
Introduction

Scrub typhus is an acute febrile disease caused by in-
fection with Orientia tsutsugamushi, and is character-
ized by focal and disseminated vasculitis that can involve 
many vital organs [1-3]. The spectrum of clinical severity 
for scrub typhus is vast, ranging from mild infection to a 
severe and fatal course [1-3]. Depending on the organs 
involved, patients may present with pneumonitis, acute 
respiratory distress syndrome, meningitis, myocarditis, 
acute kidney injury (AKI), or even multiple organ failure 
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[3-5].
The incidence of AKI among scrub typhus cases has 

been reported to range from 21% to 43% [6-8]. Old age, 
comorbidities, and biomarkers, including serum neutro-
phil gelatinase-associated lipocalin, are associated with 
AKI development [8,9]. Also, pulmonary involvement is a 
well-known complication of scrub typhus and may vary 
in severity from mild bronchitis to severe acute respira-
tory distress syndrome requiring mechanical ventilation. 
Chest abnormalities associated with scrub typhus are in-
terstitial pneumonia, cardiomegaly, pulmonary edema, 
pleural effusion, and focal atelectasis [10-13]. However, 
there are limited data about the association between 
chest radiographic abnormalities and AKI in patients 
with scrub typhus.

Therefore, we investigated the association between 
chest radiographic abnormalities and AKI in patients 
with scrub typhus.

Methods

Patient selection

Between 2010 and 2016, we reviewed 501 patients who 
presented with acute febrile illness and rash and were 
diagnosed with scrub typhus, which was confirmed by 
positive immunoglobulin M enzyme-linked immunosor-
bent assay (IgM ELISA; InBios International Inc., Seattle, 
WA, USA). Patients who were transferred to another hos-
pital during treatment or had concomitant infections like 
leptospirosis, malaria, or dengue fever were excluded 
from the study. We also excluded patients who were not 
followed-up during complete renal function recovery or 

for at least three months after discharge. Patients who 
were transferred from a local hospital or who underwent 
anteroposterior (AP) chest X-ray on admission were also 
excluded from this study. Therefore, a total of 467 pa-
tients were enrolled in this study and were divided into 
two groups, normal chest radiograph (NCR) or abnormal 
chest radiograph (AbNCR), according to the chest radiog-
raphy findings on admission. This study was approved by 
the Institutional Review Board of the Presbyterian Medi-
cal Center, Jeonju, South Korea (approval number: 2019-
11-046). 

Clinical and laboratory information

Patients’ baseline demographic, clinical, and labora-
tory data were reviewed upon admission and during the 
follow-up period. AKI was defined based on the RIFLE 
(acronym indicating Risk of renal dysfunction; Injury 
to the kidney; Failure of kidney function, Loss of kidney 
function and End-stage kidney disease) criteria, and pa-
tients were categorized into risk (R), injury (I) or failure 
(F) categories [14]. Estimated glomerular filtration rate 
(eGFR) was estimated using the abbreviated Modification 
of Diet in Renal Disease (MDRD) equation [15]. When 
baseline serum creatinine was not available, it was cal-
culated using the standard four-variable MDRD formula, 
assuming an eGFR of 75 mL/min/1.73 m2. RIFLE category 
was assigned according to each patient’s worst values 
for serum creatinine, eGFR, and urine output criteria. 
Renal replacement therapy was initiated using standard 
indications. Chest radiograph images were reviewed by 
two radiologists and a final decision was reached by con-
sensus. Plain chest radiographs were used to identify the 
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Figure 1. Abnormal chest radiographic findings in scrub typhus patients include septal lines (arrows) (A), pulmonary congestion (B), 
patchy consolidation (C), and pleural effusion (D).
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following abnormalities: septal lines, pulmonary conges-
tion, patchy consolidation, and focal atelectasis (Fig. 1). 
The presence of fissure thickening, pleural effusion, or 
cardiomegaly was also recorded. Previous abnormalities 
such as sequalae from pulmonary tuberculosis were ex-
cluded from this study. All data are presented as means 
± standard deviations unless otherwise specified. Patient 
baseline characteristics from two groups were compared 
using the t test, chi-square test, or Fisher exact test, as ap-
propriate. Clinically relevant parameters or the variables 
that were significantly associated with AKI from univari-
able analyses were included in the multivariable logistic 
regression analysis. A P value < 0.05 was considered sta-
tistically significant. Statistical analyses were carried out 
using IBM SPSS version 22.0 (IBM Corp., Armonk, NY, 
USA).

Results

Comparison of clinical characteristics between the NCR 
and AbNCR groups

Compared with NCR patients, AbNCR patients were 
older (71 ± 11 vs. 62 ± 13 years, P < 0.001) and more fre-

quently had a history of chronic kidney disease (8.3% vs. 
3.0%, P = 0.025) (Table 1). The duration of hospital stay 
was longer for AbNCR patients than NCR patients (8.9 ± 5.5 
vs. 6.3 ± 2.8 days, P < 0.001). AbNCR patients had higher 
total leukocyte counts (9.43 × 103/mL vs. 6.98 × 103/mL, 
P < 0.001) and lower serum albumin levels than NCR pa-
tients (3.11 ± 0.50 vs. 3.72 ± 0.48 g/dL, P < 0.001). The in-
cidence of AKI was higher in the AbNCR group than in the 
NCR group (46.9% vs. 15.1%, P < 0.001). Plasma alanine 
aminotransferase concentrations (ALT) were not different 
between the two groups.

Comparison of clinical characteristics between the AKI 
and non-AKI groups

Compared with non-AKI patients, AKI patients were 
older (71 ± 10 vs. 62 ± 13 years, P < 0.001) and were as-
sociated with a higher incidence of comorbidities, such 
as hypertension, diabetes, and chronic kidney disease 
(Table 2). AKI patients had worse renal function and were 
associated with a higher frequency of AbNCR (45% vs. 
14%, P < 0.001) on admission. Inflammatory markers, 

Table 1. Comparison of baseline characteristics between 
normal and abnormal chest radiograph groups

Characteristic
NCR  

(n = 371)
AbNCR  
(n = 96)

P value

Age (yr) 62 ± 13 71 ± 11 < 0.001
Male 136 (36.7) 31 (32.3) NS
Duration of hospital stay (d) 6.3 ± 2.8 8.9 ± 5.5 < 0.001
Diabetes 67 (18.1) 18 (18.8) NS
Hypertension 134 (36.1) 42 (43.8) NS
Chronic kidney disease 11 (3.0) 8 (8.3) 0.025
Hemoglobin (g/dL) 12.9 ± 1.60 11.9 ± 1.65 < 0.001
Leukocyte (× 103/mL) 6.98 ± 4.67 9.43 ± 3.95 < 0.001
Platelet count (× 103/mL) 139± 58 130± 51 NS
Total bilirubin (mg/dL) 0.73 ± 0.41 0.85 ± 0.82 NS
Serum albumin (g/dL) 3.72 ± 0.48 3.11 ± 0.50 < 0.001
Serum ALT (IU/L) 80 ± 91 98 ± 130 NS
Creatinine (mg/dL) 0.98 ± 0.39 1.11 ± 0.59 0.010
eGFR (mL/min/1.73 m2) 71 ± 24 59 ± 28 < 0.001
AKI 56 (15.1) 45 (46.9) < 0.001

Data are presented as number (%) or mean ± standard deviation.
AbNCR, abnormal chest radiograph; AKI, acute kidney injury; ALT, alanine 
aminotransferase concentrations; eGFR, estimated glomerular filtration rate; 
NCR, normal chest radiograph; NS, not significant.

Table 2. Comparison of baseline characteristics between AKI 
and non-AKI groups

Characteristic
Non-AKI  

(n = 366)
AKI  

(n = 101)
P value

Age (yr) 62 ± 13 71 ± 10 < 0.001
Male 128 (35.0) 39 (38.6) NS
Duration of hospital stay (d) 6.3 ± 2.8 8.7 ± 5.4 < 0.001
Diabetes 56 (15.3) 29 (28.7) 0.002
Hypertension 111 (30.3) 65 (64.4) < 0.001
Chronic kidney disease 2 (0.5) 17 (16.8) < 0.001
Hemoglobin (g/dL) 12.93 ± 1.57 12.0 ± 1.80 < 0.001
Leukocyte (× 103/mL) 6.78 ± 4.43 10.01 ± 4.51 < 0.001
Platelet count (× 103/mL) 142 ± 56 121 ± 54 < 0.001
Total bilirubin (mg/dL) 0.71 ± 0.37 0.90 ± 0.86 NS
Serum albumin (g/dL) 3.70 ± 0.49 3.22 ± 0.55 < 0.001
Serum ALT (IU/L) 86 ± 102 76 ± 93 NS
Creatinine (mg/dL) 0.89 ± 0.22 1.42 ± 0.71 < 0.001
eGFR (mL/min/1.73 m2) 77 ± 21 38 ± 16 < 0.001
Abnormal chest radiographic 

findings on admission
51 (13.9) 45 (44.6) < 0.001

Abnormal chest radiographic 
findings during hospitalization

74 (20.2) 48 (47.5) < 0.001

Data are presented as mean ± standard deviation or number (%).
AKI, acute kidney injury; ALT, alanine aminotransferase concentrations; eGFR, 
estimated glomerular filtration rate; NS, not significant.
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such as total leukocyte count (10.01 × 103/mL vs. 6.78 × 
103/mL, P < 0.001), were higher in AKI patients than in 
patients who did not develop AKI. Plasma ALT concen-
trations were not different between the two groups.

Clinical characteristics of AKI in patients with scrub typhus

Applying the RIFLE criteria, 58 (57.4%), 37 (36.6%), 
and 6 (5.9%) patients were classified into the R, I, and F 
categories, respectively. Prior to admission, 100 patients 
had AKI and six patients developed AKI during hospi-
talization. All except one patient recovered within three 
months without renal replacement therapy. Univariable 
analyses identified several significant factors associated 
with AKI: age, presence of comorbidities, such as hyper-
tension, diabetes, or chronic kidney disease, occurrence 
of at least one episode of hypotension, thrombocytope-
nia, total leukocyte count, hypoalbuminemia, or chest 
radiographic abnormalities on admission. After adjust-
ing for these factors in multivariable logistic regression 
analysis, age, chronic kidney disease, hypertension, 
hypoalbuminemia, leukocytosis, and chest radiographic 
abnormalities on admission were significant predictors 
of AKI (Table 3).

Chest radiographic findings in scrub typhus cases

Chest radiographs obtained on admission showed 
abnormalities in 20.6% (96/467) of patients. During hos-
pitalization, 122 (26.1%) patients developed chest radio-
graphic abnormalities (Table 4). The most common find-
ings were pulmonary abnormalities (88.5%, 108/122), of 
which pulmonary congestion (36.9%, 45/122) and patchy 
consolidation (32.8%, 40/122) were common findings. Of 

the 122 patients with AbNCRs, 65 (53.3%) showed pleural 
effusions.

Discussion

Patients with AKI had a higher frequency of chest radio-
graphic abnormalities than those without AKI, and the 
presence of chest radiographic abnormalities on admis-
sion was a significant predictor of AKI in scrub typhus 
patients. Therefore, our findings provide a rationale for 
checking chest radiographs on admission as a tool for 
predicting AKI in patients with scrub typhus.

Scrub typhus is endemic to geographically distinct re-
gions, including Asia-Pacific countries. Common clini-
cal manifestations of scrub typhus include fever, eschar, 
maculopapular rash, headache, myalgia, cough, nausea, 
vomiting, conjunctival injection, and dizziness [16]. It 
can cause multiorgan complications, including AKI, 
which has an associated incidence of 21% to 43% [4-6]. 
In this study, AKI incidence was 21.6%, which was similar 
to previous results. Additionally, old age, chronic kidney 

Table 3. Univariable and multivariable analyses for association with acute kidney injury
Univariable Multivariable

HR (95% CI) P value HR (95% CI) P value
Age 1.063 (1.041-1.086) < 0.001 1.027 (1.001-1.054) 0.040
DM 2.230 (1.330-3.737) < 0.001 1.644 (0.829-3.263) 0.155
Hypertension 4.148 (2.608-6.598) < 0.001 2.508 (1.400-4.495) 0.002
CKD 36.833 (8.349-162.495) < 0.001 24.707 (5.087-119.990) < 0.001
CRA on admission 4.963 (3.036-8.113) < 0.001 2.158 (1.140-4.084) 0.018
Hemoglobin 0.703 (0.609-0.812) 0.703 0.989 (0.817-1.197) 0.911
Leukocytosis 1.165 (1.103-1.230) < 0.001 1.110 (1.051-1.172) < 0.001
Hypoalbuminemia 6.065 (3.735-9.849) < 0.001 2.722 (1.449-5.113) 0.002

CI, confidence interval; CKD, chronic kidney disease; CRA, chest radiograph abnormality; DM, diabetes mellitus; HR, hazard ratio.

Table 4. Abnormal chest radiographic findings in scrub typhus 
patients during hospitalization (n = 122)

Findings Number (%)
Pulmonary abnormalities 108 (88.5)
   Septal lines 18 (14.8)
   Increased pulmonary vascularity 5 (4.1)
   Pulmonary congestion 45 (36.9)
   Patchy consolidation 40 (32.8)
Focal atelectasis 12 (9.8)
Pleural effusion 65 (53.3)
Fissure thickening 5 (4.1)
Cardiac enlargement 7 (5.7)
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disease, hypertension, leukocytosis, hypoalbuminemia, 
and chest radiographic abnormalities on admission were 
significant predictors of AKI. Although there have been 
reports of chest radiographic findings in patients with 
scrub typhus, there is a paucity of literature about the 
clinical significance of chest radiography findings for 
AKI in patients with scrub typhus on admission. To our 
knowledge, this is the first study to show a correlation be-
tween renal and pulmonary involvement in patients with 
scrub typhus.

Although the exact pathophysiologic mechanisms are 
poorly understood, the underlying pathologic process 
contributing to pulmonary involvement in patients with 
scrub typhus is interstitial pneumonia, with or without 
vasculitis [12]. Hwang et al [17] reported that the lungs of 
mice infected with rickettsia showed marked dilatation 
and congestion of the septal capillaries, extravasation of 
red blood cells into the alveoli, and septal widening by 
lymphocytes and histiocytes. The incidence of chest ra-
diographic abnormalities in patients with scrub typhus 
varies from 42% to 72%, with diverse radiologic findings, 
including pulmonary edema with air-space consolida-
tion, interstitial pneumonia, cardiomegaly, and pleural 
effusion [12,18-20], of which bilateral diffuse areas of re-
ticulonodular opacity and septal lines are the most com-
mon findings [12,13]. In our study, chest radiographic 
abnormality incidences on admission and during hos-
pitalization were 20.6% and 26.1%, respectively, which 
were lower than previously reported, which may be due 
to referral bias. Previous studies have reported chest 
radiographic abnormality incidences from tertiary care 
centers; thus, those data were obtained from severe scrub 
typhus cases. In contrast, our hospital is a secondary care 
center and is located adjacent to a rural area. Thus, many 
patients may visit our hospital when they have an early-
stage infection that has not progressed to severe disease. 
Indeed, Hwang et al [21] reported that the AKI incidence 
among scrub typhus cases in a tertiary care center was 
35.9%.

Although severe scrub typhus is not clearly defined, 
severity is usually determined by organ involvement 
[22,23]. Patients with severe scrub typhus can experience 
multiple simultaneous organ failure because the central 
pathological mechanism of scrub typhus is widespread 
vasculitis or perivasculitis of multiple organs. Thus, Song 
et al [13] reported that patients with interstitial pneu-

monia tended to have a higher incidence of acute renal 
failure than patients without interstitial pneumonia. We 
investigated the correlation between renal and pulmo-
nary involvement. Fifty patients (10.7%) experienced 
simultaneous pulmonary and renal involvement during 
hospitalization. Furthermore, chest radiographic ab-
normalities on admission were closely associated with 
AKI in scrub typhus patients. Therefore, it is essential to 
check chest radiographs for patients with scrub typhus 
to monitor renal function. Besides chest radiographic 
abnormalities on admission, old age, presence of chronic 
kidney disease, hypertension, leukocytosis, and hypoal-
buminemia were significant predictors of AKI, which is 
consistent with previous findings. Thus, it is necessary to 
closely monitor renal function in scrub typhus patients 
who present with these risk factors.

Our study has some limitations. First, this was a ret-
rospective study focused on a single center. Second, we 
did not enroll patients that were treated in an outpatient 
clinic. Thus, it is possible that we excluded patients with 
mild scrub typhus cases. A large prospective randomized 
controlled study is warranted to investigate the clinical 
significance of chest radiographic abnormalities in pa-
tients with scrub typhus.

The incidence of scrub typhus-associated AKI in our 
study was 21.6%. The incidences of chest radiographic 
abnormalities on admission and during hospitalization 
were 20.6% and 26.1%, respectively. Of the chest radio-
graphic abnormalities, pulmonary abnormalities were 
most commonly observed, and the presence of chest 
radiographic abnormalities on admission was a risk fac-
tor for predicting AKI in scrub typhus patients. Therefore, 
performing chest radiograph on admission may aid in 
predicting AKI in these patients.
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