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Article summary: Pellagra is a clinical syndrome caused by a deficiency of niacin (nicotinic acid) 

and/or its precursor tryptophan. The cardinal manifestations are 4 D’s- dermatitis, diarrhoea, 

dementia and in worst case death. Increased use of isoniazid prophylaxis along with 

antiretroviral therapy in countries where latent tuberculosis is common has been associated with 

increased presentations with pellagra.
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Introduction:

The World Health Organisation (WHO) recommends isoniazid preventative therapy for routine 

use in patients receiving antiretroviral treatment in HIV in countries where latent tuberculosis is 

common.1 An associated increase in pellagra has been seen.

`

Methods/ Search strategy: We searched relevant papers related to pellagra and its various 

causes. We used Medline (NCBI, searched through EBSCO) search through Studynet access from 

the University of Hertfordshire, EMBASE, CINAHL, Google Scholar and Pubmed. Eligible studies 

were case reports, journals, retrospective and prospective studies reported worldwide. We did 

not restrict searches by language. This was not a formal systematic review, but we attempted, 

with this search, not to miss information about which we were not previously aware.

Background: 

Pellagra is a clinical syndrome characterised by dermatitis, diarrhoea dementia and if untreated 

may result in death. A deficiency of niacin causes it. Pellagra was initially described by a Spanish 

Physician Gasper Casal. Previously nutritional deficiency was the leading and recognised cause of 

pellagra in the world. This is no longer the case in the developed world where it has been almost 

eradicated as a manifestation of primary nutritional deficiency. Instead,  chronic alcoholism, 

malabsorption syndrome, anorexia nervosa and drug-induced niacin deficiency are the leading 

causes of pellagra in such settings.2,3 In low-income economies of Africa and Asia, pellagra 

remains a problem and upsurge of cases have occurred worsened by periods of inadequate food 

supplies.  Malfait et al. described an epidemic of pellagra among Mozambican refugees after a 

change in protein supplements in their food rations in a refugee camp in Malawi.4 Associated 

with the food insecurity triggered by the civil war, many cases of pellagra were reported during 

and after the war in Angola.5 In an impoverished population in central Malawi, an outbreak of 

pellagra was reported due to lack of niacin in the diet and niacin fortification was suggested as 

one way to stop pellagra in that setting.6

For many years, pellagra was thought to be a form of leprosy and regarded as an insect-borne 

communicable disease until Casmiri Funk in 1912 proposed the vitamin hypothesis of pellagra as A
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a diet-related disease.2  Later in the 20th century an American public health doctor, Joseph 

Goldberger reported his study in which he experimented induction of pellagra in prison inmates 

by changing their diet and later correcting the condition by a diet supplemented with meat and 

vegetables. He established nutritional factor as a cause of pellagra, but the deficient nutrient was 

still unrecognised.2,7 It only became evident when Conrad Elvehjem and co-workers showed cure 

of pellagra with niacin when treating black tongue disease in dogs and pellagra-like condition in 

rats.2,7

The deficient molecule, niacin (vitamin B3), refers to pyridine compounds, namely nicotinic acid 

and nicotinamide. It is a water-soluble vitamin which is readily converted to nicotinamide-

adenine-dinucleotide (NAD) and its phosphate (NADP) that are involved in metabolic reactions as 

hydrogen ion donors or acceptors. NAD is involved in glycolysis and catabolism of protein and 

alcohol, whereas NADP acts as a hydrogen acceptor in the electron transport chain and functions 

in cholesterol and fatty acid synthesis. These two pyrimidine compounds are essential for 

oxidative phosphorylation and DNA regulation.2,7,8 Deficiency of these coenzymes can inhibit the 

repair of cell damage and affect tissues with high cellular turnover such as the brain, 

gastrointestinal tract and skin.

Although the pathogenesis of photosensitivity in pellagra is reasonably complex, Karthikeyan et 

al. considered excess production of a photosensitiser, kynurenic acid and lack of urocanic acid. 

Production of kynurenic acid via the tryptophan-kynurenine-nicotinic acid pathway results from 

niacin deficiency. In its excess, the photo-exposed skin becomes more photosensitive.9 Urocanic 

acid is produced by the enzyme histidase in the stratum corneum and crucially protects the skin 

against harmful effects of UVB radiation. Niacin deficiency lowers the concentration of urocanic 

acid that leads to UVB induced photosensitivity.9,10

Sources of Niacin:

The body gets its niacin directly from the consumption of foodstuffs and is also able to produce 

it. The most abundant food sources of niacin include liver, poultry, fish, eggs, milk, meat, 

mushrooms, avocado, nuts and pulses.2,8 Tryptophan is one of the nine essential amino acids that A
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humans cannot synthesise and is used by the body to synthesise niacin. The other amino acids 

are phenylalanine, valine, threonine, leucine, isoleucine, lysine, methionine and histidine. 1 mg of 

niacin may be formed from 60 g of tryptophan in a process which is a source of about 50% of 

body niacin requirements in most people.9 Since it is partially converted in the body to nicotinic 

acid, tryptophan is regarded as a provitamin. This conversion process requires vitamins B2 and 

B6. Lack of any of these vitamins, just like lack of tryptophan, may hence result in pellagra.7

For centuries, Maize (American corn) was the staple diet of Native Americans as it was cheap and 

easy to grow in abundance. They shared their home-grown vegetables with Europeans, and it 

soon became a popular and significant dietary component for impoverished populations like in 

Africa and India in the late 18th century. It also served as the main sustenance when other food 

products were scarce and was thus considered as a high-calorie diet of a poor man.2

For a long time, therefore, the prime reason for niacin deficiency was due to increased 

consumption of maize as the bound form of niacin content in maize is difficult to hydrolyse. Pre-

soaking in alkali before milling (“nixtamalisation” – from an Aztec word) improves the 

bioavailability of the niacin in maize but while traditional in southern and central America this 

procedure is rarely used elsewhere.11 Moreover, grains such as maize and jowar (sorghum) 

contain high levels of leucine that inhibits the conversion of tryptophan to niacin (conversion of 

quinolinic acid to nicotinic acid) and can cause niacin deficiency.3,12

Cutaneous presentation of pellagra (Table 1):

Pellagra manifests with a striking, symmetrical, well defined cutaneous photosensitivity, and this 

is a prominent feature of the disease (Figure). The rash usually starts on the sun-exposed areas 

as erythema, and subsequently, the skin progresses to leathery hyperpigmented plaques.13,14 

Typically, the changes are not of classical dermatitis in late stages and can be recognised as 

distinct by a dermatologist. It can affect skin appendages such as nails.15

Another classical feature is a hyperpigmented well defined collar-like band around the neck that 

is commonly referred to as 'Casal's necklace'. 

Causes of Pellagra (Table 2):A
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Pellagra may result from inadequate intake of niacin or tryptophan from the diet (primary 

pellagra) or from failure by the body to utilise niacin/tryptophan available to it for effective 

metabolic functioning (secondary pellagra). Primary pellagra is rare in developed countries but is 

still a problem in developing countries among populations where consumption of food with 

higher niacin and tryptophan content is less affordable. In developed settings, secondary pellagra 

is more common. Drugs, alcoholism, diseases of the gastrointestinal tract and malignancies are 

some of the common culprits for secondary pellagra.16  These factors cause secondary pellagra by 

compromising the metabolic pathway that produces niacin. We describe various causes of 

secondary pellagra and explain the mechanism for developing pellagra at a different level in the 

pathway of synthesis of niacin from tryptophan with the help of case reports as follow.

Drugs as a cause of pellagra:

The WHO recommends isoniazid for prophylaxis against tuberculosis (TB) in people treated with 

highly active antiretroviral therapy (HAART) in countries with a high incidence of TB.1 The risk of 

developing pellagra in HIV patients with latent TB who were given Isoniazid prophylaxis has been 

commented on.17 Isoniazid reduces niacin levels in two ways: it inhibits its intestinal absorption 

as well as inhibits its endogenous production from tryptophan.18 Essentially, the human body 

treats the structurally similar isoniazid as if it were niacin and so behaves as if niacin 

concentrations are sufficient. In HIV infected people, there is intracellular niacin depletion due to 

increased demand associated with the viral infection. This, in turn, enhances the utilisation of 

tryptophan towards producing the niacin, which leads to reduced serum tryptophan levels.19 

Thus decreased serum tryptophan level in HIV patients, especially with underlying malnutrition, 

is a triggering factor of isoniazid induced pellagra. Kipsang et al. reported a case of a thirty-year-

old patient with no history of TB in the past and no active signs and symptoms of TB whilst on 

antiretroviral treatment, withdrawal of isoniazid and dietary supplement of niacin made a 

remarkable recovery in the skin lesions.17 In 2014, Ma et al. reported a case of unusual cutaneous 

signs of pellagra like half and half nails in a 23-year-old man who was diagnosed with pulmonary 

TB.15 His signs and symptoms improved after INH withdrawal and niacin replacement. 
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Darvay et al. reported a case of isoniazid induced pellagra on a patient who presented with 

photosensitivity and diarrhoea following a triple therapy with Rifampicin, Isoniazid, Pyrazinamide 

and eight months’ maintenance dose of isoniazid for tuberculosis.20 Phototesting revealed 

abnormal photosensitivity at longer wavelength UVA with reduced minimal erythema dose 

(MED) recorded at 340 and 360nm. The histological findings confirmed psoriasiform dermatitis 

with hyperkeratosis, acanthosis and perivascular inflammation in the upper dermis consistent 

with early skin changes in pellagra. It was hypothesised that prophylactic pyridoxine and isoniazid 

both competitively inhibit the synthesis of NAD and NADP and can manifest as pellagra.3,20 

Discontinuation of Isoniazid and concurrent supplementation of oral niacin resulted in 

remarkable improvement.  

Gupta and Shah reported pellagra induced by a second-line anti-TB drug, ethionamide, in a 

thirteen-year-old girl with TB.21 Ethionamide inhibits the conversion of tryptophan to niacin and 

replaces NAD from the metabolic pathway. Hepatotoxicity induced by the drug may also lead to 

hepatic underutilisation of niacin and tryptophan that may precipitate pellagra. The paper 

highlighted the WHO recommendation of 3-4 weeks treatment of daily dose of niacin in divided 

doses.

Certain chemotherapeutic agents competitively inhibit the production of nicotinic acid and its 

compounds NAD and NADP. Fluorouracil can hinder the conversion of tryptophan to niacin and 

6-mercaptopurine can impair the conversion of nicotinic acid to NAD and NADP.22

Alcohol-induced pellagra:

De Oliveira Alves et al.23 reported a case of a seropositive HIV patient with a history of alcohol 

excess who presented with systemic symptoms, progressive disorientation and skin 

manifestations of pellagra. Treatment with high protein, high-calorie diet and nicotinamide at 

600mg/day and showed rapid improvement in the skin lesions after three weeks of treatment.23 

Chronic alcoholism leads to inhibition of tryptophan 2,3-dioxygenase, a rate-limiting enzyme of 

the hepatic kynurenine pathway of tryptophan degradation and niacin synthesis, resulting in 

pellagra.24 Direct damage of intestinal villi may also lead to intestinal absorption of niacin and A
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tryptophan, leading to pellagra in alcoholics.25 Hiraga et al. reported a rare case of laryngitis, 

glossitis and psychosis in a chronic alcoholic as a manifestation of pellagra.26 Unlike the weakness 

in the extremities which improved with thiamine therapy, glossitis, hoarseness of voice and 

psychosis only showed a marked recovery soon after the administration of niacin. Laryngitis may 

be an underreported feature of pellagra induced mucositis. 

Metabolic steal as a cause of pellagra:

Carcinoid tumours arise from neuroendocrine cells. There are several types of neuroendocrine 

tumours, but they are generally classified under two main types; carcinoid tumours and 

pancreatic neuroendocrine tumours. Ninety percent originate from embryonic midgut (distal 

ileum, appendix) and 10% from foregut and hindgut. The tumour cells are capable of producing 

excess 5-hydroxytryptamine (serotonin) from tryptophan. Tryptophan acts as a precursor of both 

niacin and serotonin. In physiological limits, only 1% of tryptophan is catabolised to serotonin. In 

carcinoid syndrome, 99% of tryptophan can be catabolised to serotonin that leaves less of it 

available for producing niacin and NAD/NADP. This has been termed 'the metabolic steal', and 

this disruption can cause niacin deficiency.27-29 

In a systematic evaluation of niacin status in a cohort of 36 carcinoid patients with carcinoid 

syndrome (CS) and 32 without carcinoid syndrome, Shah et al. found low niacin levels in 28% in 

the former group compared with 13% in the latter.27 Pellagra was seen in only 1 of the 10 

patients in the former group. While niacin deficiency is more prevalent in carcinoid syndrome, 

clinical pellagra is less prevalent and cannot be used as a marker of nutritional replacement in CS 

patients.27 

Bouma et al. conducted a quantitative study to assess patients with various neuroendocrine 

tumours for their niacin status and signs of pellagra before and after niacin supplement.29 Based 

on elevated platelet serotonin, urinary 5-hydroxyindoleacetic acid and plasma concentration of 

tryptophan, they identified 14 out of 34 patients who had low levels of urinary niacin metabolite A
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N1-methylnicotinamide (N1-MN), a marker of body niacin levels,30 at the start of niacin 

supplementation as compared with healthy controls. Niacin supplementation increased N1-MN 

levels in 12 of the patients highlighted depletion of niacin levels in patients with neuroendocrine 

tumours like CS.  For reversal of pellagra and its complications in CS unlike in nutritional 

deficiency, the recommended treatment is the supplementation with niacin instead of 

tryptophan as an excess of tryptophan could result in undesirable serotonin production.28,29

Pellagra in connective tissue diseases:

A case of a 27-year-old woman with primary Sjögren’s syndrome was reported to have presented 

with a pellagra rash and positive anti-nuclear antibodies, anti-SS-A and anti-SS-B antibodies.31 

Immunohistochemical analysis showed a dermal infiltrate of CD4 T lymphocytes which they 

proposed was an indication of autoimmune disease activity, which is correlated with depletion of 

tryptophan. A significant and drastic improvement of rash after administering niacin highlighted 

tryptophan depletion in primary SS as possible reasons causing pellagra in their patient.

Malabsorption syndromes and Pellagra

Several abnormalities with the gastrointestinal tract that negatively affect its function may result 

in pellagra. Patel and Prabhu reported a case of a 10-year-old girl with an autosomal recessive 

Hartnup’s disease who presented with pellagra-like skin changes, psychiatric symptoms, 

cerebellar ataxia and neutral aminoaciduria.32 The causative gene SLC6A19 is responsible for 

over-expression of the sodium-dependent and chloride-independent amino acid transporters in 

the kidneys and the intestine. When abnormal, it can cause defective transport of tryptophan 

that results in its excessive excretion in faeces and urine, causing malabsorption. The diagnosis 

can be confirmed by demonstrating indicanuria and aminoaciduria.

Crohn’s disease has been reported to result in pellagra in a young woman due to direct 

malabsorption of nicotinic acid and improvement was noticeable following intramuscular 

treatment with nicotinic acid.33 Hui et al. reported a case of a 49-year-old woman with Crohn’s 

disease who developed pellagra as a result of an inadequate intake following a rigorous and strict 

dietary regimen followed to avoid foods that could exacerbate the condition.34A
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Management of Pellagra:

The basic principle of treating pellagra is the correction of underlying factors resulting in niacin 

deficiency, but niacin replacement is a must. For susceptible individuals, preventive measures 

would reduce the chances of developing the disease. One such step is supplementation. The 

WHO recommended intake is 6.6 niacin equivalents per 1000 kcal for adults and children of 6 

months or older. Due to the increased energy requirement of 300 kcal/day in pregnant and 

lactating women, the WHO recommends an additional 2 niacin equivalents daily. Infants up to 6 

months who are exclusively breastfed can get 8 niacin equivalents per 1000 kcal from a well-

nourished mother. 

For patients who need isoniazid for TB prophylaxis, nicotinamide or B complex multivitamin 

supplementation would be initial steps towards pellagra prevention.35 Since slight changes in 

protein content among vulnerable populations may result in pellagra, nutritional supplement 

and/or fortification of their food with to increase niacin or tryptophan content and food 

supplementation are preventive.6,36 Correct dosing of culprit drugs is another preventative 

measure. Weight dependent dosing (5mg/kg body weight) of isoniazid for prophylaxis has also 

been suggested as helping to prevent pellagra.17 

Pellagra is treated by niacin. The WHO has recommended niacin to treat pellagra at 300 mg in 

divided doses for up to 4 weeks. Mucositis and diarrhoea will improve within days, and 

neuropsychiatric changes improve in the first week. Skin changes may take a while to resolve 

totally.9 If possible, it is, of course, better to prevent pellagra from developing in the first place, 

such if it is anticipated in an emergency.37

Conclusion:

In conclusion, this article review has highlighted various causes of pellagra and related skin and 

systemic manifestations related to niacin deficiency. It includes a detailed explanation of changes 

in biochemical pathways that lead to clinical manifestations of pellagra. Other unusual features 

are seen in patients with secondary pellagra like half and half nails and pellagra laryngitis causing A
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hoarseness of voice demonstrate our increased knowledge about pellagra but challenges us 

more to look for the diversity of pathologies that pellagra can cause. Pellagra is usually easily 

diagnosed clinically but can be missed if not considered.
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Table 1. Causes of pellagra: 

 

Primary due to inadequate niacin intake 

Nutritional:        Reduced intake 

                         Maize and sorghum (jowar) diet 

                         

Secondary due to defective absorption or processing of niacin 

- Malabsorption:  Inflammatory bowel disease- Crohn’s disease 

                                   Major gastro-intestinal surgeries 

                                   Jejuno-ileitis 

                         

- Impaired absorption of tryptophan and niacin by gastric mucosa 

                          Chronic alcoholism 

                          Primary Sjögren’s syndrome 

 

Infection:         HIV 

 

Drug induced: Isoniazid, Ethionamide, 6-mercaptopurine, 5-fluorouracil, 

         pyrazinamide, phenytoin, azathioprine, phenobarbitone. 

 

Metabolic:       Hartnup’s disease 

                         Carcinoid syndrome 
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Table 2. Clinical Presentation of Pellagra: 

 

Dermatological manifestations: Bilateral, symmetrical, well-defined 

hyperpigmented, hyperkeratotic plaques limited to sun exposed sites 

with clear demarcation on the face, neck and dorsum of the hands and 

‘’stocking glove’’ distribution on the forearms, legs and feet.11,12 `Half and 

half nails.30  

 

 

Gastrointestinal manifestations: Glossitis and stomatitis. Painful red 

tongue. Mucosal inflammation and atrophy of the gastrointestinal tract 

leads to malabsorption and causes diarrhoea as a result. 

 

Neurological:  Loss of sensation, tremors, cerebellar ataxia, spasticity, 

muscle weakness, loss of deep tendon reflex, peripheral neuritis, coma.1   

 

Psychological: Mood changes, poor memory, cognitive impairment, 

hallucination and stupor. 
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