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A Color-conscious Diagnosis

A 36-year-old man from Russia was admitted with disseminated extensively drug-resistant (XDR) tuberculosis. He had
clinical, radiological, and microbiological evidence of pulmonary tuberculosis and tuberculosis meningitis. Culture
of the Mycobacterium tuberculosis from his cerebrospinal
fluid revealed it to be XDR. He was also found to be human
immunodeficiency virus (HIV) infected (CD4 T-cell count
11 cells/μL) and hepatitis C positive (F2/F3 fibrosis on histology). He was commenced on rifabutin/isoniazid/pyrazinamide/ethambutol and 3 weeks later on antiretroviral therapy
(emtricitabine/tenofovir and dolutegravir). His tuberculosis
therapy was changed when it was found to be XDR as well as
in response to medication side effects and clinical/radiological
deterioration (Figure 1). On this therapy, his weight climbed
from 55 kg to 62 kg and all of the tuberculosis cultures taken
after the start of tuberculosis therapy (including 7 cerebrospinal fluid cultures) were negative. During the last 4 months of
his 27-month therapy, however, he developed progressively
worse watery diarrhea (up to 7 stools per day) without any

Figure 2. A, Patient’s arm (right) at end of therapy compared to healthcare worker
(left). Unstained formalin-fixed, paraffin-embedded (FFPE) colonic (B) and jejunal (C)
biopsy (unstained 5-μm FFPE tissue sections, ×400 magnification).
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Figure 1. Clinical timeline of change in weight and clinical events including
antimicrobial therapy. Abbreviations: BD, twice daily; dt, due to; MDR, multidrug-resistant; OD, once daily; TB, tuberculosis; TID, 3 times daily; XDR, extensively
drug-resistant.

systemic symptoms. His weight dropped to a nadir of 44 kg
(body mass index, 14.2 kg/m2) 1 month after finishing his
tuberculosis therapy. At this point, his CD4 count had risen to
82 cells/μL and his HIV viral load was remained undetectable
(as it had been since month 2 of his antiretroviral therapy).
His C-reactive protein level remained <3 mg/L and an extensive workup for infectious causes of his diarrhea was negative.
Colonoscopy, duodenoscopy, and gastroscopy were normal.
Biopsies from these sites utilizing routine hematoxylin and
eosin stains of formalin-fixed, paraffin-embedded tissue were
initially reported normal. The constellation of clinical and
laboratory findings, however, led the attending physicians to
request a repeat look at the gastrointestinal tract biopsies, this
time also including fluorescence microscopy of unstained sections from the same samples (Figure 2).
What is your diagnosis?
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The enteropathy symptoms may persist for up to 22 months
following cessation of the drug [2]. Experimental evidence from
humans, mice models, and cell lines suggests that this enteropathy is induced by crystal and precipitate deposition in the
small bowel lamina propria [6–8]. This deposition is mainly
intracellular where the drug leads to a range of effects including
mitochondrial degeneration [8].
Being lipophilic, clofazimine is partly lost during routine
tissue processing and staining procedures [6, 8]. Autofluorescent
deposits of clofazimine in tissue samples can therefore best be
studied in unstained cryostat sections [3, 8]. As these were not
available in our case, we analyzed unstained sections from FFPE
tissue instead. The extensive autofluorescent deposits observed
within the cytoplasm of cells inside the lamina propria of colon
and jejunal biopsies of this patient (Figure 2) strongly resemble
typical examples of clofazimine toxicity reported in the literature [3, 8].
The patient was on no other medications known to cause
autofluorescent deposits. Similar autofluorescent deposits were
not seen to the same extent and intensity in 15 additional tissue
sections of colonic biopsies from unrelated patients who had not
been exposed to clofazimine (ie, colonic biopsies of 5 patients
with normal colonic histology, 5 patients with pseudomelanosis coli, and 5 patients with inflammatory colitis; D. Peeters,
unpublished data).
Clofazimine is almost exclusively eliminated via the liver, and
although no studies have evaluated dosage adjustment in the
setting of hepatic impairment, it is possible that patients with
impaired liver function such as our patient may require a reduced dose of clofazimine.
Our patient had gradual but eventually complete resolution
of his diarrhea over a 6-month period following the end of
therapy. His CD4 T-cell count remained low (135/μL), albeit
with persisting suppressed HIV viral load, and he was commenced on sofosbuvir/velpatasvir for his hepatitis C infection.
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Figure 3. A, Patient’s arm (right) at end of therapy demonstrating marked wasting
and discolored skin compared to healthcare worker (left). Unstained formalin-fixed,
paraffin-embedded (FFPE) colonic (B) and jejunal (C) biopsy showing intense autofluorescent deposits (arrowheads) in cells inside the lamina propria (arrows)
(unstained 5-μm FFPE tissue sections, ×400 magnification).
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Diagnosis: Clofazimine enteropathy.
Unstained slides prepared from the formalin-fixed, paraffin-embedded (FFPE) tissue of jejunal and colonic biopsies
revealed extensive intracellular deposits of an autofluorescent
substance inside the lamina propia of the patient’s colon and jejunum (Figure 3). We were unable to unambiguously identify this as
clofazimine, but the unique microscopic and clinical features were
typical of clofazimine toxicity described in previous studies [1–6].
Clofazimine, an autofluorescent iminophenazine bright-red
dye, is highly lipophilic and has a half-life of up to 70 days [4]. As
a result, its use is associated with extensive accumulation at multiple sites, but mainly in cells of the reticuloendothelial system.
Most patients on long-term therapy develop skin discoloration
and 40%–50% have gastrointestinal symptoms. These include
gastrointestinal bleeding, chronic diarrhea, malabsorption,
bowel obstruction, and death [1, 3, 5]. An autopsy study of a
patient who died from intractable diarrhea and hypokalemia following long-term clofazimine use found highest concentrations
of the drug in the jejunum (1.5 mg/g) followed by the spleen,
pancreas, adrenal glands, and large intestine. The autofluorescent clofazimine tissue deposits were clearly visible before tissue
staining, but only poorly visible after tissue staining [3].
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