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Abstract

Objective: The clinical and serological characteristics of spotted fever group rickettsial (SFGR) infections in South
Asia are poorly understood. We studied the clinical presentation and the IgM/IgG response in cases enrolled at two
health care centres in South India.

Method: We enrolled 77 patients. 57 of these were recruited at a tertiary care centre, the remaining 20 at a
community hospital (secondary care level). Diagnostic tests included IgM and IgG ELISA, and PCR. Over a period of
one year, 41 cases were followed up for repeated sero-analysis.

Results: Median age was 9 years (range 1 to 79). A rash was present in 74% of cases (57/77). In cases aged <15 years
rash was present in 94% (44/47) vs 43% (13/30) in cases aged =15 years. An eschar was found in two cases (3%).
Severe infection or complications occurred in 10 cases (13%). These included central nervous system infection (6/77,
8%), kidney injury (3/77, 4%), shock (3/77, 4%), lung involvement (2/77, 3%) and peripheral gangrene (2/77, 3%).
IgM antibody levels increased faster after fever onset than IgG antibodies, peaking at 50 and 60 days respectively.
After the peak, IgM and 1gG levels showed a slow decline over one year with less than 50% of cases showing
persistent 1gG antibody levels.

Conclusion: SFGR infections in South India may be under-diagnosed, as many cases may not develop a rash. The
proportion of cases developing severe infection seems lower than for scrub typhus in this region. IgG sero-

prevalence may substantially under-estimate the proportion in a population with past SFGR infection.
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INTRODUCTION

Spotted fever group rickettsial infections (SFGR) are caused by a diverse group of intracellular bacterial species
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belonging to the genus Rickettsia (order: Rickettsiales, family: Rickettsiaceae). Within the family of Rickettsiacea,
SFGR infections are commonly distinguished from two other main groups of rickettsioses, i.e. the typhus group
(Rickettsia typhi) and the scrub typhus group (Genus Orientia) [1, 2]. SFGR are mainly transmitted by ticks, mostly
hard ticks that feed on animals and humans. They comprise over 30 different Rickettsia species, of which at least 21
are pathogenic to humans. Pathogenicity may however depend on the species, which differ in their geographic
range [1, 2]. Severe SFGR infection involves the central nervous system (meningitis, meningo-encephalitis) [3, 4], the
lungs such as acute respiratory distress syndrome (ARDS) and the kidneys [5, 6]. Rocky Mountain spotted fever (R.
rickettsii) appears to be among the more pathogenic rickettsioses [5, 6], while African tick bite fever (R. africae) [7]
may be associated with a lower risk of severe infection [8]. Severe infections, in particular neurological
manifestations have been observed in Mediterranean spotted fever (R. conorii) in adults [9], but rarely in children
[10]. In Asia and elsewhere [11], SFGR infections are thought to represent under-reported, neglected infections of
likely public health relevance with a wide distribution and great species diversity [2]. Studies of fever cases at health
care centres on Sri Lanka and in India suggested SFGR infection to be common alongside other rickettsial infections
[12-15]. A serological survey In Tamil Nadu (South India), showed evidence of widespread previous SFGR infections
in villages in plains and hill areas [16]. However, such cross-sectional serological data are difficult to interpret as the
antibody responses over time following SFGR infection are unknown and may be subject to cross-reactivity.

While case reports have shown that SFGR infection in South Asia can lead to severe disease [14, 17-21], the risk
of developing severe SFGR infection in this region is unclear. The Indian Tick Typhus strain of R. conorii is regarded as
a leading causative agent of SFGR infection in the Indian subcontinent, with most SFGR infections in the region
assumed to follow a mild course [22]. However, the recent isolation of a new SFGR species, candidatus R. kellyi,
Tamil Nadu [23], raises the possibility of considerable species diversity, similar to other parts of Asia [2]. Further, a
report from Sri Lanka suggested a risk of complicated SFGR infection of up to 24% [15], similar to what is observed
for scrub typhus in the region [24, 25].

The present study was done to determine the clinical characteristics of SFGR infections diagnosed at two health
care centres in one district of Tamil Nadu, South India. Further, we aimed at studying the antibody response to SFGR

infections to better understand immunogenicity and help with the interpretation of cross sectional sero-surveys.

METHODS

The study was conducted at the Christian Medical College Vellore (CMC), a tertiary care centre in Vellore district in
the South Indian state of Tamil Nadu. The study prospectively enrolled patients from two different sources:

1) Patients of all ages with an acute undifferentiated febrile illness seeking care at CMC’s emergency departments
(“CMC cohort”). In this cohort, testing for SFGR infection was usually done after negative scrub typhus and dengue
tests with strong suspicion of rickettsial infection, or if the clinician suspected SFGR infection based on history and
skin manifestations. 2) Patients of all ages clinically suspected of rickettsial infection at the Rural Unit for Health and
Social Affairs (RUHSA) community hospital, a secondary care centre affiliated with CMC about 40km away from the

main CMC hospital (“RUHSA cohort”). For this cohort, all patients with acute undifferentiated fever of at least 4 days
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duration were tested for both scrub typhus and SFGR infection independent of skin manifestations.

Enrolment and follow up occurred between January 2018 and March 2020, using similar methods as a larger,
parallel serological study on scrub typhus described previously [24]. After initial enrolment, patients were followed
up preferably at 1, 3, 6, 9 and 12 months, with most samples taken during the first three months after fever onset,
although the actual times were usually irregular. At initial enrolment and at each visit a venous blood sample was

taken.

Blood testing

After collection, blood samples were brought to CMC on the same day. Serum was separated from blood cells,
divided into 3 aliquots and stored at -70°C until testing. All samples were tested for SFGR and scrub typhus. We used
enzyme-linked immunosorbent assays (ELISA) to detect IgM and IgG antibodies for rickettsial infection. For spotted
fever, we used the Rickettsia conorii ELISA 1gM/IgG (Vircell, Granada, Spain) following the manufacturer’s
specifications. A test was considered to be valid if the OD of the negative control was less than 0.2 and the OD of the
positive control (both from the manufacturer and in-house) was more than 1.0. The sensitivity of this ELISA in our
setting was 71% based on data from a small study on 21 PCR positive cases [26]. Specificity in the same study was
derived from 48 cases with rash and fever of other etiologies and found to be 81% (9 false positives out of 48, 5 of
which were due to scrub typhus). For scrub typhus, we used ELISA assays targeting IgM and 1gG antibodies to
Orientia tsutsugamushi (Scrub Typhus Detect, InBios International, Inc., Seattle, WA, USA). Scrub Typhus Detect uses
Karp, Kato, Gilliam and TA716 recombinant proteins of the 56-kD outer membrane protein. This ELISA has been
shown to have a sensitivity and specificity of over 90% in a study from Thailand [27], and 92% sensitivity and 94%
specificity in a study from South India [28].

For both ELISAs we applied an OD cut-off of 1.0 for IgM to suggest acute SFGR or scrub typhus infection [29]. In a
subset of 57 patients, PCR was done on whole blood (buffy coat) and/or eschar samples by amplifying the OmpA
gene, as previously described [30]. DNA extraction was performed using the DNeasy Blood and Tissue kit (Qiagen,
Venlo, Netherlands) following the manufacturer’s protocol.

A patient was identified as a case of SFGR infection if at least one of the following criteria was fulfilled: 1)
positive PCR for SFGR (n= 22 cases), 2) increase in I1gG ELISA OD from an acute to a convalescent sample of 21.0, or
sero-conversion from an OD below 1.0 to 21.0 (n= 14 cases with a median OD increase of 1.3, range 0.4 to 1.8), 3)
both IgM and IgG ELISA OD >1.0 in any acute or convalescent sample and a negative scrub typhus IgM ELISA, (n= 28
cases), 4) single IgM ELISA OD value of 1.0 or higher within one month of fever, a negative scrub typhus IgM ELISA,
and defervescence within 72 hours after initiating doxycycline or azithromycin in the absence of an alternative,
plausible cause of fever (n= 65 cases, 28 enrolled based on this criterion alone). For the sensitivity analysis, we
excluded cases that did not meet the first two criteria (a positive PCR or a rise in OD> 1.0 / sero-conversion).

Based on these definitions, 57 were enrolled as the CMC cohort (the total number of screened cases could not
be verified). For the RUHSA cohort, we screened 151 patients with suspected rickettsial infection for enrolment, 81

of which were diagnosed as scrub typhus and 20 as SFGR infection. These 20 RUHSA cases were enrolled in the
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study, resulting in a total of 77 cases.

Collection of clinical data

Clinical data were extracted from existing clinical records. Type of rash and presence of an eschar was documented
by two of the authors (DE, CD). Severe SFGR infection was defined as follows [31]: Lung involvement — any patient
with oxygen saturation below 92% and tachypnea at any time during admission; shock — any patient with
documented hypotension at presentation or during treatment, or any documented use of inotropes; kidney injury —
any creatinine of 3.0 mg/dl or higher in the absence of a known, pre-existing chronic kidney disease; CNS — any focal
neurological deficit, or any elevated white blood cell counts in a cerebrospinal fluid sample, or any focal or
generalised seizure in an adult, or any focal or generalised seizure in a child not diagnosed as simple febrile seizure.
Simple febrile seizure in children less than 6 years of age was assumed if there was no more than one generalised
seizure lasting less than 15 minutes. Rash was categorised as diffuse poorly demarcated erythematous rash, well

demarcated macular or maculo-papular rash, petechial rash and purpura fulminans.

Statistical analysis

We used quantile regression for modelling ELISA OD values over time. As these calculations were done with the
individual sample as unit of analysis, we adjusted confidence intervals for repeated measurements in the same
patient using robust standard errors, following the methods proposed by Parente and Silva [32]. Models were done
separately for the 25, 50t (median), and 75t percentiles. ODs were modelled as a function of time using restricted
cubic splines, with knots chosen following Harrell [33]. Missing data were rare and ignored in the analysis. All

analyses were done in STATA.

Ethics
The study was approved by CMC’s Institutional Review Board (CMC IRB Ref: 11726) and LSHTM’s Research Ethics
Committee (LSHTM Ethics Ref: 16573). Written consent was obtained from all adult participants. Written assent was

obtained from minors, alongside written consent from their parents/guardians.

RESULTS

We enrolled a total of 77 cases of SFGR infection. Clinical and demographic characteristics are shown in Table 1.
There was a male predominance among the cases. 61% of cases were younger than 15 years. Maculo-papular rash
was the most common skin manifestation (53%, Figure 1A), followed by diffuse erythematous rash and petechial
rash. Rash was more common in those aged under 15 years (44/47, 94%) than in those aged 15 years or older
(13/30, 43%). Rash was more common in the CMC cohort (51/57, 89%) than in the RUHSA cohort (6/20, 30%). After
skin manifestations, ankle and pedal oedema were the next most common clinical finding, occurring in 21% (Figure
1A). Only two patients were found to have an eschar (Figure 1 B and C). Central nervous system involvement was the

most common feature of severe infection (Table 2). Two of these were meningitis, one case presented with multiple
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seizures. One case had extra-pyramidal signs including a mask-like face and rigidity of neck and limbs. One case had
myoclonus of the extremities. A further case had acute psychosis as the only CNS manifestation. The psychosis was
marked by inappropriate mood swings, flight of ideas and paranoid delusions. Magnetic Resonance Imaging
suggested encephalitis. All cases with CNS involvement recovered within 4 weeks without sequelae.

Other organ involvements, including kidney injury (n=3), shock (n= 3), lung involvement (n= 2), peripheral
gangrene (n= 2), liver failure (n= 2) and myocarditis (n= 1), were rare (Table 2). One of the two cases of peripheral
gangrene required middle phalanx amputation of 8 fingers, and bilateral metatarsal amputation. In the other case
no amputation was needed. No patient died.

The antibody response following SFGR infection is shown in Figure 2A. The fitted median IgM OD values
increased earlier than IgG OD values and peaked at approximately 50 days, while IgG peaked at around 60 days after
the estimated start of fever. After the peak, both IgM and IgG fitted OD medians showed a similar decline over the
next 12 months. For illustration, median IgM and IgG values over time from the separate study on scrub typhus cases
(see methods section) are shown in Figure 2B, suggesting a relatively weaker I1gG and stronger IgM response in SFGR
compared to scrub typhus infection. Restricting the analysis to cases meeting the first two criteria (see methods)
resulted in a similar IgM and IgG changes in OD over time compared to including all cases (Figure S1). The changes in
IgM and IgG OD over time at individual level for study participants with more than one sample are shown in Figure
S2.

Figure 3A and B show the 25%, 50t (median) and 75t quantiles for IgM and 1gG. The 50t" and 75" quantiles for
IgG diverge considerably, suggesting the presence of a subgroup of cases with IgG antibodies persisting for more
than one year, while the majority of cases appear to revert to OD values below 1.0 by that time.

Among cases presenting within 10 days of fever onset, IgG levels were mostly at very low levels with more than
50% showing OD values below 0.5 (Figure 4A). Again for illustration, the corresponding scrub typhus IgG values from
the separate study on scrub typhus cases (see methods section) are shown in Figure 4B, suggesting that compared to
scrub typhus cases, fewer cases of SFGR infection may already have pre-existing specific IgG antibodies at the time

of the present infection.

DISCUSSION
This case series of SFGR infections and serological cohort study showed that while the majority of SFGR infections in
this part of South India follow a mild clinical course, severe infections in particular affecting the CNS are not
uncommon. While two patients developed multi-organ failure, no deaths occurred, and the only sequelae were due
to gangrene requiring amputation in one case. The IgM and IgG responses to SFGR infection were quite similar,
although there appeared to be a subgroup of cases with a more pronounced, long-lasting IgG response.

The rickettsial species causing SFGR infection in South India which includes the Indian tick typhus strain of R.
conorii may be less pathogenic than R. rickettsii (Rocky Mountain Spotted Fever) [5, 6], R. australis (Queensland tick
typhus) [34] or R. japonica (Japanese Spotted Fever) [35]. It may however be more pathogenic than the R. conorii

strain causing Mediterranean spotted fever. A paediatric cases series from Italy reported by Colomba and colleagues
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found only one case of severe infection (meningo-encephalitis) among 415 children diagnosed with the infection
[10]. However, figures on clinical characteristics and the risk of severe infection from these hospital-based studies
are likely to be highly influenced by the criteria and case-definitions used to enrol cases. For example, in the present
case series, the presence of a rash may often have been the trigger for the clinicians to test for SFGR infection. In the
subgroup of cases from the RUHSA cohort, where testing for SFGR depended less on specific clinical characteristics
of patients, only a minority of cases presented with a rash. Rash was generally less common among adults, a finding
that has also been described in Rocky Mountain spotted fever [36]. This study also confirms the low prevalence of an
eschar in SFGR infection in studies from Sri Lanka [37] and Australia [34], which is in contrast to reports from
Japanese spotted fever (up to 90%) [35] and African tick-borne spotted fever (R. africae, 53% to 100%) [7]. The two
eschars identified in the present case series were both untypical, the first one lacking a peri-lesional erythema
(Figure 1B), the second one presenting as an oval papule (0.9mm x 0.5mm) without subsequent formation of a
central necrosis (Figure 1C), as sometimes observed in early scrub typhus infection. The latter patient presented on
day two of fever and was given doxycycline immediately, possibly preventing development of a necrotic lesion.

Ankle and pedal oedema, often but not always accompanied by arthritic ankle pain, were a common finding in
the present case series. In contrast to a report from Sri Lanka [13], the ankle was often the only affected joint in the
present study and in a case series from Central India [14]. Two cases with central nervous system involvement had
extra-pyramidal signs (myoclonus and Parkinson-like signs) which was also found as a CNS manifestation in a case
series from Sri Lanka [38]

Apart from being less pathogenic than scrub typhus, SFGR infection also appear to be less common in this
setting. In the RUHSA cohort, SFGR infection accounted for 20% (20/101) of patients diagnosed as rickettsial
infection, with the remaining 80% being diagnosed as scrub typhus.

We identified marked differences in the antibody response between SFGR infection and scrub typhus with the
IgM response being more pronounced in SFGR infection while the IgG response appeared weaker [24]. The direct
comparison of the OD dynamics between two infections needs to be treated with caution as the association
between ELISA OD values and actual antibody concentrations may differ between the two tests. Nevertheless, the
differences are remarkable given the close relatedness of the Rickettsia and Orientia genera, both belonging to the
family of Rickettsiaceae. The differences may be related to the more complex genome structure of Orientia
compared to Rickettsia, which may help Orientiae evading the host’s immune response [39]. The clinical significance
of these findings is unclear. Scrub typhus infection with one strain of Orientia tsutsugamushi (the most commonly
isolated Orientia species) is thought to protect against infection with the same but not with another strain [24, 40].
For SFGR, we were unable to find epidemiological data on strain-specific, species-specific or even cross-species
immunity.

A considerable proportion of scrub typhus cases have high I1gG antibody levels at initial presentation,
presumably from earlier scrub typhus infections (Figure 4B, [24]), while initially high IgG levels appear to be rare for
SFGR (Figure 4A). In scrub typhus, IgG antibodies appear to accumulate during life, presumably due to repeated

infection [24], leading to a strong increase in 1gG sero-positivity with age [29, 41]. No such age-dependency of IgG
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sero-positivity was found for SFGR in a cross sectional sero-survey conducted by us in Tamil Nadu (geographically
overlapping with the present study) [16]. This may be due to the lack of IgG persistence as found in the present
study, or perhaps due to immunity to repeated SFGR infection unrelated to IgG antibodies. Given the inconsistent
IgG response following SFGR infection, sero-prevalence studies may underestimate the prevalence of past SFGR
infection in a population. In the sero-prevalence study mentioned above, we used an IgG OD cut-off of 1.5 to define
sero-positivity and found a sero-prevalence of SFGR of 10.4%. Using an OD cut-off of 1.0, as might be inferred from
the present study (Figure 3B), would have increased the estimated sero-prevalence to 24.2%. Since less than half of
cases appear to have persistent high 1gG OD values following infection (Figure 3B), it could be argued that the true
prevalence of ever having been infected with SFGR (symptomatically or asymptomatically) could be as high as 50% in
this setting.

Major limitations of the study include the small sample size, the method of case enrolment and case
ascertainment. The number of convalescent samples obtainable at follow up was lower than expected, which led to
relatively wide confidence intervals in our estimates (Figure 2A) compared to the larger concurrent scrub typhus
cohort (Figure 2B). Enrolment of cases into the study was done in two private, non-profit health care centres.
Because health care in India involves private and government providers, the cases treated at the study centres may
not be fully representative of the whole population in the area. Case identification for enrolment often depended on
clinical characteristics of the patient such as a rash, prompting testing for SFGR. This is likely to have biased the
sample towards cases with rash, and towards children who more often presented with rash. Tests for other
infections such as dengue and leptospirosis were not done systematically for all patients.

Laboratory confirmation of SFGR is difficult, as serological tests are thought to have a relatively low specificity.
The cut-off of 1.0 in this study was pragmatically chosen as the same used for scrub typhus in this setting [31].
Additional validation studies are needed to confirm the usefulness of this cut-off value. Unlike for scrub typhus,
ELISA kits based on recombinant proteins are not yet routinely available for SFGR. PCR has a high specificity but low
sensitivity, with only 22 cases of 51 undergoing PCR testing positive. Serial serology (from acute and convalescent
samples), preferably using indirect immunefluorescence assays (IFA) can improve specificity. IFA however was not
available to us in this study. For serial serology, we used an increase in ELISA OD of 1.0 to define an increase in IgG
levels, which applied to 14 cases. In 12 out of 22 PCR confirmed cases a second sample was available. Four of these
showed an OD increase between 0.2 and 0.3, and a further four an OD increase of 0.5 or more. The remaining four
showed now increase in OD at all, highlighting the difficulties in diagnosing SFGR based on serology alone in this
setting. Possibly, the IgG response may generally be low in SFGR. Conversely, the commercial ELISA test used in this
study may miss cases due to poor cross-reactivity across strains, which would be surprising since most SFGR cases in
South Asia are thought to be due to the Indian Tick Typhus strain of R. conorii [42]. More recently, a new Rickettsia
species (Candidatus R. kellyi) has been isolated from a SFGR case in the same area where the present study was
conducted [23], the presence of which may have limited the utility of this ELISA in our setting.

All cases in this series responded to doxycycline or azithromycin treatment within 72 hours, often rapidly, but

this criterion is not very specific, as many febrile illnesses are self-limiting. There is also the possibility of cross-
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reactivity with Rickettsia typhi (murine typhus). While we found evidence for cross-reactivity of SFGR and R. typhi
IgG antibodies being rare [16], IgM antibodies may be more prone to cross-reactivity. Future studies should employ
more rigorous and systematic enrolment strategies and aim at obtaining acute and convalescent samples from all
cases and use IFA to improve the specificity of serological testing. Case confirmation may be strengthened by
conducting PCR in all patients, where possible including PCR from biopsy of skin lesions. To explore cross-reactivity,
samples could also be tested for R. typhi alongside SFGR (which is currently not done routinely in our laboratory).
To conclude, this study confirmed SFGR as causing less severe forms of acute undifferentiated fever than scrub
typhus in this setting, although the risk of severe infection (in particular those involving the CNS) is still considerable.
This study suggests that under-diagnosis of SFGR may be substantial, especially in older patients presenting without
rash. The antibody response to SFGR appears to differ strongly from those to scrub typhus, although the clinical
relevance of these differences remains to be studied further. IgG sero-prevalence on its own may be an incomplete

marker of past SFGR infection, by underestimating the prevalence of past infection in a population.
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Table 1. Characteristics of cases

n/N % or mean (SD, range)
Total 77/77 100
Female gender 30/77 39
Age group
0-4 21/77 27
5-14 26/77 34
15-44 17/77 22
>45 13/77 17
Duration of fever prior to first ELISA test - 7.9(3.4,2-15)
(days)
Eschar present 2/77 3
Skin manifestations
Diffuse erythematous rash 7/77 9
Macular rash 3/77 4
Maculo-papular rash 41/77 53
Petechial rash 6/77 8
Purpura fulminans 2/77 3
Pedal/ankle oedema 16/77 21
Organ involvement / complications
Lungs 2/77 3
Shock 3/77 4
CNS 6/77 8
Kidney 3/77 4
Liver failure 2/77 3
Myocarditis 1/77 1
Peripheral gangrene 2/77 3
Any organ involvement 10/77 13
Died during admission 0/77 0
Number of samples per patient
1 36/77 47
2 26/77 34
3 6/77 8
4 8/77 10
5 1/77 1

CNS — central nervous system
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Table 2. Characteristics of complicated SFGR infections (n= 10)

Age / Kidney Liver gangre
ID Rash CNS Lungs Shock comments
sex injury failure ne

1 13 M  Macular Meningitis

Maculo-
2 42M Meningitis X
papular
Maculo- Multiple
3 11F CSF not tested
papular seizures
Mood swings,
flight of ideas,
Maculo-
Acute delusions, CSF
4 45F papular,
psychosis normal, MRI
petechial
suggestive of
encephalitis
CSF not not
5 40F - Myoclonus X X
tested
Mask-like face,
Parkinson-
6 79M - rigidity, akinesia,
like
CSF normal
Diffuse
7 3M erythe- X X X X Intubated (ARDS)
matous
Moderate
respiratory
8 62M - X distress, oxygen
supplementation
via mask
Intubated,
myocarditis,
Purpura bilateral middle
9 35F X X X
fulminans phalanx and
metatarsal
amputation
Gangrene
10 67F - X

conservatively
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managed

CSF- cerebrospinal fluid; CNS — central nervous system; ARDS — acute respiratory distress syndrome; MRI — magnetic

resonance imaging
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FIGURE 1. A) Typical presentation of SFGR infection in South India in a 7 year old female: maculo-papular rash with
ankle / pedal oedema (arrows) and gait problems due to arthritic pain. B) Atypical circular-shaped eschar in lumbar
region of 57 year old male, without per-lesional erythema. PCR from eschar biopsy was positive for OmpA. C) Oval-
shaped eschar in axillary region of 13 year old male presenting on second day of fever. The lesion had formed 2 days

before fever onset and regressed within two weeks of starting treatment. A biopsy was not done.

This article is protected by copyright. All rights reserved



m —
1A spotted fever
N
é NE IgM
O
a ~
o
~ \
LQ ] /
o —
0 50 100 150 200 250 300 350 400
(o)
sl B scrub typhus
277
G 0 |
N N
) —
'©
O
s
o _ |
LD_ -
o —

0 50 100 150 200 250 300 350 400
time since infection (days)

Figure 2. A) Median IgG and IgM optical densities following SFGR infection fitted using quantile regression. B)

Corresponding figures for scrub typhus IgM and IgG from [24].
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FIGURE 3. IgM (A) and IgG (B) optical densities following SFGR infection. Shown are 25t%, 50t (as in Figure 2A) and

75 percentiles fitted using quantile regression. Triangles represent individual values.

This article is protected by copyright. All rights reserved



| A spotted fever

40

Percent

. B scrub typhus

Percent

0 5 1 1.5 2 2.5 3

3.5
IgG optical density

FIGURE 4. A) Distribution of IgG optical densities at presentation, restricted to cases tested within 10 days of fever
onset. B) Corresponding histogram for scrub typhus (from [24])
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