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A 65-year-old man presented with fevers and progressive weakness. He had been well 
until 4 months previously, when daily fevers, sweats, fatigue, impaired concentra-
tion, and weakness developed. His strength had gradually diminished over a period 
of several weeks, preventing him from hiking, which he otherwise did regularly. He 
had fatigue on chewing and difficulty buttoning his shirt, and he began wearing a 
rigid foot brace to stabilize his right ankle. He also reported that pain in his feet and 
calves was sufficiently distracting that he could no longer enjoy reading. He reported 
no jaw pain, headaches, joint swelling, rash, or weight loss.

Ongoing fevers in a previously well patient may be caused by infection, a malignant 
condition, autoimmune or inflammatory disease, or medications. Given the chronic-
ity of symptoms, an acute infectious cause seems unlikely. Salient features in the 
patient’s history include the subacute evolution of symptoms and the report of both 
weakness and pain in the extremities, although it is unclear whether he has true 
weakness or limitations due to pain. Symptoms involve both the arms and legs but 
are more pronounced distally. Possible causes include a myopathic or neuropathic 
process; physical examination can help distinguish between these processes.

The patient was afebrile on physical examination. The pulse was 76 beats per minute, 
the blood pressure 140/88 mm Hg, and the body-mass index (the weight in kilograms 
divided by the square of the height in meters) 27.1. He appeared comfortable. He had 
no lymphadenopathy and no tenderness over his temporal arteries. Cardiac examina-
tion revealed a fourth heart sound, without murmurs or rubs. He had a well-healed 
sternal incision without bony instability. The lungs were clear bilaterally. The abdo-
men was soft and nontender; the liver span was normal. Strength was normal in the 
proximal arms but was decreased in both wrists (4 out of 5 bilaterally), the fingers 
(2 out of 5 on the left hand and 4 out of 5 on the right hand), the right hip (4 out of 5 
on flexion), the right foot (0 out of 5 on dorsiflexion), and the great toes bilaterally. 
There was interosseous muscle wasting in the left hand, and the circumference of the 
right calf muscle was less than that of the left calf muscle. The deep-tendon reflexes 
were symmetric in the arms but could not be elicited at the knees or ankles. No fas-
ciculations were observed. Sensation was diminished in the hands, predominantly in 
the ulnar-nerve distribution in the right hand and the median-nerve distribution in 
the left hand. The feet had diminished vibration sense and nociception. Ambulation 
without supportive bracing revealed a profound foot drop on the right side (see the 
video, available with the full text of this article at NEJM.org).
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The examination suggests asymmetric motor and 
sensory neuropathies of the peripheral nervous 
system, predominantly involving the distal-nerve 
distributions. It might be tempting to refer to the 
patient as having neuropathy in a “glove and 
stocking” distribution, but the patchy and asym-
metric sensory loss in his hands (medial right 
hand and lateral left hand) does not fit this pat-
tern. The symptoms developed in several locations 
over time, findings consistent with a multiple 
mononeuropathy (or mononeuropathy multiplex), 
which typically is manifested by findings in sev-
eral focal, noncontiguous nerve distributions. A 
less likely explanation would be multiple radic-
ular neuropathies with sensory and motor in-
volvement, such as may occur in Lyme disease 
or lymphomatous infiltration. The differential 
diagnosis for mixed motor and sensory multiple 
mononeuropathy includes hereditary neuropathy 
with a propensity for pressure palsies, diabetic 
neuropathy, vasculitides (systemic and nonsys-
temic), sarcoidosis, infectious processes (e.g., lep-
rosy, Lyme disease, syphilis, cytomegalovirus 
infection, human immunodeficiency virus [HIV] 
infection), amyloidosis, and neoplastic infiltra-
tion (most commonly lymphomatous). Given the 
patient’s concurrent fevers, the relatively rapid 
progression of his symptoms, and his marked 
pain, an infectious or inflammatory neuropathy 
seems the most likely explanation. Information 
regarding his medical and social history may al-
low us to further focus the differential diagnosis.

The patient had undergone coronary-artery bypass 
grafting 15 months earlier, which had been com-
plicated by a hernia in the upper abdominal wall 
that was repaired with surgical mesh. The pa-
tient’s medical history also included hepatitis B 
virus (HBV) infection, gout, hyperlipidemia, hyper-
tension, gastroesophageal reflux, and hypothy-
roidism. Medications at the time of presentation 
included aspirin, a 3-hydroxy-3-methylglutaryl 
coenzyme A (HMG-CoA) reductase inhibitor, a 
beta-blocker, an angiotensin-converting–enzyme 
inhibitor, ibuprofen, levothyroxine, and a proton-
pump inhibitor.

Drug-induced fever should always be considered 
in febrile patients, but this patient’s medications 
are not commonly associated with fevers. HMG-
CoA reductase inhibitors may cause myositis but 
would not explain peripheral neuropathies.

The history of relatively recent surgical proce-
dures prompts consideration of delayed suppura-
tive complications (e.g., infection of the mesh 
repair or sternal osteomyelitis), but the clinical 
history is not consistent with a localized pyogenic 
process. Two additional components of the medi-
cal history warrant particular attention. One is 
the hypothyroidism. Neuropathy may occur with 
hypothyroidism (secondary to nerve entrapment 
in edematous tissues) or hyperthyroidism; hy-
perthyroidism may also be associated with fever. 
The other potentially relevant issue is the HBV 
infection, which is associated with a painful vas-
culitic neuropathy, most commonly polyarteritis 
nodosa. Furthermore, chronic hepatitis infection 
can lead to hepatocellular carcinoma, which is a 
noninfectious potential source of fever and neu-
rologic paraneoplastic syndromes. Moreover, the 
presence of HBV prompts consideration of other 
bloodborne viral pathogens such as HIV, which 
has neuropathogenic effects, and hepatitis C vi-
rus (HCV), which can cause mixed cryoglobuli-
nemia with consequent neuropathy.

The patient had received a diagnosis of HBV in-
fection during evaluation of elevated amino-
transferase levels (at six times the upper limit of 
the normal range), which had been discovered at 
the time of his hernia repair. At the time of diag-
nosis, 4 months before the onset of fevers, test-
ing was positive for IgM antibody against hepati-
tis B core antigen (HBc) and for the detection of 
hepatitis B surface antigen (HBsAg). The albu-
min level was normal. There were no bleeding 
complications with surgery. The patient reported 
that he had been a regular blood donor until 
about 2 years before this presentation, and he 
had never been declined. He was asymptomatic 
at the time of diagnosis and received no treat-
ment. Aminotransferase levels had normalized 
when rechecked a few months later.

The incidental discovery of elevated aminotrans-
ferase levels and a positive test for anti-HBc IgM 
antibody after the patient’s abdominal surgery is 
surprising. His history of multiple successful blood 
donations implies repeated negative serologic 
testing, although serologic status can vary over 
time. More recent acquisition could have occurred 
through sexual contact, recreational-drug use, or 
as a complication of cardiac surgery (through 
contaminated blood transfusions or medications). 
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Subacute HBV infection complicated by polyarteri-
tis nodosa could explain the patient’s fever, fatigue, 
and progressive painful neuropathies. Long-term 
complications of HBV infection seem unlikely, 
since his history suggests recent infection. Co-
infection with HIV, HCV, or both could also ex-
plain the clinical picture.

The patient was a retired engineer living in the 
Southwest, but he frequently traveled to the 
Northeast to visit family. His most recent travel 
outside the United States was more than 10 years 
ago. He had worked in Vietnam 30 years before 
presentation and had been sexually active during 
that time. He had a history of genital infection 
with herpes simplex virus. At the time of presenta-
tion, he was married and monogamous with his 
wife, although they had not been sexually active 
for several years. He had drunk two glasses of 
wine nightly until stopping 3 months before pre-
sentation, and he reported no tobacco or current 
or previous illicit drug use. He had no pets or close 
exposures to animals, aside from occasionally re-
moving rodents that became trapped in his ga-
rage. He avoided unpasteurized dairy products.

The patient’s exposure history includes a geo-
graphic risk for tickborne diseases, of which 
Lyme disease can cause neuropathy, and endemic 
fungal infections, for which neuropathy would 
be a rare manifestation. His remote history of 
residing in Vietnam confers some risk of distant 
infection with tuberculosis, which can reactivate 
after many years of latency and which can be as-
sociated with peripheral neuropathy, albeit rare-
ly. A remotely acquired infection is possible, since 
late complications of tertiary syphilis or HIV in-
fection can include central or peripheral neu-
ropathies (or both), which would be consistent 
with the patient’s pain and weakness in the ex-
tremities, although they are less likely to explain 
his fevers. Cryoglobulinemia should be consid-
ered, since it has a strong association with HCV, 
which can lead to coinfection in a patient with 
HBV. Finally, rodents can transmit both relapsing 
fever and rat-bite fever, which can be manifested 
by fever and joint pain, but these are typically 
acute illnesses, and neuropathy is not character-
istic of them. Alcohol use, vitamin B12 deficiency, 
and exposure to heavy metals are typically asso-
ciated with symmetric polyneuropathy rather 
than with mononeuropathies.

Laboratory testing revealed a normal basic meta-
bolic panel. The blood level of alanine amino-
transferase was 44 U per liter (normal range, 3 to 
78), aspartate aminotransferase 44 U per liter 
(normal range, 3 to 70), and alkaline phosphatase 
110 U per liter (normal range, 20 to 145). The cre-
atine kinase level was normal. The hematocrit was 
42.8%, the white-cell count 8000 per cubic milli-
meter (86% neutrophils, 3% monocytes, 3% eo-
sinophils, and 8% lymphocytes), and the platelet 
count 151,000 per cubic millimeter. The thyrotro-
pin level was normal. C-reactive protein was 3.1 mg 
per liter (normal range, <0.8), and the erythrocyte 
sedimentation rate was 18 mm per hour (normal 
range, 0 to 20). Serologic testing for HIV, HCV, 
and treponemal antibodies was negative. The hep-
atitis B viral load was 2.5 billion copies per millili-
ter. Testing for hepatitis D virus antigen was nega-
tive. Serum protein electrophoresis was notable 
for a slight elevation in the gamma globulin level 
without a clear monoclonal band. Testing for anti-
nuclear antibodies was negative. The antineutro-
phil cytoplasmic antibody (ANCA) titer was posi-
tive at 1:20 with a perinuclear pattern of staining 
(p-ANCA); staining for antibodies to proteinase 3 
was positive, and staining for antibodies to myelo-
peroxidase was negative. Nerve-conduction stud-
ies revealed features of an asymmetric, axonal 
sensory and motor polyneuropathy, primarily af-
fecting the legs but also involving the left arm. 
Examination of a specimen from a right superfi-
cial peroneal-nerve biopsy showed active vasculi-
tis with ischemic damage to the nerve and acute 
axonal degeneration (Fig. 1). A specimen from a 
concurrent peroneus brevis muscle biopsy also 
showed an acute inflammatory myopathy with 
ongoing muscle-fiber destruction and regenera-
tion, as well as a vasculitis and early changes of 
secondary neurogenic atrophy.

The nerve-conduction studies confirm overlap-
ping multiple mononeuropathies, and the findings 
on examination of nerve-biopsy and muscle- 
biopsy specimens are consistent with vasculitis. 
In a patient with hepatitis B viremia, the find-
ings are consistent with HBV-associated poly-
arteritis nodosa. Although positive ANCA levels 
are commonly associated with microscopic poly-
angiitis, this diagnosis should not be made 
when HBV is present. The patient merits imme-
diate treatment for both HBV infection and 
polyarteritis nodosa.
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The patient was initially treated with entecavir, 
tenofovir, and plasma exchange. He had an im-
mediate virologic response, resolution of fever, 
and moderate improvement in neuropathic 
symptoms. After several weeks of viral suppres-
sion, glucocorticoids were added to his regimen, 
with further improvement in symptoms. Plasma 
exchange was discontinued, and the dose of glu-
cocorticoids was tapered after 1 year. The leg 
pain and weakness gradually improved over a pe-
riod of months, but the patient did not have full 
recovery of function. After 2 years of antiviral 
therapy, he had evidence of hepatitis B e antigen 
(HBeAg) and HBsAg seroconversion (i.e., testing 
was negative for HBeAg and HBsAg and positive 
for anti-HBsAg and anti-HBeAg antibodies). The 
hepatitis B viral load was below the assay’s limit 
of detection.

Commen ta r y

In this case, a patient presenting with relatively 
nonspecific symptoms (pain, fever, and subjective 
weakness) was found to have striking findings 
on physical examination that were suggestive of 
mononeuritis multiplex, focusing the differential 
diagnosis. The diagnostic approach to neuropathy 
includes evaluation of the tempo, distribution 
(focal, diffuse, or symmetric), and type (sensory, 
motor, or both) of symptoms. The patient’s rapid 
progression of symptoms, painful neuropathy, 
multifocal involvement, and concurrent inflam-
matory symptoms pointed to a vasculitic cause; 
peripheral neuropathy is the presenting symptom 
of systemic vasculitis in up to 55% of patients.1

Classification of the systemic vasculitides has 
been inconsistent, complicating the assessment 
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Figure 1. Nerve-Biopsy Specimens.

Specimens from a nerve biopsy show vasculitis and nerve-fiber loss. A marked inflammatory infiltrate is present in 
the wall of a medium-size vessel in the epineurium (Panel A, hematoxylin and eosin). The infiltrate consists predom-
inantly of CD3-positive T cells (Panel B, immunohistochemical staining with CD3), with fewer CD20-positive B cells 
(Panel C, immunohistochemical staining with CD20). Semithin sections show destruction of nerve fibers in the en-
doneurial compartment, with acute and chronic breakdown of myelin (Panel D, toluidine blue).
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of prognosis and treatment decisions.2 Classi-
cally, polyarteritis nodosa is a necrotizing vascu-
litis affecting medium-size or small arteries; in 
50 to 75% of patients, the peripheral nervous 
system is involved.1 The incidence of polyarteritis 
nodosa is estimated at 5 to 77 cases per million 
persons per year, of which about one third of 
cases are attributable to HBV, although this frac-
tion varies with local HBV burden.3 Clinical 
features overlap with those of microscopic poly-
angiitis, which targets arterioles, venules, and 
capillaries. Microscopic polyangiitis is more 
consistently associated with positive ANCA titers 
than is polyarteritis nodosa2; however, this pa-
tient’s low ANCA titer (positive at 1:20) and 
atypical p-ANCA–proteinase 3 pattern are not 
characteristic of microscopic polyangiitis. In ad-
dition, a consensus algorithm for the diagnosis 
of microscopic polyangiitis specifically excludes 
active HBV infection.2,3 It is important to obtain 
nerve-biopsy and muscle-biopsy specimens to 
confirm the presence of vasculitis; the specimens 
should be processed in specialized laboratories by 
personnel who have expertise in preparing such 
samples. In this case, the nerve-biopsy specimen 
confirmed a small-vessel and medium-size ves-
sel vasculitis, which in association with the HBV 
infection, supports the diagnosis of polyarteritis 
nodosa.4

HBV is a DNA virus transmitted through per-
cutaneous, sexual, and perinatal routes. Nosoco-
mial transmission is well documented5 and could 
account for this patient’s infection, given the tem-
poral proximity of his bypass surgery to the di-
agnosis. However, subclinical infection can per-
sist without detection for long periods, making 
it difficult to pinpoint the timing of viral acqui-
sition.6,7 Laboratory studies performed to distin-
guish acute infection from chronic disease flares 
are imperfect. The IgM antibody against HBc, 
classically considered an indicator of acute in-
fection, can be present in reactivation and flares 
of chronic infection. Higher titers of IgM anti-
body against HBc (e.g., >1:10,000) and relatively 
low HBV DNA levels (<0.5 pg per milliliter or 
<105 copies per milliliter) suggest acute infection 
in patients with symptomatic hepatitis,8-10 but 
the usefulness of these metrics in patients who 
are asymptomatic at the time of initial serologic 
testing is unclear. Acute hepatitis is associated 
with higher levels of necroinflammatory activity 
(as reflected by elevated levels of aminotransfer-

ases) and preserved indexes of synthetic function, 
including the prothrombin time8-10; peak viremia 
occurs before the onset of clinical hepatitis.11 At 
the time of his diagnosis with HBV infection, 
this patient had a normal albumin level and did 
not have excessive surgical bleeding to suggest 
coagulopathy; however, his viral load was high 
when he presented with neuropathy, a finding more 
consistent with chronic infection. Thus, from the 
available data, we cannot distinguish whether his 
hepatitis was acute or chronic at presentation.

Acute HBV infection has a high rate of spon-
taneous clearance or viral control and a low rate 
of fulminant hepatic failure. Chronic HBV infec-
tion more commonly requires treatment, a deci-
sion that is based on disease activity as measured 
by HBV DNA level, HBeAg status, persistently el-
evated alanine aminotransferase levels, and the 
extent of necroinflammatory activity on biopsy.12 
Extrahepatic manifestations of HBV infection, 
such as polyarteritis nodosa, require immediate 
treatment.

Polyarteritis nodosa caused by HBV infection 
generally requires both immunosuppressive and 
antiviral therapy, since the disease appears to be 
driven by viral replication and immune-complex 
formation and deposition.3 Although there is a 
paucity of data from clinical trials, observational 
data from patients treated with antiviral therapy 
in combination with immunosuppression suggest 
improved event-free survival relative to historical 
controls treated only with immunosuppression.3,13 
Managing coincident HBV infection and polyar-
teritis nodosa is challenging. Immune suppres-
sion is warranted to arrest tissue damage caused 
by vasculitic inflammation but may promote 
uncontrolled viral replication and fulminant 
hepatitis.14 To balance these concerns, treat-
ment strategies generally involve simultaneous 
immune suppression, targeted antiviral therapy, 
and plasma exchange to eliminate immune com-
plexes.3,13 Some clinicians favor not initiating im-
munosuppression until viral control is established, 
as was the strategy in this patient, but immedi-
ate initiation of immunosuppression together with 
antiviral therapy has also been reported to result in 
good outcomes.3,13 The duration of antiviral thera-
py is guided in part by seroconversion (i.e., nega-
tive antigen and positive antibody titers); after 
stopping treatment, HBV DNA levels should be 
monitored to ensure that they remain undetect-
able. Neuropathic symptoms often have delayed 
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responses to treatment, with clinically significant 
changes reported months to years after the initia-
tion of therapy in many cases; improvements in 
motor deficits are often greater than improve-
ments in sensory deficits.1

In this case, a careful physical examination 
converted a general symptom of “weakness” to 
a specific finding of multiple mononeuropathy. 
This observation focused the differential diagno-
sis rapidly and helped facilitate recognition of 
the importance of the patient’s HBV infection in 

distinguishing among diagnostic possibilities, re-
sulting in timely diagnosis of polyarteritis nodosa 
and effective treatment, with a good, albeit in-
complete, clinical response.
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