infestations are
particularly prevalent among those engaged in military service,
especially in times of war [19, 23]. Moreover, the normal social
activities of young infected adults, such as visits home or
sexual activities, may facilitate the spread of scabies and cause
community outbreaks [16, 19].
Scabies may be difficult to diagnose at the beginning of
infection. Scabies infestation may be misdiagnosed as an
adverse drug reaction [2], atopic dermatitis [17], contact
dermatitis [17], Langerhans cell histiocytosis [7], or immunobullous disease [17]. Moreover, misdiagnoses may lead to
serious consequences or even outbreaks. In this study, misdiagnoses of scabies may exist, leading to underestimation of the
incidence of scabies. Even skin biopsy may also involve the
possibility of misdiagnosis [2]. The diagnosis should be made
on the basis of patient history and detailed physical examination of skin lesions. Definitive diagnosis requires the
microscopic identification of mites or mite parts.
There are some limitations to this study. First, this is a retrospective population-based study. Second, the diagnoses of
scabies among the study subjects were based only on physical
examinations and patient histories, and young physicians may
have made some misdiagnoses due to lack of experience.
Third, the data for the climate parameters investigated were
from 27 weather stations monitored by Taiwan’s CWB, but
these 27 stations did not cover every village and town in
Taiwan. Given these limitations, further large prospective
randomized studies are needed to investigate the relationships
between climate parameters and scabies infestations.
Scabies is a worldwide problem. While scabies is a
treatable disease with a low fatality rate, it is also highly
contagious. Fortunately, early recognition of scabies can reduce
the length of hospitalization, reduce ward closures for infection
control, allow for early treatment of patients, and limit the cost
of environmental disinfection procedures. In conclusion, this
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study found that average temperature was negatively correlated
with the incidence of scabies, while relative humidity was
positively correlated with incidence. As such, lowering
humidity and elevating room temperature may help to reduce
rates of scabies infestation. Accordingly, we suggest that
room temperatures be raised while humidity levels are
lowered in the event that suspected scabies patients are found
in nursing facilities, hospitals, and military camps in order to
potentially help prevent further spread of the disease.
Knowledge of the climate factors predicting increased
incidences of scabies may help health policy planners and
physicians to release alerts under certain climate conditions,
decrease the disease burden, and prevent further outbreaks in
high-risk environments.
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Editor-in-Chief:
Jean-Lou Justine, Paris

Submit your manuscript at
http://parasite.edmgr.com/

