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Abstract.

From September 2013 to July 2014, several gold miners working in the tropical forest consulted the

Maripasoula Health Center in French Guiana for edema and findings consistent with right-sided cardiac failure. Of
the 42 cases of beriberi that were diagnosed, one patient died. The laboratory and clinical investigation demon-
strated vitamin B1 deficiency in most of the patients tested. Furthermore, 30 of 42 patients responded favorably to
500 mg of intravenous or intramuscular thiamine supplementation. In addition, dietary investigation showed insuffi-
cient thiamine intake in these patients. We concluded that patients had acquired beriberi because of diet restrictions,
hard labor, and infectious diseases, notably malaria. In 2016, cases were still being reported. We recommend
screening for compatible symptoms in gold miners, thiamine supplementation, and nutritional intervention.

INTRODUCTION

In French Guiana, a French overseas territory in South
America, several thousands of illegal gold miners, mostly
from Brazil, are mining in the rain forest.! Gold camps are
isolated and represent a risk for the health and safety of
not only the local populations, who depend on the forest
for their livelihoods, but also for gold miners who them-
selves are the first victims of the precarious conditions
they live in.2™®

Beriberi is a clinical syndrome caused by vitamin B, (thia-
mine) deficiency. The principal manifestations are cardio-
vascular (cardiac failure, lactic acidosis, and death due to
cardiac and vasodilatory shock) and neurological (peripheral
neuropathy or Wernicke—Korsakoff syndrome). Beriberi has
been associated with a thiamine-deficient diet, mostly in
vulnerable populations such as refugees, prisoners, and
populations dependent on polished rice.*® Beriberi has also
been described among Amerindian populations living in the
Amazon region in Brazil.>'® Interestingly, the last case of
beriberi was in French Guiana in the mid-19th century when
the penal colony was still operational.’"12

In September 2013, several gold miners with lower
extremity edema and signs and symptoms compatible with
right heart failure were identified at the health center of
Maripasoula. One death preceded by similar manifestations
was also reported in Cayenne hospital. This outbreak was
investigated between September 2013 and the end of July
2014, to establish the diagnosis and identify the risk fac-
tors, and to implement control and prevention interventions.
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DESCRIPTION OF THE INVESTIGATION

Epidemiological investigation. In this study, a suspected
case of beriberi was defined as any patient who was living in
a gold mine who presented an acute onset of any or all of
the following signs within the past 6 months: lower limb
edema, cardiac failure, peripheral neuropathy, and/or
Wernicke—Korsakoff syndrome. A confirmed case was
defined as a suspected case with laboratory confirmation
of thiamine deficiency. Patients with a medical history of
diabetes, hypertension, cardiomyopathy, neuropathy,
and peripheral vascular disease were excluded.

All cases were interviewed with a standard questionnaire
for symptoms, risk factors, place of residence and work,
consumption of drugs, and use of toxic chemicals. The type
and quantity of food consumed were also collected to cal-
culate the calorie intake.

Clinical and laboratory investigations. We reviewed
medical charts for all patients using a standardized form.
Cases of beriberi were classified according to World
Health Organization definitions.” Dry beriberi was defined
by the presence of polyneuropathy of the extremities,
reduced tendon reflexes and progressive weakness, and
wasting of muscles without cardiac signs. Wet beriberi
was characterized by edema, pulmonary congestion with
pleural effusion, and signs of high cardiac output. Mixed
beriberi was defined by the presence of both wet and dry
signs and symptoms. Shoshin beriberi cases were classi-
fied as a fulminant form with lactic acidosis, hypotension,
tachycardia, and pulmonary edema. Recovery was defined
by a complete resolution of signs and symptoms at the
medical examination during the 2-month follow-up after
the end of the treatment. Relapse was defined as a com-
plete resolution of signs and symptoms after the treatment
followed by a relapse of signs and symptoms during the
2-month follow-up after the end of the treatment.

Electrocardiograms were performed to look for conduc-
tion, rhythm, or repolarization abnormalities.

Blood specimens were collected according to the stan-
dard procedures of the laboratory and were tested for
vitamin B1 levels, which was possible by measuring the
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erythrocyte transketolase activity coefficient. Blood tubes
were drawn and kept refrigerated at 4°C at the health
center. For transketolase activity, the standardized protocol
required the use of heparin tubes that were centrifuged to
remove the plasma, keeping the tube in darkness, and then
freezing it. The samples were then sent daily to the main
laboratory in Cayenne, from where they were dispatched to
specialized laboratories. The analysis was performed at the
CERBA Laboratory in Paris. Thiamine deficiency was defined
by vitamin B1 concentration < 66.5 nmol/L (CERBA Laboratory,
Paris) or erythrocyte transketolase activity below 124 U/L with a
thiamin diphosphate stimulation effect greater than 20% in the
analysis performed on erythrocytes by Beaujon Hospital, Paris.

Malaria was diagnosed using thin and thick blood smears
and rapid diagnostic tests SD Bioline Malaria Ag P.f/Pan
(Gyeonggi-do, Republic of Korea). For parasitological exami-
nation of stools, a single sample was taken. Fecal examina-
tion was performed combining direct examination of fresh
feces with the quantitative techniques of Kato-Katz method,
Baermann, and Merthiolate iodine formalin staining.

Environmental investigation. The French army conducted
toxicological analyses in sand and dirt samples sampled from
“Eaux Claires,” the main gold mine, in June 2014.

Rice and bean samples from gold miners were cultured
to detect citreoviridin-producing Penicillium citreonigrum
suspected in a previous outbreak in neighboring Brazil."
Citreoviridin is a mycotoxin produced by molds common in
rice, which causes a syndrome similar to wet beriberi. How-
ever, its role has not been proven in humans yet.

Ethical and regulatory approval. The study was a ret-
rospective analysis of anonymized monocentric data,
which is permitted by French regulations. Commission
Nationale de I'Informatique et des Libertés registration
number was N°1939018.

RESULTS

Outbreak description. From September 2013 to the end
of July 2014, a total of 10 confirmed and 32 suspected

cases were reported. All cases, except one, resided in ille-
gal mining camps located in the rainforest in the interior of
French Guiana. The median age was 36 years (range:
22-65 years). There were 37 men and five women. The out-
break started in September, with a sharp increase in cases
in October, peaking in December and January 2014
(Figure 1). Of the 42 patients, 16 were referred to the capital
city, Cayenne, by helicopter, for further treatment in
Cayenne General Hospital, the main referral hospital
located on the coastal part of French Guiana, where one
patient died in September. In October, after concluding that
the patients’ clinical signs and symptoms were compatible
with beriberi, physicians refrained from using dextrose solu-
tions, and gave thiamine supplementation administered at
500 mg/day intravenously or, when impossible, intramuscu-
larly. This was followed by oral supplementation (500 mg/
week) for gold miners. Supplementation was followed by
the rapid regression of symptoms.

The epidemiological investigation demonstrated that
most patients worked in the illegal gold mines surround-
ing Maripasoula (Table 1). The women did not work in
the mines; most were cooks and some declared sex
work. The majority of men worked in the mines or in
water with water pumps. Only one quarter of patients
reported handling and using mercury (N = 3/12). A large
proportion (24/29) reported a history of malaria, with
11 cases reporting antimalarial treatment in the past
3 months. The reported food intake was insufficient, that
is, 1,075 Kcal/day and 0.44 mg of thiamine/day, whereas
the recommendations for physically active populations
are 3,500 Kcal and 0.4 mg of thiamine/1,000 Kcal.” The
main reported foods were beans and chicken. Washing
of rice grains before cooking was frequently reported.
The main antithiamine factors were sugar and coffee
consumption. Only two people declared alcohol con-
sumption and none declared using drugs.

Clinical and laboratory findings. The most frequent syn-
dromes were edema (N = 40/42), paresthesia (N = 21/42),
and dyspnea (N = 10/42).
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Ficure 1. Epidemic curve for the outbreak of thiamine deficiency in Maripasoula.
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TaBLE 1

Characteristics of beriberi outbreak cases (N = 42), September
2013-July 2014, French Guiana

N Percent
Demographics
Median age (range) 36 (22-65)
Sex (male) 37 88
Country of birth
Brazil 42 100
State of Maranhao 38 90
State of Piaui 2 4.7
State of Grande Norte 2 4.7
Duration of stay in French Guiana Amazonian
forest before admission
Median in months (range) 9 (2-360)
Duration of stay in the last gold mine camp
Median in months (range) 6 (2-60)
Name of gold mine camp
Eaux Claires 29 69
Marodeio 3 71
Pied de Limon 3 71
La Gresia 1 23
Benzdorp 2 4.6
Bafadim 1 2.3
Antonio do Brinco 1 2.3
Saint Elie 1 2.3
Missing data 2 4.6

Occupational exposures
Uses mercury in mining
Working hours > 12 hours per day
Working hours < 12 hours per day
Classification/type of beriberi

3(N=13) 23
8(N=12) 666
4(N=12) 33

Wet beriberi 28 66.6
Dry beriberi 0 0
Mixed beriberi 13 31
Shoshin beriberi 1 2.3
Outcomet
Recovery after thiamine supplementation 30 71.4
Relapse after thiamine supplementation 2 4.7
Death before thiamine supplementation 1 23
Missing follow-up data 9 21.4

*Dry beriberi was defined by the presence of polyneuropathy of the extremities,
reduced tendon reflexes and progressive weakness, and wasting of muscles without car-
diac signs. Wet beriberi was characterized by edema, pulmonary congestion with pleural
effusions, and signs of high cardiac output. Mixed beriberi was defined by the presence
of both wet and dry symptoms. Shoshin beriberi cases were classified as a fulminant form
with lactic acidosis, hypotension, tachycardia, and pulmonary edema.

tRecovery was defined by a complete resolution of signs and symptoms at the medical
examination during the 2-month follow-up after the end of the treatment.

Thiamine levels were measured in 14 patients, and were
found to be lower than normal values in 10 individuals; the
normal laboratory range is 35.8-90.5 nmol/L.

Other nutritional deficiencies were observed. The
majority of cases presented folic acid deficiency (14/21).
Hypoalbuminemia (7/13), vitamin B12 deficiency (2/20),
and selenium deficiency (2/6) were also found in some
patients. Seven of 13 tested patients had hypoalbuminemia,
two of the 20 tested had vitamin B12 deficiency, and two of
the six tested had selenium deficiency. NT-proBNP levels were
above normal in 24 of the 37 tested cases and had signifi-
cantly decreased (P = 0.043) after thiamine supplementation.

Twelve of 33 patients were diagnosed with malaria
(Plasmodium falciparum [7/33] and Plasmodium vivax
[5/33)) infections. Seven patients had hookworm eggs in
their stool (7/10). No other intestinal helminths were
found. Parasitological examination of stools did not find
Giardia. Entamoeba coli was found in 2/10 patients.

A broad range of diagnostic explorations was conducted to
look for potential infectious causes of myocarditis: Treponema

pallidum hemagglutination assay, venereal disease research
laboratory test for syphilis and serology using enzyme-linked
immunosorbent assay for toxoplasmosis, leptospirosis,
trichinellosis, Q fever, Legionella, Bartonella, Rickettsia infec-
tion, echinococcosis, arboviruses (dengue and chikungunya),
herpes viruses (Epstein—Barr virus, cytomegalovirus, varicella-
zoster virus, and herpes simplex virus), trypanosomiasis, hep-
atitis B and C, and Coxsackie virus were performed and
found to be either negative or showing signs of previous
immunization. One patient was positive for human immunode-
ficiency virus and another had biopsy-confirmed leprosy.
Penicillium citreonigrum was negative in food samples.'® Tox-
icological soil analyses were normal.

Patient outcome. The majority of patients (71.5%, N =
30/42) recovered after injected and oral thiamine supple-
mentation (Table 1). The mean average recovery duration
(disappearance of edema, paresthesia, and right-sided
cardiac failure signs and symptoms) was 3 days. One
patient with an associated selenium deficiency recovered
after selenium and thiamine cosupplementation. One
patient, with Shoshin beriberi, died before thiamine sup-
plementation could be administered.

DISCUSSION

The imputation of this outbreak to beriberi was based on
the evocative clinical presentation and context, the good
therapeutic response in the majority of cases, and the low
thiamine levels in the majority of tested cases.

Given the clinical chronology and the average durations
of stay in gold mines, it seemed very unlikely that cases
were imported. The reasons why the first onset occurred in
2013 are still unknown. This outbreak maybe is the result of
some changes in the population’s thiamine intake or other
risk factors, or simply, improved detection. However, our
findings suggest that this gold miner population experi-
enced beriberi because of chronic low dietary thiamine
intake that was exacerbated by known causes of increased
thiamine requirement. The conditions requiring increased
thiamine included physical efforts, chronic intestinal par-
asitic infections, and recurrent fever, either caused by
malaria or by other multiple infections inherent to living in
conditions conducive to the transmission of water-borne
and vector-borne diseases. In favor of this, our study
showed that the majority of patients were living in “Eau
Claire” camp, where an outbreak of multiple coinfections
was reported the year before our investigation.® Malaria is
often associated with beriberi because it increases glucose
demand and requirement for lactate elimination, both of
which are affected by the lack of thiamine.™

Finally, the consumption of thiamine antagonists, such as
sugar and coffee, was also reported, which possibly con-
tributed to the patients’ thiamine deficiency. Citreoveridin-
producing P. citreonigrum was not found, but its causative
role in beriberi has not been proven in humans. The begin-
ning of this epidemic may have been triggered by the
increased number of military missions aiming at destroying
camps and food reserves, which may have worsened nutri-
tional deficiencies. Another factor which might have caused
the outbreak was the recent return of mine shafts with an
increase of anaerobic working conditions due to low oxy-
gen concentrations in the pits (Figure 2).
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Ficure 2. Coexisting risk factors of Beriberi outbreak, September 2013—-July 2014, French Guiana.

Our findings are comparable to previously reported
beriberi outbreaks in working-class men, such as those
reported in farmers in Africa and in fishermen in Asia.'®®
Furthermore, an outbreak of beriberi has previously been
described in Roraima State in Brazil, near French Guiana,
in a different population (Amerindians), which suggested
that the cause of the disease was not connected with
ethnicity, but probably with the precarious conditions of
food intake in this area.®

The limitations of our study include the lack of a miner con-
trol group, and missing thiamine values due to the geographi-
cal challenges of French Guiana. Two “verbal autopsies”
reporting deaths during transport of patients with “swollen
bodies,” and other unverifiable reports of recent deaths in gold
mines suggest the number of cases and deaths from beriberi
was probably underestimated.

In March 2016, the outbreak was still not considered
to be controlled. Detailed epidemiological investigations
have stopped due to staff shortages. However, physi-
cians in Maripasoula continue thiamine supplementation
for miners. Some miners are now familiar with this dis-
ease and thus self-medicate with thiamine in the camps.
Although beriberi is a preventable illness, this outbreak is
another reminder of the challenges of access to preven-
tion and care for this specific vulnerable population.
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