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Abstract. Neurotropism and infiltration by Mycobacterium leprae of peripheral nerves causing neuropathy are well
established, but reports of central nervous system (CNS) damage are exceptional. We report CNS magnetic resonance
imaging (MRI) abnormalities of the brain and spinal cord as well as lesions in nerve roots and plexus in leprosy patients.
Eight patients aged between 17 and 41 years underwent detailed clinical, histopathological, and MRI evaluation. All had
prominent sensory–motor deficits with hypopigmented and hypo/anesthetic skin patches and thickened peripheral
nerves. All demonstrated M. Leprae DNA in affected peripheral nerve tissue. All received multidrug therapy (MDT). Two
patients had brainstem lesions with enhancing facial nuclei and nerves, and one patient had a lesion in the nucleus
ambiguus. Two patients had enhancing spinal cord lesions. Follow-upMRI performed in four cases showed resolution of
brainstemandcord lesions after starting onMDT. Thickenedbrachial and lumbosacral plexus nerveswere observed in six
and twopatients, respectively,whichpartially resolvedon follow-upMRI in the twocaseswhohad reimaging. The site and
side of the MRI lesions corresponded with the location and side of neurological deficits. This precise clinico-radiological
correlation of proximal lesions could be explained by an immune reaction in the graymatter corresponding to the involved
peripheral nerves, retrograde axonal and graymatter changes, or infection of the CNS and plexus by lepra bacilli. Further
study of the CNS in patients with leprous neuropathy is needed to establish the exact nature of these CNSMRI findings.

INTRODUCTION

Hansen’s disease/leprosy is the leading infectious cause of
disability, and the neurological involvement may commence
before, during, or after treatment, leading tosignificant functional
impairments and deformities.1,2 Although the number of new
leprosy cases detected globally is reported to have reduced by
46% from 2004 to 2011, the incidence of the disease is still
comparatively high in the South Asian region, with new case
detection of > 10/100,000 in India.3 The public health problemof
leprosy also continues in several regions of the world such as
Brazil and the Oceania region. Leprosy is also known to occur in
theUnited Stateswith cases fromLouisiana, Texas,Mississippi,
Georgia, and Florida.4

Skin and peripheral nerve affliction in leprosy has been ex-
tensivelystudiedandpublished,but reportson involvementof the
central nervous system (CNS) and proximal nerves are extremely
rare.5–7 Clinical and histopathological findings on skin and nerve
tissue are usually sufficient to diagnose leprosy. However, poly-
merase chain reaction (PCR) is reported to be themost sensitive
and specific test to confirm Mycobacterium leprae DNA in any
tissue/fluid sample.8–10 With the mobility of patients across the
world, physicians need be aware of leprosy mimicking other
disorders, and hence, understanding rare findings in leprosy is
essential for a high level of suspicion and an early diagnosis.
In the present series, we describe eight cases of leprosy

with magnetic resonance imaging (MRI) abnormalities in
the brainstem, spinal cord, and brachial and lumbosacral
plexuses.

MATERIALS AND METHODS

All patients provided written informed consent to publish
their medical data and clinical photographs. Detailed clinical
and histopathological testing, MRI, and PCR testing of pe-
ripheral nerve tissue for M. leprae DNA were performed in all
eight cases.
Magnetic resonance imaging protocol. Magnetic reso-

nance imaging was performed on 1.5 or 3.0 Tesla machines, and
theprotocolconsistedofT1andT2axialandsagittal imagesof the
spine and coronal short inversion time inversion recovery (STIR)
sequences for the plexus. For the brain, it was T1 axial, T2 sagittal
and axial, diffusion-weighted imaging (DWI), and post-contrast
T1 magnetization-prepared rapid gradient-echo (MPRAGE).
Polymerase chain reaction–based gene amplification was

performed in biopsied peripheral nerve tissue using primers
according to the WHO “Global Surveillance of Drug Re-
sistance in Leprosy” (2009) guidelines for detection of muta-
tion in rpoB, gyrA, and folP genes in M. leprae genome
(Supplemental Data 1).11 In addition, PCR for 16S ribosomal
RNA (rRNA) gene was performed in the cerebrospinal fluid
(CSF) samples (Supplemental Data 2).

RESULTS

Case details. Case 1. A 32-year-old man was evaluated in
July 2015. He hailed from a higher socioeconomic status and
had no known contact with an infected individual. In 2007, he
developed hypo-pigmented anesthetic patches over the trunk
and upper extremities for 6 months. He was diagnosed with
leprosy and received standard multidrug therapy (MDT) for
leprosy for 1 year and had complete clinical recovery. In 2012,
he developed burning paresthesias and numbness over the
trunk and extremities for 2 months and had thickened tender
nerves. Fine-needle aspiration cytology from the right com-
mon peroneal nerve swelling demonstrated acid-fast bacilli
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(AFB). He again received MDT for 2 years and had complete
clinical recovery. In July 2015, he presented with progressive
sensory loss in the left upper limb, severe bifacial weakness, and
skin lesions on the legs and gluteal regions. He had profound
distalweaknessandwastingof the left upper limbandboth lower
limbs for 4 months, sensory loss and burning paresthesias in
stocking distribution for 2months, hesitancy of micturition, poor
stream and sensation of post-void residual urine for 3 months,
and sensory loss with severe weakness and wasting of the right
upper limb for 1 month. On examination, he had skin lesions
consisting of palmar erythema; scaly, circular reddish mac-
ulopapular rashes over the forearms and anterior legs; and tro-
phic ulcers over the feet. Neurological examination revealed
thickened, nodular, markedly tender superficial nerves; severe
bifacial weakness; claw hands; foot drop; and glove and stock-
ing sensory loss (Figure 1). Slit skin smear was negative for AFB.
Superficial radial nerve (SRN) and skin biopsy from the leg
demonstrated leprous neuritis—borderline tuberculoid (BT) type
(Figure 1). The serumangiotensin converting enzyme (ACE) level
was high (80.7 U/L; 136 U/L; range, 8–52 U/L). Magnetic reso-
nance imaging demonstrated symmetrical T1W hypo- and T2W

hyperintense facial nuclei with enhancement of facial nuclei and
exiting nerves on post-contrast MPRAGE (Figure 2). Coronal
STIR showed bilateral brachial plexus thickening (Figure 2).
Lumbar CSF showed a few transformed lymphocytes, and re-
active monocytes, protein of 153 mg/dL, and a normal glucose
level. The cerebrospinal fluid venereal disease research labora-
tory (VDRL) was nonreactive. The patient was treated with ste-
roids along with minocycline 100 mg/day and clofazimine
100 mg/day, the regimen advised by the dermatologist, pre-
sumablybecausehewas thought tohavedrug-resistant leprosy.
At the 16-month follow-up, MRI showed complete resolution of
the brain lesions but brachial plexus thickening showed only
partial improvement (Figure 3).
Case 2. A 26-year-old man presented in September 2016

with painless, clear, fluid-filled bullous skin lesions; loss of touch,
pain, and temperature sensation over the left palm for 6 months;
and weakness and wasting of the left hand for 3 months. The
bullous lesions ruptured and healed spontaneously (Figure 4).
Examination revealed multiple hypopigmented/hypoesthetic
patches over the thumb and trunk, thickened peripheral nerves,
severe wasting of small muscles of the left hand and forearm,

FIGURE1. Case1:Clinical photographsshowing (A) severebifacialweaknessand (B)macular healing lesionsover interphalangeal joints.Note the
wasting of the interosseimuscles; (C) note the asymmetrical wasting andweakness of the hand. Radial cutaneous nerve biopsy; (D) notemild pedal
edema and trophic changes of the toes; (E) multiple epithelioid granulomas (*) expanding the nerve fascicle, replacing the contents. Inset shows
granuloma with Langhans giant cell (*). Note the fibrosis of the endoneurium. (Masson trichrome, magnification = scale bar). This figure appears in
color at www.ajtmh.org.
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profoundweakness of the left finger flexors and small muscles of
the hand, and sensory loss over the left hand. Superficial radial
nerve biopsy showed BT-type leprosy. T2-Weighted (T2W) im-
ages showed cord hyperintensity involving the gray matter at C6
andC7 levels with left brachial plexus thickening on coronal STIR
sequences (Figure4). StandardMDTwasstarted, anda follow-up
MRI at 8 months showed complete resolution of the cord lesion
but persistent brachial plexus abnormality (Figure 4).
Case 3. A 26-year-old woman presented in April 2017 with

numbness, inadvertent burns, and nodular eruptions of the
right little finger for 3 years, ring finger for 2.5 years, medial
forearm for 1month, left medial hand and forearm for 2weeks,
and pain in bilateral shoulder regions and mild weakness for
1 week. Examination revealed healed scars over the fingers,

mild weakness of small muscles of the hands, and sensory
loss to all modalities up to the lower arm. Dorsal cutaneous
branch of the ulnar nerve biopsy revealed borderline lepro-
matous (BL)–type leprous neuritis with abundant AFB. Mag-
netic resonance imaging showed hyperintense signal
affecting the gray matter at C3 on T2W images and mild
symmetrical thickening of brachial plexus on STIR sequence
(Figure 5). After MDT (2 months), there was resolution of the
cord signals, but persistent brachial plexus abnormality
(Figure 5).
Case 4.A 40-year-old man presented in February 2017 with

right upper limb impaired sensation up to the mid-arm, diffi-
culty in gripping objects, and urgency and precipitancy of
micturition for 3 years.He tookMDT for 1 year fromSeptember

FIGURE 2. Case 1: Pretreatment magnetic resonance imaging images: Pretreatment: (A) T2 sagittal section of the brain showing hyperintensity in
dorsal pons. (B) Fluid-attenuated inversion recovery (FLAIR) axial section of the brain at the level of facial colliculus shows bilateral symmetrical
hyperintensity in the facial nervenuclei (inset). (CandD) Post-contrastT1magnetization-prepared rapidgradient-echoaxial sectionsshowenhancement
of bilateral facial nerves alongwith their nuclei (inset) in pons. (E andF) Coronal short inversion time inversion recovery (STIR) images reveal thickening of
bilateral brachial plexus roots, trunks (E), and divisions (F). (G) Coronal STIR image of the lumbar plexus does not reveal any nerve thickening.

FIGURE 3. Case1: Posttreatment: (A andB) T2 sagittal andFLAIRaxial imagesof brain showing resolutionof the signal changes in the facial nerve
nuclei (inset). (C and D) Post-contrast T1 magnetization-prepared rapid gradient-echo axial sections at the level of facial colliculus do not show
enhancement of the facial nerves or their nuclei. (E) Coronal short inversion time inversion recovery image of the brachial plexus shows decreased
thickness of the nerves as compared with the pretreatment images.
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2015, but symptoms were persistent. Examination revealed a
hypoesthetic, hypopigmented patch over the right arm,
mild wasting and weakness of the right-hand muscles, and
thickened nerves. Magnetic resonance imaging showed a
short segment, enhancing gray matter lesion at the C4–C5
region with thickened brachial plexus (Figure 6). Left SRN
biopsy showed BT-type leprosy. The patient was started
on MDT, and at the 5-month follow-up the neurological
deficits were the same; however, MRI showed reduction in
cord signal changes and brachial plexus abnormality
(Figure 6).
Case 5. A 21-year-old man presented in October 2013 with

pain in the right forearm and wrist joint for 12 months and
paresthesias and numbness with weakness and wasting of
the right hand for 4months. Examination revealedwasting and
weakness of the right hand with impaired sensations in the
distal forearm and hand. Left sural nerve biopsy showed BL
leprosy with AFB. Magnetic resonance imaging showed gray
matter signal changes from C4 to D2 levels with mildly thick-
ened brachial plexus (Figure 7). On telephone discussion in
October 2017, he reported having completed MDT and sub-
jectively had no deficits.
Case 6. A 17-year-old man presented in November 2014

with acute left foot drop, knee joint pain, and absent sensa-
tions below the knee for 2 months. He had grade 0 strength in
foot dorsiflexion, reduced sensation in left L4, L5 dermatomal
distribution, and asymmetrical hyperactive knee and ankle

jerks. Left sural nerve and anterior leg skin biopsies showed
BT-type leprosy with AFB. Magnetic resonance imaging
showed left hemi-cord gray matter hyperintensity at conus
with asymmetrical thickening (left > right) of the lumbar plexus
(Figure 7). At telephone follow-up 12months later, he reported
having completed the course of MDT and had subjectively
recovered.
Case 7. A 23-year-old man presented during July 2017 with

weakness, wasting, and impaired sensations in the left medial
twofingers andmultiple hypopigmented, hypoesthetic lesions
for 9 months. Examination revealed thickened ulnar nerves
and SRNs, wasting and weakness of the small muscles of the
left handandfinger extensors, profoundsensory loss in the left
ulnar nerve distribution, and hyperactive tendon reflexes. Left
SRN biopsy showed BT-type leprosy. Linear enhancement of
the gray matter at the C5–C6 level was seen on the MRI
(Figure 7). He was lost to follow-up.
Case 8. A 41-year-old man presented in August 2018 with

progressive paresthesias, severe weakness, and wasting of
both upper limbs for 8 months; facial paresthesias for
6 months; and bilateral foot weakness with gait ataxia, non-
healing foot ulcers, dysphagia, and nasal regurgitation for
2 months (Figure 8). Examination revealed multiple skin le-
sions characteristic of type 1 lepra reaction, generalized
thickened and tender peripheral nerves, severe bilateral lower
motor neuron (LMN) facial weakness, impaired facial and mu-
cosal sensations, absent gag reflex with pooling of secretions,

FIGURE 4. Case 2: Clinical photograph (A) showing chronic ulcer in the left thenar eminence (C7 dermatome). Pretreatment magnetic resonance
imaging (MRI) images: (B) T2-weighted sagittal image of the cervical spine showing linear hyperintensity in the cervical cord at theC6 andC7 levels;
(C) T2-weighted axial image of the cervical spine at the C7 level showing hyperintensity located predominantly in the left hemicord with extension
across the midline slightly to the right side (inset); (D) coronal short inversion time inversion recovery (STIR) image showing thickening of the left
brachial plexus. PosttreatmentMRI images: (E) Post-contrast T1-weighted sagittal image of the cervical spine does not showany enhancement; (F)
coronal 3D STIR imaging of the brachial plexus shows persistent thickening of the brachial plexus on the left side; (G) maximum intensity projection
images of the coronal 3D STIR showing normal right and thickened left brachial plexus; (H) post-contrast coronal Dixon fat saturated image shows
enhancement of the left brachial plexus. This figure appears in color at www.ajtmh.org.
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symmetrical weakness and wasting of distal limbs, glove and
stocking sensory loss with impaired joint position sense in all
limbs, and absent tendon reflexes. Left SRN biopsy and lesional
skin biopsy showed BT-type leprosy. Cerebrospinal fluid
showed elevated protein (96 mg/dL) and normal glucose levels.
Magnetic resonance imaging showed enhancing facial nuclei,
exiting facial nerves, and bilateral nucleus ambiguus (Figure 9).
Cord signal changes were observed at multiple levels with
thickened brachial and lumbosacral plexus (Figure 10).
A summary of the clinical, electrophysiological, pathologi-

cal, and MRI findings is shown in Table 1. Only one patient
(Case 4) gave a history of contact with an infected individual.
All hadprominent thickeningofmany superficial nerves. Some
had tender, nodular nerve swellings. Nerve conduction stud-
ies had revealed severe sensory–motor demyelinating and
axonal neuropathy predominantly involving clinically affected
nerves. According to nerve histopathology findings, patients
were classified intoBT=6andBL=2. Three cases (Cases 3, 5,
and 6) demonstrated AFB in the biopsied nerve. All patients

were negative for HIV, hepatitis B surface antigen (HBsAg),
and hepatitis C virus (HCV) antibodies.
Magnetic resonance imaging findings. Magnetic reso-

nance imaging showed brainstem graymatter lesions in facial
nuclei and nerves with contrast enhancement in Cases 1 and
8, whereas Case 8 had bilateral nucleus ambiguus lesions
(Table 1, Figures 2 and 9). Cases 2–8 had enhancing gray
matter spinal cord lesions as described (Table 1, Figures 4–7
and 10). Thickening of BP was observed in Cases 1–5 and
Case 8 (Figures 2, 4–7, and 10). Lumbar plexus thickeningwas
present in Cases 6 and 8 (Figures 7 and 10).
Repeat MRI was performed in four patients after MDT. In Case

1, thebrain lesionscompletely resolved (Figure3). Thespinal cord
lesions disappeared in Cases 2 and 3 (Figures 4 and 5), whereas
faint cord signal was still observed in Case 4 (Figure 6). The bra-
chial plexus showed partial resolution in Cases 1 and 4, whereas
nochangewasnoticed inCases2and3at8-and2-month follow-
ups, respectively (Figures3–6).Thesechangescorrespondedwell
with clinical improvement, with Cases 1, 2, and 4 showing

FIGURE 5. Case 3: Pretreatmentmagnetic resonance imaging (MRI) images: (A) T2 sagittal cervical spine showing focal hyperintense signal in the
cord at theC3 vertebral level; (B) T2 axial cervical spine at theC3 vertebral level showing hyperintense signal in the central cord (inset); (C) maximum
intensity projection (MIP) image of coronal short inversion time inversion recovery (STIR) of the cervical spine showsmild symmetrical thickening of
the brachial plexus nerve roots bilaterally; post-treatment MRI images: (D) T2 sagittal cervical spine showing resolution of the signal change in the
cordat theC3vertebral level; (E) T2axial cervical spineat theC3vertebral level showing thesame (inset); (F)MIP imageof coronalSTIRof thecervical
spine showsmild symmetrical thickening of the brachial plexus nerve roots bilaterally—with no significant change as compared with pretreatment
imaging.
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significant improvement in both sensory and motor symptoms
and Case 3 reporting improvement in sensory symptoms.
Polymerase chain reaction result. Polymerase chain re-

action detectedM. leprae DNA in peripheral nerve tissue, and
assays for rpoB, folp, and gyrA gene showed amplifications in
all cases. Sequencing of the amplified PCR products for the
three genes revealed that all patients were fully sensitive to
rifampicin, dapsone, and ofloxacin. Polymerase chain re-
action for 16S rRNA was performed in CSF samples in four
cases (Cases 1, 2, 4, and 8) and was found to be positive in
only Case 4.

DISCUSSION

In the present case series, we describe MRI brainstem and
spinal cord lesions and brachial and lumbosacral plexus
abnormalities in eight patients with leprosy. Clinically, all
had the cardinal manifestations of leprosy, including hypo-
pigmented and hypoesthetic or anesthetic skin lesions and
enlargedperipheral nerves.All demonstratedM. leprae–specific

genomic DNA in peripheral nerve tissue by PCRmethod, which
confirmed the presence ofM. leprae.8–10

We found only three case reports in the English literature on
living patients with leprosy demonstrating CNS involvement
onMRI. In two, there were intramedullary cervical cord lesions
and in one, a 2-cm frontal cystic lesion in a patient with BL-
type leprosy. Although infiltration by M. leprae bacilli was not
pathologically confirmed in cervical cord lesions, the speci-
men from the frontal cystic lesion demonstrated abundant
scattered foamy macrophages with fragmented bacilli on Fite
acid-fast stain, and PCR showed positive bands with se-
quence homology to theM. leprae genome.5–7

Our Case 1 had relapsing leprosy with severe facial weak-
ness anddemonstrated pontine lesions.Webelieve that this is
the first report to document involvement of the facial nuclei
along with enhancing facial nerves by MRI in a living patient
with leprosy. Although the facial nerve is frequently affected in
leprosy, radiological evidence for involvement of its nucleus
and nerves is conspicuously lacking. Nevertheless, as early as
1952, Mitsuda identified lepra bacilli in the neurons of facial

FIGURE 6. Case 4: Pretreatment magnetic resonance imaging (MRI) images: (A) T2W sagittal image showing linear hyperintensity in the cervical
cord at C6 andC7 levels; (B) axial image at C6 shows right hemicord hyperintensity (inset); (C) coronal short inversion time inversion recovery (STIR)
image shows thickening of bilateral brachial plexus roots (right > left). PosttreatmentMRI images: (D) T2 sagittal image of cervical spine shows that
linear hyperintensity in the cervical cord at the C6 and C7 levels has decreased as compared with the pretreatment image; (E) T2-weighted axial
image at theC6 level showsa decrease in the signal change in the right hemicord (inset); (F) coronal STIR image showsdecrease in the thickening of
brachial plexus roots as compared with the pretreatment image.
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nucleus, cervical anterior horns, and nucleus ambiguus in
autopsy specimens, confirming infection of the brain and
spinal cord by M. leprae.12 In another report from Japan, in-
volvement of the CNS was explored in 67 autopsy cases of
clinically cured lepromatous leprosy. Of these, 44 had vacu-
olar changes ofmotor neurons either in themedulla oblongata
(nucleus ambiguus or hypoglossal nucleus) or spinal cord
which were positive for anti-phenolic glycolipid-I (PGL-I)
immunostaining but negative by Fite acid-fast staining. Poly-
merase chain reaction had revealed M. leprae–specific ge-
nomic DNA in 95% of the cases.13 Yamada14 in their series of
173 cases also have shown that M. leprae–specific PGL-I
antigen was expressed in motor neurons of the spinal cord at
all levels in 12/173 cases and in the nucleus ambiguus in the
medulla oblongata in 55/173 cases. Antibodies against 35-
kDa and PGL-1 antigens have also been demonstrated in the
CSF of leprosy patients with features of upper motor neuron
involvement.15 These findings on autopsy studies support the
hypothesis that lepra bacilli can infect the brain but do not

establish that the infection has any clinical consequences.
Three studies from India have reviewed the evidence for
clinical involvement of cranial nerves I, V, VII, VIII IX, X, and XII
in leprosy, and remarked that the CNS may be involved in
leprosy.16,17 These were purely peripheral clinical findings
and presumptions were made about probable intracranial
involvement.
Enhancing gray matter lesions in the spinal cord were ob-

served in seven of our eight patients. Follow-up MRI per-
formed in three of these seven cases showed complete
resolution of the cord lesion in two cases, whereas faint en-
hancement was still observed in one case. There are two
earlier case reports of MRI findings with spinal cord abnor-
malities suspected to be secondary to leprosy without de-
finitive pathological confirmation.5,6 Khadilkar et al.5 reported
a 20-year-old Indian man with a hypo-aesthetic patch and
ulnar neuropathy. Superficial radial nervebiopsy showed lepra
bacilli. Cervical spine MRI revealed focal T1W hyperintense
central signal within a larger area of T2W hyperintensity at the

FIGURE 7. Case 5: (A) T2 sagittal image of the cervical spine shows a long-segment signal change in the cord from theC4 toD2 levels. (B) T2 axial
image at the C6 vertebral level shows hyperintensity in the central cord (inset). (C) Maximum intensity projection image of coronal short inversion
time inversion recovery (STIR) of the cervical spine shows mild bilateral symmetrical thickening of the brachial plexus nerve roots. Case 6: (D) T2-
weightedsagittal imageof the lumbar spine showing linear hyperintensity at the conus. (E) T2-weightedaxial imageat the level of the conusshowing
hyperintensity located in the left hemicord (inset). (F) Coronal STIR images of the lumbar spine showing hyperintensity at the conus (arrowhead) with
thickening of bilateral lumbar plexus nerve roots (left > right). Case 7: (G) T1-weighted post-contrast fat-suppressed left parasagittal image showing
linear enhancing lesion at the C5–C6 level.
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C5–C6 level along with smooth thickening of ventral and
dorsal roots andenlargedenhancingdorsal root ganglia.5Rice
et al.6 reported a 27-year-old Brazilian woman with skin le-
sions, progressive pain, tingling, numbness, and weakness of
the left upper limb. Magnetic resonance imaging showed ex-
pansion of the cervical cordwith an intramedullary, enhancing
area of high signal at C5–C7, and the corresponding dorsal
root ganglia on the same sidewere swollen and demonstrated
high T2 signal compatible with ganglionitis.6

Yamada14 identified para-rosaniline–positive material in the
brainandspinalcordmore inpatientswith tuberculoid leprosy than
lepromatous leprosy. This is in concordance with the majority our
patients (6/8) with CNS lesions having features of BT-type leprosy
in their peripheral nerves.Spinal cordautopsies in longsurvivorsof
posttreated leprosy have shown degeneration of posterior col-
umns and amyloid bodies in the gray and white matter.18,19 Koya
and Arakawa20 examined the spinal cord of leprosy patients and
foundmarkeddegenerationof theposterior column, especially the
gracile fasciculus. These authors ruled out other causes leading to
posterior column disease. Case 8 from our present series had
profoundkinesthetic impairment, although thecord lesionsdidnot
appear to involve the posterior columns and the ganglia.

Six of our cases hadMRI evidence of either asymmetrical or
symmetrical brachial or lumbosacral plexus thickening, and
follow-up MRI showed partial resolution with MDT treatment
in some. However, we did not perform pathological studies of
the thickened plexus to identify the exact cause for the ab-
normality. Furthermore, reports of histopathological findings
at biopsy or autopsy demonstrating involvement of proximal
nerves and plexus are conspicuously lacking.
The pathogenesis of these MRI abnormalities is uncertain.

Possible explanations include direct infection, reactive gray
matter changes related to axonal transection of proximal
nerves and roots, or an inflammatory immunological reaction
related to the infection outside the CNS. All our patients ex-
cept Case 6 had more than 6-month duration of illness, and
this long duration of active disease and relapses (Case 1) with
persistent bacillemia could have contributed to the changes
noted in themoreproximal nerves andpossibly theCNS.21 It is
also known that in advanced casesM. leprae can grow in the
bone marrow, liver, and spleen, where body temperature is as
high as that in the CNS.22–24 In contrast to these reports, we
have no direct evidence ofM. leprae in the proximal nerves or
CNS lesions, but it is noteworthy that these restricted MRI

FIGURE 8. Case8:Clinical photographs showing (A) severebifacialweakness; (B) palatalweakness; (C) bilateral handweakness andwastingwith
macular skin lesion on the dorsum of the left hand; (D) large macular skin lesions on the lower back; (E) nonhealing ulcer over the lateral malleolus.
This figure appears in color at www.ajtmh.org.
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lesions in the brainstem, spinal cord, and plexus corre-
sponded precisely to the neurological symptoms and signs.
This clinico-radiological correlation requires confirmation of
the pathophysiological basis and needs further tissue-
specific studies in such cases. It may be noteworthy that
we identified the presence of M. leprae–specific16S rRNA
gene in the CSF of one patient (Case 4) indicating the pres-
ence of lepra bacilli or its protein within the subarachnoid
space. However, because of a lack of tissue confirmation
by histopathological studies of the proximal lesions, direct
invasion of the CNS by lepra bacilli would be a mere
speculation.
Analternative explanation for theseCNSgraymatter lesions

could be reactive changes secondary to retrograde de-
generation from infection or inflammation leading to axonal
injury close to the root entry or exit zones.Magnetic resonance
imaging signal changes are known to occur in the spinal cord
in about 20% of cases with brachial plexus injury resulting
from edema in the acute phase, and transforming into irre-
versible myelomalacia in the chronic phase.25 However, the
reversal of theCNSchanges in our cases on follow-upwithout
the development of myelomalacia may suggest a dynamic

process or acute phase reaction within the spinal cord and
brainstem resulting from the exaggerated immune response as
noted in tuberculoid- and BT-type leprosy. In fact, to support
this hypothesis, both of our patientswith brainstem lesions had
type1 lepra reaction at the timeofMRI.Nevertheless, evenwith
a chronic disease course in most of our patients, there was
complete or partial resolution of MRI lesions after MDT. This
resolution could possibly be because of the anti-inflammatory
action of MDT itself.
Symptoms and signs of leprosy and the associated immu-

nologic reactions can mimic other more common conditions
such as Lyme disease, neurosarcoidosis, lupus vulgaris,
rheumatologic diseases, and others affecting the skin and pe-
ripheral nerves. Our Case 1 with pontine lesions had elevated
serum ACE levels and could easily be misdiagnosed as sar-
coidosis. In a case report from Italy, an Indianman with leprosy
was treated as sarcoidosis based on elevated serum ACE
levels.26 As early as 1977, Lieberman27 had studied 42 patients
with leprosy and identifiedelevated serumACE levels in71.4%.
Corticosteroid therapy had an immediate and dramatic effect
on reducing the elevated ACE level.27 Similarly, the ACE level
reduced to normal in our case following therapy with steroids.

FIGURE 9. Magnetic resonance imaging images. (A–C) Post-contrast axial T1-weighted images show enhancement in the region of the facial
nucleusbilaterally (A-inset), right (B) and left (C) facial nerve. (DandE) Axial T2 imageat the level of themedulla showingdiscrete focal hyperintensity
in the region of bilateral nucleus ambiguus (D-inset), with focal enhancement on post-contrast axial T1 (E-inset).
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In conclusion, the present series of eight cases shows MRI
evidenceofCNS lesions in patientswith leprosy. Also, hitherto
unreported, we have demonstrated lower brainstem MRI le-
sions involving the seventh cranial nucleus and its nerve and
the nucleus ambiguus corresponding with clinical findings.
Furthermore, there was variable thickening of the brachial or
lumbosacral plexus which continued to be abnormal even
when the CNS lesions resolved. We propose that the gray
matter lesions could be due to retrograde reaction to proximal

axonal damageor aphenomenonof immune reaction.Wealso
acknowledge the limitation of this study in that pathological
confirmation of the CNS or proximal nerve lesions is lacking.
Nonetheless, these radiological findings may have implica-
tions for the understanding of the disease pathophysiology
and therapeutic considerations in leprosy. Magnetic reso-
nance imaging could also play an important role during the
follow-up of patients with nerve function impairment for re-
habilitation measures.

FIGURE 10. Case 8: (A–D) Sequential axial T2-weighted images with corresponding reference images of the spine showing hyperintense lesions
predominantly involving the central gray matter of the cord at the C2–C3 (A-inset), D4–D5 (B-inset), and D7–D8 (C-inset) levels with hyperintense
lesionsalsoseen in the conusmedullaris at theD11–D12 level (D-inset). (E)Maximum intensityprojection (MIP) imageconstructed fromT2sampling
perfection with application optimized contrasts using different flip angle evolution (SPACE) coronal sequence with fat-sat shows thickening and
hyperintensity in the cords, divisions, and trunks of bilateral brachial plexus; (F) MIP image fromT2SPACE coronal sequence shows thickening and
hyperintensity of the lumbosacral plexus.

TABLE 1
Summary of the salient clinical, histopathological, and imaging characteristics of the eight patients

Case Affected limb Skin lesions
Cranial nerve
involvement

Site of biopsy;
nerve /skin lesion

Duration of
illness

Histological
diagnosis

Acid-fast bacilli
in nerve

tissue/skin
PCR for lepra
DNA (nerve)

PCR for 16S
rRNA gene

(cerebrospinal
fluid)

Magnetic resonance
imaging lesion (s)

On multidrug
therapy

before biopsy
(duration) Follow-up

1 All four limbs Yes VII Left SRN;
skin from
leg

8 years BT No Positive Negative Facial nuclei and nerve;
bilateral BP (Figure 2)

Yes 16 months

2 Left hand; skin Yes No Left SRN 6 months BT No Positive Negative C6–C7; left BP (Figure 4) No 8 months
3 Upper limbs Yes No Left DCUN 3 years BL Yes Positive Not done C3; bilateral BP No 2 months
4 Right upper limb Yes No Left SRN 3 years BT No Positive Positive C4–C5 hemicord lesion;

bilateral BP
Yes 4 months

5 Right upper limb No No Left sural
nerve

1 year BL Yes Positive Not done C4–D2; bilateral BP
(Figure 7)

No No

6 Left lower limb Yes No Left sural;
skin from
leg

2 months BT Yes Positive Not done Left conus, lumbar plexus
(Figure 7)

No No

7 Left upper limb Yes No Left SRN 9 months BT No Positive Not done Left C5–C6 (Figure 7) No No
8 All four limbs Yes V, VII, IX,

and X
Left SRN 8 months BT No Positive Negative Facial nuclei and nerves,

cord C2–C3, D4–D5,
D7–D8, D11–D12;
bilateral brachial plexus
and lumbar plexus
(Figure 8)

No No

BL = bilateral; BT = borderline tuberculoid; DCUN = dorsal cutaneous ulnar nerve; PCR = polymerase chain reaction; SRN = superficial radial nerve.
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