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Abstract
BACKGROUND 
It is difficult to restore the cognitive functions of patients with impaired cognition 
caused by brain injury. Diffusion tensor imaging can visualize the integrity of 
neural tracts in the white matter (WM) three-dimensionally. It is unclear whether 
encephalitis following scrub typhus damages the WM. For the first time, we 
aimed to report diffusion tensor tractography (DTT) findings in a chronic patient 
with cognitive impairment following scrub typhus encephalitis, which revealed 
injury to the Papez circuit of the WM.

CASE SUMMARY 
A 70-year-old male patient was affected by encephalitis caused by scrub typhus 
that occurred 23 years ago. He had poor cognition and his clinical examination 
findings were as follows: Mini-Mental Status Examination score, 14; and handgrip 
strength (right/left, kg), 32.3/31.3. DTT revealed serious injuries of the left 
thalamocingulate tract and right mammillothalamic tract in the Papez circuit, and 
a partial injury of the anterior part of the fornix.

CONCLUSION 
Using DTT, we found a relationship between cognitive impairment and the 
integrity of the Papez circuit following scrub typhus.
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Core Tip: Scrub typhus is one of the most common causes of acute encephalitis in 
endemic countries. It is still debated whether white matter (WM) is injured in the 
encephalitis of the scrub typhus. Diffusion tensor tractography allows us to investigate 
the integrity of WM three-dimensionally. The Papez circuit consists mainly of the WM 
and is known to play a critical role in cognition. Using a diffusion tensor tractography, 
we detected the injury of the Papez circuit in a patient with cognitive impairment 
following encephalitis of scrub typhus 23 years ago.

Citation: Kwon HG, Yang JH, Kwon JH, Yang D. Association between scrub typhus 
encephalitis and diffusion tensor tractography detection of Papez circuit injury: A case report. 
World J Clin Cases 2021; 9(13): 3194-3199
URL: https://www.wjgnet.com/2307-8960/full/v9/i13/3194.htm
DOI: https://dx.doi.org/10.12998/wjcc.v9.i13.3194

INTRODUCTION
Scrub typhus is one of the most common etiologies of acute encephalitis syndrome in 
endemic countries[1,2]. Encephalitis caused by scrub typhus may lead to brain 
parenchymal damage, which has various neurological manifestations[3]. As a result of 
these neurological manifestations, cognitive functions can be seriously impaired. It is 
therefore important to reverse the cognitive impairment such that cognition returns to 
previous functional levels. The Papez circuit of the white matter (WM) plays a major 
role in cognition[4].

Using magnetic resonance imaging (MRI), few studies have previously 
demonstrated cognitive impairments following injuries to the Papez circuit in acute 
patients with brain injuries[5,6]. However, conventional MRI cannot reconstruct neural 
tracts of the deep brain structures, such as the Papez circuit, three- dimensionally. 
Recently, studies have reported that diffusion tensor tractography (DTT), derived from 
diffusion tensor imaging (DTI), can visualize neural tracts, including the Papez circuit, 
three-dimensionally[7-9]. Nonetheless, no study has investigated the injury of the Papez 
circuit in a patient following encephalitis of scrub typhus. In this study, using DTT, for 
the first time, we investigated the integrity of the Papez circuit related to cognitive 
dysfunctions in a chronic patient following encephalitis caused by scrub typhus.

CASE PRESENTATION
Chief complaints
A 70-year-old male patient visited our clinic because of poor cognitive function and 
gait disturbance.

History of present illness
He was diagnosed with encephalitis following scrub typhus 23 years ago. The patient 
complained of poor memory. The patient was initially admitted to a local hospital with 
a high fever and headache 23 years ago. He developed neurological symptoms as 
mental change, visual disturbance, and weakness, according to medical history. The 
first MRI was conducted 7-d after onset. He was then transferred to a tertiary hospital 
to treat his symptoms, and the diagnosis of scrub typhus encephalitis was confirmed.

History of past illness
No special previous medical history was reported.

http://creativecommons.org/Licenses/by-nc/4.0/
http://creativecommons.org/Licenses/by-nc/4.0/
http://creativecommons.org/Licenses/by-nc/4.0/
https://www.wjgnet.com/2307-8960/full/v9/i13/3194.htm
https://dx.doi.org/10.12998/wjcc.v9.i13.3194
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Personal and family history
No special personal and family histories were found.

Physical examination
Physical examination revealed narrow visual fields; however, he could read books and 
newspapers. His motor power on both extremities was intact without any pain. But 
fine movements of the left hand were poor, and he could only manage to walk indoors 
because of sensory impairment.

Laboratory examinations
Motor and sensory findings tested using objective tools were as follows: handgrip 
strength (right/left, kg), 32.3/31.3; two-point discrimination test (right/left, mm), 
5/absence; and monofilament test (right/left, mm), 3.22/absence. The patient had 
impaired cognition, with a mini-mental status examination score of 14 and a Montreal 
cognitive assessment score of 10[7-10]. For a more detailed evaluation of cognition, we 
performed a computerized neuropsychological test (Table 1).

Imaging examinations
DTI data were acquired with a 3.0 T scanner Intera (Philips, Ltd., Best, The 
Netherlands) with a six-channel head coil and single-shot echo-planar imaging. For 
each of the 32 non-collinear diffusion-sensitizing gradients, we acquired 80 contiguous 
slices parallel to the anterior commissure-posterior commissure line. The imaging 
parameters were as follows: acquisition matrix = 112 × 112, field of view = 224 mm × 
224 mm, TR/TE = 8973/80 ms, parallel imaging reduction factor (SENSE factor) = 2, 
EPI factor = 49, b = 1000 s/mm2, NEX = 2, and slice thickness = 2.0 mm (acquired voxel 
size = 2 mm × 2 mm × 2 mm). Analysis of the DTI data was performed using the 
Oxford Centre for Functional Magnetic Resonance Imaging of the Brain (FMRIB) 
Software Library (FSL: www.fmrib.ox.ac.uk/fsl) based on the probabilistic 
tractography method. Head motion artifacts and image distortion due to eddy current 
were corrected by affine multiscale two-dimensional registration. To reconstruct the 
Papez circuit, the following locations were considered as the regions of interest 
(ROIs)[6]: The thalamocortical tract-cingulate gyrus (seed ROI), the anterior limb of the 
internal capsule (target ROI 1) and the anterior thalamic nuclei (target ROI 2) on axial 
images; the fornix - mammillary body (seed ROI) on axial images and the crus of the 
fornix (target ROI) on coronal images; the mammillothalamic tract-anterior thalamic 
nucleus (seed ROI) and the portion of the isolated mammillothalamic tract (target ROI 
1), and the mammillary body (target ROI 2) on axial images; the cingulum - the middle 
portion of the cingulum (seed ROI) and the posterior portion of the cingulum (target 
ROI) on coronal images. Additionally, we reconstructed the corticospinal tract (CST) as 
described in a previous study as we believed it would help to confirm whether specific 
neural tracts can reflect their related functions[11].

The 7-d MRI onset showed small lesions in the left frontal and parietal lobes, and 
large lesions in the right superior parietal lobule and both occipital lobes. Compared 
with the 7-d MRI, the 23-year MRI findings indicated expanded lesions of 
encephalomalacia with marked dilation of both ventricles (Figure 1A). Probabilistic 
DTT of the Papez circuit revealed that the left thalamocortical tract and right 
mammillothalamic tract could not be reconstructed; however, the anterior part of the 
fornix was found to be injured. Both CSTs were well preserved (Figure 1B).

FINAL DIAGNOSIS
Based on these findings, WM injury of the Papez circuit was identified.

TREATMENT
We did not supply special treatment because his cognitive impairment was a chronic 
condition.

http://www.fmrib.ox.ac.uk/fsl
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Table 1 Results of computerized neuropsychological test

Visual span Digit span Memory

Verbal learning Visual learning

Forward (%) Back (%) Forward (%) Back (%) Frist trial (%) Fifth trial (%) First trial (%) Fifth trial (%)

3 (0.5) 2 (0.5) 3 (0.5) 2 (0.5) 0 (0.5) 5 (0.5) 6 (18) 7 (50)

Figure 1 Serial magnetic resonance imaging and diffusion tensor tractography of a chronic patient with cognitive impairment after scrub 
typhus encephalitis. A: Magnetic resonance imaging shows multiple lesions in the parietal, temporal, and occipital lobes of both hemispheres. Compared with the 
findings of the 7-d magnetic resonance imaging, the 23-yr magnetic resonance imaging findings indicates expanded lesions of encephalomalacic changes with 
marked dilation of both ventricles; B: Diffusion tensor tractography of the Papez circuit and corticospinal tract reveals discontinued of the left thalamocortical and right 
mammillothalamic tracts in the Papez circuit (yellow arrows). In addition, the anterior part of the fornix is not observed in both hemispheres (blue arrows). The 
corticospinal tracts of both hemispheres appear relatively intact. MR: Magnetic resonance.

OUTCOME AND FOLLOW-UP
One-year follow-up showed that his cognitive function has not gotten worse since his 
first visit to our clinic.

DISCUSSION
In this study, using DTT, we found that cognitive impairments in a chronic patient 
with encephalitis of scrub typhus were strongly associated with Papez circuit injury. 
Pathologic changes of scrub typhus are known to cause vasculitis, which affects 
multiple organs, including the central nervous system. It has been debated for a long 
time whether the WM is injured in the encephalitis following scrub typhus because 
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encephalitis occurring after scrub typhus and epidemic typhus is usually limited to the 
gray matter[12]. Only two case studies of scrub typhus encephalitis had abnormal MRI 
findings indicative of deep WM involvement[12,13]. Despite a follow-up MRI, we were 
unable to identify deep WM lesions in areas, such as the Papez circuit. Using DTT, our 
study findings exclusively detect the injury in two major WM areas — the left 
thalamocingulate tract and right mammillothalamic tract in the Papez circuit — 
whereas the CST was found to be intact. In our case, relative to the initial MRI 
findings, we found an expanded medial temporal lesion in the follow-up MRI. This 
finding suggests the possibility of a secondary Wallerian degeneration of the Papez 
circuit, following the direct WM lesions. However, we could not perform follow-up 
DTT to confirm this possibility. Secondary WM Wallerian degeneration, which is the 
degeneration of WM distal to a primary lesion, can be caused by various axonal 
injuries such as trauma, ischemia, and inflammation[14]. Previous studies on Wallerian 
degeneration of the Papez circuit have been reported in epileptic patients with 
temporal lobectomy[14-16]. Using DTT, these studies showed complete Wallerian 
degeneration of the fornix and cingulum within 2-4 mo postoperatively. Moreover, 
temporal lobe resection indirectly affects the fornix and cingulum contralaterally, 
demonstrating downstream Wallerian degeneration via the interhemispheric 
components[15,16]. In the Papez circuit, following encephalitis, concomitant injuries of 
the thalamocortical tract, mammillothalamic tract, and fornix were demonstrated, 
along with severe cognitive impairment. In line with our observations, previous 
studies have reported that thalamocortical tract injury in the Papez circuit is the most 
common cause of cognitive impairment following brain injury, including 
encephalitis[6]. Other studies have supported the view that mammillothalamic tract 
damage following a thalamic infarct is a strong predictor of memory impairment[17]. 
Regarding cognition following encephalitis, a 3.7-year follow-up study reported only a 
12.8% incidence of dementia[18]. However, these findings have limited application in 
our patient, as viral encephalitis was the etiology in 86.4% (38/44) of the patients in 
this study[18].

Our patient showed intact bilateral motor power on hand grip strength assessment. 
By reconstructing the CST using DTT data, we found relative preservation of both 
CSTs. Overall, we simultaneously analyzed the relationship between the integrity of 
the Papez circuit and CST, and the neurological manifestations three-dimensionally. 
Thus, it seems possible to predict the level of cognition and motor function in a chronic 
patient with encephalitis, which might help develop rehabilitative strategies for 
restoring function and normal activities of daily life after brain injury. However, our 
study has a few limitations. The probabilistic DTT usually reconstructs the WM but 
not the gray matter; thus, we were not able to show the nucleus in the Papez circuit; 
without quantitative analysis, it may lead to false-negative results.

CONCLUSION
In the current study, using DTT, we demonstrated injuries to specific neural tracts of 
the Papez circuit in a chronic patient with encephalitis following scrub typhus. Our 
findings may be helpful for the elucidation of the pathophysiological mechanisms of 
encephalitis following scrub typhus.
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