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Western blot analysis of Orientia tsutsugamushi whole-cell lysates with scrub typhus patient sera has
identified at least five protein antigens of O. tsutsugamushi with molecular sizes of 22 kDa, 47 kDa, 56 kDa, 58
kDa, and 110 kDa. In this study, sera from serial bleedings of 108 patients were used to study the kinetics and
the magnitude of specific antibody responses against the 47-kDa and 56-kDa antigens. Recombinant protein
of the conserved 47-kDa antigen (r47b) or a mixture of truncated 56-kDa antigen (r56s) from three prototype
strains was used as the antigen in an enzyme-linked immunosorbent assay (ELISA). Our results showed that
76% and 93% of these patients had elevated IgM and IgG against r47b, respectively, and 98% and 100% had
elevated IgM and IgG against r56s, respectively. The kinetics of antibody responses against r47b and r56s can
be grouped into three patterns. In the first type of response, IgM and IgG against r47b and r56s appeared
about the same time. The IgM and IgG titers against r56s were much higher than those against r47b. In the
second type of response, induction of IgM appeared to be similar to that in the first type. The major difference
to the first type is that the IgG titers against r47b were induced at least 1 week later than those against the r56s.
The third type showed strong IgG responses against both r47b and r56s, and low or no IgM responses indicated
a secondary infection. This is the first systematic investigation of antibody response kinetics against the
conserved 47-kDa antigen versus the variable 56-kDa antigen in scrub typhus patients.

Scrub typhus is an acute, febrile, and potentially fatal dis-
ease, caused by the infection of Orientia tsutsugamushi, an
obligate, intracellular, Gram-negative bacterium. It accounts
for up to 23% of all febrile episodes in areas of the Asia-Pacific
region where scrub typhus is endemic (2, 3). Mortality rates for
scrub typhus range from less than 1% to 50% depending upon
proper antibiotic treatment, physical status of the individual
patient, and the virulence of the particular strain of O. tsutsug-
amushi encountered (11, 12, 26). Symptoms may include fever,
headache, rash, and other complications, including pneumoni-
tis and meningitis. Differentiating scrub typhus from other
acute tropical febrile illness, such as leptospirosis, murine ty-
phus, malaria, and dengue fever, can be difficult because of
similarities in signs and symptoms. At this time there is no
vaccine for scrub typhus. The investigation of the immune
response to a particular antigen should be beneficial for pro-
viding guidance to develop a potential vaccine candidate.

Western blot analysis of whole-cell antigen with naturally
infected patient sera revealed several potential antigens, in-
cluding 22-kDa, 47-kDa, 56-kDa, and 110-kDa proteins (9, 18,
19, 28). The recognition of these proteins by patient sera in-
dicates the immunogenicity of these proteins and their poten-
tial for being used in diagnostic assays or vaccine candidates.
Among these antigens, the 56-kDa protein which accounted
for 10 to 15% of the total amount of cellular proteins appeared

to be the most immunodominant protein (9). This protein,
present in a large amount on the outer membrane, is strain
specific and has been shown to induce neutralizing antibodies
in an animal model (19, 24). Sequence analysis of the 56-kDa
protein from more than 135 isolates confirmed that the gene
has four regions of hypervariability (13, 20). The four regions
roughly correspond to regions of hydrophilic residues in the
protein (20). Many serotype-specific monoclonal antibodies to
Orientia have been shown to bind to the 56-kDa protein (16,
21, 30). This 56-kDa protein is reactive with group-specific and
strain-specific monoclonal antibodies, implying the existence
of those specific epitopes in this protein (28). It is recognized
by sera from almost all scrub typhus patients (5, 20), suggesting
that it is a good candidate for use as a diagnostic antigen. The
47-kDa protein is another antigen recognized by patient sera
(4, 9, 17). This protein belongs to the high-temperature re-
quirement A (HtrA) family of serine proteases. Bacterial
HtrAs are located in the periplasm and outer membrane of
Gram-negative bacteria (7). They are widely conserved in sin-
gle and multicellular organisms (22). The 47-kDa protein is
also highly conserved (�97% identity) in 25 highly disparate
strains of O. tsutsugamushi (4). The 47-kDa protein contains
both scrub typhus group-reactive and strain-specific B-cell
epitopes (10).

Bourgeois et al. (1) described two types of antibody re-
sponses in scrub typhus patient samples by IFA using whole-
cell antigens. Type 1 responders exhibited an earlier and
greater increase in IgM compared to IgG. In contrast, type 2
responders had suppressed and delayed IgM responses. An-
other report by Ching et al. showed that in an enzyme-linked
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immunosorbent assay (ELISA) using r56Kp as an antigen,
both IgM and IgG are detectable as early as day four after
onset of fever (5). No systematic investigation of the humoral
responses against the 47-kDa antigen has been reported. In
this study, we investigated the humoral responses against these
two potential vaccine candidates in patients with natural infec-
tion. Recombinant 47-kDa antigen (r47b from strain Karp) or
a mixture of truncated 56-kDa antigen (r56s) from three pro-
totype strains (Karp, Kato, and Gilliam) was used as the anti-
gen in an ELISA format. The serological reactivity of scrub
typhus patient sera against r47b was measured and com-
pared to the reactivity against r56s. From samples from 58
patients who had four or more serial bleedings, three kinet-
ically distinct types of antibody response against the r47b
and r56s were observed. In the first type, IgM and IgG
against r47b and r56s appear at about the same time, with
much higher titers in ELISA against r56s than r47b. In the
second type, the IgM response is similar to that in the first
type, but the IgG response against r47b occurs at least 1
week after that of the r56s, and in the third type, a burst of
IgG response and almost no IgM response indicate a sec-
ondary infection. This is the first systematic investigation of
antibody responses against the conserved 47-kDa antigen
versus the variable 56-kDa antigen in scrub typhus patients.

MATERIALS AND METHODS

Bacterial strains and vectors. Escherichia coli Top10 (Invitrogen, California)
cells were used for cloning the desired gene fragments. The cloned genes were
inserted into the pET24a or pET11a vector (Novagen, CA) for the expression of
r47b or r56s, respectively, in E. coli BL21(DE3) (Invitrogen) under the control of
phage T7 lac promoter (27).

Recombinant 47-kDa (r47b) and 56-kDa (r56) proteins. The recombinant
r47b protein and recombinant 56-kDa protein from Karp (r56Kp) were prepared
as previously described (4, 5). The same procedures were used to clone and
express the recombinant 56-kDa protein from strain Kato (r56Kt) and strain
Gilliam (r56Gm). A novel high-performance liquid chromatography (HPLC)
procedure was used to purify the r56Kt and r56Gm, and the procedures were
modified by adding dithiothreitol to the buffer used for purification and refolding
(31).

IgM and IgG ELISA. Microtiter plates (96 well) were coated for 40 h at 4°C
with antigens (0.3 �g per well) diluted in phosphate-buffered saline (PBS) and
subsequently blocked with 10% skim milk in PBS for 1 h. Patient sera were
diluted 1:100 in PBS with 5% skim milk for r47b (or 2% skim milk and 1% bovine
serum albumin [BSA] for r56s), incubated for 1 h at room temperature, and
washed three times with 0.1% Tween 20 in PBS and one time with PBS. Perox-
idase-conjugated rabbit anti-human IgM (Dako, Denmark) at a 1,000-fold (for
r47b) or 4,000-fold (for r56s) dilution was added. The same dilutions were used
for rabbit anti-human IgG (Santa Cruz Biotechnology, CA). After 1 h of incu-
bation at room temperature, the plates were washed as previously described and
the 2,2�-azinobis(3-ethylbenzthiazoline-6-sulfonate) (ABTS) substrate (Kirkeg-
aard & Perry, MD) was added. After 30 min of incubation at room temperature,
optical densities at 405 nm (OD405) were measured with a plate reader (Molec-
ular Devices, CA). Titers of antibody were expressed as the reciprocal of the
highest dilution with a positive reaction.

Human sera. Patient sera from the Pescadore Islands of Taiwan were
obtained from a Chinese military garrison stationed there during 1976 and
1977 and were aliquoted and stored at �80°C (1). The clinical diagnosis of
scrub typhus was confirmed by the demonstration of rising anti-Orientia
indirect fluorescent antibody assay (IFA) titers and agent isolation in many
cases. A negative-control panel consisted of sera from patients without a
history of scrub typhus and who were diagnosed with the following diseases or
conditions (number of serum samples in parentheses) (29): bartonellosis (5),
cholera (1), leptospirosis (2), malaria (2), rheumatoid arthritis (2), tularemia
(6), typhoid (6), anti-nuclear antibody (21), and others of unknown etiology
from the Pescadore Islands (21).

RESULTS

Seroreactivity with r47b and r56s by ELISA. The refolded
purified r47b (from strain Karp) and r56s (from strains Karp,
Kato, and Gilliam) were used as antigens to detect the pres-
ence of specific IgG and IgM in an ELISA. A panel of 437
serum samples from serial bleedings of 108 individuals with
clinically diagnosed scrub typhus and a panel of 125 negative-
control serum samples (59 normal serum samples from local
control individuals and 66 samples from patients without a
history of scrub typhus and who were diagnosed with other
diseases [non-scrub typhus patients]) were used. Of the 108
patients, samples from 100 patients (92.6%) and 82 patients
(75.9%) had specific IgG and IgM antibodies against r47b
(Table 1), respectively. These numbers were lower than the
percentages of patients whose samples had specific IgG (108
patients, 100%) and IgM (106 patients, 98.1%) antibodies
against r56s. All r47b-positive patient samples were also r56s
positive. The low percentages (�3%) of local control individ-
uals and non-scrub typhus patients whose sera had either IgG
or IgM against r47b and/or r56s antigens suggest that the
differences we observed between r47b and r56s were specific.

IgM and IgG ELISA results for all patient sera. Since the
individuals who have at least one positive sample are consid-
ered scrub typhus-positive patients, the percentages of patient
sera with antibodies against r47b and r56s are lower than the
numbers listed in Table 1. The IgM ELISA results for the 437
scrub typhus patient serum samples against r47b and r56s are
shown in Fig. 1A and B. In Fig. 1B, IgM antibody against r56s
generally appeared after the first week of the onset of fever
and could be detected even after 120 days in most cases. Al-
though the percentage of patients whose sera had specific IgM
against r47b is lower than the percentage of those whose sera
had specific IgM against r56s, the IgM against r47b also ap-
peared after the first week of fever and in some cases could be
detected after 120 days.

The IgG ELISA results for the 437 scrub typhus patient
serum samples against r47b and r56s are shown in Fig. 2A and
B. The IgG against both r47b and r56s generally appeared after
the first week of the onset of fever and could be detected even
after 120 days in most cases. The overall kinetic pattern is very
similar to that of IgM.

IgG and IgM responses for sera from patients with serial
bleedings. The ELISA data for 69 patients who had four or
more serial bleedings were further analyzed. Among these
patients, only 58 patients had bleedings during the first week
of illness. For those 58 patients, antibody responses against

TABLE 1. Comparison of the IgM and IgG responses against r47b
and r56s in patient sera by ELISA

Group

No. of
individuals

(no. of
serum

samples)

No. (%) positive againsta:

IgM IgG

r47b r56s r47b r56s

Scrub typhus 108 (437) 82 (75.9) 106 (98.1) 100 (92.6) 108 (100.0)
Local control 34 (59) 1 (2.9) 0 (0.00) 0 (0.00) 0 (0.00)
Non-scrub typhus 66 (66) 0 (0.00) 2 (3.0) 1 (1.5) 2 (3.0)

a The same patient may have multiple bleedings. Individuals that have at least
one positive sample are considered scrub typhus-positive patients. All r47b-
positive patients were also r56s positive.
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r47b and r56s can be grouped into three distinct types.
Typical examples of type I are shown in Fig. 3 and Table 2,
type II in Fig. 4 and 5 and Tables 3 and 4, and type III in Fig.
6 and Table 5.

There were 20 patients whose samples exhibited type I
responses (Fig. 3A and B; Table 2). Characteristic of the
type I response is that both IgM and IgG appeared after
the first week of the onset of fever as the signal rose above the
cutoff. The antibodies against r47b appeared at the same
time as antibodies against r56s. The IgM against r47b and
r56s reached a peak level by 15 to 25 days after the onset of
fever (Fig. 3A). For IgM against r47b, the signal declined to
below the cutoff by 60 days. For IgM against r56s, the signal
then gradually declined but remained above the cutoff even
at 90 days. The IgG against r47b and r56s reached a peak by
20 to 35 days after the onset of fever and stayed above the
cutoff at 90 days (Fig. 3B). At the peak of the antibody
response, the titers of IgG against r47b (1:1,600 or 1:800)
were much higher than the titers of IgM against r47b (1:200)
(Table 2). The titers of IgG and IgM against r56s at the peak
of the antibody response were very similar (Table 2). Al-
though there was detectable IgM against r47b, most of the
IgM was against r56s, as the ELISA titers of IgM against
r56s (1:6,400) were much higher than those against r47b
(1:200) at the peak of the response.

There were 34 type II patients. The characteristics of type II
response are described as follows: the IgG and IgM responses
against r56s were the same as type I; they appeared at about 1

week after the onset of fever, reached peak levels by about 20
days, and remained above the cutoff at 90 days (Fig. 4 and 5).
There are two major differences between the type I and type II
responses. The first one is the levels of IgM antibodies against
r47b: unlike the findings for type I response, there is almost no
IgM against r47b in type II response (Fig. 4A and 5A). The
second difference is the response time of IgG against r47b: IgG
against r47b appeared later than the IgG against r56s. Based
on the time of delayed response, type II can be further sub-
grouped into type IIa and type IIb. Among the 34 type II
patients, 23 of them belong to type IIa. The rise of IgG against
r47b in samples from type IIa patients was delayed about 7 to
10 days (Fig. 4B). The IgG against r47b appeared at 15 to 20
days, reached a peak by 25 to 30 days, and remained detectable
at 60 days. Samples from 11 patients belong to type IIb. The
rise of IgG against r47b in samples from type IIb patients was
more than 20 days delayed compared to that of IgG against
r56s (Fig. 5B). The IgG level against r47b rose more slowly
than the type IIa level and was still rising at 90 days. Two
examples of each subgroup were illustrated in Tables 3 and 4
by the titers. The titers of the IgM against r47b were lower than
1:100 for most of the time during the time course for both type
IIa and IIb patients (Tables 3 and 4).

Four patients had sera that demonstrated the type III re-
sponse, showing strong IgG responses against both r47b and
r56s and low or no IgM responses against both r47b and r56s,
indicating a secondary infection (Fig. 6A and B; Table 5).

FIG. 1. IgM ELISA results for 437 scrub typhus patient serum
samples with recombinant antigens. Specific IgM against r47b (A) and
r56s (B) were tested with 437 patient serum samples from serial bleed-
ing of 108 scrub typhus patients. The x axis indicates the number of
days after the onset of illness, and the y axis indicates the optical
density (O.D.) at 405 nm. The cutoff values are 0.182 for r47b and
0.330 for r56s (mean of 125 negative controls plus 2 standard devia-
tions).

FIG. 2. IgG ELISA results for 437 scrub typhus patient serum
samples with recombinant antigens. Specific IgG against r47b (A) and
r56s (B) were tested with 437 patient serum samples from serial bleed-
ing of 108 scrub typhus patients. The x axis indicates the number of
days after the onset of illness, and the y axis indicates the optical
density (O.D.) at 405 nm. The cutoff values are 0.158 for r47b and
0.216 for r56s (mean of 125 negative controls plus 2 standard devia-
tions).
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DISCUSSION

We investigated the kinetics of IgM and IgG responses in-
duced by 56-kDa and 47-kDa antigens in O. tsutsugamushi-
infected patients. Almost all patient sera (�98%) showed re-
activity against the mixture of three r56 antigens, consistent
with data previously reported showing that samples from more
than 95% of patients with scrub typhus recognized the 56-kDa

protein of O. tsutsugamushi (6, 8, 14, 15, 19). Seong et al. (25)
also observed that fewer than 70% of patients had samples with
antibody responses to the recombinant 47-kDa protein. In Table
1, our data showed that 93% of patients who had at least one
sample among the serial bleedings had samples with detectable
IgG against r47b. As many of our samples that had no detectable
IgG against r47b were obtained during the first 3 weeks after the
onset of fever (especially for type II patients), the percentage of
samples with detectable IgG against r47b dropped. Overall, 65%
of our serum samples had detectable IgG against r47, which is
very similar to the observation of Seong et al.

The protein sequences derived from the 56-kDa antigen
genes of multiple Orientia strains have showed great diversity.
Although the strains that exist in Taiwan are not identical to
the three prototypes (23), most of them are similar to the Karp
or the Karp-like strain and many are similar to strain Gilliam
(13, 23). However, all patients had samples with antibodies
that recognized these r56s antigens, suggesting cross-reactivity
due to the conserved regions in 56-kDa antigen. The 47-kDa is
a relatively conserved protein which belongs to the HtrA fam-
ily. The protein sequence alignment between O. tsutsugamushi
strains Karp, Kato, and Gilliam showed that the amino acid
sequences of the 47-kDa protein are different at only 7 posi-
tions (amino acids 24, 71, 101, 106, 140, 275, and 309) out of
466 amino acids, which is less than a 2% difference. Samples
from about 93% patients were IgG positive against Karp r47b
compared to 100% against r56s. The 7% difference in antibody
responses against r47b and r56s was most likely due to the

FIG. 3. Time course of antibody responses of two typical type I
patients to r47b and r56s antigens. The serum samples of patient
MAK135 (circle) were collected at days 3, 10, 17, 24, 31, 69, and 94,
and the serum samples of patient MAK229 (square) were collected at
days 5, 17, 26, 49, and 69. IgM (A) and IgG (B) specific for r47b (black)
or r56s (red) in patient sera were measured by ELISA. The cutoff
values are the same as in Fig. 1 and 2. The symbols represent the
averages of two experiments, and the error bars represent ranges.
O.D., optical density.

TABLE 2. ELISA titers of samples from two typical patients with
type I responsea

Patient
No. of days
after onset

of fever

Titer

r47b r56s

IgM IgG IgM IgG

MAK 135 3 � � 100
10 � 100 1,600 3,200
17 100 400 3,200 6,400
24 200 1,600 6,400 12,800
31 � 1,600 1,600 6,400
69 � 800 400 3,200
94 � 800 100 3,200

MAK 229 5 100 � 400 100
17 200 400 6,400 3,200
26 100 800 3,200 1,600
49 100 400 1,600 1,600
69 100 400 800 1,600

a �, ELISA negative (titer less than 100).

FIG. 4. Time course of antibody responses of two typical type IIa
patients to r47b and r56s antigens. The serum samples of patient
MAK217 (circle) were collected at days 3, 12, 17, 26, and 52, and the
serum samples of patient MAK240 (square) were collected at days 3,
10, 16, 25, and 63. IgM (A) and IgG (B) specific for r47b (black) or r56s
(red) in patient sera were measured by ELISA. The cutoff values are
the same as in Fig. 1 and 2. The symbols represent the averages of two
experiments, and the error bars represent ranges. O.D., optical density.
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collection date of the sera and not to the differences in the
sequences. In fact, all of the eight r47b IgG-negative patient
serum samples were collected in the early phases of the illness
(fewer than 25 days after the onset of fever), suggesting the
slow antibody response to 47-kDa protein. The signal of IgG
against r47b in those patients might increase above the nega-
tive cutoff during the later days.

Previously, Bourgeois et al. (1) found that two types of IgM
responses against whole-cell antigens occurred in scrub typhus
patient samples by IFA. Type 1 responses exhibited an early

and greater increase in IgM compared to responses in IgG. In
contrast, type 2 responders had suppressed and delayed IgM
responses. Their results suggested that the type I response
reflects primary infection, while type 2 indicates secondary
infection. Our current study dissected the total antibody re-
sponses against the whole cell into responses against individual
antigens. The r56s and r47b ELISAs may be more sensitive to
differentiate antigen-specific immune responses because, un-
like whole-cell antigens, no other cross-reactive antigens in the

FIG. 5. Time course of antibody responses of two typical type IIb
patients to r47b and r56s antigens. The serum samples of patient
MAK142 (circle) were collected at days 3, 10, 17, 23, and 88, and the
serum samples of patient MAK153 (square) were collected at days 3,
17, 24, 30, and 76. IgM (A) and IgG (B) specific for r47b (black) or r56s
(red) in patient sera were measured by ELISA. The cutoff values are
the same as in Fig. 1 and 2. The symbols represent the averages of two
experiments, and the error bars represent ranges. O.D., optical density.

TABLE 3. ELISA titers of samples from two typical patients with
type IIa responsea

Patient
No. of days
after onset

of fever

Titer

r47b r56s

IgM IgG IgM IgG

MAK 217 3 � � � �
12 � 100 800 800
17 � 100 800 800
26 100 200 3,200 6,400
52 � 400 800 1,600

MAK 240 3 � � � �
10 � � 800 3,200
16 � 100 1,600 3,200
25 � 400 800 3,200
63 � 400 100 1,600

a �, ELISA negative (titer less than 100).

TABLE 4. ELISA titers of samples from two typical patients with
type IIb responsea

Patient
No. of days
after onset

of fever

Titer

r47b r56s

IgM IgG IgM IgG

MAK 142 3 � � � �
10 � � 1,600 800
17 � 100 1,600 800
23 � 100 800 1,600
88 100 800 800 1,600

MAK 153 3 � � � �
17 � 100 400 200
24 100 100 800 800
30 � 100 800 800
76 � 800 400 1,600

a �, ELISA negative (titer less than 100).

FIG. 6. Time course of antibody responses of two typical type III
(the secondary infection) patients to r47b and r56s antigens. The se-
rum samples of patient MAK132 (circle) were collected at days 7, 14,
21, 28, and 69, and the serum samples of MAK168 (square) were
collected at days 3, 10, 24, and 68. IgM (A) and IgG (B) specific for
r47b (black) or r56s (red) in patient sera were measured by ELISA.
The cutoff values are the same as in Fig. 1 and 2. The symbols repre-
sent the averages of two experiments, and the error bars represent
ranges. O.D., optical density.
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whole-cell preparation are present. We found very few cases in
which IgM antibodies were detected earlier than IgG antibod-
ies. For all 58 patients with multiple serum samples, the kinet-
ics of their IgG and IgM responses against r56s were similar.
However, two distinct types of antibody responses against r47b
were observed. In the type I response, 20 patients showed
similar IgG responses against r47b and r56s. In type II re-
sponses, 34 patients showed delayed IgG and weak IgM re-
sponses against r47b compared to those against r56s. The titers
of IgG against 47-kDa and 56-kDa proteins in scrub typhus
patients were very close, especially in type IIb response.

O. tsutsugamushi exhibits great antigenic diversity, and the
variation of human responses to different serotypes is not
well understood. The variable 56-kDa protein is the major
surface protein of O. tsutsugamushi. Sera from most patients
and animals with a history of Orientia infection react
strongly with this protein. This reflects both the abundance
of the 56-kDa antigen on the cell surface and its high im-
munogenicity. The 47-kDa protein is another antigen rec-
ognized by antibodies against O. tsutsugamushi (4, 9, 17). As
Ohashi et al. (19) reported, most scrub typhus sera reacted
with the 56-kDa protein but only some sera reacted with the
47-kDa protein. We did observe delayed immune response
against the 47-kDa protein as described for the type II
response. The apparent weak IgM response to r47b in the
patient probably reflects its lower quantity on the cell sur-
face and its low immunogenicity.

In general, Orientia infection led to early, pronounced, and
long-lasting antibody responses against the 56-kDa protein,
while the responses against the 47-kDa protein were delayed
and less pronounced.
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