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To determine the contribution of Orientia tsutsugamushi, the 
agent of scrub typhus, as a cause of acute encephalitis syn-
drome (AES) in Assam, India, we conducted a retrospec-
tive study of hospital patients with symptoms of AES during 
2013–2015. Our findings suggest that O. tsutsugamushi 
infection leads to AES and the resulting illness and death.

Scrub typhus is a miteborne bacterial disease caused by 
Orientia tsutsugamushi. Clinical features generally in-

clude fever, headache, and myalgia, with or without eschar/
rash (1). In India context, scrub typhus was first reported in 
Assam during World War II (1944–1945) across the India–
Myanmar border (2). The northeastern region of India then 
experienced decades without the disease until it reemerged 
in 2010 (3). Assam, a northeastern state in India, is recog-
nized as an endemic zone for acute encephalitis syndrome 
(AES), especially that caused by Japanese encephalitis 
virus (JEV). However, the etiology of >50% of the AES 
cases in Assam remains unrecognized (4). In this study, we 
aimed to determine the contribution of scrub typhus to AES 
in this region.

We conducted a retrospective study of patients exhib-
iting symptoms of AES who were admitted during 2013–
2015 to Assam Medical College and Hospital, Dibrugarh 
(a government-funded tertiary care hospital that provides 
health care for 8 adjoining districts). Serum samples under-
went serologic testing with InBios ST Detect IgM ELISA 
kit (InBios International, Seattle, WA, USA). An optical 
density of >0.5 was considered positive (5). We extracted 
DNA from the blood samples by using the QIAamp DNA 
blood mini kit (QIAGEN, Hilden, Germany) and per-
formed nested PCR for amplification of a 56-kDa gene of 
Orientia, targeting a 483-bp fragment (6). We compared 
the sequences obtained with reference strains of Orientia.

We enrolled 511 AES case-patients after disease on-
set (mean 6.23 days; range 1–14 days); 104 (20.3%) had 
IgM against O. tsutsugamushi (suggestive of recent infec-
tion) (7). Of these 104 patients, 58 (55.7%) were male and 

46 (44.2%) were female. Ages ranged from 3 to 80 years 
(median 25 years). The main clinical features of the 104 
IgM-positive case-patients were fever (100%), altered 
sensorium (100%), headache (67.3%), unconsciousness 
(55.7%), nausea (40.3%), and neck rigidity (0.9%). None 
had any record of eschar. Leptospirosis, dengue, and ma-
laria were ruled out for all 104 case-patients. Only 13 
(12.5%) of the IgM-positive case-patients were positive for 
JEV IgM. Orientia DNA was detected in 9 (8.6%) of the 
samples that had IgM against O. tsutsugamushi. Percent-
age similarity of the nucleotide sequences (GenBank acces-
sion nos. KU163359, KU163361, KU163362, KU163366, 
KU163369, KU163370, KU163372, KU163373, and 
KP067915) demonstrated resemblances with the Karp 
strain of Orientia ranging from 91.9% to 93.7% (Figure). 
We were able to follow-up 53 of the 104 IgM-positive case-
patients and discovered that 26 (49%) died after discharge. 
These included 4 of the 9 PCR positive case-patients.

The high prevalence of illness and death resulting from 
scrub typhus in this study can be attributed to various rea-
sons. First, because JEV is the predominant etiologic agent 
of AES in the northeastern region, especially in Assam, 
health providers generally do not suspect other etiologic 
factors, including scrub typhus. Moreover, the nonspecific 
clinical features of scrub typhus in these patients (i.e., ab-
sence of eschar/rash) led to diagnostic dilemmas. In addi-
tion, JEV infection, West Nile virus infection, and leptospi-
rosis have been identified as key contributors to AES in the 
northeastern region (8,9). Treatable bacterial diseases such 
as leptospirosis and scrub typhus are grossly underestimat-
ed because of the low index of suspicion and limited diag-
nostic facilities, especially in developing countries such as 
India. Proportion of deaths due to untreated scrub typhus 
varies across different regions from 0% to 70% (10). Our 
study found a high case-fatality rate of 49%. The absence 
of distinguishable clinical features among AES-identifying 
etiologic factors makes differential diagnosis difficult, and 
thus the condition remains untreated. That clinicians are 
unaware of the presence of the disease remains a major 
hindrance to its recognition and successful treatment.

In our study, the highest numbers of scrub typhus cases 
were recorded during July–September, the peak season for 
JEV transmission. The northeastern region has a subtropi-
cal climatic pattern, and the season (May–August) is also 
an appropriate period for sowing and harvesting crops. Ag-
ricultural lands cover 22% of the northeastern region, with 
≈70% of the total population dependent on agriculture for 
their livelihood. Because our study was retrospective, the 
occupations of the patients with positive cases were un-
known. However, the areas where the followed-up case-
patients lived were primarily agrarian.

Our findings suggest that the bacterium that causes 
scrub typhus, O. tsutsugamushi, is a notable etiologic 
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agent that contributes to the occurrence of AES and re-
sulting illness and death. We believe that it is urgent that 
this neglected, treatable disease be considered when diag-
nosing those with AES, especially during July–September 
in AES-endemic regions. Recording of occupation details 
and ecologic background of the attending patients, espe-
cially from those in rural areas, could be a vital source for 
identifying those with suspected scrub typhus. Increasing 
awareness among clinicians could lead to prompt diagno-
sis and effective treatment of this almost-forgotten poten-
tial source of AES.
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Figure. Dendrogram representing 
Orientia tsutsugamushi sequences 
(black triangles) from patients 
with acute encephalitis syndrome, 
Assam, India, 2013–2015. The 
phylogenetic tree was constructed 
on a 56-kDa outer membrane 
protein gene of O. tsutsugamushi. 
The evolutionary history was 
inferred by using the maximum-
likelihood method based on the 
Tamura 3-parameter model. Our 
sequences are found within the 
brackets.  Bold indicates the 
KARP genotype. Scale bars 
indicate nucleotide substitutions 
per site.
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Gene mutations in the virulence regulator CovR/S of group 
A Streptococcus play a substantial role in the pathogenesis 
of streptococcal toxic shock syndrome. We screened 25 
group B Streptococcus (GBS) isolates obtained from pa-
tients with streptococcal toxic shock syndrome and found 
only 1 GBS clone harboring this kind of mutation. 

Streptococcal toxic shock syndrome (STSS) is typically 
caused by Streptococcus pyogenes (group A Strepto-

coccus [GAS]) (1). Major investigations on host-pathogen 
interactions have been performed to determine why some 
persons experience uncomplicated pharyngitis, but STSS 
develops in others. On a molecular level, mutations in covS 
(a sensor gene of the major virulence regulator CovR/S) 
have been frequently associated with invasive GAS disease 
(2). In 2009, we reported a case of STSS caused by S. aga-
lactiae (group B Streptococcus [GBS]) and covS mutation 
(3). Here, we reassess those findings in a larger collection 
of GBS isolates causing STSS.

We tested 26 GBS isolates from 25 patients (22 adults, 
3 children) (Table) that were pooled from 3 countries; the 
United States (22 strains collected 2004–2005), Germany 
(1 strain, 2006), and Switzerland (2 strains, 2005). For 1 
of the 2 case-patients from Switzerland, 2 isolates (same 
clone) were available for mutation analyses (patient 23 
[4]). The isolate from our previously published case report 
(Sweden, 2005 [3]) served as a control strain for molecu-
lar analyses; the corresponding case-patient was included 
in the demographic analyses (i.e., 26 patients: 23 adults, 
3 children). The median age of the included adult patients 
was 59 years (interquartile range 45.5–68 years); mortality 
rate was 35% (8/23). The ages of the 3 children were 0, 30, 
and 60 days (1 death).

We used standard molecular biology techniques for 
nucleic acid preparation and analysis. We performed mo-
lecular typing by multilocus sequence typing (MLST) as 
described (5) and capsular typing by using latex agglutina-
tion and PCR serotype determination (6) (Table). To ana-
lyze the cov gene locus, we amplified the genes covS and 
covR by PCR (online Appendix Table, http://wwwnc.cdc.
gov/EID/article/22/12/16-1063-Techapp1.pdf). Resulting 
PCR products underwent DNA sequencing with internal 
cov primers on an ABI PRISM 310 Genetic Analyzer (Ap-
plied Biosystems, Weiterstadt, Germany).

Nucleotide sequence analysis showed that, in 1 of 
the strains (from patient 18), both genes, the sensor his-
tidine kinase covS and the response regulator covR, had 
mutated. In covR, at nucleotide position 242, cytosine was 
replaced by thymine, leading to an amino acid exchange 
from alanine to valine. In addition, the covS gene of this 
strain showed a 1-bp deletion of adenine at position 895 of 
the gene, causing a frame shift and leading to a truncated 
CovS with a stop codon at nucleotide position 926 of the 
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