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Abstract.

Scrub typhus is an acute febrile disease caused by Orientia tsutsugamushi, which is transmitted through

chigger mites. Delayed treatment results in various complications and, in severe cases, death. Granzymes are secreted
by cytotoxic T lymphocytes or natural killer cells and are known to play an important role in controlling intracellular patho-
gens. To date, few studies have been done on granzymes in patients with scrub typhus. In this study, granzymes A and B
showed a significant increase during the acute stage of scrub typhus compared with healthy control subjects, and
decreased sharply after treatment. In addition, granzymes A and B were significantly high in the moderately elevated liver
enzyme group. In conclusion, it appears that the host during the acute phase of scrub typhus increases cytotoxic T-cell

activity to control infection.

INTRODUCTION

Scrub typhus is an acute febrile iliness caused by the intra-
cellular pathogen Orientia tsutsugamushi, which is transmitted
by the bite of infected chiggers." The clinical course of scrub
typhus varies from a self-limiting to a fatal iliness, with an esti-
mated median mortality of 6.0% (range, 0-70.0%).2 It still
remains a substantial public health problem in the Asia-
Pacific region and is also an emerging problem in other
regions, including the Middle East, South America, and
Africa.®*

Granzymes are a family of homologous serine proteases
released by cytoplasmic granules within cytotoxic T lympho-
cytes and natural killer cells. Cytotoxic T lymphocytes and nat-
ural killer cells are important effector cells in cell-mediated
immunity, and are involved in adaptive and innate responses.
So far, five granzymes (A, B, H, K, and M) have been described
in humans, but granzyme A (a tryptase) and granzyme B (an
aspartase) have been best studied.>® Both granzymes A
and B promote cytotoxic T lymphocyte-mediated eradication
of intracellular pathogens via the induction of apoptotic cell
death, which can also play a role in inflammation.”® Elevated
levels of plasmatic granzymes have been detected in numer-
ous diseases, including several viral, bacterial, and parasitic
infections.>® Currently, one study has investigated the
expression of granzymes in patients with scrub typhus in
the acute phase;'® however, no studies have yet investigated
the change of extracellular granzyme levels in patients with
scrub typhus before and after treatment. Therefore, we carried
out a prospective study to assess the extracellular levels of
granzymes A and B, and their clinical implication in O. tsutsu-
gamushi infection.

METHODS

Patients and data collection. A total of 70 eligible febrile
adult patients (=18 years of age) who were clinically sus-
pected of having scrub typhus were recruited prospectively
on admission to a 1,200-bed tertiary hospital in South Kora
between October 2016 and December 2018. Initial blood

*Address correspondence to Chang-Seop Lee, Department of
Internal Medicine, Jeonbuk National University Medical School,
Jeonju, 54896, Republic of Korea. E-mail: Icsmd@jbnu.ac.kr

1680

specimens were obtained within 24 hours of hospital admis-
sion, and follow-up blood specimens were acquired 1 or
2 weeks after appropriate treatment. Demographic and clini-
cal information were collected retrospectively from electronic
medical records. Normal aminotransferase values for our lab-
oratory were as follows: aspartate aminotransferase (AST), 12
to 33 IU/L; alanine aminotransferase (ALT), 5-35 IU/L. Abnor-
mal aminotransferase values were graded as mild (one to three
times the upper reference limit) to moderate (more than three
times the upper reference limit). Sixteen healthy control sub-
jects (age, 18-60 years) were recruited from the local popula-
tion. They were screened to ensure the absence of underlying
disease and any infectious disease.

Microbiological study. Laboratory diagnosis of scrub
typhus was made according to one of the following criteria:
(1) an increase in an indirect immunofluorescence assay
(IFA) IgM titer =1:160 against O. tsutsugamushi, (2) an
increase in an IFA IgG titer = 1:256, (3) a = 4-fold increase in
an IFAtiterin paired sera, and (4) a positive result from a nested
polymerase chain reaction (PCR) targeting the 56-kDa gene of
O. tsutsugamushi.

Peripheral blood mononuclear cells were collected from
acute-phase blood samples from scrub typhus patients.
DNA from peripheral blood mononuclear cells was were
purified using the QlAamp DNA Blood Mini Kit (QIAGEN
GmbH, Hilden, Germany) according to the manufacturer’s
protocol. Nested PCR for the 56-kDa gene of O. tsutsuga-
mushi was performed as described previously by Lee et al.’
The amplified PCR products were confirmed by 1.2% aga-
rose gel electrophoresis, purified using a QIAquick gel
extraction kit (QIAGEN), and were then sent to COSMO Gen-
etech (Seoul, Korea) for sequencing. IFA for O. tsutsugamu-
shi was examined by Green Cross Reference Laboratory
(Yongin, Korea).

Acute- and convalescent-phase sera granzymes A and B
were measured by ELISA using the human granzyme A and
B ELISA Kit (RayBiotech, Norcross, GA) at the Green Cross
Reference Laboratory.

Statistical analyses. Descriptive statistics are expressed
as numbers and percentages, means and ranges, or medians
and interquartile ranges. Statistical analyses were performed
using the Kruskal-Wallis test, the Mann-Whitney test, and
Spearman’s correlation test with MedCalc for Windows (v.
19.3; MedCalc Software, Mariakerke, Belgium). In allanalyses,
a two-tailed P value of < 0.05 was considered significant.
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Ethics statement. This study was approved by the institu-
tional review board of Jeonbuk National University Hospital,
and all patients provided written informed consent (registra-
tion no. 2019-09-021-004).

RESULTS

During the study period, 70 scrub typhus patients were
enrolled. Seven patients with co-infection of scrub typhus
and other infectious disease were excluded, resulting in a total
of 63 patients. The mean age of the patients was 67.6 = 12.6
years; 44 (69.8%) were female. The majority of patients pre-
sented with a skin rash (n = 44, 69.8%) and eschar (n = 55,
87.3%). In laboratory findings, most patients showed mild to
moderate elevation of liver function tests despite no underly-
ing liver diseases, and more than half the patients had throm-
bocytopenia on admission. However, the abnormal laboratory
findings had normalized on the second visit. In addition, the
most commonly identified genotypes of O. tsutsugamushi
were the Boryong strain (n = 50, 82.0%), which is the predom-
inant strain throughout South Korea. All patients were treated
successfully with either oral doxycycline or intravenous azith-
romycin. The demographic and clinical characteristics of the
enrolled patients are summarized in Table 1.

To establish the presence of circulating granzymes during
the acute and convalescent phases of scrub typhus, we mea-
sured granzymes A and B in the plasma of 63 patients with
scrub typhus. Granzymes A and B in the plasma of 16 healthy
control subjects were also measured. Both granzymes A and
B were elevated in the plasma of patients during the acute
phase of scrub typhus compared with healthy control subjects
(median, 601.7 versus 104.5 pg/mL, P < 0.001; and 130.0 ver-
sus 9.6 pg/mL, P = 0.002, respectively) (Figure 1A and B).
Plasma levels of both granzymes A and B decreased signifi-
cantly when patients improved clinically compared with the
acute phase (Figure 1A and B). Although granzyme B levels
appeared to decrease relatively quickly and reached base
levels upon convalescence, granzyme A levels were still signif-
icantly enhanced compared with healthy control subjects (Fig-
ure 1A, post-treatment versus healthy control subjects, P <
0.001; and Figure 1B, post-treatment versus healthy control
subjects, not significant). During the acute phase in scrub
typhus patients, a strong to moderate correlation was seen
between granzyme A and B levels (Spearman’s rho, r =
0.66; P < 0.001).

Elevated liver enzyme levels observed in approximately
80% to 90% of the patients could be a result ofimmunopathol-
ogy rather than tissue damage via the bacteria themselves.
Therefore, we analyzed further whether granzyme Aand B lev-
els correlated with liver enzyme levels as a measure for liver
damage. Both granzyme A and B levels were significantly
greater in moderately elevated AST and ALT groups than
normal-mild AST and ALT groups (granzyme A in moderate
AST group: median, 546.1 pg/mL, P = 0.005; granzyme A in
moderate ALT group: 548.2 pg/mL, P < 0.05; granzyme B
in moderate AST group: 99.96 pg/mL, P = 0.01; granzyme B
in moderate ALT group: 109.8 pg/mL, P = 0.03) (Figure 2).

DISCUSSION

We investigated the extracellular levels of granzymes A and
B in 63 patients with scrub typhus over a 3-year period. Based

TaBLE 1

The demographic and clinical characteristics and laboratory findings
of scrub typhus patients

Characteristics Scrub typhus (N = 63)

Lactate dehydrogenase
Creatinine, mg/dL

859.5 (687.0-986.0)
0.8 (0.6-1.1)

Age, y; mean = SD 67.6 = 12.6
Gender, n (%)
Male 19 (30.2)
Female 44 (69.8)
Comorbidities, n (%)
Cardiovascular disease* 11 (17.5)
Cerebrovascular disease 13 (20.6)
Pulmonary diseaset 3 (4.8)
Connective tissue disease 0 (0.0)
Liver disease 2 (3.2
Chronic kidney disease 0 (0.0)
Diabetes mellitus 23 (36.5)
Solid tumor 5(7.9)
Clinical signs and symptoms, n (%)
Headache 30 (47.6)
Dyspepsia 30 (47.6)
Nausea/vomiting 19 (30.2)
Abdominal pain 13 (20.6)
Fever 63 (100.0)
Myalgia 35 (55.6)
Lymphadenopathy 21 (33.3)
Rash 44 (69.8)
Eschar 55 (87.3)
Laboratory values, median (IQR)
WBC count, x1,000/mm?® 7.9 (5.8-10.7)
Platelet count, xX1,000/mm?® 128.0 (101.3-174.5)
Total bilirubin, mg/dL 0.7 (0.5-0.9)
Albumin, g/dL 3.5 (3.0-3.9)
AST, IU/L 88.0 (54.3-148.5)
ALT, IU/L 74.0 (39.0-115.3)
(
(
(

hs-CRP, mg/dL
Genotype, n (%); N = 61

104.3 (62.5-161.1)

Boryong strain 50 (82.0)
Karp strain 9 (14.8)
Gilliam strain 1(1.6)
Kawasaki strain 1(1.6)
Treatment, n (%)
Doxycycline 56 (88.9)
Azithromycin 4 (6.3)
Azithromycin or doxycycline 3 (4.8)

ALT = alanine aminotransferase; AST = aspartate aminotransferase; hs-CRP = high-
sensitivity C-reactive protein; IQR = interquartile range; WBC = white blood cell.

*Includes myocardial infarction, congestive heart failure, and peripheral vascular disease.

T Includes chronic obstructive pulmonary disease and asthma.

on our study, increased levels of granzymes A and B in scrub
typhus patients compared with healthy control subjects were
observed. In addition, longitudinal plasma samples from scrub
typhus patients showed increased levels of granzymes A
and B during the acute phase of the infection, and a subse-
quent decline during its resolution.

Elevated levels of granzymes have been reported in other
infectious diseases.’ In line with earlier studies, we also noted
elevated plasma concentrations of granzymes A and B during
the acute phase of scrub typhus.

Increases in liver enzymes in patients with scrub typhus
have been reported in previous studies.'?'® Previous studies
revealed that scrub typhus hepatitis caused mild portal inflam-
mation and lobular activities without triggering intense inter-
face hepatitis or intralobular hepatocyte death resulting from
focal direct liver injury.'>' In our study, we have observed
that 90% and 81 % of scrub typhus patients showed abnormal
AST and ALT levels, respectively.
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Extracellular levels of granzyme A and B in scrub typhus patients and healthy control subjects (HCs). Granzyme A (A) and granzyme B (B)

are presented. Medians with interquartile range are shown. Significance was determined via Mann-Whitney tests. ***P < 0.001; **P = 0.002. NS = not

significant; Tx. = treatment. This figure appears in color at www.ajtmh.org.

Apart from the benefit of defense against intracellular patho-
gens, granzymes have also been implicated inimmunopathol-
ogy in other infectious diseases.'® Indeed, both granzyme A
and B levels were significantly greater in the group with ele-
vated AST and ALT levels in our study. These findings may
be explained by the activity of CD8+ T cells that release cyto-
toxic granules containing granzymes, which has recently been
shown to contribute to histopathology in an animal model of O.
tsutsugamushi infection.'®1”

Liver function impairment in patients with scrub typhus
improves with appropriate treatment, and elevated liver
enzyme levels alone are not associated with severe scrub
typhus.'?'® Increased granzyme levels are associated with
disease severity in several infectious diseases.'®2" However,
we could not demonstrate a correlation between elevated
granzyme levels and severity of illness because no severe
cases were available for our study.

We are aware of a few limitations of our study. Becauseiitis a
single-center study, there needs to be caution in interpreting
results, and the results should not be generalized. In addition,
the results may be biased by the large proportion of patients
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with mild to moderate illnesses resulting from early diagnosis
and treatment.

In conclusion, we demonstrate that plasma levels of gran-
zymes A and B increased significantly during the acute phase
of scrub typhus. Enhanced levels of both granzymes A and B
correlate with liver pathology in patients and subsequently
decline after appropriate treatment.
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Ficure 2.  Extracellular levels of granzyme A (A) and B (B) in the acute phase of scrub typhus patients according to level of aspartate aminotrans-
ferase (AST) and alanine aminotransferase (ALT). Medians with interquartile range are shown. Significance was determined via Mann-Whitney tests.
**P < 0.001, *P < 0.01, *P < 0.05. This figure appears in color at www.ajtmh.org.
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