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COMMENTARY

Humoral Immune Response to Orientia 
tsutsugamushi Infection: Recent Research 
Findings and Future Studies
Casey Gonzales1 and Lynn Soong1,2,3,4,5,*

INTRODUCTION

Scrub typhus is an emerging but 
neglected tropical disease. Human studies 
have revealed that anti-Ot IgM responses 
are transient; while, anti-Ot IgG titers 
can persist for several years, yet, their 
functional roles in disease outcomes 
remain unclear. Notably, recent findings 
indicating the presence of autoreactive 
antibodies in people with scrub typhus 
have prompted new questions regarding 
immune dysregulation. Our research 
using mouse models of Ot infection has 
demonstrated strain-specific differences 

in disease severity. Severe scrub typhus 
was found to lead to disruption of (GCs), 
loss of splenic architecture, diminished 
B cell activation, and proinf lamma-
tory immune environments. In con-
trast, mice with self-limiting infection 
were found to induce adequate humoral 
responses and preserve lymphoid struc-
tures. These results highlight the effects 
of excessive inf lammation and altered 
splenic microenvironments on humoral 
immunity, and have implications regard-
ing long-term immune competence, 
vaccine development, and cross-protec-
tion. Future animal model studies using 
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Abstract

Orientia tsutsugamushi (Ot), an intracellular bacterium in the family 
Rickettsiaceae, is the etiological agent of scrub typhus. Understanding of the 
immunologic responses to Ot infection, particularly immunity after infection, 
has remained a major knowledge gap. Although anti-Ot IgG appears to be 
short-lived in infected humans, recent studies have reported autoreactive IgM 
antibodies in people with scrub typhus, including antibodies reactive to nuclear 
components, DNA, and platelets. However, mechanistic studies of B cell 
responses in the secondary lymphoid organs of infected humans are severely 
lacking. This article highlights feasible methods to investigate important aspects 
of humoral immunity, and avenues to obtain samples from post-mortem and 
ante-mortem Ot-infected people. A pioneer study identified that serum passive 
transfer could protect against homologous Ot challenge. Studies comparing 
humoral immune responses to Ot Karp versus Gilliam strains have revealed 
impaired B cell and germinal center (GC) responses during severe, but not 
self-limiting, infection in C57BL/6 mice. Further studies are needed, particularly 
in people with scrub typhus, to help understand and define deficiencies in the 
acute B cell response and long-lived humoral immunity.
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different Ot strains and transcriptomic imaging technolo-
gies would aid in the exploration of GC function, mem-
ory B cell responses, and autoreactive antibody generation 
at different disease stages.

HUMORAL IMMUNE RESPONSES IN PEOPLE 
WITH SCRUB TYPHUS

Humoral immunity after Ot infection varies but is gener-
ally considered short-lived: previous reports have demon-
strated seronegativity in people with previous scrub typhus 
at 49 weeks post-infection [1] or 1–3 years post-infection 
[2,3]. For Ot-specific IgM responses, one study (in a 
cohort of 197 people with scrub typhus) has reported that 
50% of people were IgM seronegative at 82 days post-in-
fection [3], whereas another study has found that only 
3.5% of a hospitalized surveyed population was IgM sero-
positive [4]. For Ot-specific IgG responses, the titers wane 
to baseline levels approximately 2–3 years post-infection 
[2,5]. IgG seropositivity appears common: 20–40% IgG 
seropositivity has been reported in surveyed populations 
[3,6]. In those studies, ELISAs were based on recombinant 
proteins derived from a major Ot surface antigen (56-kDa 
type-specific antigen) and/or ScaA (an autotransporter 
protein). Although the initial IgM titers between people 
with severe or non-severe scrub typhus did not signif-
icantly differ [7], intermediate or high initial IgG titers 
appeared to be associated with elevated risk of severe scrub 
typhus [7]. Although higher initial IgG titers correlated 
with greater risk of scrub typhus with complications, IgG 
waned more slowly in people with higher initial IgG levels 
[3]. In a recent study aimed at evaluating whether anti-
bodies generated in people with scrub typhus might be 
autoreactive, people with scrub typhus, compared with 
healthy controls, displayed higher antinuclear antibod-
ies and anti-double-stranded deoxyribonucleic acid IgM 
titers [8]. Reports have also described anti-platelet anti-
bodies, which might contribute to thrombocytopenia, in 
people with scrub typhus [9,10]. These self-reactive IgM 
titers increase throughout infection, particularly after the 
onset of symptoms and signs of scrub typhus [8]. Whether 
scrub typhus-induced autoreactive antibodies might be 
linked to disease severity remains to be explored, and the 
functional roles of antibodies in people with scrub typhus 
remain poorly defined.

No study has reported the development or alterations 
in humoral immune responses in people with scrub 
typhus, partially because examination of secondary lym-
phoid organs has been limited. Although spleen sam-
pling is unlikely to be safe in living people with scrub 
typhus, several human studies examining other pathogens 
that target endothelial cells, macrophages, and dendritic 
cells might offer valuable tools and methods for sam-
pling other secondary lymphoid organs from people [11-
14]. For the evaluation of GCs in human lymph nodes, 
much progress has been made through COVID-19 studies 
post-infection or vaccination [11-14]. The possibility of 

lymph node biopsies and ultrasound-guided fine-needle 
lymph node aspiration may provide new routes to study 
the GC response in people with scrub typhus without a 
need for postmortem sampling. A future study using these 
valuable human samples might potentially inform scrub 
typhus vaccine development and provide critical infor-
mation regarding adaptive immune responses in relevant 
immune sites such as draining lymph nodes. Even post-
mortem spleen and lymph node samples from people with 
scrub typhus would have substantial future study value. 
For example, postmortem samples of spleens and thoracic 
lymph nodes from people with COVID-19 have revealed 
a lack of GCs, including BCL-6+ GC B cells and BCL-
6+ Tfh cells, corresponding to Th1 cell infiltration and 
excessive TNFα [15]. Spleen and lymph node postmortem 
samples from humans with scrub typhus will allow for 
further examination of GCs and other cell types to find-
ings of in severe scrub typhus mouse models [16].

HUMORAL IMMUNE RESPONSES IN MOUSE 
MODELS OF SCRUB TYPHUS

Inbred and outbred mouse models of scrub typhus are val-
uable tools for examining the scrub typhus disease (devel-
opment, severity, and pathogenesis) and immune responses 
(development, magnitude, and alterations) [17-19]. Nearly 
half a century ago, Shirai et al. reported that passive trans-
fer of anti-Gilliam and anti-Karp sera protected three of 
five tested mice against lethal Karp challenge [20]. Three 
decades earlier, Topping described the protective ability of 
anti-Ot hyperimmune sera in rabbits [21]. Limited stud-
ies have demonstrated that, during infection, antibodies 
inhibit bacterial entry into target cells, and increase bac-
terial uptake in neutrophils and macrophages [22-24]. In 
2023, our team examined B cell responses in a C57BL/6 
mouse model (intravenous, Karp strain) of severe scrub 
typhus [25]. Immunof luorescence staining revealed dis-
ruption of GC structures in the spleens during severe 
infection stages. Furthermore, RNAseq analysis indicated 
that B cells from Karp-infected spleens showed downreg-
ulation of adhesion molecule and costimulatory genes, 
and impaired B cell activation and BCR signaling in late 
stages of infection.

Our team further explored the extent of humoral 
immune impairment and spleen-related pathological 
changes during acute stages of severe scrub typhus (Karp 
strain) versus self-limited infection (Gilliam strain) (Fig 1) 
[16]. In contrast to Karp-infected mice, Gilliam-infected 
mice had a significantly lower bacterial burden in the 
spleen during acute infection stages, but exhibited higher 
levels of IgM and IgG antibodies at day 12 post-infection, 
and greater absolute numbers of splenic B cells, follicular 
B cells, and marginal zone (MZ) B cells. Only Karp infec-
tion induced GC collapse and abrogation of splenic MZs, 
according to immunohistology analysis. Karp infection 
induced an inf lammatory transcriptomic environment, 
including upregulation of inf lammation genes (Ccl2, Il6, 
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Il10, and Ifng) and related pathways (TNF, IFNγ, IL-1, 
and IL-17). Additionally, f low cytometry confirmed that 
Karp-infected spleens showed significant infiltration of 
activated neutrophils, macrophages, M1 macrophages, 
monocytes, and inf lammatory monocytes. Gilliam-
infected spleens, in contrast, demonstrated upregulation of 
adaptive immune response pathways, such as T cell recep-
tor signaling, T cell differentiation, and B cell activation, 
at day 12 post-infection. Importantly, the study was lim-
ited in its lack of assessment of antigen-specific immune 
responses, T cell dependent or independent immune 
responses, affinity maturation, GC responses in peripheral 
or other secondary lymphoid organs, or underlying mech-
anisms of GC collapse. Nevertheless, this study was the 
first, to our knowledge, to identify and define differen-
tial immune responses in mouse models with unique dis-
ease outcomes. Through these analyses within the splenic 
immunological niche, we revealed critical insights into 
the impairment of B cell responses and potential mecha-
nisms of GC collapse during severe scrub typhus.

MOUSE MODELS FOR MECHANISTIC 
INVESTIGATION

Our recent studies have provided the first lines of evi-
dence, to our knowledge, that humoral immune responses 
are impaired during severe Ot infection, particularly GCs 
and splenic microarchitecture [16,25]. We identified that 
altered splenic architecture, exemplified by a lack of MZs 
and the presence of shrunken white pulp regions, per-
sisted in early convalescence (day 26) after sublethal Karp 
infection (unpublished data). Therefore, future studies 
directed at assessing (1) the durability of altered splenic 

microarchitecture, (2) the development of GC responses 
in late convalescence timepoints, and (3) underlying 
mechanisms of GC collapse (inf lammation-driven GC 
disruption, inf lammatory monocyte-mediated asphyxi-
ation of GCs, and/or neutrophil-mediated destabilization 
and disorganization of GCs) are necessary. In particular, 
studies assessing immunity as inf lammatory responses 
resolve and recovery begins will be important, to under-
stand which factors might drive dysfunctional humoral 
immune responses. Additional studies should exam-
ine draining lymph nodes to determine whether simi-
lar impairments in microarchitecture and organization 
occur in organs other than the spleen. Such studies will 
be important in the context of the intradermal inocula-
tion model [17,26], which mimics natural infection routes 
and early events in the skin and draining lymph nodes. 
Additional analyses might assess the differentiation of 
memory B cells by f low cytometry with antibodies to 
IgD, CD80, CD73, and PDL2, and bone marrow or tis-
sue resident plasma cells, to enhance understanding of the 
development of long-lived humoral immunity. The roles 
of GCs during acute infection remain undefined, and 
whether GCs might lead to protective antibody responses 
in Gilliam infection remains to be determined. Given 
that autoreactive IgM has been found in people with 
scrub typhus [8], future studies should examine levels of 
autoreactive IgM and even IgG antibodies in mouse scrub 
typhus models. Furthermore, systems serology analy-
sis in mice with severe and self-limited infection might 
enhance understanding of the roles of antibodies during 
Ot infection. This approach would enable exploration 
of concepts such as antibody dependent enhancement or 
FcγR-mediated inf lammation.

FIGURE 1  |  Overview of human scrub typhus and mouse models for spleen-focused studies.  
A) Disease development, severity, and antibody responses in people with scrub typhus after exposure to bacterium-carrying chiggers. B) 
C57BL/6 mouse models after infection with the Ot Karp or Gilliam strain (at the same viable dose via an intravenous route), which resulted 
in 0% lethality (Gilliam) or ~50% lethality (Karp), respectively. Spleen-focused studies have revealed differential bacterial burdens, germinal 
center (GC) responses, marginal zone (MZ) organization, and recruitment of innate and adaptive immune cell subsets in acute stages of 
Gilliam versus Karp infection. Possible mechanisms of splenic microarchitecture disruption, GC collapse, and MZ abrogation are graphically 
illustrated, and include inflammatory monocytes, degranulating neutrophils (PMNs), and excessive inflammation. Red arrows represent stimu-
lation, and dashed lines represent inhibition.
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Although Ot has been established to spread to multiple 
organs, probably via the blood, the initial infection site in 
the spleen remains undefined. Given the known tropism of 
Ot and the structure-function relationship in the spleen, Ot 
might take advantage of the splenic architecture by infect-
ing antigen-presenting, phagocytic cells residing within the 
MZ, such as dendritic cells or macrophage subtypes. The 
infection of antigen-presenting cells might enable Ot to 
subvert or evade immune responses through several mecha-
nisms, such as altering antigen presentation and suppressing 
cytokine production. An understanding of the key target 
cells that allow Ot to establish infection in all organs would 
provide key insights into the infection dynamics and any 
differing patterns among Ot strains with differing virulence.

The identif ied changes in splenic lymphoid architec-
ture and GC dysfunction [16,25] have broad implications 
beyond Ot infection. Although they are likely to be mul-
tifactorial, the mechanisms underlying GC collapse and 
disorganization of splenic architecture might not only 
affect immune responses to Ot infection but also weaken 
responses after subsequent encounters with different 
pathogens or vaccination. Furthermore, we have iden-
tif ied that the splenic lymphoid architecture does not 
show complete recovery by early convalescence (unpub-
lished data), and the lack of MZs might alter the initi-
ation of adaptive immune responses to other infections, 
as shown in humans with altered splenic MZs. Biram 
et al. have demonstrated that GC-collapsing inf lamma-
tory monocytes derived from LPS hinder subsequent 
vaccine-induced GC responses [27].

Although current understanding of humoral immune 
responses in mouse scrub typhus models remains limited, 
the effectiveness of antibody-mediated protection against 
homologous challenge is substantial [21]. Experimental 
models of severe versus mild Ot infection during acute 
disease stages warrant further investigation [16,25], par-
ticularly in the context of innate responses and cellular 
immunity to clear acute infection. The development of a 
scrub typhus vaccine eliciting both humoral and cellular 
immunity should be feasible, to provide protection against 
homologous and heterologous challenge [28]. More com-
prehensive understanding of the Ot-specific T cell- and 
B cell-mediated immune responses, correlates of protec-
tion, and critical vaccine components is necessary to help 
achieve protection against homologous and heterologous 
challenge.
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