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Introduction

Summary

Scrub typhus is responsible for a large proportion of undifferentiated fevers in
south-east Asia. The cellular tropism and pathophysiology of the causative
agent, Orientia tsutsugamushi, remain poorly understood. We measured
endothelial and leucocyte activation by soluble cell adhesion molecule
enzyme-linked immunosorbent assays in 242 Lao and Thai patients with
scrub or murine typhus, leptospirosis, dengue, typhoid and uncomplicated
falciparum malaria on admission to hospital. Soluble E-selectin (sE-selectin)
levels were lowest in dengue, sL-selectin highest in scrub typhus with a high
sE-selectin to sL-selectin ratio in leptospirosis patients. In scrub typhus
patients elevated sL-selectin levels correlated with the duration of skin rash
(P=0-03) and the presence of eschar (P=0-03), elevated white blood cell
(WBC) count (P =0-007), elevated lymphocyte (P =0-007) and neutrophil
counts (P =0-015) and elevated levels of sE-selectin correlated with the dura-
tion of illness before admission (P = 0-03), the presence of lymphadenopathy
(P=0-033) and eschar (P =0-03), elevated WBC (P =0-005) and neutrophil
counts (P =0-0003). In comparison, soluble selectin levels in murine typhus
patients correlated only with elevated WBC counts (P = 0-03 for sE-selectin
and sL-selectin). Soluble intercellular adhesion molecule-1 and soluble vascu-
lar adhesion molecule-1 levels were not associated significantly with any clini-
cal parameters in scrub or murine typhus patients. The data presented suggest
mononuclear cell activation in scrub typhus. As adhesion molecules direct
leucocyte migration and induce inflammatory and immune responses, this
may represent O. tsutsugamushi tropism during early dissemination, or local
immune activation within the eschar.

Keywords: endothelial activation, Laos, pathophysiology, rickettsia, soluble
cell adhesion molecule, typhus

However, the cellular tropism of O. tsutsugamushi remains

Typhus-like illnesses are significant diagnostic challenges;
patients with rickettsiosis, leptospirosis, dengue fever (DF),
dengue haemorrhagic fever (DHF), typhoid and malaria
can present with similar symptoms and signs. Recent
studies suggest that rickettsioses account for 20-35% of
undifferentiated fevers [1,2] in south-east Asian adults,
with scrub typhus being the most important. Rickettsial
agents are divided into three antigenic groups: spotted fever
(prototype  Rickettsia  rickettsii), typhus (prototype
R. prowazekii) and scrub typhus groups (Orientia tsutsuga-
mushi). There is strong evidence that endothelial cells (EC)
are the principal target for R.rickettsii and R. conorii.

controversial, and the pathophysiology of scrub typhus is
poorly understood [3].

During the initial inflammatory response to infections,
early response cytokines [tumour necrosis factor-a, interleu-
kin (IL)-1or and IL-6] up-regulate cellular adhesion mol-
ecules (CAMs) on the surface of host leucocytes and EC,
which co-ordinate leucocyte transmigration across the
endothelium [4]. The selectins mediate initial leucocyte
contact with EC, capturing cells from the bloodstream,
followed by characteristic rolling and firm tethering to
the endothelium. This requires higher-affinity leucocyte
integrins (LFA-1 and Mac-1) binding to members of the
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Table 1. Soluble cell adhesion molecule serum levels in clinical groups.

Patients sE-selectin sL-selectin sSICAM-1 sVCAM-1 Endoglin
Controls (n=10) 56:9 (30:9) 328:3 (65-8) 2469 (140-8) 806-6 (477-7) 4.4 (2:4)
Murine typhus (1 =62) 60-8 (37-7) 517-9 (104-5) 473-8 (265-8) 13479 (636-2) 58 (1-3)
Scrub typhus (1 = 66) 79 (46:3) 5861 (120-6) 4581 (244-8) 1326-4 (658) 66 (1-6)
Leptospirosis (n = 24) 929 (50-9) 4286 (1266) 500-9 (270-4) 1340-2 (5227) 69 (2:8)
Dengue fever (n=17) 36:9 (8:5) 5144 (73-6) 309-1 (181) 1312 (575-5) 63 (3-1)
Dengue haemorrhagic fever (n = 16) 372 (159) 472-3 (59-3) 389-8 (224-7) 14239 (605-2) 72 (32)
Typhoid (n = 22) 612 (36:3) 5728 (99-5) 504-5 (2915) 1384 (748:3) 7-1 (3-4)
Uncomplicated malaria (n = 25) 682 (35:6) 447-6 (123-3) 5009 (242:3) 1252 (547-0) 63 (29)

Results are shown as the mean level (standard deviation) of sCAM level in serum in ng/ml. SICAM-1, soluble intercellular adhesion molecule;

sVCAM, soluble vascular adhesion molecule.

immunoglobulin (Ig) superfamily, intercellular adhesion
molecule-1 (ICAM-1) and vascular adhesion molecule-1
(VCAM-1), which are expressed on activated EC, enabling
subsequent leucocyte diapedesis [5].

Soluble forms of these molecules (sCAMs) are released
into the plasma either after differential splicing of their
mRNA and/or proteolytic cleavage of their membrane-
bound counterparts. Serum levels of sSCAMs have been used
as surrogate markers of systemic endothelial and leucocyte
activation in a wide variety of neoplastic, inflammatory and
infectious diseases [6,7].

Previous studies in adult Thai patients have suggested that
O. tsutsugamushi induces a type 1 immune response, associ-
ated with elevation of interferon-y, IL-18 and IL-15 levels
[8]. Plasmodium falciparum malaria, DF and some spotted
fever rickettsiosis are associated with cytokine-induced sys-
temic endothelial activation [9-11]. However, comparative
in vivo data on the spectrum of these markers in Asian
‘typhus-like’ illnesses are not available. The sCAM ‘finger-
print’ might allow differentiation between aetiologies of
clinically similar patient groups and provide evidence of cel-
lular tropism in the early stages of infection. Based on post-
mortem findings and in vitro experiments, O. tsutsugamushi
can target the endothelium but in vivo data are lacking [3].
However, O. tsutsugamushi has also been described within
peripheral blood mononuclear cells of patients with scrub
typhus [12]. We therefore hypothesized that markers of
endothelial activation are raised in scrub typhus, and that
measurement of both EC and leucocyte activation markers
may allow us to distinguish between generalized systemic
inflammatory responses or endothelial tropism of
O. tsutsugamushi.

We measured levels of circulating soluble E-selectin (sE-
selectin), soluble VCAM-1 (sVCAM-1) and soluble ICAM-1
(sSICAM-1) and endoglin, a constitutive endothelial marker,
in patients with typhus-like illnesses, and also measured
sL-selectin to detect mononuclear cell activation. We aimed
to evaluate their value in differentiating between typhus-like
diseases, and determine whether systemic endothelial and
leucocyte activation were present in south-east Asian adults
with scrub typhus.

Materials and methods

Patients

A total of 242 admission serum samples were collected:
scrub typhus (n = 66), murine typhus (n = 62), leptospirosis
(n=24), DF (n=17), DHF (n = 16), typhoid (n=22) and
uncomplicated P. falciparum malaria (n = 25), as defined by
World Health Organization (WHO) criteria 2000 and nega-
tive control sera (n=10) from the healthy blood donors
(Table 1). All patients provided informed written consent
prior to sample collection. The admission samples of scrub
and murine typhus, DF, typhoid, malaria and 13 leptospiro-
sis patients were collected at Mahosot Hospital, Vientiane,
Lao PDR. Leptospirosis samples were also collected from 11
Thai patients in Udon Thani, NE Thailand (90 km/56 miles
from Vientiane), and 10 negative control samples from
healthy Thai blood donors were provided generously by the
blood bank of Mahidol University, Hospital for Tropical
Diseases, Bangkok.

The study was approved by the National Ethics Commit-
tee For Health Research, Ministry of Public Health, Lao PDR,
the Thai Ministry of Public Health and the Oxford Tropical
Research Ethics Committee.

Diagnosis and origin of specimens

Scrub typhus (pooled Karp, Kato, Gilliam antigens) and
murine typhus (R. typhi Wilmington strain antigens)
IgM and IgG antibodies were detected using the indirect
micro immunofluorescence assay on Australian Rickettsial
Reference Laboratory slides. A regionally determined posi-
tivity criterium of = 1:400 IgM or a fourfold (or greater)
rising titre was indicative of an active infection [13]. Lep-
tospirosis was diagnosed by either microscopic agglutina-
tion test (of = 1:400 or more, or a fourfold rise in titre
between acute and convalescence samples) or/and culture-
proven (WHO/FAO/OIE Collaborating Centre for Refer-
ence and Research on Leptospirosis, Brisbane, Australia).
Dengue was diagnosed by IgM antibody capture enzyme-
linked immunosorbent assay (ELISA) (cat. no. E-DEN01M;
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Panbio Pty Ltd, Brisbane, Australia), performed according
to the manufacturer’s instructions. Results were calculated
as ‘Panbio units’ with results <9-0, 9:0-11-0 and >11-0
defined as negative, equivocal and positive respectively.
Samples that initially returned an equivocal result
were retested to confirm the result. DHF was diagnosed
clinically according to the WHO criteria, 1997 [14]. Falci-
parum malaria was diagnosed by a minimum of two posi-
tive blood films and a rapid diagnostic test (Paracheck;
Orchid Biosystems, Goa, India) and Salmonella enterica
serovar Typhi infection was diagnosed by blood culture
[15].

Assays for quantification of circulating
sCAMs in serum

Peripheral venous blood was processed immediately and
serum aliquots stored at —80°C until use. ELISA kits used in
this study [human sL-selectin (cat. no. BBE 4B), sE-selectin
(BBE 2B), sICAM-1 (BBE 1B), sVCAM-1 (DVC00) and
sEndoglin/CD105 (DNDGO00)] were commercial sandwich
enzyme immunoassays (R&D Systems, Inc., Minneapolis,
MN, USA) performed in accordance with the manufactur-
er’s instructions. Optical density (OD) results were mea-
sured at absorbance 465nm and converted to serum
concentrations by interpolation of sample ODs with stan-
dard curves constructed from supplied quantitative
standards. Patient samples were run in duplicate and selected
samples assessed at five- or 10-fold dilutions to control for
intra- and interplate variability.

Statistical analysis

Statistical calculations were performed with Stata/SE version
9 (College Station, TX, USA). Significance was calculated
using analysis of variance or non-parametric tests (Kruskal—
Wallis) where appropriate. Soluble CAMs were correlated to
clinical parameters using Spearman’s rho or Kruskal-Wallis
tests. For the clinical subgroup analysis of scrub and murine
typhus the following parameters were included: (a) severity
[fever clearance time, fever days and total fever time
expressed as area under the curve (minimum 37-5°C)]; (b)
history (days of illness, fever and skin rash); (c) clinical
examination (tympanic temperature, blood pressure, jaun-
dice, lymphadenopathy, anaemia, pulse rate, hepato-
splenomegaly, skin rash and the presence of an eschar); and
(d) peripheral blood cell count [white blood cell (WBC)
count, haematocrit, neutrophil, lymphocyte and eosinophil
counts]. A P<0-05 was used to designate associations as
significant. Although this cut-off does not take into account
the multiple comparisons made, we opted for this less con-
servative approach, as most of the associations examined in
this study are regarded as hypothesis-generating rather than
definitive.
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Fig. 1. Dot plot diagram demonstrating 242 admission serum levels
of circulating soluble L-selectin (sL-selectin) in the eight patient
groups studied. Abbreviations used: murine typhus (MT), scrub
typhus (ST), leptospirosis (LP), dengue fever (DF), dengue
haemorrhagic fever (DHF), typhoid (TY), uncomplicated malaria
(MA) and healthy controls (HC). Bars indicate median and
inter-quartile range.

Results

Comparison of sSCAM levels between disease groups

Mean values for sCAM levels in all clinical groups
are shown in Table 1. Levels of the inducible sCAMs and
the constitutive endothelial marker sEndoglin showed
no significant differences between clinical groups or
controls.

As expected, sSICAM-1 was increased in uncomplicated
malaria, but levels of EC-specific sCAMs were not signifi-
cantly different to controls [10]. DF and DHF patients
showed moderate, but non-significant, increases of sSICAM-1
and sVCAM-1, while sE-selectin levels were similar to con-
trols [11]. Leptospirosis demonstrated the highest SICAM-1
and sE-selectin levels, with a significantly raised ratio of
sE-selectin to sEndoglin when compared with the other
disease groups (P <0:017) except malaria, and the lowest
sL-selectin levels.

In contrast, when compared with controls sL-selectin
levels were raised significantly in scrub typhus, murine
typhus and typhoid (P < 0-0001), DF (P < 0-001) and DHF
(P<0-03) (Fig.1), whereas in leptospirosis and malaria
they were not. Scrub typhus patients had the highest
median sL-selectin values and were significantly higher
than patients with murine typhus (P = 0-012), leptospirosis
(P <0-0001), DHF (P <0-:006), malaria (P<0-0001) and
controls (P <0-0001). Levels of sE-selectins were signifi-
cantly lower in DF and DHF patients than in scrub typhus
(P<0-004) and leptospirosis (P < 0-0005) patients (data
not shown).
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Table 2. Overview of clinical parameters with a significant association with either sE- or sL-selectins in patients with scrub or murine typhus on

admission.

Cellular adhesion molecule Disease group

Clinical parameters Probability of association

sE-selectin ST
ST
ST
ST
ST
MT

sL-selectin ST
ST
ST
ST
ST
MT

Neutrophil count P=0-0003
WBC count P =0-005
Duration of illness P=0-03
Presence of eschar P=0-03
Lymphadenopathy P=0-033
WBC count P=0-03
Duration of skin rash P=0-03
Presence of eschar P=0-03
WBC count P=0-007
Lymphocyte counts P=0-007
Neutrophil counts P=0-015
WBC count P=0-03

Soluble intercellular adhesion molecule-1 (sICAM) and soluble vascular adhesion molecule-1 (sVCAM-1) levels were not associated significantly

with any clinical parameters in scrub typhus (ST) or murine typhus (MT) patients at the P < 0-05 level. WBC, white blood cell.

Correlation of sCAM levels with clinical findings in
scrub and murine typhus

Elevated levels of sE-selectin in scrub typhus patients corre-
lated with duration of illness, lymphadenopathy, eschar
formation, elevated WBC count and neutrophil counts
(Table 2), whereas elevated sL-selectin levels were associated
with skin rash, eschar and elevated WBC count. In compari-
son, levels of soluble selectins in murine typhus patients
were associated only with elevated WBC counts. SICAM-1
and sVCAM-1 levels were not associated significantly with
any clinical parameters in scrub or murine typhus patients.

Discussion

This study investigated the patterns of SCAM release in Asian
adults on admission to hospital, with emphasis on tropical
rickettsial diseases. Different patterns of markers for endot-
helial and mononuclear cell activation were distinguished in
infections with typhus-like illnesses, i.e. in sera from patients
with uncomplicated malaria had a (non-significant) rise in
all sSCAMs, whereas sera from patients with leptospirosis
demonstrated a pattern of high sE-selectin and low
sL-selectin concentrations.

In scrub typhus elevation of sE-selectin with modest
sICAM-1 and sVCAM-1 levels were accompanied by marked
elevation of sL-selectin levels in admission samples. A similar
but less pronounced pattern was seen in patients with
murine typhus and typhoid infection, which are also intra-
cellular infections. The finding of significantly raised
sL-selectin levels in scrub typhus implies mononuclear cell
activation, as sL-selectin release from peripheral blood leu-
cocytes accompanies cellular activation and transmigration
[5]. The high sL-selectin levels in typhoid patients probably
reflects the well-established mononuclear cellular tropism
of this agent as well as lymphocyte trafficking in the
gastrointestinal tract [16].

However, leptospirosis showed an opposite pattern, with a
high sE-selectin : sL-selectin ratio, implying significant
endothelial, but not leucocyte, activation. This finding is in
accordance with a recent report of a leptospiral protein
capable of up-regulating the expression of EC adhesion mol-
ecules in vitro [17].

The pattern of sSCAM release in O. tsutsugamushi-infected
patients is consistent with intracellular tropism to mono-
nuclear cells during the early dissemination phase, presum-
ably because of invasion and consequent activation of these
cells. Alternatively, it may reflect immune activation and
localization in response to initial rickettsial replication
within the eschar. Supporting this second explanation, com-
parison in scrub typhus of sCAMs with clinical and labora-
tory findings showed that sE-selectin values correlate with
elevated neutrophil counts and sL-selectin with elevated
lymphocyte counts, and both are associated weakly with the
presence of an eschar. The mean concentration of serum
endothelial-specific sSCAMs, such as sE-selectin, in patients
with murine typhus were similar to controls, but was signifi-
cantly higher in scrub typhus than in both DF and DHF
groups. This supports the importance of endothelial in-
volvement in the early dissemination of O. tsutsugamushi.
Soluble CAM patterns have been described previously in
patients with Mediterranean spotted fever (R. conorii), an
endothelium-tropic spotted fever group rickettsiosis of
Europe, where elevated sE- and sL-selectins were observed
early on admission, combined with a rise of sSICAM and
sVCAM levels later in the disease process [11]. We found
little evidence that sICAM-1 and sVCAM-1 levels differ
between the disease groups or with patients’ clinical features,
although the highest values were recorded in DHE.

The pathogenesis of the initial local host immune
response at the inoculation site and the mode of early dis-
semination of the obligate intracellular O. tsutsugamushi is
still poorly understood. These results imply that both EC and
leucocyte activation occur early in the course of scrub
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typhus, releasing sE-selectin and L-selectin into the systemic
circulation. This may reflect direct infection of both cell
types by O. tsutsugamushi. Endothelial recruitment of neu-
trophils and lymphocytes from the eschar would encourage
localized inflammation and contribute potentially to subse-
quent dissemination, by localized increased vascular perme-
ability and direct haematogenous spread, by circulation of
pre-apoptotic infected EC, or by infection of lymphocytes,
which could recirculate into the lymphatic system. In addi-
tion, high levels of sL-selectin could also reflect the homing
potential of lymphocytes to peripheral lymph nodes and/or
immune modulation through inhibition of endothelial-
leucocyte attachment [18].

Identifying the cellular sites of replication in the eschar,
such as endothelium, leucocytes or intrinsic fibroblasts/
dendritic cells, will be important in determining which of
these potential routes the organism takes to disseminate
from the initial inoculation site.

The comparison of sCAM levels in this large cohort of
Lao/Thai patients with typhus-like illnesses showed signifi-
cantly higher levels of sL-selectin in both scrub and murine
typhus patients than in leptospirosis, DHF and malaria, sug-
gesting early lymphocyte activation and recruitment. In
addition, the raised sE-selectin is indicative of background
endothelial activation. The pattern and levels of sCAM
release differed between disease groups but are not specific
enough to be of use in the acute differential diagnosis of
‘typhus-like’ illnesses. The information they give on cellular
activation and tropism of rickettsial agents suggests a role for
early leucocyte and endothelial activation in the immune
response and subsequent dissemination of the bacteria.
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