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Evaluation of Real Time PCR Detection of
the 47 kDa Gene for Reliable Diagnosis of
Pediatric Scrub Typhus
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Abstract

Objective: Diagnosis of scrub typhus is difficult, because of its non-specific
clinical features and a lack of reliable serological assays. This study assessed
real time PCR detection of the 47 kDa gene along with routine IgM ELISA for

confirmatory diagnosis of scrub typhus.

Methods: This observational study was conducted between March 2021 and
February 2023. Real time PCR detection of the 47 kDa gene was used as a
diagnostic assay. Confirmed scrub typhus cases were defined by IgM ELISA

and/or real time PCR positivity.

Results: A total of 105 children (0-18 years of age) were enrolled, 30
(28.57%) of whom were confirmed to have scrub typhus, according to
IgM ELISA and/or real time PCR positivity. The clinical symptoms of scrub
typhus positive children included fever, diarrhea, abdominal pain, breathing
difficulties, lymphadenopathy, rash, headache, edema, seizure, and poor
intake. Good statistical correlations were observed among real time scrub
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positivity, high grade fever of 8.2 days' duration, the presence of eschar and
thrombocytopenia. Non-specific respiratory symptoms; cough, and cold were
more severe in patients with scrub typhus. The real time PCR test showed
good specificity in discriminating scrub typhus from enteric fever, a common

pediatric disease.

Conclusion: Detection of the 47 kDa gene with real time PCR has good
sensitivity and specificity. The number of days between fever onset and
sampling, as well as the administration of antibiotics before sampling,
influence the performance of real-time PCR.
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INTRODUCTION

Orientia tsutsugamushi is an obligate, intra-
cellular, small, Gram-negative zoonotic
bacterium causing scrub typhus (ST), an
acute febrile disease. ST is transmitted by
bites from trombiculid mites (also known
as chiggers), and it affects people of all
ages [1,2]. Humans are accidental hosts.

In India, ST is responsible for approx-
imately 50% of undifferentiated fever
cases during the cooler monsoon and post
monsoon months of the year [3-5].

The characteristic clinical manifesta-
tions of ST are fever, rash, myalgia, and
headache. Eschars, lesions at the bite site,
are pathognomic of ST. But their occur-
rence in patients ranges from 7%—97% of
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cases [6]. Doxycycline is the antibiotic of choice, and chil-
dren typically respond favorably in 1-2 days. Untreated
ST can manifest systemically with neurological, gastroin-
testinal, respiratory, and renal complications [5,6].

Serology (ELISA) remains the test of choice in India,
because of its cost, accuracy indices, ease of performance
and interpretation [7]. Anti-IgM levels remain above the
diagnostic threshold for approximately 1 year after infec-
tion, thus hindering differentiation between acute infec-
tion and previous exposure when serology is performed
on single serum samples [8].

Real time polymerase chain reaction (PCR) has
improved the diagnosis of fastidious organisms such as
rickettsiae. The 47 kDa gene of O. tsutsugamushi is a rel-
atively conserved specific outer membrane protein anti-
gen gene with only 3.3% nucleotide sequence divergence
among strains. Molecular testing requires early sampling,
ideally before the administration of antibiotics [9-12].

The primary objective of this study was to assess the
value of using the 47 kDa gene along with ST IgM ELISA
for confirmatory diagnosis of ST.

MATERIALS AND METHODS

This prospective observational study was performed at a
tertiary care pediatric hospital on patients with clinically
suspected ST (with fever, with or without eschar, with
respiratory and gastrointestinal symptoms). The study
was initiated after ethical clearance was obtained from
the Institutional Ethical Committee (ref: IEC-DNB/55/
May 2021). All participants were enrolled after provid-
ing informed consent. Clinical data were recorded on
a case report form. Clinical and laboratory data includ-
ing ST IgM results were obtained from the medical
record department of Kanchi Kamakoti CHILDS Trust
Hospital. Real time PCR testing was performed at The
CHILDS Trust Medical Research Foundation Molecular
Laboratory.

Sample collection
Whole blood (n = 95), CSF (n = 4), and swabs (n = 6)
from eschar specimens were collected from eligible partic-
ipants. All samples were aliquoted on receipt and stored at
—80°C until testing.

Real time polymerase chain reaction

DNA was extracted from whole blood and CSF with a
QIAmp DNA blood mini kit. A QIAmp DNA mini kit
was also used for DNA extraction from eschar swabs. To
amplify the 47 kDa gene, we performed real time PCR
with Takara Premix Ex Taq™ probe qPCR (Takara,
Kusatsu, Japan). The human ribonuclease P gene was
amplified as an internal control. Positive controls were
procured from The Department of Clinical Microbiology,
Christian Medical College, Vellore. Real-time PCR was
performed with Quant Studio 5 Dx (Thermo Fisher
Scientific®). The presence of rickettsial DNA is reported
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as the cycle threshold (Ct). The Ct cut-off for detection
was <35.

Statistical analysis

Data were entered into Microsoft Excel and analyzed in
IBM SPSS Statistics version 27. The characteristics of all
collected parameters and descriptive statistics (frequency,
percentage mean, and standard deviation) are presented.
Comparison of categorical data for ST was conducted
with chi-square test or Fisher’s exact test, as necessary.
For continuous data, the comparisons were performed
with either Student’s t-test or a Mann-Whitney U test. A
p-value < 0.05 was considered to indicate statistical sig-
nificance [13].

RESULTS

This observational study was performed on 105 pediatric
patients. The study participants included 63 (60%) males
and 42 (40%) females.

Of the 105 enrolled participants, 30 (28.57%) were
diagnosed with confirmed ST, defined by ST IgM ELISA
and/or real time PCR positivity, as well as correlating
clinical signs and symptoms (Table 1). Of these 30 par-
ticipants, 20 (66.67%) were males, and 10 (33.33%) were
females. Among the PCR positive participants (n = 19,
18.09%), 11 (57.9%) were males, and 8 (42.1%) were
females. The mean Ct value of the ST PCR positive par-
ticipants was 29.2; 28 (93.3%) of the ST positive partici-
pants were < 10 years of age, and 19 (63.3%) were <5 years
of age; 18 (94.7%) PCR positive ST cases were in children
< 10 years of age. The highest percentage of confirmed
ST cases (n = 21,70%) was observed during the cooler and
rainy months of the year, from July to December.

Among the PCR positive participants, 18 (94.7%) had
fever; 13 (72.21%) had high-grade fever; and 1 (5.3%)
had fever with lethargy and intermittent fever. The mean
duration of fever in the PCR positive group (8.2 days) was
significant (p value 0.052) compared to that in the PCR
negative group. Among the PCR positive participants,
31.6% had cough, and 21.1% had rhinorrhea; the presence
of these respiratory symptoms was statistically significant
(p values 0.04 and 0.05, respectively).

The presence of thrombocytopenia (48.1%) and eschar
(44.8%) was significantly correlated with confirmed ST
positivity (p value 0.003 and 0.0, respectively). Other

TABLE 1 | Results of scrub typhus IgM and real time PCR.

Results Total (n = 98) Percentage
IgM+ and PCR+ 15 15.31%
IgM+ and PCR- 11 11.22%
IgM- and PCR+ 4 4.08%
IgM- and PCR- 68 69.39%
IgM+ and PCR+ 30 30.61%
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TABLE 2 | Clinical features of patients with confirmed scrub

typhus.
Symptoms and Confirmed Others P value
signsA scrub typhus** (n=75)

(n =30)
Fever 29 (96.7%) 71(97.3%) 1.0
Cough 6 (20.0%) 11 (14.7%) 0.561
Rhinorrhea 4(13.3%) 5(6.7%) 0.272
Diarrhea 3(10.0%) 16 (21.3%) 0.262
Abdominal pain 2 (6.7%) 7 (9.3%) 1.0
Lymphadenopathy 2 (6.9%) 4(6.7%) 1.0
Rash 3(10.7%) 6 (9.5%) 1.0
Headache 2 (6.7%) 2 (2.7%) 0.322
Edema 1(3.3%) 2 (2.7%) 1.0
Seizure 1(3.3%) 2(2.7%) 1.0
Thrombocytopenia 13 (48.1%) 12 (16.7%) 0.003*
Eschar 13 (44.8%) 1(1.6%) 0.00*

AA comparison of clinical features was made for only
available patients.

*A p value less than 0.05 is considered significant.
**Real time PCR and/or ST IgM ELISA positivity.

TABLE 3 | Real time PCR positivity in the blood, by duration
of illness.

Number of
days of fever

Real time PCR positive/number
of samples for PCR testing

<7 days 4/38 (10.5%)
7-10 days 6/38 (15.7%)
>10 days 7/23 (30.4%)
Total 17/99

Duration of fever was unknown for six outpatients.

clinical symptoms of confirmed ST positive participants
included diarrhea, abdominal pain, breathing difficulties,
lymphadenopathy, rash, headache, edema, and seizure
(Table 2).

The real time PCR showed good specificity (p value
0.021) in differentiating ST from enteric fever, another
common pediatric disease. Real time PCR was able to
detect ST more than 10 days after onset (Table 3).

One participant died on day 53 of life despite adequate
treatment. This patient showed necrotizing pneumonia
with pneumatoceles and polymicrobial sepsis, and had a
background diagnosis of congenital cystic adenomatoid
malformation.

DISCUSSION

ST is an emerging public health problem in pediatric
patients presenting with acute febrile illness. ST is fre-
quently associated with occupational or recreational

activities that facilitate contact of human hosts with chig-
ger vectors. ST is a differential diagnosis for fever with
thrombocytopenia. Clinical diagnosis of ST is limited
because ST is non-specific and has ambiguous clinical
features. Patients often seeck healthcare 5-7 days after
the onset of illness. Laboratory diagnosis is impeded by
samples often being collected approximately 1 week after
onset, the use of inaccurate diagnostic tools, and the lack
of an early-stage disease detection assay.

ST may manifest non-specifically, or may be associated
with clinical features such as fever with chills, headache,
body aches, and muscle pain. Several systemic complica-
tions are associated with neglected ST, including neuro-
logical manifestations; meningitis or meningoencephalitis;
and respiratory complications: acute respiratory distress
syndrome, and pneumonia. In our study, as previously
documented [14-16], high-grade fever was a key clinical
feature, along with gastrointestinal and respiratory symp-
toms. Fever was documented in almost all confirmed ST
cases in the present study, in agreement with previous
published studies. Thrombocytopenia was a statistically
significant finding in the ST cases. One participant with a
congenital malformation died despite adequate treatment
of necrotizing pneumonia with pneumatoceles and pol-
ymicrobial sepsis.

Eschars at the sites of chigger bites have long been con-
sidered pathognomic of ST. The eschars usually appear as
painless black scabs with an erythematous halo and min-
imal edema several days after the chigger bite, and before
symptomatic manifestation. Eschars have been reported
to be observed in 7%—97% cases in endemic areas, and
their absence cannot rule out ST [16-19]. Eschars are also
non-specific, because they may be observed in gangrene,
fungal infections, necrotic bite wounds, and anthrax
infections [20]. In this study, eschar was a statistically sig-
nificant presentation in the confirmed cases.

Serology is the mainstay of diagnosis of ST in tertiary
care hospitals in India. Because most patients with ST seek
medical care approximately 5 days after the onset of fever,
the use of serology analysis is largely advocated. However,
false positivity in serology as a result of earlier infections
is a major problem. To circumvent false positive find-
ings, ELISA cut-oftf OD values should be established for
each geographic location, to account for background IgM
levels.

In the absence of a gold standard indirect immunoflu-
orescence antibody assay for ST, in this study, we defined
confirmed ST cases by IgM ELISA and/or real time PCR
positivity, as well as correlating clinical features.

Real time PCR detection of the 47 kDa gene has
been used to assay rickettsial DNA from whole blood
and eschar samples, because of its good sensitivity (97%)
and specificity (100%), and the high conservation of the
sequence [9]. The lower sensitivity observed in this study
might have been due to early use of antibiotics and delays
in sample collection after symptom onset. The number of
days between disease onset and the collection of whole



blood samples may be an important factor in real-time
PCR diagnosis, because a greater number of days is asso-
ciated with greater chances of IgM secretion, which may
obstruct and eradicate the pathogenic organism and pre-
vent it from being detected [20]. In this study, we were
able to detect ST even after 10 days of onset.

This study has several limitations. First, the study was
conducted at a pediatric multi-specialty hospital, and the
results might not represent the actual burden of ST in
the community. Most samples for real time PCR were
collected more than 5 days after the onset of illness.
Theoretically, eschar is the best specimen type for demon-
strating rickettsial DNA and often remains positive several
days after appropriate treatment has started. In our study,
all samples for real time PCR were collected at least 2 days
after sample collection for routine IgM testing. Two other
gene targets, 56 kDa and groEL, have been recommended
for PCR. Use of multiple gene targets can improve the
sensitivity of real time PCR [21,22].

Early detection of ST is important to reduce compli-
cations and ICU admissions. The 47 kDa gene has per-
formed favorably with respect to other gene targets (56
kDa and groEL) and IgM ELISA, yet it is not used in
routine diagnosis [12,23]. This study was conducted to
assess the feasibility of using the 47 kDa gene along with
IgM ELISA for routine ST diagnostics. On the basis of
our findings, clinicians may be advised to use real-time
PCR of the 47 kDa gene as an early diagnostic tool to
detect ST in antibiotic naive patients. If samples are col-
lected more than 8 days after ST onset, using both real-
time PCR and IgM serology to confirm the diagnosis is
advisable. However, larger studies are required for evalu-
ation of diagnostic assays for accurate diagnosis of ST, an
endemic disease in India.
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