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Abstract. In mid-June 2019, 3 months after cyclone Idai landfall in Mozambique, health authorities of Nhamatanda
district reported an outbreak of Pellagra. Applying a mixed-method protocol, we carried out an investigation to char-
acterize cases of pellagra, identify the associated factors for the outbreak using a case–control study, and explore the
perceived impact on foodsecurity (availability, access, andusage) before andafter Idai.Wecollecteddata from121cases
and 121 controls and conducted in-depth interviews with 69 heads of households. The cases were more likely to be
female (P < 0.01) and less educated (P < 0.01) than controls. Insufficient consumption of chicken and peanut before
cyclone Idai arrival were statistically associated with pellagra (P < 0.05). From interviewed households’ heads, 51%were
experiencing food shortages even before the cyclone hit. Cyclone Idai served as a trigger to reduce niacin consumption
below the threshold that protected Nhamatanda population from pellagra and caused a �2,300 case (707.9/100,000
inhabitants) outbreak.

OnMarch 14, 2019, Idai, a very powerful cyclone (level 4 in the
1–5 Saffir–Simpson scale1), reachedmainly the districts of Beira,
Búzi, Dondo, andNhamatanda, inSofalaProvince,Mozambique,
and was followed by heavy rainfalls and flooding. It destroyed
agricultural assets, livestock, and fisheries and threatened the
food security of hundreds of thousands of people across the four
districts. In mid-June 2019, health authorities of Nhamatanda
district reported a pellagra outbreak (�100 cases) among people
living in/or around resettlement centers hostingdisplacedpeople.
Nhamatanda (�322,511 inhabitants; 20172) is one of the poorest
districts in Sofala Province; most inhabitants are small farmers
practicingsubsistenceagricultureandpetty traders.Thedistrict is
self-sufficient in the production of corn, the region’s staple food.
Pellagra is a disease caused by a deficiency of niacin (vitamin

B3) and tryptophan in the body, due to either malnutrition or ab-
sorption problems.3–5 The characteristic manifestations are der-
matitis, diarrhea, anddementia. If untreated, it can lead todeath.6,7

The diagnostic is based on dermatological signs and can be
confirmed by low levels of niacin metabolites in urine. Worldwide,
pellagra was a public health problem until mid-twentieth century.
Currently, it is an uncommon disease, due to the consumption of
enriched diets with vitamins and/or consumption of nixtamalized
maize (acookingprocess forpreparationofcorn that increases the
availability of niacin) where corn is a staple food.8–10

Between June 29 and July 19, we investigated the pellagra
outbreak in Nhamatanda district, applying a mixed-method
protocol to characterize cases of pellagra, identify factors
associated with case occurrence, and explore the perceived
impact on food security (availability, access, and usage) be-
fore and after Idai arrival using an in-depth interview. The

Ethical ResearchCommittee of theNational Institute of Health
of Mozambique granted ethical approval, and oral informed
consent was obtained.
Anunmatchedcase–control studyaimed to include138cases

and 138 controls to provide 80% power to detect an odds ratio
(OR) ³ 2 using a 5% significance level. Cases were defined
clinically by the presence of bilateral and symmetrical dermatitis
in body regions exposed to sunlight (face, lips, hands, arms, and
legs), or typical Casal’s necklace. Cases were identified in the
district medical records or through active case searching in
hamlets, followed by clinical diagnosis from experts. Individuals
without dermatological features and not using a vitamin sup-
plement30daysbeforeenrollment,who lived inproximity toeach
case, servedascontrols; theywerechosenbasedonproximity to
the age-group (< 5, 5–14, and > 14 years) of the cases.
Participantswere visitedonceat their homes. Through face-

to-face interviews, we recorded sociodemographic and epi-
demiological data and potential risk factors based on dietary
patters from January through mid-March (before Idai arrival)
and frommid-March to July (after Idai landfall). Parents and/or
legal guardians provided answers for their children. Interviews
were translated into Sena (the local language) as needed.
Characteristics of cases and controls, including food con-
sumptionpatternsbefore andafter Idai arrival, were compared
using a chi-square test or Fisher’s exact test. Each variable
with P < 0.25 was adjusted for gender in the multivariable
logistic regression, considering a two-tailed P-value < 0.05.
Because of difficulties in simultaneously coordinating the

inclusion of participants in the study, while providing assis-
tance to the population, we terminated participants’ enroll-
ment earlier, with a total of 121 cases and 121 controls from
nine hamlets. Among cases, 110 (90.9%)werewomen and six
(5%) were children < 5 years. Of 99 women aged ³ 15 years,
eight (8.1%) were pregnant and 48 (48.5%) were breastfeed-
ing. Dermatitis (rough skin) appeared on arms (92.0%), face
(41.6%), neck (40.7%), lips (23.0%), chest (5.3%), and legs
(2.7%) (Figure 1). And 6.6% of cases had stomatitis and 3.3%
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diarrhea, and none was hospitalized. Cases were more likely
to be female (P < 0.01) and less educated (P < 0.01) than
controls (Table 1). Insufficient consumption of chicken (gender-
adjusted OR = 2.04; 95% CI: 1.16–3.58) and peanut (gender-
adjustedOR=1.8; 95%CI: 1.02–3.17) before cyclone Idai arrival
was associated with pellagra (Table 2).
We performed in-depth interviews with 69 heads of

households from six hamlets with high frequency of pellagra.
To assess food security, weusedquestions adapted from “the
U.S. Adult Food Security Survey Module.”11 The key ques-
tions asked were “Is the food you buy enough to feed the
family for a month?” “Are you worried that the food would run
out before you can getmoney to buymore?” and “Have you or
other adults in the family reduced yourmeal or skipped ameal
because you do not have enough food? Households were
classified as short on food, if respondents answered that they
do not get enough food, they usually or sometimes worry
about running out of food, or if they skip meals or reduce the
amount of food during meals.
The median family size was six (interquartile range: 5–8)

members.Over half (51%)of the householdswereexperiencing

food shortages, usually consuming only 1–2 meals a day, with
very limited diversity and no snacks in between. The remaining
households still felt that food quantity and quality were lacking.
Poverty, characterized by low education (only 8.7% of house-
holds have at least one member with high school education),
low purchasing power (all were resource-poor farmers or fish-
ers), and few job opportunities (none had a formal job), makes
survival challenging. Respondents revealed that they do not
produce enough for their own year-round consumption and
some sell the crop to cover other needs. Food stocks are
generally exhausted in November, and people often go hungry
from January until the harvest in April. During the famine period,
some people develop “bacalhau” (local name for pellagra):
rough anddry skin that looks likedried codfish (alsobacalhau in
Portuguese).
When cyclone Idai arrived and floods washed everything

away,many households were already starving because of low
harvest in previous years. Some people remained without
food for up to 4 days until the arrival of food aid (essentially
rice, corn flour, sugar, peas, cooking oil, pasta, sardines, and
soy flour) distributed by humanitarian agencies. Because food

FIGURE 1. Pictures of patients with dermatological signs characteristic of pellagra at the time of case detection during an outbreak in Mozam-
bique. Arrows indicate typical dermatological features of pellagra cases identidied during the outbreak inMozambique. Skin lesions are observed in
(A and B) arms, (A, B, and C) chest (with typical Casal’s neck appearance), and (C) face. This figure appears in color at www.ajtmh.org.

2234 MUGABE AND OTHERS

http://www.ajtmh.org


supply decreased over time, hunger worsened, and some
households resorted towetted and spoiled corn in the fields to
supply their food needs. For long-term recovery, humanitarian
agencies supported communities through restockingdomestic
poultry and distributing seeds (maize, sesame, peanuts, beans,
and vegetables seeds). However, the rains that fell earlier this
year have once again destroyed crops in the fields.
The outbreak of pellagra in Nhamatanda is the second

recorded in Mozambique, after the first one affecting civil war
refugees returning from Malawi to Tete Province in 1995.12

During the Idai emergency, the first cases of pellagra were
detected by the outpatient clinic ran by Medicos Del Mundo,
an association that aims to provide the right to health, espe-
cially for vulnerable populations, such as victims of natural
disasters. Then, they initiated extensive active pellagra
surveillance across Nhamatanda district and trained health
technicians from other districts, also affected by cyclone
Idai, to detect potential cases. Between July 2019 andMarch

2020, the health system registered 3,590 (302.9/100,000
inhabitants) people with pellagra. Of these, 2,283 (63%)
were recorded in Nhamatanda (707.9/100,000 inhabitants)
(Figure 2).
For short-term treatment, doctors used vitamin B complex

pills and offered four packs (50 g each) of roasted peanuts and
a packet of niacin-enriched biscuits per patient; health status
improved a week after starting the treatment, confirming that
the disease was due to malnutrition and vitamin deficiency.
Poverty, natural disasters, climatic catastrophe, wars, migra-
tion, and refugee settings are the main fuel for pellagra
outbreaks3,13,14 as they limit theavailability andaccess to food
in quantity and quality necessary to feed affected people. Al-
though food aid relieved the impact of hunger, it failed to
provide enough essential nutrients. In Malawi (1989/90) and
Angola (2000), vitamin B complex and groundnuts were in-
cluded in the food basket as a preventivemeasure for pellagra
during outbreaks.3,13,14

TABLE 1
Characteristics of pellagra cases and controls from the general population, Nhamatanda, 2019

Cases with pellagra (N = 121) Controls from general population (N = 121)

Explanatory variable Number (%) P-value

Demographic characteristics
Gender

Male 11 (9.1) 54 (44.6) < 0.01
Female 110 (90.9) 67 (55.4)

Age (years)
0–4 6 (5.0) 5 (4.1) 1.00*
5–14 10 (8.3) 10 (8.3)
> 14 105 (87.6) 106 (87.6)

No. of individuals per family.
1–5 44 (36.4) 41 (33.8) 0.87*
6–10 65 (53.7) 66 (54.6)
> 10 12 (9.9) 14 (11.6)

Monthly family income in US$
£ 15.99 90 (74.4) 86 (71.1) 0.84
> 16.00 and £ 47.95 20 (16.5) 22 (18.2)
> 47.95 11 (9.1) 13 (10.7)

Education level
Illiterates 48 (39.7) 26 (21.5) < 0.01
Primary 62 (51.2) 74 (61.2)
Secondary 11 (9.1) 21 (17.3)

Employment
No 120 (99.2) 116 (95.9) 0.10
Yes 1 (0.8) 5 (4.1)

Self-reported health status
HIV status

Negative 53 (43.8) 54 (44.6) 0.29
Positive 15 (12.4) 8 (6.6)
Unaware 53 (43.8) 59 (48.8)

TB status
Negative 120 (99.2) 119 (98.3) 1.00*
Positive 1 (0.8) 2 (1.7)

Cyclone-related features
Got sick after cyclone

No 50 (41.3) 61 (50.4) 0.16
Yes 71 (58.7) 60 (49.6)

Resettled after cyclone
No 114 (94.2) 110 (90.9) 0.33
Yes 7 (5.8) 11 (9.1)

Food aid after cyclone
No 2 (1.7) 3 (2.5) 1.00*
Yes 119 (98.3) 118 (97.5)

Food offer
Increased 2 (1.7) 8 (6.6) 0.15
Unchanged 15 (12.3) 15 (12.4)
Decreased 104 (86.0) 98 (81.0)

* Fisher’s exact test.
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Our case–control study points to gender (female) and
education level (low) as factors associated with pellagra,
in agreement with findings from other countries.15 The in-
creased odds in women may be explained partly by cultural

(women depriving themselves of food to feed their children
or husbands) and physiological (hormone peaks and higher
bodily requirements during pregnancies and breastfeeding)
causes.15–19

TABLE 2
Odds ratios for associations between the pattern of food consumption before and after cyclone Idai arrival and pellagra in Nhamatanda, 2019

Explanatory variable

Cases (n = 121) Controls (n = 121)

Number (%) Crude OR (95% CI) Gender-adjusted OR (95% CI)

Before cyclone Idai landfall
Alcohol consumption

Twice a week or more* 4 (3.3) 3 (2.5) 1.34 (0.22; 9.37)† –

Corn consumption
Four times a week or more‡ 106 (87.6) 106 (87.6) 1.00 (0.47; 2.15) –

Meat consumption
Once a month or never§ 99 (81.8) 85 (70.3) 1.91 (1.04; 3.49) 1.91 (0.99; 3.68)

Milk consumption
Once a month or never§ 114 (94.2) 111 (91.7) 1.47 (0.54; 3.99) –

Egg consumption
Once a month or never§ 86 (71.1) 69 (57.0) 1.85 (1.09; 3.16) 1.74 (0.98; 3.11)

Chicken consumption
Once a month or never§ 76 (62.8) 56 (46.3) 1.96 (1.17; 3.28) 2.04 (1.16; 3.58)

Peanut consumption
Once a month or never§ 58 (47.9) 42 (34.7) 1.73 (1.03; 2.90) 1.8 (1.02; 3.17)

After cyclone Idai landfall
Alcohol consumption

Twice a week or more* 4 (3.3) 3 (2.5) 1.34 (0.22; 9.37)† –

Corn consumption
Four times a week or more‡ 57 (47.1) 58 (47.9) 0.97 (0.58; 1.60) –

Meat consumption
Once a month or never§ 115 (95.0) 108 (89.3) 2.31 (0.85; 6.29) 2.15 (0.73; 6.33)

Milk consumption
Once a month or never§ 118 (97.5) 114 (94.2) 2.42 (0.53; 14.77)† –

Egg consumption
Once a month or never§ 109 (90.1) 105 (86.8) 1.38 (0.63; 3.07) –

Chicken consumption
Once a month or never§ 107 (88.4) 101 (83.5) 1.51 (0.73; 3.16) –

Peanut consumption
Once a month or never§ 86 (71.1) 75 (62.0) 1.51 (0.88; 2.58) 1.49 (0.83; 2.68)

OR = odds ratio.
* Reference = once a week or never.
†Exact Fisher 95% CI.
‡Reference = three times a week or less.
§Reference = twice a month or more.

FIGURE 2. Temporal distribution of pellagra cases reported through passive surveillance in Sofala Province and through active surveillance in the
district of Nhamatanda, Mozambique, between July 2019 and March 2020. Source of data: mAlert platform, a Web-based platform hosted by the
Ministry of Health of Mozambique/National Institute of Health. This figure appears in color at www.ajtmh.org.
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The study had limitations. Logistical issues at the beginning
of the outbreak restricted enrollment of cases and controls,
and the final sample size may have reduced the study power;
thus, the ORs and 95% CIs should be critically interpreted,
even when the associations were not statistically significant.
Non-differential misclassification of exposure may have oc-
curred as it was based on participants recall. Serological tests
for niacin were not performed because there is no laboratory
capacity in Mozambique, and we were unable to collect
samples and send them abroad. Thus, our case definition,
which is based on dermatological features only, may have led
to a selection bias because of potential inclusion of controls
who had certain degree of niacin deficiency with no derma-
tological signs. If present, this bias would have reduced our
capacity of detecting associations between the pattern of
food consumption and pellagra but would not invalidate those
associations that we found. Finally, we possibly under-
estimated pellagra in children < 5 years because dermato-
logical symptoms are usually not classic in children.4

However, the findings, which were supported by in-depth
interviews, allowed us to conclude that people inNhamatanda
were already eating poorly even before the cyclone hit. Cy-
clone Idai however served as a trigger to reduce niacin con-
sumption below the threshold that protected them from
pellagra, by further limiting availability and access to sufficient
quantity and quality of food. Improvement food availability,
provision, and intake must be a priority to prevent pellagra
from becoming endemic and to limit the emergence of other
negative health outcomes. Further investigation is required to
determine the prevalence of niacin and other micronutrient
deficiency and their relationship with dietary intake in Nha-
matanda and elsewhere in Mozambique where people often
suffer from malnutrition.
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