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The factors and mechanisms by infection of Oriental Tsutsugamushi caused disease are not well understood. The
onset of tsutsugamushi disease is characterized by chilliness, fever, malaise, headache and generalized aching. Infection
of tsutsugamushi is the cause of impairment of function of a major organ often complicate the picture and immediately
change the prognosis for the worse. Tsutsugamushi disease is reported that this disease is characterized by the
histopathogenesis of liver, kidney, heart, and lung, but the variation of biochemical components in serum of tsutsugamushi
discase patient are not clear. We analyzed total protein (TP), albumin (AL), aspartic aminotranferase (AST), alanine
aminotransferase (ALT), alkaline phosphotase (ALP), urea nitrogen (UN), creatinine (CRE), glucose (GLU), cholesterol
(CHOL) and total bilirubin (TB) in sera of patients with tsutsugamushi disease. In comparison with reference, total
protein and albumin were abnormally decreased in 19.6% and 39.2% of patients, respectively. AST, ALT, ALP, creatinine,
UN, glucose, cholesterol and total bilirubin were abnormally increased in 94.1%, 72.5%, 25.5%, 15.7%, 9.8%, 62.7%,
25.5% and 6.0% of patients, respectively. The patients showed abnormal relative rate of protein electrophoretic
fractions to total protein in serum compared to them of reference were 43.1% (albumin), 12.9% (0y-globulin), 58.8%
(0p-globulin), 60.8% (B-globulin) and 70.6% (y-globulin), respectively. These data suggest that infection of Oriental

Tsutsugamushi causes impairment of function of a major organ and abnormal serum protein electrophoresis fractions to
tsutsugamushi patients.
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INTRODUCTION

The etiologic agent of scrub typhus, tsutsugamushi di-
sease was previouly known as Rickettsia tsutsugamushi
that is transmitted to humans by the mite vector, Lepto-
trombidium deliense (Gilbert et al., 1968; Traub ct al., 1974;
Iwasaki et al., 1991). The number of patients of tsutsuga-
mushi disease in Korea reported for about 20 years since it
was reported first in 1986 (Lee et al., 1986; Lee et al.,

1994). The onset of tsutsugamushi disease is characterized
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by chilliness, fever, malaise, headache and generalized
aching (Caruana, 1974; Watt et al., 1994; Chi et al., 1997).
A papule develops at the site of the mite bite which usually
progresses to the formation of an ulcer, characteristically
containing a black eschar. The eschar can occur anywhere
on the body (Oaks et al., 1983; Kuroda et al., 1991; Seong
et al., 2001). Investigators demonstrated that a rash, which
is macular or maculopapular in type, involving the trunk
and sometimes the face and the extremities, appears in
most patients from the third to the sixth day of the disease.
In untreated cases, the infection of Rickettsia tsutsugamushi
leads to pneumonitis, meningitis, and disseminated multio-
rgan vasculitis, which is caused by the destruction of
endothelial cells and perivascular infiltration of leukocytes
(Allen et al., 1945; Watt et al., 1994; Chi et al., 1997).

Complications were reported that the effects of the disease
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were widespread throughout the body (Kim et al., 2000;
Kim et al., 2006). Infection of tsutsugamushi was the cause
of impairment of function of a major organ often compli-
cated the picture and immediately changed the prognosis
for the worse. Most of the patients suffering from scrub
typhus developed myocarditis to some degree and showed
cardiac enlargement. Some patients showed fluid retention
characterized by oliguria and occasionally generalized edema
and even ascites. Urinary findings of albuminuria and coarse
granular casts were found. Occasional azotemia and even
uremia occurred in some patients. Few patients examined
at autopsy showed definite evidence of acute nephritis. Ten-
derness and enlargement, cloudy swelling and parenchymal
degeneration of tissue of the liver were reported.
Laboratory findings in blood of this disease patient were
reported that the activity of AST and ALT, creatinine and
urea nitrogen were elevated, but albumin was decreased
(Lee et al.,, 1994; Kim et al., 2000; Kim et al., 2001). Recently,
scientists are interested in the mechanism of immune system,
tests of rapid diagnosis and treatment. In this study, we
compared the concentration of biochemical components
and the protein electrophoresis fractions in sera of tsutsuga-

mushi disease patients.

MATERIALS AND METHODS

Sera of tsutsugamushi patients (n=51) were obtained for
analysis of the titer of antibody against tsutsugamushi pro-
tein by serological immunoassay, passive hemagglutination
assay method using Genedia Tsutsu PHA 2 (Green Cross
Co., Gyeonggi, Korea). The sheep red blood cells were
coupled with the recombinant antigen as described by
Hudson and Hay (1989) with modified method. The sen-
sitized sheep red blood cells were suspended in a diluent
buffer (PBS, pH 7.2, 0.5% rabbit sera, 0.002% Tween 20)
and mixed with patient serum in a U-shaped 96-well micro-

titer plate. Nonsensitized red cells, healthy human serum

and positive serum in each plate were used as negative
control and positive control for the antigen, respectively.
Specificity and sensitivity for the serodiagnosis of scrub
typhus were calculated with 2><2 binary tables as described
previously (Griner et al., 1981).

Total protein, albumin, AST, ALT, ALP, creatinine, UN,
glucose, cholesterol and total bilirubin were determined by
Hitachi automatic clinical analyzer 7600 (Hitachi High-
Technologies Co., Tokyo, Japan). The concentration of
chemical component that we analyzed was compared to
reference range (Burtis et al., 1999). Sera isolated from
patients with tsutsugamushi disease were carried out protein
electrophoresis by cellulose acetate membrane electropho-
resis technique with Helena Laboratory electrophoresis
system (Jeppsson et al., 1979). Sera were loaded on the
cellulose acetate membrane absorbed buffer. The membrane
was run for 15 min. at 180 V and stained with Ponceau S.
Protein fractions were analyzed with image analyzer (Vilber
Lourmat, Cedex, France). The relative percent of the each
fractions in the serum was calculated and compared to
reference range (Jeppsson et al., 1979; Burtis et al., 1999).
All data were analyzed by SPSS software.

RESULTS AND DISCUSSION

We analyzed the each concentration of total protein,
albumin, AST, ALT, ALP, creatinine, UN, glucose, chole-
sterol and total bilirubin in sera of patients with scrub typhus
(Table 1 and 2). The data were compared to reference range
(Burtis et al., 1999) of total protein (6.0~8.5 g/dL), albumin
(3.5~5.2 g/dL), AST (10~30 U/L), ALT (10~40 U/L), ALP
(53~128 U/L), creatinine (0.7~1.3 mg/dL), UN (6~20 mg/
dL), glucose (74~106 mg/dL), cholesterol 130~230 mg/
dL) and total bilirubin (0.3~1.2 mg/dL).

In comparison with the average of reference, the average
of AST, ALT, ALP and glucose in sera of patients with scrub
typhus were significantly increased by 324.5% (P<0.001),

Table 1. Chemical components in sera of tsutsugamushi patients (Mean + SD)

Component Total protein Albumin AST ALT ALP

P g/dL g/dL UL UL UL
Reference 7.2+0.6 44104 20+5.0 25+7.5 90+18.8
Patient (n=51) 6.5+0.7 3.610.5 84.91+58.0 70.5£51.8 123.9+71.9
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Table 2. Chemical components in sera of Tsutsugamushi patients (Mean £ SD)

Component m[é/]gL CLelag/ﬁ(riline (I}Illl;?(%ie Chri)llg/séirol Totz:ll1 ggiubin
Reference 13.0£33 1.0+0.2 90+8.0 180+25.0 0.8%0.2
Patient (n=51) 15773 0.9+0.3 114.1420.1 135.4%31.5 0.8+04
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Fig. 1. The rate of patients showed abnormal level of bioche-
mical components in sera of tsutsugamushi disease patients.

182.0% (P<0.001), 37.7% (P<0.001) and 26.8% (P<0.001),
respectively. The average of total protein, albumin and
cholesterol were significantly decreased by 9.7% (P<0.001),
18.2% (P<0.001) and 24.8% (P<0.001), respectively. UN,
creatinine and total bilirubin were not significant in di-
fference of average between patients and reference.

The frequencies of patient showed abnormal lower level
of total protein or albumin than those of reference were in
19.6% and 39.2%, respectively. The patients showed abnor-
mal higher concentration of AST, ALT, ALP, UN, creatinine,
glucose, cholesterol and total bilirubin than those of reference
were in 94.1%, 72.5%, 25.5%, 15.7%, 9.8%, 62.7%, 25.5%
and 6.0% of patients, respectively (Fig. 1 and 2).

The hallmark of acute hepatocellular injury is elevation
of AST and ALT level, typically more than eight times the
upper reference limits, with no or minimal elevation of
ALP. In children, only 1% have peak bilirubin greater than
10 mg/dL (Stewart, 1978), but in adults, jaundice develops
in 20% to 70% of acute hepatocellular injury patients
(Lednar, 1985; McMahon, 1985). In the common form
induced hepatocellular injury by virus or some forms of
drug, there is typically a gradual rise in cytoplasmic enzymes
such as AST and ALT, followed after some days by an

UN CRE GLU CHOL TB
Biochemical Components

Fig. 2. The rate of patients showed abnormal level of bioche-
mical components in sera of tsutsugamushi disease patients.

increase in bilirubin (Rozen, 1970). In this results, the
significant elevation of AST, ALT and ALP suggests that
the infection of Rickettsia tsutsugamushi is a common cause
of acute hepatocellular injury.

Our results are similar to previous demonstrations that
the elevation of AST, ALT and ALP were observed in
Korean patients with tsutsugamushi disease (Lee et al., 1994;
Kim et al., 2000; Kim et al., 2001; Kim et al., 2006). The
level of total protein, albumin and cholesterol in plasma are
depend on the function of liver because liver is the major
site of synthesis for most plasma proteins and cholesterol
except immunoglobulin. Therefore, the decreasing concen-
tration of total protein, albumin and cholesterol in plasma is
one of information to diagnose the liver disease (Fredrickson
et al., 1967; Rothschild, 1972; Slater, 1975; Narayanan, 1979;
Denke et al., 1993). We also observed the significant decrease
of total protein, albumin and cholesterol. This tendency in
our study was close to the previous demonstration (Kim et
al., 2000; Kim et al., 2006). Several investigators demon-
strated that the level of UN, creatinine and total bilirubin in
a few patients showed a little increase, but did not show the

significant increase (Lee et al., 1989; Kim et al., 2002).
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Table 3. Relative serum protein electrophoresis fractions (%) to total protein in sera of patients with tsutsugamushi disease (Mean + SD)

Fractions Albumin a;-globulin ay-globulin B-globulin v-globulin

Reference 547428 3.9+0.6 115%1.2 13.7%13 162%1.8

Patients 50.9%+8.5 28%1.7 11.0£3.6 10.8£3.0 24.518.5
o 0T Dincrease showed in 39.2%, 51.0%, 33.3%, 56.9% and 5.9% of
& 60 patients, respectively (Fig. 3). Electrophoresis of serum
% 50 proteins is a commonly used clinical test. The patterns of
Efa 40 fraction illustrate important pathological conditions. Some
E 30 of investigators demonstrated that the patients with severe
% 20 hepatitis showed low concetration of albumin, a,-globulin,
% 10 ap-globulin, B-globulin but y-globulin was high and in liver
@ cirrhosis patients, albumin, a;-globulin and o,-globulin were

o

Fractions

Fig. 3. The relative patients showed abnormal fraction of albumin
(1), a;-globulin (2), 0,-globulin (3), B-globulin (4) and y-globulin
(5) fractionated by cellulose acetate membrane electrophoresis
method.

Our results are similar to the studies above and a pre-
vious study on the one of rickettsiosis, leptospirosis (Kim
et al., 2004). 62.7% of patients with tsutsugamushi disease
showed abnormal concentration of glucose suggests that
the mechanism of inflammation of tsutsugamushi disease
may be involved in the concentration of glucose in blood.
We can't find any studies for interpretation of relationship
between tsutsugamushi disease and the variation of electro-
phoretic serum protein fractions. So, we carried out electro-
phoresis of serum protein of patient with tsutsugamushi
disease and analyzed the relative concentration of fractions
to total protein (Table 3). The average of albumin (P<0.03),
ay-globulin (P<0.001) and B-globulin (P<0.001) were in-
creased and y-globulin was decreased significantly than
those of reference.

In comparison of patient's average to reference, albumin
(6.9%), ai-globulin (28.2%), o,-globulin (4.3%) and B-
globulin (21.2%) were decreased than the average of
reference. The fractions of albumin, a;-globulin, a,-globulin,
B-globulin and y-globulin were increased than the upper
limit of reference value in 3.9%, 7.8%, 25.5%, 3.9% and
64.7% of the patients with tsutsugamushi disease, respec-
tively. The decrease of albumin, o;-globulin, a,-globulin,

B-globulin and y-globulin than the lower limit of reference

decreased but B-globulin and y-globulin were increased
together (Agostoni, 1974; Kindmark, 1976; Burtis, 1999,
Lewandrowski, 2002). In our results, high rate of patients
showed a decrease of albumin, a;-globulin, a,-globulin,
B-globulin and a increase of y-globulin. This result suggests
that the infection of Rickettsia tsutsugamushi is a cause of

severe damage to liver.
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