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Underdiagnosis and underreporting of scrub typhus has
increasingly affected public health in Bhutan since its ini-
tial detection in 2008. Identifying scrub typhus risk fac-
tors would support early diagnosis and treatment for this
nonspecific febrile disease, reducing the incidence of
potentially fatal complications. We conducted a hospital-
based, case—control study during October—-December
2015 in 11 scrub typhus—prone districts. We identified
harvesting cardamom as the major risk factor (odds ratio
1,519; p<0.001); other factors were traditional housing,
largely caused by an outside toilet location, as well as
owning a goat and frequently sitting on grass. Harvesting
vegetables, herding cattle in the forest, and female sex
were protective. Age had a nonlinear effect; children and
the elderly were more likely to seek treatment for clini-
cal scrub typhus. This study has informed public health
policies and awareness programs for healthcare workers
through development of National Guidelines for Preven-
tion, Treatment and Control of Scrub Typhus in Bhutan.

Scrub typhus, or tsutsugamushi disease, is a vec-
torborne zoonotic disease caused by Orientia tsu-
tsugamushi, which is endemic to the tsutsugamushi
triangle, centered in Southeast and Pacific Asia (1).
Trombiculid mites of the genus Leptotrombidium are
reservoir and vector for O. tsutsugamushi (2). The in-
fective larvae, called chiggers, transmit the pathogen
to humans as incidental hosts. Rodents are mainte-
nance hosts for mites; high numbers increase mite
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abundance and risk for scrub typhus where the
pathogen is present (2).

The resurgence and reemergence of scrub typhus
in disease-endemic areas (3,4) places >1 billion per-
sons at risk for this disease globally; an estimated 1
million new cases of scrub typhus occur each year
(4-6). Scrub typhus manifests as a nonspecific febrile
illness that is difficult to diagnose. Early treatment
using doxycycline or chloramphenicol usually re-
sults in rapid remission, but delays in diagnosis and
treatment are associated with potentially fatal com-
plications (7-9). A median case-fatality rate of 6% in
untreated patients has been reported, and death rates
can be up to 70% (4).

In Bhutan, scrub typhus was first detected in 2008
among a cluster of pyrexia of unknown origin cases
reporting to Gedu Hospital in Chukha District (10).
The disease became reportable in 2010, and annual
reports have regularly increased, particularly those
from southern subtropical regions. A descriptive
study showed that scrub typhus is a major cause of
febrile illness in Bhutan, albeit underdiagnosed and
underreported, presumably because of lack of health-
care worker awareness of the disease and differential
diagnostic challenges (11). Scrub typhus was most
commonly diagnosed in rural, elderly persons and
students in southern districts of Bhutan; the highest
incidence was in summer and autumn, during July-
November (11). The high-incidence period aligns
with the monsoon season, presumably associated
with a higher density of chiggers (2) and a higher risk
for exposure through intensive agricultural activities.
Further epidemiologic studies are required to pro-
vide robust evidence of risk factors for scrub typhus
in Bhutan, which would support public health action
to prevent and control the disease.

The objective of our study was to identify risk
factors for clinical scrub typhus in patients seeking
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treatment at healthcare centers in scrub typhus-en-
demic areas of Bhutan. Results from this study were
intended to inform public health policies and contrib-
ute to raising awareness about scrub typhus among
clinicians and populations at risk.

Materials and Methods

We conducted a hospital-based, case-control study
during October-December 2015, coinciding with au-
tumn and the later months of the high-risk period for
scrub typhus in Bhutan. The study was conducted
in 11 of 20 districts in Bhutan that had reported the
highest numbers of scrub typhus cases in the 5 years
after scrub typhus was made a reportable disease in
2010. Study districts were located in the southern
and central regions, at altitudes ranging from 173 m
to 1,576 m above sea level. All 18 healthcare centers
in those districts participated in the study, includ-
ing 15 hospitals (secondary and tertiary healthcare
centers) and 3 basic health units (primary healthcare
centers) (Figure 1).

We recruited case-patients and controls from
patients >1 year of age who came to the outpatient
departments of the 18 healthcare centers. For each
case-patient, we enrolled 3 controls from the same
healthcare center, 2 matched by village and 1 un-
matched. Matching controlled for the confounding
effect of village-level risk factors, enabling investi-
gation of occupational, recreational and household-
related exposures of persons. Unmatched controls
enabled investigation of individual exposures and
spatially correlated variables such as urban/rural
and possibly occupation (12).

Provisional case-patient definition was a pa-
tient consulting the outpatient department during
the study period who met 3 criteria. Those criteria

3 4

were febrile illness (axillary temperature >37.5°C)
with >1 of the following signs/symptoms: eschar,
rashes, headache, cough, general malaise, myalgia,
or lymphadenopathy; having a positive test result on
the ST Rapid Diagnostic Tsutsugamushi Test (RDT;
Bioline, https:/ /www .bioline.com) at the hospital on
the visit day; and residing in the study district for the
previous month or longer. Confirmed case-patient
definition was a provisional patient who had a posi-
tive test result for a subsequent serum ELISA (Scrub
Typhus Detect [gM ELISA System; InBios, https:/ /in-
bios.com) conducted at the Royal Center for Disease
Control in Thimphu, Bhutan.

Provisional controls were enrolled from patients
who visited the same outpatient department on the
same day or in the next few days (maximum 1 week)
after recruitment of the provisional case and who
met 2 criteria: no history of febrile illness or any of
the signs/symptoms described for case eligibility in
the previous month and a negative test result for the
scrub typhus RDT on the visit day. Two provisional
matched controls were selected for each provisional
case-patient on the basis of their residing in the same
village. One provisional unmatched control was se-
lected for each provisional case-patient from patients
visiting the same outpatient department who resided
anywhere in the study districts, excluding the case-
patient’s village. Confirmed controls were provision-
al controls who had a negative result for subsequent
serum ELISA.

Excluding provisional case-patients after a nega-
tive result for the ELISA resulted in excluding their
provisional unmatched and matched controls. In a sim-
ilar fashion, after excluding provisional controls based
on a positive ELISA result, any case-patients who no
longer had >1 matched control were also excluded.
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Figure 1. Location of 18 healthcare centers in 11 districts that had high reporting rates for scrub typhus that were included in the case—

control study conducted in Bhutan, 2015.
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The sample size was estimated at the design
stage based on the magnitude of association of
known risk factors from disease-endemic regions re-
ported in the literature. A similar case-control study
in China identified various exposures to crops,
grasslands, and outdoors activities as risk factors for
scrub typhus (13). The average odds ratio (OR) of
all significant risk factors in that study was 2.5. For
our study, assuming a 10% prevalence of exposure
for the target population and aiming to detect an OR
>2.5 with 95% confidence and 80% power, we re-
quired a sample size of 92 case-patients and 276 con-
trols. We increased this number by 10% to include
nonresponse or missing information and aimed to
enroll >100 case-patients and 300 controls.

Blood samples from provisional case-patients and
controls were obtained by trained laboratory techni-
cians. The RDT was performed on serum samples at
the healthcare center on the same day as sample col-
lection. The SD Bioline Tsutsugamushi Test is a com-
mercial point-of-care rapid diagnostic test that de-
tects IgG, IgM, and IgA against O. tsutsugamushi (14)
and is used in all hospitals in Bhutan to support clini-
cians” differential diagnosis and timely treatment for
scrub typhus. Aliquots of serum samples were frozen
at —4°C to —8°C and transported to the Royal Center
for Disease Control for ELISA testing (InBios Scrub
Typhus Detect IgM ELISA System). For the ELISA,
we used an optical density (OD) >0.54 as the cutoff
for positivity, based on regional cutoff values for OD
readings in scrub typhus studies conducted in Thai-
land and India (15-17).

We trained healthcare workers from participating
healthcare centers to enroll study participants and ad-
minister questionnaires. We used a structured, stan-
dardized, pretested questionnaire with closed ques-
tions in English to interview provisional case-patients
and controls at the time of recruitment. We collected
information on demographic characteristics, house
details, animal ownership, environmental and occu-
pational exposures. Given a scrub typhus incubation
period of 21 days, questions were related to a poten-
tial exposure period of 1 month before recruitment.

We conducted descriptive analysis of demo-
graphic variables of confirmed case-patients and con-
trols. We analyzed data for case-patients and matched
controls by using conditional logistic regression and
data for case-patients and unmatched controls by us-
ing standard logistic regression. We omitted variables
with >10% missing information, as well as categori-
cal variables with responses to only 1 level. We con-
ducted initial univariable analysis for each dataset.
We considered variables that had a x* p value for the
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likelihood ratio test (variance comparison with the
null model) <0.2 in univariable analyses for multi-
variable analyses. Variables that contained too few re-
sponses were recategorized. For multivariable analy-
sis, we used backward and forward variable selection
and compared models by using the likelihood-ratio
test (y? test, 5% significance level).

We explored collinearity between related vari-
ables. For correlated variables, we selected the vari-
able with the most significant contribution to the
model based on the likelihood ratio test to avoid
multicollinearity in the final model. We tested 2-way
interactions between significant variables. We tested
linearity of continuous variables (e.g., age) by using
polynomials and retained the best fitting model for
each analysis to estimate adjusted ORs for scrub ty-
phus risk factors. We performed data management
and analyses in R software (The R Project for Statis-
tical Computing, https:/ /www.r-project.org).

Inclusion in the study was based upon patients’
written consent. We coded samples to protect patient
identity. There was no interruption of laboratory and
treatment services because of this study. Our study
was approved by the Research Ethics Board of Health,
Ministry of Health, Bhutan.

Results

We recruited 128 provisional scrub typhus case-pa-
tients and 381 provisional controls at the 18 health-
care centers during the 3-month study period. After
confirmatory ELISA testing, we retained 78 confirmed
case-patients and 139 confirmed matched controls for
conditional analysis and 66 confirmed case-patients
and unmatched controls for unconditional analy-
sis (Figure 2). Of the 128 RDT-positive provisional
case-patients, ELISA results were available for 123,
of which 79 (64%) were confirmed ELISA-positive
(OD >0.54) case-patients. Of the 237 RDT-negative
provisional controls who were associated with case-
patients retained for the analysis, ELISA results were
available for 230, of which 205 (89%) were confirmed
ELISA-negative (OD<0.54) controls.

Most (52%) study participants were farmers,
equally represented in case-patients and controls
(Table 1). The next most common categories were
children and housewives, with a higher proportion
of children as case-patients and a higher proportion
of housewives as controls. There were more female
(59%) than male participants. The median age was 28
years for case-patients and 35 years for controls. The
age distribution for case-patients and controls was
different; the middle-age category was overrepre-
sented among controls (Figure 3).

Emerging Infectious Diseases « www.cdc.gov/eid « Vol. 29, No. 5, May 2023 911



RESEARCH

(

)
J

[ 128 provisional cases

49 excluded
* 44 ELISA negative
* 5 ELISA result missing

381 Provisional controls ]

[ 253 matched controls ] [ 128 unmatched controls ]

144 excluded
* Associated with the 49
excluded cases

79 confirmed cases

1 excluded
* Both its provisional matched

13 excluded
* Provisional unmatched

32 excluded
* 25 ELISA-negative
* 7 ELISA results missing

controls were excluded

based on ELISA results
'

controls were excluded
based on ELISA results

Unconditional analysis

Conditional analysis
66 confirmed cases

78 confirmed cases

[ 205 provisional controls ]

) |

Unconditional analysis
66 confirmed unmatched
controls

Conditional analysis
139 confirmed matched
controls

| ]

Figure 2. Selection process for provisional cases and controls for conditional and unconditional analyses based on confirmatory ELISA

results, Bhutan, 2015.

We compiled results for conditional (Table 2) and
unconditional (Table 3) univariable analyses and sig-
nificant variables in the best-fitting conditional (Table
4) and unconditional (Table 5) multivariable models.
Harvesting cardamom in the previous month was the
major risk factor for clinical scrub typhus: OR 1,519
(95% CI 26.23-8,805.98) in conditional analysis (Table
4) and a smaller OR of 5.98 (95% CI 0.86-41.46) in un-
conditional analysis (Table 5). Traditional housing
had a high OR of 472.3 (95% CI 17.28-12,900) in con-
ditional analysis, and an additional independent risk
was associated with having no shower in the house.
A closely related variable, toilet outside the house,
had a significant OR of 10.65 (95% CI 2.37-47.84) in
unconditional analysis. Sitting or sleeping on the
grass >10 times in the previous month had a high OR

in both analyses. We found a significant, independent
quadratic effect of age in both models, with a higher
predicted probability of clinical scrub typhus for chil-
dren and older persons after controlling for the effect
of other variables (Figure 4).

Conditional analysis showed that possess-
ing a goat was a major risk factor for scrub typhus
(OR 36.52, 95% CI 3.59-371.91) but that herding cattle
in the forest was strongly protective (OR 0.06, 95% CI
0.01-0.52). Being female and harvesting vegetables
were also protective. Unconditional analysis showed
that storing wood logs against the house and clearing
bush had a higher risk for scrub typhus. Persons who
sometimes worked outdoors with bare hands also
had a higher risk compared with persons who never
worked outdoors with bare hands.

Table 1. Distribution of occupation and sex for confirmed case-patients and controls in a study of risk factors for clinical scrub typhus

in disease-endemic areas, Bhutan, 2015

Variable No. (%) controls No. (%) case-patients Total
Occupation
Farmer 108 (53) 39 (50) 147
Housewife 34 (17) 4 (5) 38
Preschool/student 20 (10) 23 (29) 43
Civil servant/military 19 (9) 2 (3) 21
Corporate/private sector 12 (6) 4 (5) 16
Construction worker 9(4) 2 (3) 11
Monk/nun 3(1) 4 (5) 7
Sex
F 126 (61) 40 (51) 166
M 79 (39) 38 (49) 117
912 Emerging Infectious Diseases « www.cdc.gov/eid « Vol. 29, No. 5, May 2023



Discussion

This study identified major occupational, recreation-
al, household-related, animal ownership, and demo-
graphic risk factors for scrub typhus among ill pa-
tients who sought treatment during the latter months
of the high-incidence period in Bhutan during 2015.
Clinical diagnosis of scrub typus is challenging be-
cause of its nonspecific clinical manifestations. Fur-
thermore, previous infections, cross-reactivity, and
low accuracy of routine diagnostic tests are likely to
complicate the diagnosis of scrub typhus (18). Thus,
identifying risk factors for this disease is a valuable
aid for accurate clinical diagnosis and instigation of
early treatment, reducing the risk for potentially fa-
tal complications.

Harvesting cardamom was the highest risk fac-
tor for scrub typhus, which had a conditional OR of
1,519.00 (95% CI 26.23-88,005.98) (Table 4). Carda-
mom is a short, bushy plant that might provide favor-
able mite habitat. It is grown throughout the southern
districts of Bhutan, preferring shaded conditions on
hilly terrain with moist soils (19). Cardamom harvest
occurs during August-September in low and middle
altitudes and November-December in high altitudes,
coinciding with the scrub typhus risk period (11) and
with our study period (October-December). Hilly ter-
rain and autumn harvest also appeared as major risk
factors for scrub typhus in China (13) and Japan (20).
Growing cardamom is a lucrative business; its culti-
vation has been increasing in Bhutan since 2013 (19),
which is likely to have contributed to the increasing
incidence of scrub typhus. Cardamom is also culti-
vated in nearby countries (India [21] and Nepal [22]),
where it might also contribute to increased incidence
of scrub typhus (23,24).

Harvesting vegetables was negatively associated
with scrub typhus in our study, contrasting with find-
ings of a study in China conducted during the same
time of year in which working in vegetable fields
increased the risk for scrub typhus (13). A possible
explanation is that vegetable species or growing en-
vironment differed between the 2 countries. In our
study, vegetables harvested included broccoli, toma-
toes, and onions, which might have been grown in an
environment with minimal mite habitat, thus reduc-
ing the risk for scrub typhus.

Traditional housing was another strong risk
factor in conditional analysis (OR 472.30, 95% CI
17.28-12,900.00). This variable was correlated with
having an outside toilet; however, it captured more
of the variability in scrub typhus risk than toilet loca-
tion and was retained in the final model. In contrast,
in unconditional analysis, having an outside toilet

Emerging Infectious Diseases « www.cdc.gov/eid « Vol. 29, No. 5, May 2023
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Figure 3. Age distribution of confirmed cases and controls
included in a study of risk factors for clinical scrub typhus in
disease-endemic areas of Bhutan, 2015.

explained more variability in scrub typhus risk than
traditional house type. Having an outside toilet, re-
gardless of whether the toilet was modern or tradi-
tional type, might directly increase exposure to mites
from surrounding bushes, or it might be a proxy for
other factors associated with traditional housing.
Having no shower in the house was a major risk fac-
tor in conditional analysis, independent of house type.
This result might be related to a finding from a study
in India that bathing after work and changing clothes
before sleep were protective measures (25). Tradi-
tional housing also might be more prone to rodent in-
festation than modern housing, which might increase
the abundance of infected mites in the living area (2).
Keeping wood logs against the house was a major risk
factor in unconditional analysis, consistent with find-
ings from a study in India (25) and possibly reflect-
ing exposure while collecting wood or representing
a suitable environment for rodents. Related findings
from other studies include house yards without ce-
ment flooring (13) and poor sanitary conditions (26).
Frequently sitting or sleeping on grass was
strongly associated with scrub typhus in both analy-
ses, consistent with findings of previous studies (2).
Owning a goat was a major risk factor identified in
conditional analysis, but herding cattle in the forest
was associated with a reduced risk. Other studies
have found evidence of both scrub typhus seroposi-
tivity (27) and chigger infestation of goats (28). Thus,
the association with owning a goat might be related
to exposure to infected mites carried by goats or in
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the goats’ feeding environment. Given that goats are
browsers and cattle are grazers, goat herders might
have been more exposed to low-lying bushes, the
preferred habitat of trombiculid mites, whereas cat-
tle herders might have been more exposed to grassy
patches in the forest that were clear of bushes, thus
reducing their risk for scrub typhus.

Although wearing gumboots at work was asso-
ciated with a reduced risk for scrub typhus in India
(25), conditional analysis in our study found that
sometimes wearing footwear outdoors was associ-
ated with a higher risk for scrub typhus than never
wearing footwear outdoors. This paradoxical out-
come might have been influenced by formulation

Table 2. Variables that had a y? p value <0.2 in conditional univariable analysis that were considered for the final multivariable model

in a study of risk factors for clinical scrub typhus, Bhutan, 2015

Multivariable
Variable* Odds ratio  Wald p value %2 p value model
Demographic variables
Age (continuous) 0.98 0.020 0.016 T
Female sex (reference: male) 0.59 0.059 0.057
Occupation (reference: farmer) <0.001
Housewife 0.32 0.086
Civil servant/military 0.31 0.209
Corporate/private business 0.86 0.848
Preschool/student 4.79 0.002
Monk/nun 6.09 0.145
Construction worker 0.26 0.235
Rural residence (reference: urban) 4.00 0.092 0.063
House-related variables
Traditional house (reference: modern) 3.03 0.006 0.004 T
Shower located outside (reference: inside) 2.35 0.007 0.007 T
Toilet located outside (reference: inside) 5.21 0.032 0.011
Flooring of mud/clay (reference: no) 2.08 0.079 0.075
Water supply from a stream (reference: no) 4.59 0.070 0.053
Water supply community pipe (reference: no) 0.54 0.150 0.149
Water supply private pipe (reference: no) 1.77 0.162 0.159
Saw rodents in house (reference: no) 3.02 0.017 0.009
Animal ownership
Possessed a cat (reference: no) 1.53 0.171 0.168
Possessed poultry (reference: no) 1.78 0.081 0.077
Possessed a goat (reference: no) 2.77 0.023 0.019 T
Protective measures
Wore footwear outdoors (reference: never) 0.060 T
Sometimes (occasionally and most of the time) 5.55 0.047
Always 3.17 0.159
Used insect repellent on clothes occasionally (reference: never) 0.22 0.179 0.128
Bitten by ticks or fleas (reference: no) 1.57 0.165 0.163
Cultivation-related exposures
Harvested cardamom (reference: no) 4.15 0.007 0.004 T
Harvested vegetables (reference: no) 0.27 0.004 0.002 T
Worked in vegetable garden (reference: no) 0.42 0.009 0.006
Worked in mixed crop fields (reference: no) 0.26 0.096 0.066
Worked in rice paddy (reference: no) 1.79 0.194 0.189
Worked in an orchard (reference: no) 2.15 0.124 0.120
Forest-related exposures
Household children <12 y of age played in the bush (reference: never) 0.045
Occasionally 8.04 0.214
Daily 4.07 0.302
Did not have children <12y of age 1.28 0.842
Collected forest products (reference: no) 2.39 0.086 0.086
Visited forest for any reason (reference: no) 1.71 0.096 0.089
Undertook reafforestation work (reference: no) 2.64 0.122 0.110
Cleared scrub for others as a job (reference: no) 1.63 0.125 0.123
Herded cattle in the forest (reference: no) 0.47 0.080 0.068 1
Other outdoor exposures
Sat or slept on grass (reference: never) 0.053 T
1-5 times 1.69 0.185
6-10 times 2.74 0.066
>10 times 3.29 0.011

*Exposure variables related to a period of 1 mo before patients’ recruitment at healthcare center.

tSignificant (p<0.05) in the multivariable model.
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Table 3. Variables that had a 2 p value <0.2 in unconditional univariable analysis that were considered for the final multivariable model

in a study of risk factors for clinical scrub typhus, Bhutan, 2015

Variable*

Odds ratio  Wald p value ¥ pvalue  Multivariable model

Demographic variables

Age (continuous) 0.98 0.032 0.028 T
Occupation (reference: farmer) 0.036
Housewife 0.31 0.066
Civil servant/military 0.19 0.043
Corporate/private business 0.64 0.582
Preschool/student 1.48 0.387
Other (monk/nun, construction) 2.57 0.424
Rural location (reference: urban) 7.23 <0.001 <0.001
House-related variables
Traditional house (reference: modern) 3.75 0.001 <0.001
2-3 floors in house (reference: 1 floor) 0.40 0.017 0.015
Traditional toiletf (reference: modern) 2.18 0.046 0.043 T
Toilet located outside house§ (reference: inside) 11.23 <0.001 <0.001
Toilet type (reference: modern inside) <0.001
Modern outside 11.57 0.002
Traditional outside 16.20 <0.001
Kept piles of wood (firewood, logs/timber, brush, and twigs) 1.88 0.078 0.076
against the house wall (reference: no)
Kept firewood against house wall (reference: no) 1.85 0.100 0.098 T
Kept logs/timber against house wall (reference: no) 2.07 0.151 0.143
Kept wood in the yard (reference: no) 0.48 0.047 0.045
Animal ownership
Possessed cattle (reference: no) 0.44 0.023 0.021
Possessed poultry (reference: no) 0.48 0.037 0.035
Protective measures
Worked outdoors in short sleeves (reference: never) 0.035
Occasionally 0.94 0.912
Most of the time 0.59 0.299
Always 2.71 0.091
Worked in garden/fields with bare hands (reference: never) 0.108 T
Occasionally 3.26 0.040
Most of the time 1.47 0.575
Always 0.95 0.911
Changed working clothes to sleep (reference: never) 0.119
Occasionally 0.62 0.536
Most of the time 0.25 0.080
Always 0.60 0.499
Frequency of showers (reference: never and weekly) 0.120
2-3 times/week 0.47 0.069
Every day 0.48 0.104
Cultivation-related exposures
Harvested cardamom (reference: no) 7.1 0.013 0.003 T
Worked in an orchard (reference: no) 1.86 0.180 0.174
Cleared bushes for others as a job (reference: no) 2.13 0.056 0.053 T
Forest-related variables
Visited forest (Reference: no) 2.26 0.023 0.022
Collected timber in the forest (reference: no) 4.19 0.205 0.157
Collected nonwood products in forest (reference: no) 2.90 0.129 0.109
Other outdoor exposures
Sat or slept on grass (reference: never) 0.059 T
1- 6 times 1.43 0.436
7-10 times 1.67 0.392
>10 times 3.47 0.009

*Exposure variables related to a period of 1 mo before patients’ recruitment at healthcare center.

tSignificant (p<0.05) in the multivariable model.

ITraditional toilets are a pit latrine with wattle and daub walls or planks without continuous water supply. Modern toilets have an Indian or western pot
type toilet with concrete or tiled walls and floor with a continuous water supply. Toilet type was considered regardless of location inside or outside the

house.
§Considered location only, regardless of modern or traditional toilet type.

of the question (i.e., the reference category included
persons who never worked outdoors, as well as per-
sons who never wore footwear outdoors). Whereas
the study from India (25) found no protective effect

of wearing gloves while working outdoors, uncon-
ditional analysis in our study found that sometimes
working outdoors with bare hands was associated
with a higher risk than never working outdoors with

Emerging Infectious Diseases « www.cdc.gov/eid « Vol. 29, No. 5, May 2023 915



RESEARCH

Table 4. Significant variables in best-fitting model for conditional multivariable analysis of laboratory-confirmed clinical case-patients

who had scrub typhus and matched controls, Bhutan, 2015*

Variablet OR (95% CI) p value
Age (order 1 term) NA 0.001
Age (quadratic age) NA 0.007
Female (reference: male) 0.19 (0.05-0.67) 0.010
Traditional house typet (reference: modern) 472.30 (17.28-12,900.00) <0.001
Shower located outside house (reference: inside) 6.21 (1.28-30.00) 0.023
Sat or slept on grass (reference: never)

1-10 times 1.81 (0.51-6.5) 0.360

>10 times 16.38 (1.68—160.05) 0.016
Wore footwear outdoors (reference: never)

Sometimes 9.25 (1.09-78.37) 0.041

Always 0.88 (0.12-6.31) 0.898
Herded cattle in the forest (reference: no) 0.06 (0.01-0.52) 0.010
Possessed a goat (reference: no) 36.52 (3.59-371.91) 0.002
Harvested vegetables (reference: no) 0.03 (0.00-0.28) 0.002
Harvested cardamom (reference: no) 1,519.00 (26.23-88,005.98) <0.001

*NA, not applicable; OR, odds ratio.

TExposure variables related to a period of 1 mo before patients’ recruitment at healthcare center.

ITraditional Bhutanese houses are commonly 2-storied structures made from wood and earthen material, namely wattle and daub interior walls, with
stone and earth retaining walls and wooden plank roofing. Modern houses are generally multistoried structures made of concrete materials, such as
bricks, cement, and iron rods with minimal use of wooden frames for windows and flooring with zinc sheet roofing.

bare hands. However, this result might not reflect
a real protective effect of covering hands because
it might also have been influenced by the reference
category including persons who never worked out-
doors and persons who never worked outdoors with
bare hands.

In both analyses, we found a significant nonlin-
ear effect of age; the risk for scrub typhus was higher
for young children and the elderly, suggesting an
increased exposure to infected mites in these age
groups through age-related behaviors, or, alterna-
tively, that the young or elderly are more susceptible
to developing clinical scrub typhus. A study in India
highlighted the usefulness of including scrub typhus
in the differential diagnosis of pyrexia of unknown
origin in children unresponsive to treatment with
common antimicrobial drugs (9). The conditional
analysis also indicated that female study participants
had a lower risk for scrub typhus, consistent with a
sex effect observed in China (13). This finding might

reflect less frequent involvement in outdoor activities
compared with men and boys, reducing risk for ex-
posure to mites.

The findings of this study are relevant for pa-
tients who have clinical scrub typhus and visited a
healthcare center during the later months (October-
December) of the risk period for this disease. Thus,
these persons might underrepresent the strength of
risk or the full extent of risk factors associated with O.
tsutsugamushi infection throughout the July-Novem-
ber risk period. Also, our study did not include infect-
ed persons who did not visit a healthcare center (2).

The RDT used to recruit case-patients who had
scrub typhus has been reported to have a low sensi-
tivity of 38% (95% CI 28%-49%) (14). This test detects
IgG, IgM, and IgA against O. tsutsugamushi, so it might
detect historical as well as active scrub typhus cases
(14), resulting in persons who have historical infec-
tions to be included as provisional case-patients. The
in-series ELISA targeting IgM would have increased

Table 5. Significant variables in best-fitting model for unconditional multivariable analysis of laboratory-confirmed clinical case-patients

who had scrub typhus and matched controls, Bhutan, 2015*

Variablet OR (95% CI) p value
Age (order 1 term) NA 0.001
Age (quadratic term) NA 0.023
Toilet outside the house (reference: toilet inside) 10.65 (2.37-47.84) 0.002
Kept logs of wood against the wall (reference: no) 4.17 (1.18-14.71) 0.027
Sat or slept on grass (reference: never)

1-10 times 2.08 (0.69-6.31) 0.195

>10 times 6.06 (1.56—23.59) 0.009
Cleared bushes for others as a job (reference: no) 4.71 (1.61-13.82) 0.005
Worked outdoors (garden/fields) with bare hands (reference: never)

Sometimes 4.18 (1.03-17.01) 0.045

Always 0.87 (0.26-2.90) 0.824
Harvested cardamom (reference: no) 5.98 (0.86—41.46) 0.070

*NA, not applicable; OR, odds ratio.

TExposure variables related to a period of 1 mo before patients’ recruitment at healthcare center.
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Figure 4. Effect of age on the
probability of presenting to
hospitals with a clinical case of
ST in a group of matched cases
and controls (A) and a second
group of unmatched cases and
controls (B), Bhutan, 2015. Gray
areas indicate 95% CI.

ST, scrub typhus.
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the classification accuracy of the case-patient and
control groups, given the high sensitivity (99.9%, 95%
CI 90.4-100.0) and specificity (99.1%, 95% CI 96.8%-
99.8%) reported for that test (14). Any remaining mis-
classification in case-patient or control groups would
contribute to biasing the results toward the null, but
that did not preclude the study from identifying ma-
jor risk factors.

In this study, we compared case-patients with a
group of controls matched by village and a group of
unmatched controls. Matching increased the proba-
bility that case-patients and controls had the same po-
tential exposure to infected chiggers in the vicinity of
their residential environment, enabling investigation
of individual and household-related risk factors. The
unmatched controls enabled an investigation of vari-
ables that might be spatially correlated, such as rural
versus urban location and possibly occupation. Al-
though conditional and unconditional analyses iden-
tified age, traditional house type or toilet location,
harvesting cardamom, and sitting on the grass as risk
factors, conditional analysis produced much larger
ORs for most variables and identified additional risk
factors: owning a goat, being female, harvesting veg-
etables, and herding cattle in the forest. Distribution
and density of mites is known to vary throughout an
area (2), which might have affected the power of the
unmatched analysis. Case-patients and unmatched
controls might not have had the same exposure to
infected mites; thus, unmatched controls might have
had similar recreational and occupational factors as
case-patients but in environments where there were
no infected mites.

This study has contributed major public health
benefits by providing strong evidence for occupation-
al, environmental, and demographic risk factors that
can support early diagnosis and treatment for scrub

Emerging Infectious Diseases « www.cdc.gov/eid « Vol. 29, No. 5, May 2023

typhus, reducing the incidence of complications and
deaths. Many health workers were not aware of scrub
typhus, and study findings contributed to public
health policy and awareness raising among clinicians,
particularly in areas with a high disk for this disease.

Recommendations from this study were made to
the Department of Public Health and contributed to
new National Guidelines for Prevention, Treatment
and Control of Scrub Typhus in Bhutan. The find-
ings of this study could also be useful for improv-
ing awareness, and early diagnosis and treatment in
nearby countries in regions where scrub typhus is
also an emerging disease of concern.
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